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ABBREVIATIONS AND ACRONYMS (CONT’D)

Qlw Upper Pleistocene age Lakewood Formation
QAPP Quality Assurance Project Plan
RAO Remedial Action Objectives
RAP Regional Analytical Program
RCRA Resource Conservation and Recovery Act
RI remedial investigation
RI/FS remedial investigation/feasibility study
RME Reasonable Maximum Exposure
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RPD relative percent difference
RWQCB Regional Water Quality Control Board
SB soil boring
SCAQMD South Coast Air Quality Management District
SIP state implementation plan
Site Cooper Drum Company Site
SOX sulfur oxide
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TOC total organic carbon
TPH total petroleum hydrocarbons
UJ not detected and estimated
URS URS Group, Inc.
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Fg/L micrograms per liter
Fg/Kg micrograms per kilograms
Fg/g micrograms per gram
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EXECUTIVE SUMMARY

ES.1 INTRODUCTION

This Remedial Investigation/Feasibility Study (RI/FS) Report presents the results of a remedial investigation
(RI) and subsequent feasibility study (FS) conducted for the Cooper Drum Company Superfund Site (Site)
located in South Gate, Los Angeles County, California.

In June 2001, the U.S. Environmental Protection Agency (EPA) added the Site to the National Priorities List
(NPL) of hazardous waste sites requiring remedial action.  Investigations, studies and remedial actions at the
Site are being conducted in accordance with the Comprehensive Environmental Response, Compensation
and Liability Act (CERCLA), a federal law passed in 1980 and modified in 1986 by the Superfund
Amendments and Reauthorization Act (SARA).  This act created a trust fund, known as Superfund, to
investigate and remediate abandoned or uncontrolled hazardous waste sites. CERCLA also established the
study and cleanup process to be used at NPL sites.

Various environmental studies have taken place at the Site, beginning in 1984 after several incidents occurred
involving the release of hazardous substances.  This RI report is largely based on the recent remedial
investigation activities conducted by EPA from 1996 through 2001. 

The specific primary objectives of the RI activities were to:

• Ιdentify the presence and extent of the principle contaminants (including volatile organic
compounds [VOCs]) in the soils and vadose zone (the area between the ground surface and the
underground water table) within the on-site source areas; and 

• Further define the horizontal and vertical extent of VOC contamination in groundwater on and
off site.

Additional objectives included:

• Provide sufficient site data to support a Human Health Risk Assessment (HHRA);

• Identify the extent of hydraulic interconnection between aquifers below the Site; and

• Assess which aquifers have been impacted as a result of site operations.

Following completion of the RI objectives, the FS was performed to evaluate remedial action alternatives
for the Site and to identify preferred remedies.  The remedial action alternatives were evaluated against a set
of remedy selection criteria established by CERCLA.

The following sections of this document summarize the RI field activities and the nature and extent of
contamination at the Site.  Constituents of concern (COCs) are identified based on the results of the site
characterization and the HHRA.  Additional soil and groundwater investigations are recommended to address
current data gaps, and remedial action objectives are presented.  Finally, this document discusses the
remedial action alternatives that were evaluated during the FS process.  
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ES.2 SITE BACKGROUND AND SETTING

The Cooper Drum Company Superfund Site is a 3.8-acre facility located at 9316 South Atlantic Avenue in
South Gate, California.  The Site is in an urban area of mixed industrial, commercial and residential uses.
Rayo Avenue borders the site to the east and the former Tweedy Elementary School property is located
directly to the south (see Figure ES-1).

Several different companies have used the Site to recondition and recycle empty steel drums that once
contained a variety of industrial chemicals:

• The northern portion of the Site has been owned and operated by drum recycling companies
since 1941 (the use and ownership of the southern portion of the site prior to 1971 is unknown);

• Cooper Drum Company purchased the northern and southern parcels in 1971 and expanded
drum reconditioning operations into the southern parcel of the Site in 1976.  Cooper Drum
Company continued to operate the facility until 1992;

• The drum reconditioning business was sold to Waymire Drum Company in 1992; and

• Consolidated Drum Company purchased the facility in 1996 and is the current drum
reconditioning operator at the Site.

The reconditioning process consisted of flushing out and stripping the drums for painting and resale.  Heavy
duty cleaning called “hard washing” was performed in the northeast portion of the Site (the former hard wash
area, or HWA), when necessary.  Beginning in 1976, reconditioning activities took place within the present-
day drum processing area (DPA) located in what is now the central portion of the Site.  Fluids generated by
reconditioning and hard washing activities were collected in open concrete pits and trenches.  This led to the
contamination of the soil and groundwater beneath the site.  Current investigations have shown that most
contamination at the Site can be traced to the HWA and the DPA.

Beginning in 1987, Site facilities have been retrofitted to provide better environmental protection.  Closed-
top steel tanks have been installed over the pits, and the trenches have been replaced with hard piping.  The
former hard wash area was closed and replaced with a new hard wash area which provided hard piping and
secondary containment.  Consolidated Drum, the current operator, continues to use an above-ground enclosed
system for containing liquids.  Today, the Site has drum cleaning and storage areas, an office, a warehouse
and maintenance buildings.  All buildings have concrete floors and the entire facility was paved with asphalt
in 1986.  Since 1992, drum processing operations have not resulted in any release of hazardous substances
into the soil or groundwater beneath the site.

ES.2.1 Geology and Hydrogeology

The area surrounding the Site is heavily industrialized, and impacts to groundwater have originated from
other nearby facilities as well as from the Cooper Drum Company Superfund Site.  For this reason, it is
important to understand the hydraulic interconnection between groundwater aquifers below the Site.

In the South Gate area, shallow groundwater occurs at a depth of approximately 45 feet below ground surface
(bgs).  The groundwater flow direction beneath the former HWA in the northeast portion of the Site is to the
southeast. East of the site along Rayo Avenue, the groundwater flow direction is southerly.
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Shallow groundwater beneath the site occurs within or is controlled by the near surface Bellflower
Aquiclude, which incorporates the semi-perched aquifer. The Bellflower Aquiclude extends to a depth of
approximately 70 feet bgs, where it overlies the Gaspur Aquifer, which extends to a depth of approximately
110 feet bgs.  Regarding vertical migration, groundwater contamination above drinking water standards has
been found only in the shallow Gaspur Aquifer.  Finer grained material (clays and silts) has formed a barrier
within the lower portion of  the Gaspur Aquifer which has prevented the vertical migration of VOCs down
into the Exposition and deeper aquifers which are used for drinking water.  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.

Municipal groundwater production wells in the vicinity of the Site 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.  Municipal wells do not draw from the shallower aquifers that have been
impacted by contamination from the Cooper Drum Company Superfund Site.

ES.2.2 Previous Investigations

Beginning in 1984, several incidents involving the release of hazardous substances at the Site resulted in
citations from the Los Angeles Department of Health Services (LADHS). Records of previous investigations
at the Site date from that time.

Since 1984, the LADHS, the California Department of Health Services (now known as the Department of
Toxic Substances Control, or DTSC), EPA and consultants working for the Cooper Drum Company have
conducted a number of soil and groundwater studies.  The studies have identified the following hazardous
substances in soils at or near the Site:

• Volatile Organic Compounds (VOCs), which include:
- Tetrachloroethylene (PCE, a cleaning solvent)
- Trichloroethylene (TCE, a cleaning solvent)
- Dichloroethylene (DCE, a by-product of TCE)

• Petroleum hydrocarbons

• Polychlorinated biphenyls (PCBs)

• Polyaromatic hydrocarbons (PAHs)

• Metals

The groundwater beneath the site is principally contaminated with VOCs.

In 1987, the city of South Gate closed four of its municipal water supply wells when they were found to
contain PCE.  These wells are located in South Gate Park within 1,500 feet southwest of the Cooper Drum
Site.  At that time the city listed Cooper Drum Company as a possible source of the PCE contamination.
Recent investigations have indicated that contamination at the Site is not contributing to the deeper
groundwater contamination affecting the municipal wells, and that contamination originating from the Site
is not moving toward the municipal wells.

EPA’s involvement with the Site began in 1996 with the initiation of a soil gas survey to identify potential
hot spots (areas where contaminant concentrations are the highest) to be further investigated as part of a
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Phase 1 RI. The Phase 1 RI was designed to further investigate the potential presence of VOCs, semi-volatile
organic compounds (SVOCs) and metals in soil and groundwater beneath the Cooper Drum Company
property and the adjacent Tweedy property.  Investigations included soil and soil vapor sampling, which
identified hot spots in the vicinity of the former HWA in the northern portion of the Site and in the DPA in
the central portion of the Site.

Nearby sites under investigation for impacts to groundwater are the Jervis Webb site to the north, and two
former Dial Corporation sites located to the northeast and east of the Cooper Drum Company Superfund Site.
Data from investigations at these three sites have determined that groundwater flows in a southerly direction.
High concentrations of TCE have been detected at the Jervis Webb site (where TCE was found at
concentrations of 33,000 parts per billion), and at a monitoring well upgradient of the Cooper Drum
Company Superfund Site and downgradient of the Jervis Webb site (where TCE was found at concentrations
of 6,700 parts per billion).

ES.3 REMEDIAL INVESTIGATION ACTIVITIES

Between September 1998 and March 2001, URS Group (URS) conducted field activities as part of a Phase
2 remedial investigation (RI) at the Site. The RI was comprised of a vadose zone investigation and a
groundwater investigation.

Soil investigation activities included the collection and analysis of soil samples from soil and cone
penetrometer test (CPT) borings, located both on and off site.  The soil vapor investigation included
completion of soil gas borings, a vapor extraction well, and soil vapor monitoring probes.  Soil gas samples
were collected, and a soil vapor extraction pilot test was conducted.

The groundwater investigation included the installation of five monitoring wells and two extraction wells.
Water samples from the monitoring and extraction wells, together with depth-discrete samples from the CPT
borings, were collected and analyzed, and aquifer tests were performed on the extraction wells.  

ES.4 NATURE AND EXTENT OF CONTAMINATION

As a result of the investigations discussed above, various inorganic and organic contaminants were identified
at the Site.  Based on a review of the analytical results, the nature and extent of contamination in soil and
groundwater can be characterized per the summary below.

Soil and Vadose Zone

• Eleven VOCs were identified as contaminants of concern (COCs) in soil at the Site (see Section
ES.5).  VOC soil gas plumes originate within both the DPA and the HWA.  The HWA plume
with concentrations in excess of 1,000 parts per billion by volume (ppbv) extends approximately
200 feet north to south and 150 feet east to west. The DPA plume is shallower and not as
laterally extensive. There is a data gap with respect to the lateral and vertical extents of VOCs
beneath the drum processing building.  Further delineation of contaminants beneath the DPA is
required.
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• SVOCs (including polycyclic aromatic hydrocarbons, or PAHs), PCBs, and the pesticide
dieldrin in excess of industrial PRGs were reported for shallow soil samples immediately
beneath the pavement at locations within the DPA and HWA.  The lateral and vertical extents
of shallow SVOC impacts in the HWA and DPA will require further delineation.  

• Although concentrations of several metals were reported in excess of residential PRGs, the
occurrence of metals in Site soils is considered to be naturally occurring, based on statistical
testing and comparison to metals background studies in available literature. The one exception
is lead, however, which is considered a contaminant of concern (COC) in soil based on several
sample results with high levels.

Groundwater

• A groundwater plume characterized by high levels of  TCE and cis-1,2-DCE originates at the
HWA and has migrated off site to the south.

• In addition to the groundwater plume that originates from sources on the Site, three other plumes
originating from off-site sources have been identified in the vicinity of the Cooper Drum
Company Site.

• Only minor impacts have occurred within the Exposition Aquifer.

• Vadose zone VOC contamination within the DPA has shown minimal impacts to groundwater.
Contaminant concentrations are lower than the Maximum Contaminant Levels (MCLs), which
are the maximum levels at which a particular chemical is allowed to exist in public water
supplies.  MCLs are set and enforced through state and federal laws.

• Arsenic and other metals found in groundwater at concentrations exceeding MCLs are
considered to be naturally occurring

ES.5 HUMAN HEALTH RISK ASSESSMENT AND 
CONTAMINANTS OF CONCERN (COCs)

As part of the CERCLA process, a Human Health Risk Assessment (HHRA) was conducted to identify
principal risk drivers in various exposure pathways (groundwater, indoor air, and soil).

The eleven principal COCs identified for the groundwater pathway are all VOCs which include 1,2,3-
trichloropropane, TCE, and 1,2-dichloroethane. Eight other COCs contributing to the overall risk are vinyl
chloride, 1,2-dichloropropane, 1,1-dichloroethane, 1,1-dichloroethene, cis-1,2-dichloroethene, PCE, trans-
1,2-dichloroethene and benzene.  Exposure to COCs detected in groundwater poses the greatest health risk
to potential receptors.  However, exposure to chemicals in groundwater presupposes that wells would be
constructed to access the shallow water-bearing zone underneath the site and that the water would be used
as an untreated water supply for domestic use.

The principal COCs for the soil pathway are the same 11 VOCs listed for groundwater.  The principal non-
COCs  for the soil pathway are benzo(a)pyrene, along with PCBs, Aroclor-1260, Aroclor-1254, lead,
benzo(b)fluoranthene, dibenz(a,h)anthracene, benzo(a)anthracene, benzo(k)fluorathene, chrysene, and
indeno(1,2,3-cd)pyrene .  The estimated total Reasonable Maximum Exposure (RME, or the maximum level
of exposure that could occur under reasonable conditions) cancer risks for the hypothetical on-site resident
and worker exposed to contaminants of potential concern (COPCs) in on-site soils are 3 in 10,000 (3.3e-04)
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and 7 in 100,000 (6.7e-05), respectively.  Exposure to chemicals in soil presupposes the existing cover of
asphalt concrete (which now covers 95% of the Site) would be removed and contact with soil would be
possible.

Exposure to Site COCs in indoor air, by on- or off-site workers and residents, represents the most likely
exposure pathway evaluated in the HHRA. The estimated total RME cancer risks for the hypothetical on-site
resident and on-site worker is 9.9 x 10-4 and 2.3 x 10-4, respectively.  Exposure to chemicals in indoor air
presupposes the asphalt concrete would be removed and buildings would be built on the Site.  Currently, the
only enclosed office area is on the west side of the site away from the VOC hot spot.

ES.6 REMEDIAL INVESTIGATION CONCLUSIONS

Based on the data collected during the RI activities, the following conclusions can be made about the Site:

• Areas of soil within the HWA and DPA have been impacted with SVOCs (PAHs).  The impacts
of PAHs are limited to the shallow surface soils at depths of one foot bgs and shallower.  The
lateral extent of these impacts is not fully defined.

• Areas of soil within the HWA have been impacted with PCBs and pesticides (dieldrin).  The
lateral and vertical extents of these impacts have not been fully defined in the vicinity of certain
soil borings.

• Arsenic, antimony, iron, lead, and thallium concentrations in soil exceed residential PRGs.
Based on site distribution and statistical comparison to background concentrations, these metals,
with the possible exception of lead, are considered to be naturally occurring background
constituents.

• VOCs in soil gas beneath the former HWA will continue to migrate to groundwater, contributing
to existing groundwater impacts.  VOCs in soil gas represent the most likely exposure pathway,
assuming removal of the asphalt concrete and construction of buildings.

• The groundwater flow direction is to the southeast at the HWA, and is southerly at and east of
Rayo Avenue.

• Past drum recycling activities have impacted the shallow aquifer with VOC contamination in
the eastern portion of the site.  The VOCs most commonly detected are TCE, cis-1,2-DCE, 1,2-
DCA, and trans-1,2-DCE.  This groundwater contamination extends off site along Rayo Avenue.
Laterally, the downgradient southern extent of the groundwater plume requires further
delineation.  Groundwater contamination is almost entirely found in the shallow Gaspur Aquifer.
Impacts to the deeper Exposition Aquifer are slight, and limited to several sample locations  in
the uppermost portion of this aquifer. 

• VOC plumes to the west, northeast, and southeast of the Site have originated from off-site
sources.
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ES.7 REMEDIAL INVESTIGATION RECOMMENDATIONS

Based on the RI activities, additional groundwater investigation and soil sampling is recommended to address
data gaps, as follows:

• Installation of four to five off-site well pairs to assess the lateral and vertical extent of down-
gradient groundwater impacts, and to further assess groundwater gradients across the Site. These
well pairs would be completed in the lower portion of the Gaspur Aquifer and the upper portion
of the Exposition Aquifer.  The proposed locations of these wells are depicted in RI/FS Figure
7-1.  The locations of these wells should be refined based on CPT and depth discrete
groundwater sampling.

• Implementation of quarterly groundwater monitoring to identify seasonal and long-term trends,
and establish a baseline to assess remediation progress.

• Additional soil sampling is recommended to assess the lateral extent of shallow PAHs at soil
boring (SB) SB-11 in the HWA, and in the vicinity of SB-13 and SB-14 in the DPA.

• Additional soil sampling is recommended to assess the lateral and vertical extents of PCBs and
pesticides within the HWA in the vicinity of SB-9 and SB-10, and the lateral extent in the
vicinity of SB -11.

• Additional soil and soil gas sampling is recommended to assess the concentration and extent of
VOC contamination beneath and adjacent to the DPA 

• Based on possible hot spots and a data gap for lead with respect to lateral extent in the HWA and
lateral and vertical extents in the DPA, this metal was designated as a COC in soil. Additional
sampling is recommended in these areas to further assess the lateral and vertical extents of lead
impacts.

ES.8 REMEDIAL ACTION OBJECTIVES

The first step in the feasibility study process is to identify remedial action objectives for a site.  These
objectives establish what is to be achieved through the implementation and/or completion of a remedial
action.

Table ES-1 summarizes the remedial action objectives for the Cooper Drum Company Superfund Site.
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TABLE ES-1

 Remedial Action Objectives

Groundwater Restore usable groundwater to drinking water standards (MCLs) for beneficial
use.

Soil Remediate soil COCs (VOCs) to levels that prevent the vertical migration at
concentrations that would exceed drinking water standards (MCLs).
Remediate  non-VOC COCs  to health based cleanup levels that are protective
of ongoing and future site activities.

Air Ensure that health based cleanup levels achieved for COCs (VOCs) in soil and
groundwater will be protective of potential indoor-air receptors.

Measures to determine that
RAOs are being met.

- Groundwater sampling results from Gaspur Aquifer indicate COC
concentrations are being reduced in plume areas where remedial action is
implemented.

- Groundwater sampling results from Exposition Aquifer indicate no impact
at or above remedial goals from shallow aquifer and vadose zone.

- Soil gas sampling results and forecasted leachate concentrations indicate no
impact at or above remedial goals to groundwater.

- Confirmation soil samples results indicate no impact at or above site-
specific remedial goals for non-VOCs.

- Soil gas sample results indicate no adverse impact to human health.

COC contaminant of concern
VOC volatile organic compound

ES.9 EVALUATION OF REMEDIAL ACTION ALTERNATIVES 

Remedial action alternatives were developed for the Site through the feasibility study process.  This process
includes a series of qualitative and semi-quantitative steps.  These steps conclude with the identification of
feasible remedial alternatives for managing environmental impacts.

The following steps were undertaken during the feasibility study process at the Site:

• Identification of remedial action objectives;

• Identification of potential general response actions;

• Identification of potential process (remediation) options;

• Screening of process options (to eliminate options that are not practical);

• Development of potential remedial alternatives that passed the screening test (combining of
process options);

• Detailed analysis of potential remedial alternatives; and

• Evaluation of alternative(s) with respect to CERCLA remedy selection criteria.
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CERCLA requires remedial action alternatives to be evaluated in terms of how well the alternatives meet the
following remedy selection criteria:

1. Overall protection of human health and the environment;

2. Ability to meet federal and State environmental laws and requirements;

3. Reduction of contaminant toxicity, mobility or volume through treatment;

4. Short-term effectiveness;

5. Long-term effectiveness;

6. Implementability;

7. Cost;

8. State acceptance; and

9. Community acceptance.

The remedial action alternatives will be evaluated against the community acceptance criterion following
receipt of public comments on a Proposed Plan that will be prepared to summarize the alternatives.  This
Proposed Plan will be distributed to the community for review and comment during a 30-day public comment
period.

Using the process described above, the remedial action alternatives shown in Table ES-2 were developed for
the Cooper Drum Company Site.

TABLE ES-2

Remedial Action Alternatives

Soil
Alternative 1 No action
Alternative 2 Dual phase extraction/GAC/Institutional control
Alternative 3 Dual phase extraction/GAC/Institutional control/Excavation
Groundwater
Alternative 1 No action
Alternative 2 Extraction/GAC
Alternative 3 Extraction/GAC/In situ chemical oxidation
Alternative 4 Extraction/GAC/In situ chemical treatment - reductive dechlorination and

oxidation
Alternative 5 Extraction/GAC/In-situ reductive dechlorination
Alternative 6 In situ air stripping with groundwater circulation wells

GAC Granular activated carbon (liquid-and vapor-phase for soil; liquid-phase only for groundwater)

In all feasibility studies, EPA guidelines require that “no action” must be evaluated as a baseline option for
all sites.  The “no action” alternative provides a baseline against which other alternatives can be evaluated.
Under the “no action” alternative, no activity is undertaken toward cleanup or risk mitigation.
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A summary of the remedial action alternatives evaluation process follows.

For remediation of COCs in soil (vadose zone), dual phase extraction (DPE) was selected for VOC-
contaminated soil. DPE, an enhancement of the conventional soil vapor extraction (SVE) technology, is a
process in which contaminated soil vapors and contaminated groundwater are extracted simultaneously.
Enhancements are not separate remedies, but design options for the SVE remedy which has been established
as an EPA presumptive remedy for VOC-contaminated soil.   The COCs (VOCs) in soil gas, if left untreated,
are expected to continue to impact the Gaspur Aquifer.  

The two remedial response options of institutional control action and excavation were retained for areas
contaminated with non-VOCs (i.e., PCBs, PAHs, and lead).  Excavation was retained as an option for areas
with shallow non-VOC contamination down to 5 feet bgs.  Institutional control action was retained for areas
with deeper contamination, or where excavation or other remedial action is not feasible (e.g., under
buildings).

For the contaminated groundwater plume in the Gaspur Aquifer, both ex situ and in situ treatment
alternatives were retained.  The alternative of long-term monitored natural attenuation (MNA) was dropped
from further evaluation since there is not sufficient data to establish that natural attenuation is occurring.

Pump and treat using extraction wells was retained for Alternative 2 through 5.  In Alternative 2 extraction
is a standalone treatment for full contaminant source reduction.  Alternatives 3 through 5 include low volume
extraction for plume containment in conjunction with in-situ chemical treatment.

To streamline the evaluation process, only treatment with liquid-phase GAC was retained as a treatment
option.  This alternative is especially cost-effective for treatment of low volume (less than 100 gallons per
minute [gpm]) of VOC-contaminated groundwater.  Ultraviolet (UV) oxidation was dropped because the high
concentrations of heavy metal ions (exceeding 10 mg/L) and the high alkalinity of the water may result in
fouling problems.  Ex situ air stripping was dropped from further evaluation because the high TDS,
carbonate, and alkalinity of the water would likely result in scale formation, thus requiring additional
measures, such as acid dripping or carbon dioxide injection.  Additionally, vapor-phase GAC would still be
required to remediate the stripped VOCs.  Use of liquid-phase carbon is expected to be less costly than other
ex situ treatment options. 

Two discharge options, reinjection and discharge to public owned treatment works (POTW), were retained
for the extraction Alternatives 2 through 5.  Reinjection of treated groundwater directly into the plume would
be in compliance with state antidegradation policies.  Reinjection of treated groundwater can create a
hydraulic “mound” that can be used to reduce possible commingling of on- and off-site groundwater plumes.
Additionally, reinjection of water can reduce the drawdown of the water table resulting from extraction, and
it can “flush” the groundwater contamination towards the extraction wells.  By diluting/reducing the
contaminant concentrations in the groundwater, reinjection of treated water can enhance transport of VOCs
attached to soil.    A POTW discharge permit meeting the LA County Sanitation District discharge limits
would be required, along with a connection fee.    Depending on contaminant concentrations in the extracted
groundwater, treatment  may not be required prior to discharge to the POTW. 

The in situ treatment options in Alternative 3 through 5 of enhanced reductive dechlorination and in situ
oxidation were retained as enhancements to the extraction/ex situ treatment (i.e., pump-and-treat) alternative.
To enhance the anaerobic biodegradation and reductive dechlorination of the VOCs, a hydrogen-releasing
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compound is injected into the contaminated groundwater.  In situ oxidation can also be an effective means
of remediating VOCs in groundwater.  Oxidation is also achieved by injecting an oxidizing agent such as
potassium permanganate into the contaminated groundwater. The short time-frame, the anticipated full
remediation of several of the main COCs, the in situ application, and the absence of air emissions make both
of these technologies attractive.  However, these technologies may only be applicable in higher concentration
areas of the plume, as an enhancement to the pump-and-treat option. This would ensure capture or control
of the groundwater plume and the injected reagent.  Additionally, the pump-and-treat system can be used to
treat residual COC levels in the groundwater plume.  With the use of enhanced reductive dechlorination
and/or oxidation, it is expected that the design of the pump-and-treat system would be less extensive than
required in Alternative 2 and remedial action goals would be met over a shorter time frame.   Both methods
of treatment will be evaluated during bench-scale and pilot-scale treatability studies.  The results of the
treatability tests would be used to determine which in situ technology (i.e., reductive dechlorination or
oxidation) is most effective under Site conditions.  It is likely that only the more effective of the two
technologies will actually be used, although both could be used at different times if needed.

In-well air stripping with groundwater circulation wells (GCWs) was the only standalone in situ alternative
retained for further evaluation. This alternative comprises installation of 34 groundwater circulation wells
(GCWs) within the groundwater plume and an above-grade, closed-loop, GAC treatment plant.  Due to the
uncertainty regarding the effectiveness of using this technology at the Cooper Drum Site, a treatability study
or pilot-scale test would be performed to establish the optimal operating parameters for the system and to
verify the effectiveness of this technology in reducing COC concentrations in groundwater.  The test outcome
could then be used to refine the placements of the GCWs.  Implementation would be difficult since
installation of  up to 34 large diameter GCWs and associated piping would be required; and there here is a
high potential for scaling and biofouling inside the GCWs which are located entirely underground. 
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1.0   INTRODUCTION

1.1 PURPOSE

This Remedial Investigation/Feasibility Study (RI/FS) Report presents the results of a remedial investigation
(RI) and subsequent feasibility study (FS) conducted at the Cooper Drum Company Site (Site) located in
South Gate, Los Angeles County, California.  The Site was given National Priorities List (NPL) status in
June 2001.  The primary objective of the RI activities is to provide adequate information for the Site to allow
a decision to remediate.  The Report has been prepared in accordance with the U.S. Environmental Protection
Agency (EPA) Contract No. 68-W-98-225, Work Assignment No. 047-RICO-091N, Subtasks 9.0 through
12.0 and with the EPA regional document entitled Guidance for Conducting Remedial Investigations and
Feasibility Studies Under CERCLA (EPA, 1988).

The most recent RI activities  were conducted in accordance with Cooper Drum Company Remedial
Investigation Field Sampling Plan and Quality Assurance Project Plan (QAPP) Addendum No. 2 dated
September 15, 2000 (URS 2000).  The RI report is largely based on the data collected in 2000 and 2001
under the above-referenced field sampling plan (FSP) and the 1998 and 1999 RI activities also conducted
by URS Group, Inc. (URS) presented in the Phase 2 RI Report (URS, 1999).  The recent investigation was
a continuation of the Phase 2 effort; therefore, data from both field investigations have been combined and
presented in this report.  Additionally, text from some sections of the Phase 2 report is also included.

The specific objectives of the RI activities were to identify the presence and extent of contaminants
(including volatile organic compounds [VOCs]) in the vadose zone within the source areas and further define
the horizontal and vertical extents of VOC contamination in groundwater on and off site.  Additional
objectives included: 1) provide sufficient Site data to support a Human Health Risk Assessment; 2) identify
the extent of hydraulic interconnection between aquifers below the Site; and 3) assess which aquifers have
been impacted as a result of Site operations.  Because the conclusion from the RI was that remedial response
must be considered, the FS was performed to select a remedial alternative for the Cooper Drum Site.

1.2 REPORT ORGANIZATION

1.0 Introduction

This section provides a general description of the physical and environmental conditions for
the study area. This description includes the topography, geologic setting, hydrology,
climate, and demography. Results are presented of previous Site investigations, including
a summary of the results of investigations conducted for nearby sites whose conditions may
impact remedial activities at the Cooper Drum Site.

2.0 Study Area Investigation

Section 2.0 describes the investigative field activities and field methodologies for the
remedial investigations and includes a data quality assessment of the RI analytical data.

3.0  Physical Characteristics Of The Study Area
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This section summarizes the geologic and hydrologic data collected during the RI activities.
The results of the Ecological Reconnaissance conducted at the Site are provided.

4.0 Nature And Extent Of Contamination

Chemical distributions in the vadose zone and the aquifer zones are described in this section
as they were encountered during the RI activities.

5.0 Contaminant Fate And Transport

This section describes the overall fate and transport of chemical compounds released into
the environment at the Cooper Drum Site.  The section includes discussions of how routes
of contaminant retention and movement are influenced by the chemical and physical
characteristics of the contaminants, their persistence in the environmental media, source
characteristics, release mechanisms, and the principal contaminant transport mechanisms
and pathways.  Results of VLEACH modeling are also presented.

6.0  Baseline Risk Assessment

This section summarizes the results of the human health risk assessment (HHRA) and
presents the site contaminants of concern (COCs).  The complete HHRA is included as
Appendix L.

7.0 Summary and Conclusions

A detailed summary and recommendation based on results of the RI activities and HHRA
are presented in this section.  

8.0 Applicable or Relevant and Appropriate Requirements

This section presents the purpose of the applicable or relevant and appropriate requirements
(ARARs) phase, including definition of various ARARs, and the framework and basis of
application of ARARs to the specific environmental issues for the Cooper Drum Site.

9.0 Remedial Alternatives Development and Screening

The development of remedial action objectives and general response actions is presented in
this section.  Potential remedial alternatives are identified and presented for each affected
media, including remedial technologies and process options, evaluation of process options
based on effectiveness, implementability, and cost criteria.  Remedial action alternatives are
defined and screened based on defined criteria.

10.0 Detailed Analysis of Alternatives

An evaluation of the alternatives with respect to seven criteria are presented in this section.
These criteria include: 1) Overall protection of human health and the environment; 2)
compliance with ARARs; 3) long-term effectiveness and permanence; 4) reduction in
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toxicity, mobility, and volume through treatment; 5) short-term effectiveness; 6)
implementability; and 7) cost.

11.0 References

1.3 SITE BACKGROUND AND SETTING

This section provides a description of the physical setting of the Site, including its geology and
hydrogeology. An inventory and discussion of groundwater production wells in the vicinity is provided. The
operational history of the Site is discussed, together with a summary of previous investigations, both of the
Site and of neighboring sites which are under remedial investigation.

1.3.1 Site Description

The Site is located at 9316 South Atlantic Avenue in South Gate, Los Angeles County, California, EPA ID
CAD 055753370.  (Latitude 33 56' 49" N, Longitude 118 11'43"W)  It is a 3.8-acre Site in a mixed
residential, commercial, and industrial area.  The Site is 10 miles south of Los Angeles and approximately
1,600 feet west of the Los Angeles River (Figure 1-1). Facilities include drum processing and storage areas,
an office, a warehouse, and maintenance buildings. The former hard wash area (HWA) is in the northeast
area of the Site, which includes a covered shed area.  The present day HWA is located on the east end of the
drum process building, which is referenced as the Drum Processing Area (DPA) throughout the remainder
of this report.  The Site layout and the general areas referenced as the HWA and DPA are shown on Figure
1-2.  All buildings have concrete floors, and the entire facility has been asphalt-paved since 1986.  The
Tweedy School, located on the adjacent property, has been closed since 1988 due to the concern that children
attending the school could be exposed to contamination migrating off site.

1.3.1.1 Topography and Surface Drainage

The Site slopes gradually toward the southeast.  The majority of the Site is covered with asphalt or concrete.
Stormwater flows toward several drains and into the municipal stormwater system.  The Site is located
approximately 1,600 feet west of the Los Angeles River and 15 miles northeast of the Pacific Ocean. 

1.3.1.2 Meteorology and Climate

Average climatology information for South Gate was not available.  The closest location for which such
information was available was Montebello, California, approximately five miles northeast of the Site.  The
average annual rainfall for the area is approximately 16 inches, the majority of which falls between
November and March. Monthly temperatures in the fall and winter range between 47" and 82" Fahrenheit,
and during the spring and summer the temperature range is between 50" and 90" Fahrenheit.  Wind direction
is typically from the south at three miles per hour.

1.3.1.3 Demography and Land Use

On-site facilities include drum processing and storage areas, an office, a warehouse, and maintenance
buildings.  Immediately adjacent to the Site are commercial and industrial activities.  Residential homes and
recreational facilities are located west and southwest of the Site.  
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1.3.2 Regional Geologic and Hydrogeologic Setting

It is important to understand the regional geologic and hydrogeological setting to adequately understand
contaminant transport at the Site.  The Site lies within the Los Angeles Basin which is included in three
geomorphic provinces: the Coast Ranges, the Transverse Ranges, and the Peninsular Ranges.  Many detailed
reports and studies have contributed to the understanding of the stratigraphy, structure, and hydrogeology
of the physiographic Los Angeles Basin (sometimes referred to as the Coastal Plain).  The following
summary of the regional geology and hydrogeology of the Los Angeles basin is based on the works of Driver
(1948), Jahns (1954), Poland et al. (1956),Yerkes et al. (1965), and California Department of Water
Resources (DWR 1961).  A summary of the local hydrogeology is presented following the description of
regional geology and hydrogeolgy of the Coastal Plain, and is based on previous investigations conducted
at the Site by Geotechnical Consultants (1989, 1990, and 1993), Ecology and Environment, Inc. (1990,
1995), and Bechtel (1997).  Additionally, a summary of groundwater production wells within approximately
one mile of the Site is provided.

Geologic Setting

The present-day Los Angeles basin is a northwest-trending alluvial lowland plain at the north end of the
Peninsular Ranges geomorphic province.  The physiographic basin is bounded on the northwest by the Santa
Monica Mountains of the Transverse Ranges geomorphic province, and the Elysian, Repetto, and Puente
Hills (collectively the Whittier-Elsinore uplift); on the east and southeast by the Santa Ana Mountains and
San Joaquin Hills; and to the southwest by the Baldwin Hills, Rosecran Hills, and Dominquez Hills
(collectively known as the Newport-Inglewood uplift).  

The Los Angeles Basin (Coastal Plain) is underlain by a structural depression of great relief and complexity
in relation to its geologic youth, small size, and prolific oil production. The Los Angeles Basin is subdivided
into four structural blocks, whose contacts with adjoining blocks are major zones of faulting or flexure in
older basement rocks. The four structural blocks (southwestern, northwestern, central, and northeastern) have
unique stratigraphic characteristics based on distribution, thickness, and internal structure.  The Site lies
within the central block.

The dominant structural feature of the central block is a northwest trending, doubly plunging syncline that
underlies its central part.  The basement in the trough of this syncline is as deep as 30,000 feet below sea
level.  The central part of the basin continued to subside and to receive sediment throughout the late
Pleistocene and Recent times. Floods of coarse clastic debris derived from the distant San Gabriel Mountains
and the rapidly rising Puente Hills, Santa Ana Mountains, and eastern Santa Monica Mountains pushed the
retreating shoreline southward and westward.  The tectonism which produced deformation within and
adjacent to the Los Angeles basin was continuous throughout Tertiary and Pleistocene time.  The Recent age
sediments of dune sand and alluvium reportedly have not been structurally disturbed. 

The Coastal Plain is underlain by more than 10,000 feet of Miocene to recent marine and nonmarine
sediments which rest unconformably on Triassic and Jurassic metasedimentary formations and Cretaceous
batholithic units.  The early Tertiary to Recent sediments of the Central basin include (oldest to youngest)
the Paleocene-Eocene Chico and Martinez Formations, the Oligocene Vaqueros and Sespe Formations, the
Miocene Puente, Monterey, Topanga, and  Modelo Formations, the Pliocene Repetto and Pico Formations,
the lower Pleistocene San Pedro Formation, the upper Pleistocene Lakewood Formation, and Recent dune
and alluvium deposits. 
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Within the Coastal Plain area, the upper Pliocene Pico and Repetto Formations, the lower Pleistocene San
Pedro Formation, the upper Pleistocene Lakewood Formation, and Recent alluvium are the primary water-
bearing formations. The Pico Formation contains fresh water locally, while the underlying Repetto Formation
contains saline water.  The lower Pleistocene San Pedro Formation underlies almost all of the Coastal Plain.
Most of the important freshwater aquifers used for production within the Coastal Plain are contained within
the San Pedro Formation. 

The upper Pleistocene Lakewood Formation extends beneath most of the Coastal Plain.  Coarse basal
deposits of sand and gravel are fairly continuous with discontinuous lenses of sandy silt and clay.  In the
upper part of the Lakewood Formation, lithologic changes are rapid, with discontinuous permeable zones
and considerable variation in particle size.  These features represent typical stream deposits with floodplain
fine-grained sediments comprising from 40% to 80% of the total deposits.  The Lakewood Formation hosts
four water-bearing aquifers. 

Recent age materials were deposited upon the erosional surface that existed near the end of the last glacial
stage (approximately 15,000 years before present).  In most of the Coastal Plain these sediments are stream
deposits, but near the ocean they include tidal, marine, and wind-deposited  materials.  Geologic members
found within the alluvial deposits include an intermittent semi-perched aquifer, a near-surface aquiclude, and
a water table aquifer.

Hydrogeologic Setting

The Coastal Plain has been divided into four groundwater basins (Santa Monica, West Coast, Hollywood,
and Central) by geological and surface features.  Groundwater basins are separated from adjacent basins by
geologic features such as nonwater-bearing rock, faults, or other geologic structures which impede
groundwater movement, and by natural or artificial mounds or divides in the water table or piezometric
surface.  The Central Groundwater Basin is subdivided into four areas: the Los Angeles and Montebello
Forebay Areas, the Whittier Area, and the Central Basin Pressure Area.  The Central Basin Pressure Area
is the largest of the four subdivisions of the Central Basin.  The Cooper Drum Site is within the Central Basin
Pressure Area groundwater basin that is dissected in a north-south direction by the Los Angeles river.  The
Site lies within the portion of the Central Basin Pressure Area west of the Los Angeles River. 

The groundwater basins in the Coastal Plain are recharged by surface and subsurface inflow from the hills
and mountains bordering the areas and from the adjacent San Gabriel and San Fernando Valleys.  The
extensive paving of streets and construction of urban communities has greatly reduced the areas open to
direct percolation of precipitation and applied water.  Extension of sewer systems discharging through ocean
outfalls, improvement in surface drains, and the lining of river channels to facilitate the runoff of floodwaters
have all resulted in less water percolating into the groundwater basins.

The boundary between fresh and saline waters within the Coastal Plain is the geologic contact between the
Upper Pliocene Repetto and Pico Formations.  The first major freshwater-producing geologic unit in the
Coastal Plain is the Lower Pleistocene San Pedro Formation.  Only those members capable of storing or
conveying groundwater in suitable quantities have been named as aquifers, while the intervening finer-
grained zones were not named, except for the Recent age alluvium shallowest unit. Five separate aquifers
have been recognized within the San Pedro Formation.  The five aquifers have been designated (from deepest
to shallowest): the Sunnyside, Silverado, Lynwood, Jefferson, and Hollydale Aquifers.  
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The Upper Pleistocene Lakewood Formation hosts four water-bearing aquifers: the Gage (deepest), the
Gardena, the Artesia, and the Exposition (shallowest).  The Artesia Aquifer has a general southwesterly dip
and varies in thickness and bottom configuration.  The ancestral San Gabriel and Santa Ana Rivers and
Coyote Creek appear to have been the main source of the sediments comprising this aquifer.  The
configurations of the bases of the Exposition Aquifer and the Artesia Aquifer are highly irregular, and it
appears that both were deposited on an erosional surface.  

The maximum thickness of the Exposition Aquifer is 100 feet and is reportedly related to the ancestral Los
Angeles River drainage system.  Materials range in size from coarse gravels to clay, with the fine deposits
separating the lenticular sandy and gravelly beds.  The upper coarse members of the Exposition appear to
have been either eroded and backfilled by the overlying Gaspur Aquifer deposits, or some of the upper
members were deposited contemporaneously with the formation of the younger Gaspur Aquifer.  However,
both the Artesia and Exposition Aquifers have been affected by folding and show slight warping near the
Newport-Inglewood uplift and in the downwarped area of the Central Basin.  The Potrero fault is the only
known structure that displaces the Exposition Aquifer.

Recent age geologic members which control the occurrence of groundwater found within the alluvial deposits
include a semi-perched aquifer, the near-surface Bellflower Aquiclude, and the water table Gaspur Aquifer.
Coarse sand and gravels of the semi-perched aquifer are found on or near the surface of much of the Coastal
Plain.  These materials vary in thickness from 0 to 60 feet and may contain significant amounts of unconfined
water where they are more than 20 feet thick.  Where the underlying aquifers are confined, the semi-perched
aquifer is generally separated from them by silts, clays, and other low permeability material referred to as
the Bellflower Aquiclude.  The relatively impermeable materials of the Bellflower Aquiclude restrict the
vertical movement of water from the semi-perched aquifer into the underlying Gaspur Aquifer.  The basal
coarse phase of the Recent age alluvium is referred to as the Gaspur Aquifer.  The Gaspur Aquifer consists
of alluvial deposits that range in size from boulders and gravel to silt and clay.  The Gaspur Aquifer is of
fluvial origin and occurs within an ancestral Los Angeles River channel cut during the previous sea-level
lowstand approximately 18,000 years before the present time (Ehman et al., 2001). Variations in the
thickness and width of the Gaspur Aquifer seem to indicate that the stream or streams responsible for original
deposition were meandering, braiding, eroding, and aggrading.  A generalized geologic cross-section which
parallels Firestone Blvd. (approximately 2,000 feet north of the site) is provided as Figure 1-3.  The cross-
section transect is shown on Figure 1-4.  These figures show the location of production wells and the general
depth of the above-described aquifers.  
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1.3.3 Local Hydrogeologic Setting and Groundwater Production Wells 

Site Hydrogeology

The following local hydrogeologic setting is compiled from studies conducted at, near, and surrounding the
Site. Monitor wells located on Site and north and east of the Site penetrate the semi-perched and Gaspur
Aquifers, the Bellflower Aquiclude, and Exposition Aquifer.  Most of the  monitor wells at the Site and to
the east are completed in the Gaspur Aquifer.  Two wells are completed in the top portion of the Exposition
Aquifer.  The Bellflower Aquiclude is encountered from 0 to 70 feet below ground surface (bgs) in the
vicinity of the Site.  The semi-perched  aquifer is encountered  at a depth of approximately 35 feet bgs.  The
Gaspur Aquifer is encountered at a depth of approximately 50 to 55 feet bgs.  The Exposition Aquifer is
encountered at a depth of approximately 110 feet bgs.  The groundwater flow direction for the Gaspur
Aquifer in the vicinity of the Site is to the southeast at 0.002 foot/foot across the Site.  Monitoring well
(MW)-5 is the only well located on Site that is screened through the semi-perched aquifer.  Monitoring well
MW-14 located off Site on ELG Metals property to the east is also screened through and affected by the
semi-perched Aquifer.  These two wells have exhibited anomalous  water level elevations in the past. It
should be noted that the semi-perched Aquifer zone may be a localized water-bearing unit.  The Site
hydrogeology is discussed further in Section 4.0.

Groundwater Production Wells

More than 90 production wells within 4 miles of the Site supply drinking water to 19 water systems serving
more than 500,000 people.  Groundwater production wells within the vicinity of the Site are shown on Figure
1-4, and those within approximately one mile are listed on Table 1-1. The city of South Gate operates
drinking water wells within 0.5 miles of the site. Wells #24 and #25 of the city of South Gate are located
approximately 0.4 miles east of the Site near the west edge of the concrete-lined Los Angeles river.   Their
perforated  sections (or screen interval) reportedly begin at 310 and 280 feet bgs, respectively.  These wells
draw groundwater from the Gage Aquifer, the deepest aquifer of the Lakewood Formation.  These wells have
total depths of more than 1,200 feet and hence also draw groundwater from aquifers of the San Pedro
Formation.   The Lynwood and Silverado Aquifers of the deeper San Pedro Formation are the primary
aquifers used for municipal, domestic, industrial, and commercial purposes in the vicinity of the Site.

Wells #13, #14, #18, and #19 are located approximately 1,000 feet downgradient and southwest of the site.
As shown in Table 1-1, the screen intervals of these wells begin at approximately 600 feet bgs; thus they
draw water from the Silverado Aquifer (Figure 1-3).  These wells were shut down in 1987 due to low-level
tetrachloroethene (PCE) contamination (Table 1-1).  The City of South Gate has listed the Site as a possible
contributor to the groundwater contamination observed in these wells (E&E, 1990).

Data from City of South Gate production wells suggest the presence of background VOC contamination in
the immediate vicinity of the Site to be in excess of EPA maximum contaminant levels (MCLs).  Well #7
is located approximately 2,000 feet crossgradient and north of the Site, and Well #23 is located
approximately 1,200 feet ugradient and southeast of the Site. The screen intervals of these wells begin at 500
and 600 feet bgs, respectively.  Well #7 has shown low-level PCE and trichloroethene (TCE) concentrations
of up to 9.9 micrograms per liter (µg/L) (City of South Gate, 2001) and well #23 has also shown low-level
PCE concentrations (E&E, 1990). 
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1.3.3.1 Operational History

Site History

The Site has been used to recondition steel drums that previously held a variety of industrial chemicals.  The
Site has historically been subdivided into a northern parcel and southern parcel.  The northern parcel contains
the former HWA, which appears to be the main source area for the groundwater contamination observed at
the Site.  The northern parcel has been owned and operated by drum recycling companies since 1941.
Cooper Drum Company, who purchased the northern and southern parcels in 1972, expanded and moved the
drum reconditioning onto the southern parcel in 1976.   The southern parcel contains the present day DPA.
The use and ownership of the southern parcel prior to 1971 is unknown, although the process building is
believed to date to 1941. Waste management practices at the Site prior to 1972, when Cooper Drum
Company began operations, are unknown.  Cooper Drum Company operated the facility from 1971 until
1992, when the drum  reconditioning operations were sold to Waymire Drum Company (Waymire).
Waymire continued to operate the facility until the fall of June 1996, when the operations were sold to the
current operator of the Site, Consolidated Drum Company (E&E, 1990).

Site Operations

Drum reconditioning operations consist mainly of flushing the inside of the drums with hot caustic (sodium
hydroxide) solution; stripping old paint from the outside, also with hot caustic solution; flushing the inside
with hydrochloric acid to remove rust; rinsing; leak testing; shaping; and painting. The main drum processing
area is on an elevated concrete platform five feet above the ground.  Prior to 1987, concrete trenches in the
floor were used to collect process solutions containing waste products and caustics.  The waste process
solutions went to a series of below-grade concrete trenches, unlined concrete sumps, and clarifiers located
on the north side of the drum processing line.  The two sumps and six clarifiers were used to settle out oily
wastes, sludge, and debris from the wash solutions.  The caustic wash solutions were then pumped back to
the processing line for reuse.  The solid waste mixture was placed in concrete sumps prior to off-site
disposal.  The concrete trenches and sumps are believed to have leached waste materials through cracks and
other high permeability zones in the concrete (E&E, 1990).  If drums contained solids or difficult to remove
materials, they were sent to the former HWA.  There, hot caustic solution and chains were put into the drums
which were then placed on a processing line which rotated the drums until the interiors were clean.  Similar
to the waste solution handling the main processing area, waste solutions from drums treated in the HWA
were collected in concrete trenches and transported to below-grade concrete sumps. All wastes were picked
up by licensed waste haulers and transported to a hazardous waste disposal facility or oil recycler.  In 1987,
the concrete trenches were replaced with hard piping.  In April 1989, the process was retrofitted with steel
tanks to contain the wastes in enclosed systems.    

Hazardous Substance Releases

From 1984 to 1989, several incidents occurred which involved the release, the potential for release, or
evidence of past releases of hazardous substances from the Site. Various investigations by the Los Angeles
Department of Health Services (LADHS) and Cooper Drum consultants identified hazardous substances in
soils on the Cooper Drum and Tweedy properties, including PCE, TCE, dichloroethylene (DCE), other
VOCs, petroleum hydrocarbons, sodium hydroxide, and several metals (E&E, 1990).

In 1987, the city of South Gate closed four regionally downgradient municipal wells (screened 600 feet bgs)
because of PCE contamination and suspected the Site to be a potential source of the PCE. In 1990, the EPA
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attributed the PCE in these wells at least partly to a release of PCE from the Site. In the period 1990-1992,
groundwater samples from four monitoring wells installed in the uppermost aquifer (approximately between
40 to 80 feet bgs) beneath the Site contained PCE, TCE, 1,1-dichloroethane (1,1-DCA), and DCE apparently
originating from Cooper Drum operations.

The Site was proposed for placement on the NPL in February 1992 based on confirmed soil and groundwater
contamination consisting of PCE, TCE, DCE, and 1,1-DCA.  Semivolatile organic compounds (SVOCs),
polychlorinated biphenyls (PCBs), and metals have also been detected in Site soils (Bechtel, 1997).

1.3.4 Summary of Previous Investigations

The scope and results of previous field investigations are summarized below reviewed below.  Figure 1-5
depicts Site features and the locations of samples collected during the previous investigations.  

The LADHS began investigations at the Site in the fall of 1984.  The LADHS found degraded asphalt,
observed spillage from stored drums, and issued a Notice of Violation.  After the inspection, Cooper Drum’s
consultant collected soil samples beneath the asphalt to a depth of two feet.  Results indicated that the soil
was contaminated with PCE, PCBs, and various heavy metals (E&E, 1990).

Soil samples from Tweedy Elementary School, collected after complaints were received regarding possible
contamination coming from the Site, indicated the soil was contaminated with petroleum hydrocarbons. The
extent was not investigated, though the top layer of soil was removed.

In April 1987, the County Health Emergency Response Team responded to a reported discharge of sodium
hydroxide wash water from Cooper’s process line onto the Tweedy School property.  As part of the response,
the soil beneath the process area’s concrete foundation was found to be saturated with caustic fluid; the soil’s
pH was approximately 14.  Under LADHS direction, contaminated soil on the school property was removed
and transported to a disposal facility.  The excavated area is shown on Figure 1-5.

In June 1987, Cooper Drum Company’s consultant, Conservetech,  initiated a subsurface exploration to
delineate and characterize contamination.  Analyses revealed volatile organic soil contamination to 30 feet
bgs. The boring locations (1 through 13, plus background borings [BG] are shown on Figure 1-5.  A summary
table of results from the Conservtech June 1987 investigation is included in Appendix A as Table A-1.   Also,
during 1987, the city of South Gate closed four of its municipal wells due to PCE contamination.  The wells
lie approximately 500 to 1,500 feet southwest and regionally downgradient of the Site and draw water from
the Silverado Aquifer, which reportedly occurs at 600 feet bgs.  The city listed the Cooper Drum Company
as a possible contributor to this contamination.

In February 1989, the California Department of Health Services (DOHS) collected seven soil samples
directly beneath the Site’s concrete slab in the process area.  Samples were analyzed from VOCs, SVOCs,
and pH.  Results indicated volatile hydrocarbon contamination under the slab.  Of the seven samples
collected, six were non-detect for VOCs and SVOCs.  One sample contained nine VOCs; the highest
concentration was 3,330 micrograms per kilogram (µg/kg) PCE.  The pH of the samples ranged from 7.4 to
12.2.  A summary table of the results is included in Appendix A as Table A-2. 

In July 1989, Cooper Drum’s consultant (Geotechnical Consultants [Geotech]) investigated soil
contamination with 20 borings drilled to depths of 3 to 61 feet bgs.  The boring locations are shown on
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Figure 1-5, and a summary table of results is included in Appendix A as Table A-3.  Compounds reported
in soil samples to 20 feet bgs included:

• VOCs. PCE and methyl ethyl ketone (MEK) were reported most often: PCE up to 1,586.5 mg/kg
and MEK up to 23.4 mg/kg.  TCE, TCA, toluene, xylenes, benzene, ethylbenzene, 2-propanol,
methyl cyclopentane, hexane, chloroform, and acetone were also reported.

• SVOCs.  Naphthalene (up to 3.3 mg/kg), 2-methylnaphthalene (up to 9.8 mg/kg), several
phenols to 18.3 mg/kg phenol.

• Total petroleum hydrocarbons (TPH). Reported up to 36,000 mg/kg.
• pH.  pH of up to 13.2 was reported in several locations.

Geotech installed three monitor wells (MW-1 through MW-3) in 1990 and two additional wells (MW-3 and
MW-5) in 1991 and 1992.  The locations of the wells are shown on Figure 1-5.  Results of sampling from
MW-1 through MW-2 in 1991 showed nondetectable levels of SVOCs; however, levels of several VOCs
exceeded their respective MCLs from the 1991 and 1992 sampling rounds. Results from two of the wells
(MW-2 and MW-5) showed relatively high levels of VOCs, indicating the presence of a hot spot within the
former HWA. When it was completed in 1992, the water level in MW-5, which is screened within both the
semi-perched and Gaspur aquifers, was similar to water levels in nearby wells screened in the Gaspur only,
indicating that the semi-perched aquifer was not present at that time. 

In September 1994, El Capitan conducted a limited subsurface soil investigation on the former Tweedy
School site adjacent to the drum processing building.  Three soil borings (B1 through B3) were sampled to
approximately 53 feet, and an existing soil vapor well (VW-1) installed by Conservetech in 1987 was
sampled.  VOCs were detected in the soil samples collected between 15 and 20 feet bgs.  VOCs were also
detected in the vapor samples collect from VW-1. Six vapor probes were also installed; however, sample
collection was unsuccessful. These sample locations are shown on Figure 1-5.  A summary table of soil and
soil vapor sample results is included in Appendix A as Table A-4.

1.3.4.1 Initiation of EPA RI Activity

In 1996, EPA conducted a soil gas survey as part of additional Site characterization studies.  The results were
used to locate potential hot spots where new sample borings could be installed as part of the Phase I RI.  The
survey delineated two areas of relatively high levels of PCE, TCE, and cis-1,2-dichloroethene (cis-1,2-DCE)
at the north end and the central portion of the Site.  Figures depicting the results of these analyses are
included in Appendix A.

The Phase 1 RI was designed to further investigate the potential presence and extent of VOCs, SVOCs, and
metals in soil and groundwater beneath the Cooper Drum and Tweedy properties.  Field sampling for the
Phase 1 RI took place during October and November, 1996.  The standard and multilevel groundwater
sampling in the existing monitoring wells went generally as planned, but only the two planned deep borings
on the Tweedy property were completed because severely heaving sands were encountered in these borings,
which curtailed completion of the remainder of the planned field investigation. The planned borings on the
Cooper Drum Site were not drilled.  Figure 1-5 shows the locations of the two borings (SB-6 and SB-7) on
the Tweedy School site.  Soil and depth-discrete groundwater samples were collected from both of these
borings.  Tables presenting the results of soil and groundwater samples are included in Appendix A as Tables
A-5 and A-6.  Summarized results of soil and soil vapor sampling conducted prior to the Phase 1 RI are
included in Appendix A as Tables A-1 through A-4.  The relevant analytical results from the Phase 1 RI soil
and groundwater remedial investigation are summarized as follows:
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Groundwater

Groundwater Flow Direction.  Groundwater levels measured in the five existing monitoring wells (Figure
1-6), which are completed in the first water-bearing zone at the Site, indicated that the groundwater flow
direction in the shallow aquifer zone was to the east-southeast in center portion of the site. The groundwater
gradient was rather steep (0.01 foot per foot) as determined in the October 1996 Phase 1 RI monitoring event.
As discussed further in Section 3, water level data from subsequent monitor well installations at the Site (and
other sites in the vicinity of Cooper Drum) have shown that groundwater flow directions are to the south
beneath the eastern portion of the Site and the area east of Rayo Avenue.

VOCs.  Multilevel groundwater sample analyses for VOCs in these five existing monitoring wells indicated
that a number of VOCs (1,1-DCA, 1,1-DCE, 1,2-dichloroethane [1,2-DCA], cis-1,2-DCE, and TCE) were
present (nearly 1,000 µg/L of cis-1,2-DCE and TCE) in monitoring wells MW-2 and MW-5 in the HWA on
the Cooper Drum property.  The multilevel samples were collected at approximately 10-foot intervals from
the top to the bottom of the well.  Standard groundwater analytical results from the wells confirmed these
findings.  Concentrations in the upgradient monitoring well MW-3 were much lower.

SVOCs.  SVOCs were generally not found at elevated concentrations in multilevel and standard groundwater
samples from the five monitoring wells.

Metals.  Six metals (arsenic, calcium, iron, magnesium, manganese, and sodium) were found in wells MW-1,
MW-2, and MW-4 at elevated concentrations (up to an order of magnitude) in comparison to concentrations
found in upgradient well MW-3.

General Chemistry.  Five other parameters (chloride, sulfate, total alkalinity, hardness, and total dissolved
solids [TDS]) were found at elevated levels (up to an order of magnitude) in wells MW-2 and MW-4, and
to a lesser extent in wells MW-1 and MW-5, in comparison to concentrations found in upgradient well
MW-3.

Depth-Discrete Groundwater Results.  A total of seven VOCs (1,2-DCA, acetone, benzene, carbon disulfide,
cis-1,2-DCE, TCE, and toluene) were detected in HydroPunch® groundwater samples taken from soil borings
SB-6 and SB-7 located on the adjacent Tweedy School site. 1,2-DCA (up to 14 µg/L) and TCE (up to 43
µg/L) were found at moderately elevated levels in the 90-foot and 100-foot deep samples in SB-7, but were
not present at or much above detection limits at depths above or below.  In SB-6, TCE (3 µg/L) was found
only in the 90-foot deep sample).

Vadose Zone Soils

In the vadose zone soil samples collected from borings SB-6 and SB-7, a few VOCs and SVOCs were
detected infrequently above detection limits.  PCE was detected (33 µg/kg) in the one-foot-deep sample from
SB-6, but was not detected in the duplicate sample from this depth.  As noted, these borings were off Site
on the Tweedy school site, somewhat distant from any potential sources on the Cooper Drum Site.

Metals in the vadose zone soil samples varied in concentration, but none were present at concentrations
elevated above “background.”

The additional RI activities completed at the Site are described and presented in the remainder of this RI/FS
report.  Relevant off-site investigations at facilities unrelated to the historic and current activities performed
at the Site are introduced below.
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1.3.5 Nearby Sites Under Remedial Investigation

This section briefly summarizes the results of groundwater investigations conducted at sites with
groundwater contamination in the immediate vicinity of the Site.  The purpose of identifying these sites is
to further establish groundwater flow directions in the shallow aquifer and also to identify other groundwater
plumes and/or background groundwater conditions which may affect remediation activities for the
groundwater plume emanating from the Site.  Information for these nearby sites has been obtained from
Regional Water Quality Control Board (RWQCB) file data.

The three sites discussed in this section are the Jervis Webb site located at 5030 Firestone Boulevard and the
former Dial Corporation sites located at 9300 and 9400 Rayo Avenue.  The locations of these sites are shown
on Figure 1-7.  The Jervis Webb site is south of Firestone Boulevard and west of Rayo Avenue to the north
of the Cooper Drum Site.  The 9300 Rayo Avenue Dial Corporation site is east of Jervis Webb, and northeast
of the Cooper Drum Site on the east side of Rayo avenue.   The 9400 Rayo Avenue site is east of Cooper
Drum across Rayo Avenue and is the present location of ELG Metals, Inc.

Jervis Webb Site (RWQCB SLIC File No. 744)

RWQCB file data indicate that TCE may be migrating in shallow groundwater from the Jervis Webb site in
a southerly direction toward the vicinity of the Cooper Drum Site. A groundwater contour map of the water
surface elevations measured in October 2000 at the Jervis Webb site is included in Appendix B as Figure B-
1.  As shown on Figure B-1 the groundwater flow direction is south to southeast.  Water level data collected
at this site since November 1998 have consistently shown a south to slightly southeast flow direction.   The
Jervis Webb site has shown concentrations of TCE in the groundwater up to 33,000 µg/L.  A plume map
from the March 2001 monitoring event is included in Appendix B as Figure B-2. Although the figure
indicates the groundwater plume is confined to the Jervis Webb site, a former on-site monitor well (MW-5)
located approximately 110 feet south to southwest of MW-4 showed up to 1,400 µg/L of TCE in 1992.  This
would suggest TCE may be migrating off Site between wells MW-4 and MW-3. The RWQCB has requested
completion of groundwater characterization for the Jervis Webb site.

Detections of TCE in groundwater samples collected from Cooper Drum Site monitor well MW-19 suggest
a possible TCE source to the north of the Site.  Monitor well MW-19, which was installed during the recent
RI activities for the Site, is located approximately 250 feet south of the Jervis Webb site on Rayo Avenue,
and 200 feet northeast and upgradient of the Cooper Drum Site.  Samples from MW-19 have shown TCE
concentrations up to 6,700 µg/L.  The source of TCE in MW-19 has not been identified.

Dial Corporation 9300 and 9400 Rayo Avenue Sites

A groundwater elevation contour map based on monitor well data on the 9300 Rayo Avenue site in February
1997 is included Appendix B as Figure B-3.  As shown on the figure, the groundwater flow direction is to
the south along Rayo Avenue.  Groundwater analytical results shown on Figure B-3 indicate that
concentrations of TCE range from below detection to 16 µg/L. 

A contour map of the groundwater surface elevations measured from monitor wells on the 9400 Rayo Avenue
site (currently occupied by ELG Metal Inc.) in July 1996 is included in Appendix B as Figure B-4.  As shown
on Figure B-4, groundwater flow direction in the vicinity of 9400 Rayo Avenue is to the south.  TCE
concentrations up to 190 µg/L have been reported in groundwater at the 9400 Rayo Avenue site.  The source
of this contamination is unknown.  Previous reports have suggested (ERM, 1996, and URS GWC, 1999),
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based on a southeasterly flow direction interpreted from the initial five monitor wells at the Site, that
groundwater impacts at the 9400 Rayo Avenue site were related to sources at the Site. However, additional
data from Phase 2 monitor wells at the Site, together with a review of data for nearby sites, indicate a more
southerly groundwater flow direction exists in areas to the north and east. Based on this interpretation, it
appears that groundwater impacts at the 9400 Rayo Avenue site may originate from the same source that
affects the Site’s upgradient well MW-19 located to the north along Rayo Avenue, and not from the Site.

The monitor wells on the 9400 Rayo Avenue site  were monitored during the Site remedial activities.  These
results are presented and discussed in Sections 3.0 and 4.0.
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TABLE 1-1

Groundwater Production Wells within One Mile of Site
Cooper Drum Facility, South Gate, California

State Well ID

City of
South Gate

Well ID

Total
Depth

(feet bgs)

Screen
Interval
(feet bgs) Well Status

Distance (feet)
and Direction

from Site VOC Analytical Data

2S/12W-31M02S 7 600 500-600 Inactive 1,980 NNW 10/1/01: PCE = 14 �g/L

3S/12W-06D01S 13 758 600-758 Active (inop) 2,380 SW 10/1/01: PCE = 7.3 �g/L

3S/12W-06D02S 14 775 615-715 Active (inop) 1,400 SW 8/6/01: PCE = 6.2 �g/L

3S/12W-06D03S 18 790 620-762 Active 2,105 SW 11/1/01: PCE = 6.2 �g/L

3S/12W-06D04S 19 746 610-746 Active (inop) 1,780 SW 11/1/01: PCE = 0.67 �g/L

3S/12W-05M01S 22B 578 495-545 Active 5,840 SE 8/6/98:   PCE = 6.1 �g/L

3S/12W-06B03S 23 856 530-798 Standby 1,365 SSE 11/1/01: VOCs = ND

2S/12W-31Q03S 24 1266 310-630 Non-operative 2,290 E 10/11/99: VOCs = ND

2S/12W-31Q02S 25 1331 280-1310 Active 2,290 ESE 1/22/01: PCE = 0.89, TCE = 0.91
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FIGURE 1-7
Related Investigations Site Location Map
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2.0   STUDY AREA INVESTIGATION

2.1 COOPER DRUM REMEDIAL INVESTIGATION ACTIVITIES

This section describes the RI soil and groundwater investigation procedures and protocols, rationale for
sampling point selection, and analytical parameters for activities conducted from 1998 through 2001.  The
Phase 2 RI is a continuation of the RI activities  initiated at the Site in 1996.  A detailed discussion of these
subjects was  previously provided in the Cooper Drum Company FSP and QAPP Addendum 1 (URSG, 1998)
and Addendum 2 (URSG, 2000) and the Phase 1 RI/FS (Bechtel, 1996a) and QAPP (Bechtel, 1996b). 

The Phase 2 RI was comprised of a vadose zone investigation and a groundwater investigation.  These
investigations included soil, soil gas, and depth-discrete groundwater sampling and analysis; cone
penetrometer test (CPT) borings; groundwater monitor/extraction well installation; water level measurement;
groundwater sampling and analysis; soil vapor extraction (SVE) well installation; SVE testing; and aquifer
testing.  The RI sampling locations are presented on Figure 2-1.  The above-mentioned project plans
identified the general investigative approach that would be used at the Site.  This approach included using
EPA’s Region 9 Field Analytical Services Program (FASP) on-site mobile laboratory for analysis of VOCs.
The real-time data from the FASP laboratory enabled field modification of the Phase 2 RI sampling locations,
depths, and general approach.  The FASP lab was used for the initial investigation tasks completed during
September, October, and November 1998.  

These initial RI activities completed in 1998 included the following specific tasks:

• Completion of five soil borings (SB-1, SB-2, SB-3, SB-4/4A, SB-5).  Soil samples were
collected from ground surface to the top of the water table aquifer at approximately 40 feet bgs.
Depth-discrete groundwater samples were collected to approximately 200 feet bgs, and
geophysical logs were completed within each borehole.

• Sampling of the five existing on-site monitoring wells.  The five on-site monitoring wells (MW-
1 through MW-5) were sampled to confirm historical results for samples which were last
collected in October 1996.  

• Four CPT borings (CPT-1 through CPT-4) were completed, and depth-discrete groundwater
samples were collected.  The  maximum depth of the CPT borings was 120 feet bgs, based on
FASP results for groundwater samples collected from the soil borings which indicated that
groundwater contamination was limited to a maximum depth of approximately 100 feet bgs. The
CPT borings were also located to assess groundwater conditions east of the Site boundary.
These off-site CPT borings were located based on the existing understanding that groundwater
flow was to the east.

• Sampling of four existing monitor wells on the ELG Metals property located east of the Site.
These wells are located further east of CPT-1 through CPT-4 and  were sampled to confirm
historical sample results and provide a data set consistent with the Phase 2 RI data to evaluate
VOC distribution east of the Site.  Water level data from these wells, along with the on-site
wells, were also incorporated into the Site water level data and used to further define
groundwater flow directions in the shallow aquifer.
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Based on the results from the above-described field activities, additional RI activities were completed in
March, April, and May 1999.  Aside from the well installation, these activities were not planned as part of
the original FSP (URSG, 1998). This portion of the RI included the following specific tasks:

• Completion of six CPT borings (CPT-5 through CPT-10) with depth-discrete groundwater
sampling.  Four  of the borings were located east and southeast of the Site to further delineate
the extent of groundwater contamination.  Boring CPT-7 was located at the northeast corner of
the Site to refine chemical distribution data in this area. Borings CPT-5 and CPT–6 were located
adjacent to the two soil borings (SB-6 and SB-7) which are south of the Site on the Tweedy
School property to confirm  results from the 1997 Phase I RI (Bechtel, 1997).  Borings CPT-8
through CPT-10 were located southeast of the Site on the Seam Master Industries property to
further define the distribution of VOCs east and southeast of the Site.

• Installation of one groundwater monitor/extraction well (EW-1).  This well was installed along
the eastern boundary of the Site within Rayo Avenue.  The well was installed to evaluate the
extent of groundwater contamination along the eastern property boundary at the location of  soil
boring SB-1, which contained the highest concentration of VOCs in depth-discrete samples. 
EW-1 was designed to be used potentially as a groundwater extraction well.

• Completion of a constant rate aquifer test on well EW-1 and step drawdown tests on wells MW-
2 and MW-5.  The aquifer tests were performed to estimate aquifer parameters and provide data
necessary to evaluate groundwater remediation alternatives for the Site.

• Sampling of six soil gas boring locations (SG-1 through SG-6).  Soil gas samples were collected
at six locations at approximately 10-foot sample intervals to 45 feet bgs.  The soil gas borings
were located in the area of the Site with the highest levels of groundwater contamination or at
potential hot spots identified from the 1995 passive soil gas survey.  The soil gas data were
collected to evaluate the vertical distribution of VOCs in the vadose zone at these locations and
to assess whether soil gas concentrations in the vadose zone warrant remediation.

Upon completion of the scope of work discussed previously, further investigation was deemed necessary.
The additional investigation activities were conducted between October 2000 and March 2001 and included
the following tasks:

• Installation of 10 shallow borings (SB-8 to SB-17) to approximately 10 feet bgs. Five borings
(SB-8 through SB-12) were located in the former HWA, and four borings (SB-13 through SB-
16) were located around the drum processing building.  Boring SB-17 was located in the western
portion of the Site to serve as a background sample location.

• Installation of 11 soil vapor borings (SG-7 to SG-17) to a depth of approximately 35 feet bgs in
the vicinity of the former HWA  (including the general vicinity of well MW-5) and the drum
processing building to further address vadose contamination observed in the soil gas samples
collected during the 1999 field investigations.  Up to three soil gas samples were collected from
each boring and analyzed for VOCs.

• Completion of 14 cone penetrometer borings (CPT-11 through CPT-24) to groundwater to a
minimum depth of 120 feet bgs to further delineate the extent of impacted groundwater.  Up to
five depth-discrete groundwater samples were collected from each CPT boring using a
HydroPunch® sampler and analyzed for VOCs.
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• Installation and development of six new groundwater monitoring wells (MW-15 to MW-19 and
EW-2), one on Site and five off Site.  The on-site well, EW-2, was completed to approximately
80 feet bgs with hollow stem augers and designed to be used potentially as a groundwater
extraction well.  The other five wells were completed along Rayo Avenue.  Two of the wells,
MW-16 and MW-18, were completed to a total depth of approximately 130 feet bgs using mud
rotary drilling methods.  The other three monitor wells (MW-15, MW-17, and MW-19) were
installed with hollow stem augers to approximately 75 to 80 feet bgs.  Geophysical logging of
MW-16 and MW-18 was also performed.

• Collection of one round of groundwater samples from six existing on-site wells (MW-1, MW-2,
MW-3, MW-4, MW-5, and EW-1) and four off-site wells (MW-8, MW-10, MW-12, and MW-
14) and two rounds of samples from the six new wells (MW-15 through MW-19 and EW-2).
All samples were analyzed for VOCs, metals, and general chemistry.

• Performance of an eight-hour aquifer pump test at EW-2 and analysis of pump test data to aid
in determining remedial alternatives.

• Installation of one SVE-1 well and two sets of soil vapor monitoring points (VP-1 and VP-2) in
the former HWA.  Performance of a soil vapor extraction pilot test to evaluate remedial
alternatives.

2.1.1 Soil and Vadose Zone Investigations

The vadose zone was investigated utilizing mud rotary and cone penetrometer borings.  Soil and soil gas
samples were collected, and physical testing was conducted on selected soil samples.

Prior to drilling, the facility was reviewed to identify locations of underground pipelines and utilities. The
local underground utility services identification authority (Underground Service Alert) was used to mark
underground improvements at the Site.  Sampling locations were modified, as necessary, to avoid pipelines
and utilities. All drilling and sampling activities from 0 to 5 feet bgs were completed with a hand auger as
described in the Phase 1 RI FSP (Bechtel, 1996a).

Mud rotary drilling techniques were used to advance a 4- to 8-inch diameter exploration borehole at soil
borings SB-1 through SB-5 and MW-16 and MW-18.  Use of mud rotary techniques provided enhanced
borehole stability to control the heaving sand conditions previously encountered at the Site. These
exploratory borings were geophysically logged. SB-1 through SB-5 were back-grouted upon completion of
sampling.

Hollow stem augers were used to drill an approximately 10- to 16-inch diameter borehole for monitor wells
MW-15, MW-17, and MW-19, and extraction wells EW-1 and EW-2. All boreholes were logged using the
Unified Soil Classification System (USCS) and recorded on Exploratory Boring Logs (Appendix C).

Field forms used as part of the RI are included in Appendix D. These include field decontamination logs,
monitor well sampling forms, and well development logs.  All chain-of-custody and analytical data are
included in Appendix E. 
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2.1.2 Soil Sampling

Soil samples were collected from borings located in hot spot areas identified from previous soil and soil gas
survey data. These soil samples were obtained to attempt to confirm the results of previous Site
investigations and characterize the vertical extent of contaminants in hot spot areas at the Site. Soil boring
samples were also collected for physical analyses as input for vadose zone modeling. The samples were
collected to be representative of the various lithologic units encountered during drilling.

During the Phase 1 RI, several borings were planned for the five hot spots identified during earlier sampling.
However, only two of the borings (SB-6 and SB-7) were completed.  These borings addressed two of the five
hot spots.  During the first round of the Phase 2 RI, two soil borings (SB-4 and SB-5) were drilled in two of
the other three hot spot areas. A third boring, SB-3, was located north of the last hot spot, the former HWA,
to assess upgradient conditions in the aquifer zone(s) beneath the Bellflower Aquiclude. This location was
modified from the Phase 1 RI proposed location to address the more specific Phase 2 RI objective of
evaluating the contamination distribution in the deeper aquifer zones. SB-1 and SB-2 were drilled to further
characterize contaminant migration in the vadose zone and groundwater. Additionally, the depth-discrete
groundwater analytical data were also used to locate well EW-1, as described in Subsection 3.2.4.

Soil samples were collected from SB-1 through SB-5 at 1, 5, and 10 feet bgs and at 10-foot intervals
thereafter until groundwater was encountered at approximately 40 feet bgs.  The target depth for each
borehole was approximately 200 feet bgs. Samples were collected at 1 and 5 feet using a hand-driven core
barrel sampler containing precleaned stainless steel liners. For depths greater than 5 feet, borings were
continuously cored using the mud rotary assisted, 94-millimeter (mm) wireline core sampler. The relatively
undisturbed soil samples were collected from the continuous core starting at approximately 5 feet bgs
continuing to borehole total depth.  Soil samples were collected for chemical and physical analysis (i.e., bulk
density, moisture content, particle size, hydraulic conductivity, and total organic carbon).

Samples were collected in a 5-foot core barrel approximately 2.5 inches in diameter. Each core barrel was
fitted with an inner, split-tube sampler. Samples for chemical analysis were transferred to glass jars for
submittal to the laboratory. The end of the core sampler was inspected for slough, and only relatively
undisturbed samples were collected for chemical analysis.

An EPA-designated laboratory (either Contract Laboratory Program [CLP] and/or Regional Analytical
Program [RAP]) was used to analyze all subsurface soil samples for the presence of Contract Laboratory
Program Analytical Services (CLPAS) analyte lists for VOCs, SVOCs, PCBs, pesticides, and metals.

Four soil samples for physical analysis were collected at SB-2 (45.5 feet) and SB-4 (6.5, 94, and 175 feet).
When collecting samples for physical analysis, the core sampler was lined with 6-inch long by 2.5-inch-
diameter stainless steel liners. The top liner was also inspected for slough. If slough was observed, the liner
was discarded, and the other liners sealed with end caps attached with Teflon® tape. The sealed liners were
labeled and processed for laboratory analysis. Two stainless steel liners were required by the laboratory for
each set of physical analyses. These physical characteristics samples were shipped to Woodward Clyde
Laboratory in Pleasant Hill, California, and tested for bulk density by the core method, grain size distribution
by American Society for Testing Materials (ASTM) D 422, moisture content by ASTM D 2216, hydraulic
conductivity by ASTM D 5084, and total organic carbon (TOC) by SW846.
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During RI activities conducted between October 2000 and March 2001, the soil sampling effort involved
collection of soil samples from nine borings (SB-8 through SB-16) located in and around the former HWA
and the DPA (See Figure 2-1).  A tenth boring, SB-17, was located in the western portion of the Site to
evaluate background conditions. As discussed above, the boring locations were based on  hot spot areas
identified from previous soil borings (e.g., Geotechnical Consultants, 1989).  These soil samples were
obtained to evaluate current Site conditions and augment existing soil data for the RI/FS risk assessment.

Truck-mounted and quad-runner-mounted direct-push rigs using approximately 2-inch diameter rods were
used to install soil borings SB-8 through SB-17.  Up to three soil samples were collected from each of the
10 soil borings at 1, 5, and 10 feet bgs.  A total of 30 soil samples were collected with a 2-inch outside
diameter sampler fitted with an approximately 18-inch long by 1.75-inch diameter polyethylene sample tubes.
Sections of the tubing were cut, capped with teflon and a plastic end cap, labeled, and submitted to the
laboratory for analysis.  Portions of soil samples were also collected for VOC analysis using the Encore soil
sampler.  An  EPA-designated laboratory (either CLP and/or RAP) was used to analyze the soil samples for
the presence of VOCs, SVOCs, PCBs, pesticides and metals.

2.1.3 Soil Gas Sampling

Based on results from the first round of the field activities conducted in September and November 1998,
additional soil gas sampling was completed in March, April, and May 1999. During this second round, six
soil gas boring locations (SG-1 through SG-6) were sampled at approximately 10-foot sample intervals to
45 feet bgs.  A total of 26 soil gas samples were collected from the borings.  Generally, the samples were
collected using a CPT rig with steel probes equipped for collecting soil gas samples.  The samples were
collected in Summa® canisters and picked up at the Site by Quanterra Laboratories, a designated EPA
laboratory, for analysis. 

The third round of soil gas sampling efforts involved collection of soil vapor samples from 11 soil vapor
borings (SG-7 through SG-17).  These borings were completed to a total depth of approximately 35 feet bgs
and located based on hot spot areas identified from previous soil gas and soil borings. The soil gas borings,
shown on Figure 2-1, were located in and around the former HWA, the DPA and the general vicinity of MW-
5.  Groundwater samples from MW-5 and MW-2  show concentrations of VOCs in excess of 1,000 µg/L.

The soil gas borings were installed with the same rig utilized for the soil borings.  The rods were fitted with
a disposable soil gas sampling tip, and soil gas samples were collected at specific depths.  Sampling of soil
gas was attempted at 10, 20, and 30 feet bgs.  However, because tight soil conditions and/or high moisture
content, soil vapor samples were not collected at some (9 out of 36) depths.  Soil gas samples were collected
in Summa® canisters and submitted to Air Toxics, Ltd. for analysis of VOCs.
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2.1.3.1 Soil Vapor Extraction (SVE) Testing

Based on the results of the RI soil gas sampling, it appeared that SVE was warranted.  Therefore, a 4-inch
diameter SVE well (SVE-1) and two sets of vapor probes (VP-1 and VP-2) were installed in the former
HWA.  SVE-1 was drilled to a depth of approximately 43 feet and constructed with 35 feet of slotted casing
from 8 to 43 feet bgs.  VP-1 and VP-2 consisted of three nested wells at each location. The three nested wells
monitored soil vapor at 10, 20, and 30 feet bgs.  Following installation of the wells and probes, a short-term
SVE test was performed.

The SVE test was performed for approximately three hours and consisted of inducing a vacuum at SVE-1
at increasing flow rates.  Induced vacuum in the subsurface was measured at VP-1 and VP-2 to evaluate air
permeability and radius of influence.  Samples of the soil vapor were collected in Summa® canisters from
SVE-1 during the test at 10, 90, and 180 minutes after start-up.  The soil vapor samples were submitted to
Air Toxics Laboratory, Inc. and analyzed for TO-14 analytes.

2.1.4 Groundwater Investigation

The groundwater investigation included depth-discrete sampling from soil borings and CPT borings,
sampling existing on-site and off-site monitoring wells, monitor and extraction well installation, and aquifer
testing.  Table 2-1 shows the total depth, screen interval, aquifer zone, and other specifications for the on-
and off-site wells.  The sections below describe the associated activities.

The EPA FASP laboratory was on site during the first round of the depth-discrete groundwater investigation
to analyze groundwater samples collected from the soil borings (SB-1 through SB-5) for RAP/non-CLP low-
level volatile organics analysis (VOA) with 25 milliliter (mL) purge.  

Groundwater samples collected from the subsequent CPT borings and monitor wells/extraction wells were
shipped to EPA-designated laboratories (Southwest Labs of Oklahoma and American Analytical and
Technical Services) and the EPA Region 9 laboratory.  Analyses performed by these laboratories included
RAP/non-CLP low-level VOA with 25 mL purge; CLPAS SVOCs; CLPAS total metals by EPA CLP SOW
ILM040.0 and its revisions; RAP alkalinity, carbonate, and bicarbonate by Standard Method 2320; RAP TDS
by EPA method 160.1; anions (bromide, chloride, fluoride, nitrate, nitrite, orthophosphate, and sulfate) by
EPA 300.0; RAP ammonia by EPA 350.1/350.3; and hardness by EPA 130.2.

2.1.4.1 Depth-Discrete Groundwater Sampling

Depth-discrete groundwater samples were collected from the five soil borings (SB-1 through SB-5) and 24
CPT borings (CPT-1 through CPT-24) using a HydroPunch™ sampling device (See Figure 2-1). The
HydroPunch ™ is a drive sampler that may be driven into undisturbed soil beneath the bottom of a borehole.
When at the desired depth, the sampler is pulled back approximately one foot to expose the screen on the
sampler.  Depth-discrete groundwater samples are collected by lowering a bailer down the sampling device,
retrieving the bailer, and transferring the groundwater sample to the sample container.
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2.1.4.2 Geophysical Survey

After completion of drilling and sampling, downhole geophysical surveys were performed in borings SB-2,
SB-4, SB-5, MW-16, and MW-18.  Borehole SB-3 collapsed to approximately 90 feet bgs prior to installing
the test equipment, and the survey was not performed at this location  The geophysical surveys included
spontaneous potential logs and long and short normal resistivity curves.  Geophysical data are included in
Appendix F. After the geophysical surveys were completed, boreholes SB-2, SB-4, and SB-5 were backfilled
with a cement/bentonite grout as described in Subsection 5.2 of the Phase 1 FSP (Bechtel 1996a).  Monitor
wells were constructed within MW-16 and MW-18 upon completion of the geophysical survey.

2.1.4.3 Monitor and Extraction Well Installation

Seven groundwater wells were installed during RI activities conducted from 1998 through March 2001.  One
well, EW-1, was installed in October 1999, and the remaining six were installed between October 2000 and
November 2000.   Five of these wells were installed along Rayo Avenue to monitor the horizontal and
vertical extent of contamination emanating from the Site  (MW-15 through MW-18) and to evaluate the
potential for an upgradient source (MW-19).  The two other wells, EW-1 and EW-2, were designed to be
used as groundwater extraction wells.  A public works permit was obtained from the City of South Gate for
the well installation and is included in Appendix G.  The following sections discuss the drilling and
installation of the wells.  Table 2-1 summarizes the construction details for the monitor and extraction wells
installed during the RI.

MW-15, MW-17, and MW-19 Installation

An auger drill rig utilizing 10-inch outside diameter hollow stem augers was used for installation of monitor
wells MW-15, MW-17, and MW-19.  The wells were constructed with 10 feet (MW-17 and MW-19) or 15
feet (MW-15) of 4-inch-diameter Schedule 40 polyvinyl chloride (PVC) casing with 0.020-inch slots and
PVC blank casing.  A filter pack consisting of Monterey No. 3 silica sand was placed in the annulus from
the bottom of the borehole to two feet above the screen.   Above the sand filter pack, a two-foot transition
seal of 50% bentonite pellets and 0/30 sand was installed.  The remainder of the annulus was filled by
tremieing a cement grout mixture to the surface.  The grout was allowed to settle, and more was added as
necessary.  The monitor wells were completed with traffic-rated well boxes set in concrete.  Each monitor
well was fitted with a locking cap and lock.    A URS field geologist was present to log the lithology of the
boreholes in accordance with the USCS and supervise the well installation.  No other borehole sampling or
logging was conducted.

MW-16 and MW-18 Installation

A mud rotary drill rig using an 8.75-inch diameter bit was used to drill the boreholes for monitor wells MW-
16 and MW-18.  The wells were constructed with 10 feet of 2-inch-diameter Schedule 40 PVC casing with
0.020-inch slots and PVC blank casing.  A filter pack consisting of Monterey No. 3 silica sand was placed
in the annulus from the bottom of the borehole to 2-feet above the screen.   Above the sand filter pack, a 2-
foot transition seal of 50% bentonite pellets and 0/30 sand was installed.  The remainder of the annulus was
filled by tremieing a cement grout mixture to the surface.  The grout was allowed to settle, and more was
added as necessary.  The monitor wells were completed with traffic-rated well boxes set in concrete.  Each
monitor well was fitted with a locking cap and lock.  A URS field geologist was present to log the lithology
of the boreholes and supervise the well installation.  Each borehole was e-logged prior to well construction
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to evaluate the screen interval.  The selections of screen intervals were based on the e-logs and selected to
monitor the upper section of the Exposition Aquifer.

EW-1 and EW-2 Installation

An auger drill rig utilizing 16-inch outside diameter hollow stem augers was used for installation of wells
EW-1 and EW-2.  The wells were constructed with 45 feet (EW-1) and 40 feet (EW-2) of 6-inch diameter
continuous slot, wire wrapped, stainless steel screen, and 6-inch diameter blank Schedule 40 PVC casing.
After the well casing and screen were installed in EW-1, a 1-inch diameter piezometer was placed into the
borehole. A filter pack consisting of Monterey No. 3 silica sand was placed in the annulus from the bottom
of the borehole to 2 feet above the screen.   Above the sand filter pack, a 2-foot transition seal of 50%
bentonite pellets and 0/30 sand was installed.  The remainder of the annulus was filled by tremieing a cement
grout mixture to the surface.  The grout was allowed to settle, and more was added as necessary.  The
monitor wells were completed with traffic-rated well boxes set in concrete.  Each well was fitted with a
locking cap and lock.  A URS field geologist was present to log the lithology of the boreholes and supervise
the well installation.  No other borehole sampling or logging was conducted.

2.1.4.4 Monitor Well Development

Each of the seven new wells was developed as described in Subsection 5.3.4 of the Phase 1 FSP (Bechtel,
1996A).  Generally, this included using a combination of bailing, swabbing, and pumping.  The well was
surged by moving a swab up and down across the well screen.  This process is intended to loosen any
residual material in the filter pack and screen that could inhibit free flow in and out of the well.  The well
was then bailed to remove any sediment that may have entered as a result of surging, then swabbed again for
at least one hour and bailed again.  Once all sediments were removed, the well was then pumped using a
submersible pump.  During development, electrical conductivity, pH, temperature, and turbidity were
monitored by a URS geologist.  

Redevelopment of MW-2 was also performed to improve its performance based on the relatively lower flow
rates achieved during the step drawdown testing of the two existing wells (MW-2 and MW-5) as compared
to the relatively higher flow rate measured in the new well EW-1 during aquifer testing.  Results of aquifer
tests performed before and after the redevelopment of MW-2 are discussed in Section 3.2.3.

MW-2 was redeveloped using a “bore blaster” method with a dispersant.  The dispersant used was NW-220,
which is a polymer formulated to replace phosphate in well development.  Generally, this method consisted
of bore blasting the well screen in 6-inch increments with compressed nitrogen and a nominal 125-pound-per-
square-inch (psi) pop-off tool.  Nitrogen does not promote growth of microorganisms as might compressed
air.  The bore blasting forces formation fluids (and dispersants) through the screen and filter pack into  the
native formation materials.  This helps break up any chemical and biological blockage in the filter pack and
formation.  After bore blasting, the well is typically surged and pumped to determine the effect of the bore
blasting. 

After bore blasting was completed at MW-2, the well was allowed to stabilize overnight to maximize the use
of the dispersant, and a step-drawdown test was performed the following day.  As discussed in Section
3.2.3.1 and Appendix H, redevelopment was considered successful.  The sustainable flow rate in MW-2
increased from approximately 3 gallons per minute (gpm) to 5 gpm after redevelopment.
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2.1.4.5 Aquifer Testing

Aquifer testing was performed during two separate events, once in March/April 1999 and the second in
March 2001.  The March/April 1999 event involved pumping from EW-1, and the March 2001 event
involved pumping from EW-2.  The aquifer tests were performed to estimate aquifer parameters and provide
data necessary to evaluate groundwater remediation alternatives.  A detailed description of the aquifer testing
is provided in Appendix H.

2.1.4.6 Monitor Well Sampling

As part of the Phase 2 RI activities, two complete rounds of samples were collected from the on-site and off-
site monitor wells in November 1998 and October/December 2000.  Monitor wells MW-2 and MW-5 were
also sampled in October 1998 to assess current groundwater concentrations and in March 1999 during the
step-drawdown testing.  A second round of samples was collected from monitor wells MW-15 through MW-
19 in March 2001.  EW-2 was sampled at the beginning, middle, and end of the aquifer testing conducted
in March 2001.  Except for the samples collected from EW-1 and EW-2 during aquifer testing, sampling was
performed using a low-flow purge method.  During sampling, the pump was set at the mid-depth of the
screen.  

Based on previous data, groundwater samples collected in November 1998 were analyzed for VOCs, SVOCs,
metals, and general water quality parameters.  The analysis for SVOCs was not performed on samples
collected in October/December 2000 since results from three previous rounds from the on-site monitor wells
showed nondetectable levels of SVOCs.

2.1.4.7 Groundwater Level Measurement

Water level measurement in the existing and newly installed wells was performed as described in Subsection
5.3.5 of the Phase 1 FSP (Bechtel, 1996a).  Water levels were also measured at the four monitor wells located
east of Rayo Avenue on the ELG Metals site.  A summary of water level measurements collected throughout
the RI is included in Table 2-2.

2.1.5 Decontamination Procedures

All downhole sampling equipment (split-spoon samplers, HydroPunch® samplers, submersible pumps,
discharge tubing, and electrical lines) was decontaminated prior to each use by scrubbing with a non-
phosphate detergent wash and double rinsing with deionized/distilled water.  Field decontamination log
forms are included in Appendix D.



Cooper Drum Remedial Investigation Feasibility Study Report Section 2.0
RAC EPA Region IX 05/15/02
URS Group, Inc. Page 2 - 10
Contract No. 68-W98-225/WA No. 047-RICO-091N

WP-K:\04700\RI\by section\d_section 2.wpd

2.1.6 Site Survey

Upon completion of 1998 and 1999 sampling activities at the Site and after the new wells were installed, the
coordinates and ground surface elevation for sample locations, well locations, and additional Site features
east of Rayo Avenue were surveyed by Asahi Surveying, Inc., located in Santa Fe Springs.  The elevation
of the PVC riser casing was also surveyed for each new well. The top point of the PVC riser casing from
which water level measurements were collected has been permanently marked for future reference.  After
completion of the 2000 and 2001 field activities, all sampling locations and new wells were surveyed by the
Westland Group, Inc., located in Rancho Cucamonga.  The Westland Group also converted the existing site
coordinate system into California State Plane coordinate system.

2.1.7 Ecological Investigation

An ecological reconnaissance was conducted at the Site on March 13, 2001.  Information from that
reconnaissance together with site characterization data were used to prepare a scoping level ecological risk
assessment.  The results of that assessment are included in Section 3.4.

2.2 INVESTIGATION-DERIVED WASTE

Investigation-derived waste (IDW) was accumulated and disposed of during the each round of the Phase 2
RI.  Handling and disposal of the IDW is summarized below.  All IDW documentation, such as manifests,
authorization to discharge to the sanitary sewer, and IDW sampling results, is included in Appendix I. 

During the fall of 1998, all IDW was contained in two 20-yard roll-off bins.  The bins contained plastic liners
to prevent spillage of liquids.  IDW contained in the bins generally included sampling equipment
decontamination water, drilling mud and cuttings, and well purge water.  This material was disposed of as
a liquid at D/K Environmental in Los Angeles, California.

The RI  activities conducted in 1999 that generated IDW included drilling and development of EW-1, step-
drawdown and constant rate aquifer tests,  redevelopment of well MW-2, the second round of sampling of
EW-1, and decontamination activities associated with the above tasks. A summary of the waste containment
and disposal from these activities is provided below.

The drill cuttings generated during installation of EW-1 were contained in a 20-yard roll-off bin.  A total of
6.68 tons of material was transported and disposed by ECDC Environmental on May 18, 1999, at its landfill
in East Carbon, Utah.

Approximately 20,000 gallons of water was generated from well development of EW-1, the step-drawdown
tests, the constant rate test on EW-1, and equipment decontamination.  This water was contained on Site in
a 21,000-gallon Baker tank.  Authorization was obtained from the Los Angeles County Sanitation Districts
(LACSD) to discharge this water to the sanitary sewer under the existing Industrial Wastewater Discharge
Permit No. 14355 for the Site.  Upon notification of Los Angeles County, the water was discharged on April
22, 1999, to the sanitary sewer under the supervision of Barbara Jenkins (Los Angeles County
representative).
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Approximately 600 gallons of water generated during the redevelopment and step-drawdown test at MW-2
was contained on site in a 650-gallon poly tank.  This water was transported and disposed on June 2, 1999,
by Ecology Control Industries at the Crosby and Overton disposal facility in Long Beach, California. 

Approximately 110 gallons of well purge water and decontamination water generated during the second
round of sampling of EW-1 was contained on site in two 55-gallon drums.  The water was transported and
disposed on August 5, 1999, by Ecology Control Industries at the Crosby and Overton disposal facility in
Long Beach, California. 

The RI  activities conducted in 2000/2001 that generated IDW included drilling, development, and sampling
of EW-2 and monitor wells MW-15 through MW-19.  Additional IDW was generated during sampling of
the other monitor wells, aquifer testing performed at EW-2, and decontaminating equipment during sampling
events.  A summary of the waste containment and disposal from these activities is provided below.

The drill cuttings generated during installation of wells were contained in two 20-yard roll-off bins.  Prior
to disposal of the bins, Nieto and Sons Trucking, Inc., vacuumed approximately 500 gallons of liquid
(drilling mud, etc.) from the bins.  The water was transported by Nieto and Sons to DeMenno Kerdoon in
Compton, California, for disposal.  After removal of the liquid, 27.84 tons of material were transported by
BESI on January 17 and 24, 2001, to TPS Technologies Soil Recycling in Adelanto, California.

Approximately 5,000 gallons of water was generated from development of the new wells, the aquifer testing
at EW-2, sampling of the new and previously existing wells, and equipment decontamination. All water was
contained on Site in a 7,500-gallon Baker tank.  The water generated during the eight-hour test was directly
discharged to the sanitary sewer.  Authorization was obtained from the Los Angeles County Sanitation
Districts to discharge this water to the sanitary sewer under the existing Industrial Wastewater Discharge
Permit No. 14355 for the Site.  Upon notification of Los Angeles County on March 2, 2001, the water from
the Baker tank was discharged on March 7, 2001.  The water from the eight-hour test was discharged to the
sanitary sewer on March 8, 2001. Groundwater samples were collected and analyzed during the discharge
events according to Los Angeles County discharge requirements.  Results of the sampling were transmitted
to Los Angeles County on May 11, 2001.

2.3 DATA QUALITY ASSURANCE/QUALITY CONTROL

All meters and probes used during field investigation were calibrated per the manufacturers’ specifications
every morning prior to field work commencement. Additional calibrations were made in the field if the
weather conditions changed significantly. Additionally, one mid-afternoon calibration check was made each
day to check instrument drift and noted in the field logbook.

Section 8.0 of the FSP (Bechtel, 1996a) describes the various quality assurance/quality control (QA/QC)
samples used for this sampling event.  With the exception of the deviations noted below, Phase 2 QA/QC
samples were collected according to the FSP protocol.

• Only one equipment rinsate sample was collected for each 10 environmental samples.

• No background samples were collected.
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• Trip blanks were used in place of temperature blanks to monitor potential VOC contamination
introduced into sample containers through diffusion during sample transport and storage. One
trip blank, scheduled only for analysis of VOCs, was included in each shipping container
housing VOC water samples. Trip blanks were prepared by URSGWC personnel using organic-
free water, preserved, stored with the other sample containers, and shipped to the analytical
laboratory for analysis along with the other VOC samples. The trip blanks remained sealed
throughout the storage and transportation processes and were analyzed in the same manner as
the environmental samples. One trip blank was scheduled for each VOC sample shipment.

• No performance evaluation samples were submitted.

• One equipment rinsate sample was collected for every 10 environmental samples collected per
matrix. Equipment rinsate sample collection procedures are discussed in Subsection 5.6 of the
FSP (Bechtel, 1996a). Equipment rinsate samples were submitted for analysis of RAP VOCs,
CLPAS SVOCs, and CLPAS metals.

2.3.1 Data Quality Assessment

Field sampling was performed at the Site by URS from September 1998 until March 2001.  Samples were
collected in accordance with the Cooper Drum Company Remedial Investigation FSP and QAPP (URS, 1998
and 2000).  The following sections summarize the results of URS data review and the EPA validation
findings for off-site laboratory analytical data produced during the Copper Drum Company RI field effort.
Samples collected during the first and second field events (September 1998 to May 1999) of the Phase 2 RI
and their associated data are discussed first, followed by a data review for samples collected during the third
phase conducted in 2000 and 2001. The data collected during the Phase I RI were validated, of good quality,
and usable for data evaluation (Bechtel, 1997).

2.3.1.1 RI Data Review for 1998 and 1999 Field Events

All data were reviewed for compliance with the Sampling and Analysis Plans and QAPP.  All specified
methods were used.  The data review found all of the results to be useable for their intended purpose with
the following exceptions.

Several analytes for the metals’ analyses exceeded the contract required detection limit (CRDL) by a factor
of 1.25 to ten times (10X).  Since the residential PRGs are at least ten times (10X) higher than the lowest
reporting limit, there is no impact on the data.  The metals analytes meeting the CRDL were chromium, lead,
selenium, silver, and zinc.  It should also be noted that the metals analyte list excluded molybdenum for the
October samples.

All of the VOC analytes for the soil analyses exceeded the CRDL by a factor of 2 for 30 of the 33 samples
(10 µg/kg vs. 5 µg/kg).  This should have no impact on the data usability since the PRGs are much higher
than 10 µg/kg (in the mg/kg range).  Three samples were analyzed at medium level analysis due to high levels
of target analytes (acetone, 2-butanone, 4-methyl-2-pentanone and 2-hexanone), elevating the reporting limit
to 1,200 µg/kg.

Field quality control samples were collected for all matrices and analyses throughout the course of the
sampling events.  Field quality control samples collected for this project included  field duplicates, field
blanks, equipment blanks, and confirmation samples.  The FSP-required frequency for field quality control
samples is one per ten environmental samples (10%).  This requirement was met for all analyses.  The FSP
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required no trip blanks and one field blank for the TO-14 analysis as stated in the “Standard Operating
Procedure for Soil Gas Sampling,” since all samples were within the same Site investigation area.

A review of the field quality control samples revealed the following problems:

• Eleven of the twelve equipment blanks for volatiles analyses contained concentrations above the
CRDL for one or all of the following:  acetone, methylene chloride, 2-butanone, toluene, 4-
methyl-2-pentanone, carbon disulfide, cis-1,2-dichloroethene and trichloroethene.  Method
blanks also included these analytes, with the exception of carbon disulfide, cis-1,2-
dichloroethene and trichlorethene.

• The field duplicate relative percent difference (RPD) was out of range for one of the four
duplicate pairs for the TO-14 analysis.  Twenty-five of the analytes for that field duplicate pair
were outside of the 20% acceptance criteria, with RPDs ranging from 21-130%.  The analysis
of field duplicate samples measures both field and analytical precision.  The imprecision of the
results may be due to the sample matrix, poor sampling technique, or laboratory error.  This
particular sample contained very high concentrations of volatile compounds (over 1,000 µg/L
acetone, toluene, and cis-1,2-dichloroethene).

2.3.1.2 RI Data Review for 2000 and 2001 Field Events

Approximately 330 environmental samples were collected during this investigation.  Groundwater samples
accounted for approximately 49% (162 environmental samples), soil samples comprised approximately 40%
(132 environmental samples), and soil vapor samples totaled approximately 11% (35 environmental samples)
of the samples.  An additional 35 QC samples, including field duplicates, field blanks, and equipment blanks,
were collected.

Completeness for the RI field effort was calculated for all methods and matrices from the final results
reported by the laboratory.  The overall project objective for completeness was 95% for these samples.
Calculated values for completeness for all results was 100%.  The overall completeness was evaluated for
each analytical method and is presented below in Table 2-3.

2.3.1.3 Data Validation Summary

The data validation was performed through EPA Region IX and included full validation for the soil volatiles,
pesticides, and metals data packages.  A partial validation was performed for the soil gas (20% of the
samples), groundwater metals (55% of the samples) and groundwater volatiles results (70% of the samples).
There was no validation of the inorganic data, which included alkalinity, ammonia, hardness, total dissolved
solids, chloride, sulfate, nitrate/nitrite, orthophosphate, bromide, and fluoride analyses.  The findings are
summarized below:
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TABLE 2-3

Summary of Completeness for 
Groundwater, Soil, and Soil Vapor Analyses

Cooper Drum Company Site

Method Name
Method
Number

Number
of

Samples

Estimated
Resultsb

(%)

Rejected
Resultsc

(%)
Quantitative
Resultsd (%)

Completenesse 
(%)

Soil

Volatiles by GC/MS CLPAS VOCs 33 42 0 58 100

SVOCs BNAs CLPAS SVOCs 33 11 0 89 100

SVOCs
Pesticides/PCBs

CLPAS SVOCs 33 8f 0 92f 100

Metals CLPAS Metals 33 28 0 72 100

Groundwater

Volatiles by GC/MS RAP NON/CLP
w/25 mL Purge

106 11 0 89 100

SVOCs BNAs CLPAS SVOCs 0 0 0 0 0

SVOCs
Pesticides/PCBs

CLPAS SVOCs 0 0 0 0 0

Metals CLPAS Metals 31 19 0 81 100

Water Quality
Parametersg

Various
Methods

25 5 0 95 100

Soil Vapor

Volatiles by GC/MS EPA Method
TO-14

35 0 0 100 100

a Includes field duplicates and normal environmental samples
b Results qualified with J or UJ flag
c Unqualified with R flag
d Unqualified results
e The percentage of non-rejected results
f Results qualified with J or NJ flag
g Alkalinity, carbonate, bicarbonate, total dissolved solids, anions, ammonia, hardness

BNAs base neutral acids SVOCs semivolatile organic compounds
CLPAS Contract Laboratory Program Analytical Services RAP Regional Analytical Program
GC gas chromatography VOCs volatile organic compounds
MS mass spectrometry VOA volatile organic analysis
PCBs polychlorobiphenyl

• Of the soil volatiles, 27% of the data were qualified as estimated (J) due to missed holding times
(432 results out of 1,584 total results).

• Two VOC groundwater results were qualified as not detected above the reported sample
quantitation limit (UJ) due to trichloroethene equipment blank contamination and one sample
for cis-1,2-DCE contamination.
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• Seventeen soil VOC analyses were qualified as estimated (J) for one or all of the following
analytes exceeding QC criterion for the initial calibration: acetone, chloroethane,
trichlorofluoromethane, methyl acetate, and 2-butanone.

• Thirty-one volatile soil samples were qualified as estimated (J) for one or all of the following
analytes due to percent differences in the continuing calibrations exceeding QC criterion:
dichlorodifluoromethane, chloromethane, vinyl chloride, chloroethane, carbon disulfide, methyl
acetate, methyl tert-butyl ether, 2-butanone, toluene, 2-hexanone, and 1,2-Dibromo-3-
chloropropane.

• Twenty-three of the soil pesticide results for up to nine of the target analytes were qualified as
tentatively identified (NJ) due to a large percent difference between the primary and
confirmation column results.

• Two SVOC samples were screened and then analyzed at a 1:15 and 1:5 dilution.  These dilutions
may have diluted out low-level concentrations of analytes.  The quantitation limits for these
samples were increased by the dilution factor and the data flagged as estimated (J).

• Data for the metals analyses were qualified as estimated (J) due to matrix spike/matrix spike
duplicate recoveries outside the 75-125% acceptance criteria.  There were 17 groundwater
samples qualified for barium, lead and mercury, 13 soil samples qualified for antimony and
selenium, and 20 soil samples qualified for antimony, selenium, and mercury.  Because
recoveries were low, sample results may be biased low, and, where nondetected, false negatives
may exist.

• Two soil sample results were qualified as nondetected and estimated (UJ) for chromium due to
equipment blank contamination.

• Ten sample results were qualified as estimated (J) for ortho-phosphate because the samples were
diluted to minimize sulfate interference.  This results in an increase in the quantitation limit.

These validation findings indicate that the overall data quality is adequate to meet project objectives.
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TABLE 2-1

On-Site and Off-Site Well Specifications
Cooper Drum Company Site, South Gate, California

Well
Number 

Date
Installed 

Total
Depth (1) 

Screen
Interval (1) 

TOC
Elevation (2) 

Ground
Surface

Elevation (2) Diameter Type (3)
Aquifer

Zone
 On-site Wells

MW-1 8/9/90 84 52-84 102.83 103.72 4-inch M Gaspur

MW-2 8/8/90 82 50-82 104.59 104.7 4-inch M Gaspur

MW-3 8/10/90 73.5 52-73.5 103.98 104.2 4-inch M Gaspur

MW-4 9/9/91 82 50-82 102.91 103.3 4-inch M Gaspur

MW-5 5/28/92 75 30-75 103.42 104.17 4-inch M Perched/Gaspur
EW-1 3/29/99 90.5 48.5-88.5 103.24 103.65 6-inch E Gaspur

EW-2 12/6/00 87 38.5-78.5 103.65 104.08 6-inch E Gaspur

SVE-1 12/4/00 44 8.0-43 104.5 104.96 4-inch E Perched

 Off-site Wells  
MW-8 4/15/93 75 41-74.5 103.21 103.6 4-inch M Gaspur

MW-10 4/15/93 75 45-74.5 103.83 104 4-inch M Gaspur

MW-12 6/27/96 62 42-62 104.25 104.6 4-inch M Gaspur

MW-14 6/28/96 60 30-60 102.22 102.5 4-inch M Perched/Gaspur

M W-15 11/30/00 87 70-85 102.77 102.98 4-inch M Gaspur

MW-16 11/28/00 135 118-128 102.75 102.96 2-inch M Exposition

MW-17 11/30/00 80 69-79 103.36 103.65 4-inch M Gaspur

MW-18 11/29/00 135 118-128 103.42 103.64 2-inch M Exposition
MW-19 12/5/00 80 67-77 104.05 104.35 4-inch M Gaspur

(1) feet below ground surface
(2) feet above mean sea level (msl) 
(3) M-monitor; E-extraction 



Cooper Drum Company Remedial Investigation Feasibility Study Report Table 2-2
RAC EPA  Region IX 05/15/02
URSGroup, Inc. Page 1
Contract No. 68-W-98-225 / WA No. 047-RICO-091N

TABLE 2-2

Groundwater Surface Elevations 1998 - 2001
Cooper Drum Facility, South Gate, California

S:\04700\RI\Word Perfect Tables\Table 2-2.wpd

Well
Number

Date
Measured

Depth to
Groundwater (1)

TOC
Elevation (2)

Groundwater
Surface

Elevation (2)
Aquifer

Zone
 On-site Wells

MW-1 11/4/98 40.20 102.83 62.63 Gaspur
4/7/99 40.52 62.31
8/5/99 40.64 62.19

10/10/00 42.81 60.02
12/14/00 42.97 59.86

2/8/01 42.47 60.36
MW-2 11/4/98 43.82 104.59 60.77 Gaspur

4/7/99 44.35 60.24
8/5/99 44.52 60.07

10/10/00 46.95 57.64
12/14/00 46.95 57.64

2/8/01 46.43 58.16
MW-3 11/4/98 41.30 103.98 62.68 Gaspur

4/7/99 41.58 62.40
8/5/99 NM

10/10/00 43.82 60.16
12/14/00 44.00 59.98

2/8/01 43.45 60.53
MW-4 11/4/98 42.06 102.91 60.85 Gaspur

4/7/99 42.60 60.31
8/5/99 42.88 60.03

10/10/00 45.40 57.51
12/14/00 45.32 57.59

2/8/01 44.70 58.21
MW-5 11/4/98 36.88 103.42 66.54 Perched/Gaspur

4/6/99 35.52 67.90
8/5/99 34.41 69.01

10/10/00 34.55 68.87
12/14/00 34.75 68.67

2/8/01 34.63 68.79
EW-1 4/7/99 42.84 103.24 60.40 Gaspur

8/5/99 43.15 60.09
10/10/00 45.60 57.64
12/14/00 45.65 57.59

2/8/01 45.09 58.15
EW-2 12/14/00 45.88 103.65 57.77 Gaspur

2/8/01 45.45 58.20
SVE-1 12/14/00 35.27 104.50 69.23 Perched

2/8/01 35.17 69.33
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TABLE 2-2

Groundwater Surface Elevations 1998 - 2001
Cooper Drum Facility, South Gate, California

Well
Number

Date
Measured

Depth to
Groundwater (1)

TOC
Elevation (2)

Groundwater
Surface

Elevation (2)
Aquifer

Zone
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 Off-site Wells
MW-8 11/5/98 42.02 103.21 61.19 Gaspur

10/10/00 45.23 57.98
12/14/00 45.30 57.91

2/8/01 44.67 58.54
MW-10 11/5/98 42.98 103.83 60.85 Gaspur

4/7/99 43.60 60.23
10/10/00 46.32 57.51
12/14/00 46.37 57.46

2/8/01 45.80 58.03
MW-12 11/5/98 43.10 104.25 61.15 Gaspur

10/10/00 46.30 57.95
12/14/00 NM

2/8/01 NM
MW-14 11/5/98 33.90 102.22 68.32 Perched/Gaspur

10/11/00 34.70 67.52
12/14/00 NM

2/8/01 NM
MW-15 12/14/00 45.60 102.77 57.17 Gaspur

2/8/01 45.03 57.74
MW-16 12/14/00 48.49 102.75 54.26 Exposition

2/8/01 47.90 54.85
MW-17 12/14/00 45.74 103.36 57.62 Gaspur

2/8/01 45.19 58.17
MW-18 12/14/00 50.36 103.42 53.06 Exposition

2/8/01 49.79 53.63
MW-19 12/14/00 45.91 104.05 58.14 Gaspur

2/8/01 45.39 58.66

Notes:

(1) feet below top of well casing (TOC)
(2) feet above mean sea level (msl)  
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3.0  PHYSICAL CHARACTERISTICS OF THE STUDY AREA

This section summarizes findings regarding the geologic and hydrologic characteristics of the Site based on
data collected during the RI activities performed from 1996 through 2001.  These data are incorporated with
the existing Site data as they relate to the physical characteristics of the geologic units and hydrogeologic
units (i.e., aquifers) beneath the Site.  The regional geologic and hydrogeologic characteristics, and historical
Site investigation data were previously discussed in Section 1.3.  The data presented below include: 1)
geologic and geophysical data used for development of hydrogeologic cross-sections; 2) water level data used
to evaluate groundwater flow characteristics within the Site; 3) aquifer test data used to evaluate flow
characteristics in the shallow aquifer beneath the Site and as input for development of a groundwater flow
model for the shallow aquifer; 4) physical property analysis of vadose and aquifer zone materials; 5) soil
vapor extraction test data to evaluate air permeablility in the vadose zone.

3.1 HYDROGEOLOGY

The main hydrogeologic features penetrated by borings and wells completed during the RI field investigation
include the semi-perched aquifer, the Bellflower Aquiclude, and the Gaspur and Exposition Aquifers.  These
units constitute a shallow aquifer and a deeper aquifer. The shallow aquifer is comprised of the saturated
portion of the Bellflower Aquiclude, which incorporates the semi-perched aquifer, and the Gaspur Aquifer.
The Bellflower Aquiclude extends to a depth of approximately 70 feet bgs, where it is underlain by the
Gaspur Aquifer, which extends to a depth of approximately 110 to 120 feet bgs.  The upper portion of the
deeper aquifer system is represented by the Exposition Aquifer, which underlies the shallow aquifer. These
hydrogeologic units are presented on generalized geologic cross-section B-B’ depicted in Figure 3-1.  Cross-
sections extending further west on the Cooper Drum Site and former Tweedy School site were presented in
the Phase 2 RI Report (URS, 1999).  Three cross-sections incorporating analytical as well as lithologic data
are also presented in Section 4.0 as Figures 4-8, 4-9, and 4-10.

Cross-section B-B’ (Figure 3-1) is drawn northwest to southeast across the former HWA area in the eastern
portion of the site, across Rayo Avenue, through the ELG Metals site, and onto the northeast corner of Seam
Master Industries property. This cross-section is based on the lithologic units identified during continuous
coring, downhole geophysics, and CPT borings. The monitor well screen intervals, total depth of monitor
well and CPT borings, and available electrical resistivity logs are also shown on the cross-section. Boring
data that are projected onto the line of the cross-section are in gray.  For adjacent borings completed to
different depths, only the lithology of the deeper one is presented.  The depth to groundwater in monitor
wells shown on the cross-section is based on the February 2001 water level measurements. 

To facilitate assessment of the Site hydrogeologic system, the contacts of the Bellflower Aquiclude and semi-
perched aquifer have been inferred on the cross-sections.  The geologic contact between the Recent age
alluvium and Upper Pleistocene age Lakewood Formation, which represents the transition from the shallow
to deep aquifer system, is also inferred on the cross-sections.  The significant features of the cross-sections
are discussed below. 
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Semi-Perched Aquifer

The semi-perched aquifer described by DWR (1961) is encountered at a depth of approximately 35 feet bgs
at the site and ranges in thickness from approximately 3 to 10 feet.  The perched unit is incorporated within
the generally fine-grained Bellflower Aquiclude and consists of poorly graded sands and silty sands with
minor interbeds of finer-grained sediments.  The well screen intervals of SVE-1 and  MW-5 on site and MW-
14 on ELG Metals property include the semi-perched aquifer.  Water levels in these wells are higher than
in other wells completed in the shallow aquifer which are not screened in the perched aquifer.

The lateral extent of the semi-perched aquifer is unknown.  Its identification is largely based on the presence
of coarser-grained units observed in the Bellflower Aquiclude at the 30- to 40-foot depth  and the observed
“higher” water levels measured in MW-5, SVE-1, and MW-14.  It should be noted that in 1992 and 1996,
water levels in MW-5 were at a similar elevation as the other Site wells, suggesting that saturation of the
semi-perched zone is intermittent.  MW-5 was drilled and constructed in 1992.  Due to the absence of the
semi-perched zone at that time, MW-5 was screened from 30 to 70 feet bgs.  The difference in water levels
within semi-perched and the shallow aquifer suggests the presence of a semi-confining layer beneath the
Cooper Drum Site.
 
Bellflower Aquiclude

The Bellflower Aquiclude described by DWR (1961), which incorporates the semi-perched aquifer, was
found to exist below the Site to a depth of approximately 60 feet bgs.  The Bellflower Aquiclude ranges from
50 to 75 feet thick and consists primarily of silts, clayey silts, silty clays, and sandy clays.  The portion of
the Bellflower Aquiclude lying below the semi-perched aquifer ranges from 10 to 30 feet thick.  The upper
portions of the screen intervals of all wells depicted on the geologic cross-section are within the Bellflower
Aquiclude.  First water in the new monitor and extraction wells was generally encountered at a depth of
approximately 55 feet lower than the final depth to water in the well, suggesting the presence of semi-
confined conditions.  

Gaspur Aquifer

The Gaspur Aquifer described by DWR (1961) is encountered beneath  the Site at a depth of approximately
50 to 60 feet bgs and extends to depths of approximately 110 to 120 feet bgs.  The Gaspur Aquifer is
generally found immediately below the overlying Bellflower Aquiclude.  The Gaspur Aquifer in the vicinity
of the Site consists of poorly graded sands, silty sands, clayey sands, well-graded sands, gravelly sands, and
minor amounts of silt and clay interbeds.  All of the existing wells on site and off site at ELG Metals (except
MW-16 and MW-18) generally draw water from the lower portion of the Bellflower Aquiclude and the
Gaspur Aquifer.  The well screen intervals of  MW-5 on site and MW-14 on ELG Metals property also
include the semi-perched aquifer.

The Gaspur Aquifer exhibits an increase in the content of coarser material to the east toward the Los Angeles
River (Figure 4-8).        
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Exposition Aquifer

The Exposition Aquifer described by DWR (1961) is encountered beneath the Site at a depth of
approximately 110 to 120 feet bgs.  The geologic contact between the Gaspur and Exposition Aquifers was
inferred from lithological and geophysical data from SB-1, SB-2, SB-4, and SB-5 and MW-16 and 18.  The
geophysical electric logs plotted on cross-sections B-B’ through D-D’ (Figures 4-8 through 4-10) have
distinctive baseline shifts.  These baseline shifts represent geophysical responses caused by lithologic
changes from fine-grained materials to coarse-grained materials at a depth of approximately 120 bgs.  This
was inferred to represent the geologic contact between Recent age alluvium deposits (Qal) and the Upper
Pleistocene age Lakewood Formation (Qlw) recognized  by DWR (1961).  The Exposition Aquifer in the
vicinity of the Site consists of poorly graded sands, silty sands, well-graded sands, gravelly sands, poorly
graded gravels, sandy gravels, and  interbeds of fine-grained silts and clayey silts.  None of the RI borings
penetrated through the total thickness of the Exposition Aquifer below the site.  Borings SB-2 through SB-5
encountered more than 75 feet of Exposition coarse-grained material.  The Exposition Aquifer is the
shallowest of four aquifers found within the Lakewood Formation.  The two deepest aquifers of the
Lakewood Formation (Gardena and Gage) are reportedly the shallowest sources for municipal, industrial,
and commercial wells in the vicinity of the Site.  They are known to occur at depths ranging from 280 to 300
feet bgs in the vicinity of the Site. 
 
3.1.1 Physical Parameters

Four subsurface soil samples were collected for physical parameters including: moisture content, hydraulic
conductivity, particle size, bulk density, and TOC).  The samples were collected from SB-2 (45.5-foot
sample) and SB-4 (6.5-, 94-, and 175-foot samples).  Sample results are presented in Table 3-1. The
laboratory data sheets are included in the Phase 2 Remedial Investigation Report (URS GWC, 1999).  These
results, along with those collected during the Phase 1 RI (Bechtel, 1997), will be used as input for any
chemical transport modeling which may be necessary in the RI/FS.

3.2 COOPER DRUM GROUNDWATER FLOW CHARACTERISTICS

This section includes an evaluation of the groundwater flow patterns within the shallow aquifer of the
Bellflower Aquiclude, estimation of aquifer parameters for the shallow aquifer from results of aquifer tests
conducted at the site, and a brief description of the groundwater model developed for the shallow aquifer.
Vertical gradients below the shallow aquifer and within the deeper (Exposition) aquifer are also evaluated
since two wells were installed in the upper portion of the deeper aquifer.  This discussion represents an
update of the discussion initially presented in the Phase 2 RI Report (URS, 1999) based on data from new
wells, additional aquifer testing, and groundwater modeling. 

3.2.1 Groundwater Flow Patterns 

A discussion of historical water level data from the five on-site wells from an October 1996 water-level
sounding round was presented in Section 1.3.4.  Six rounds of water level data were collected in November
1998, April 1999, August 1999, October 2000, December 2000, and February 2001. These data are shown
in Table 2-2.   As shown in the table, not every well was sounded in the six rounds.  The November 1998
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sounding round included the five on-site wells and four wells east of the Site on the ELG Metals site.  The
April 1999 sounding round was conducted the day after the pumping test on well EW-1.  At that time, only
one of the wells on the ELG Metals was accessible (MW-10).  The August 1999 sounding round was
performed in conjunction with  the EW-1 sampling event, and included EW-1 and four on-site wells.  The
December 2000 and February 2001 sounding rounds included water level data from the new wells installed
during the fall of 2000.

Figures 3-2 and 3-3 present groundwater elevation contours drawn using the water level data collected in
December 2000 and February 2001.  A discussion of the groundwater flow directions and gradients shown
on these two water level contour maps compared to those shown on October 1996 water level contour map
presented in Section 1.3.4 (see Figure 1-5) is presented below. 
 
As shown on Figure 1-5, the groundwater flow direction in the vicinity of the former HWA, based on water
level measurements in MW-1 through MW-5, was interpreted to be to the southeast with a generally uniform
gradient of 0.01 feet per foot.  A comparison of this water surface contour map with Figures 3-2 and 3-3
indicates:

1. Water levels were generally 3 feet higher during the period of the RI.  This may be the result of
increased infiltration from precipitation since October 1996. 

2. Flow directions and gradients are similar in the central portion of the Site.  As shown on  Figures
3-2 and 3-3, groundwater flow direction is to the southeast, and the gradient is approximately
0.002 feet per foot.

3. Between the HWA and the area along and east of Rayo Avenue, the groundwater flow direction
changes from southeast to southerly. As shown on Figures 3-2 and 3-3, the groundwater flow
direction appears to shift to a southeasterly direction along Rayo Avenue and on the ELG Metals
site. This change in flow direction may be attributed to the coarser lithologics toward the Los
Angeles River, which is approximately 800 feet east of the ELG Metals site.   As discussed in
Section 1.3.5, a similar groundwater flow pattern was observed  north of the Cooper Drum on
the Jervis Webb, site and the former Dial Corporation site at 9300 Rayo Avenue and east of the
site at the ELG Metal sites (see Appendix B, Figures B-1, B-3, and B-4).

4. Perched groundwater at MW-5 and SVE-1.  As shown on Figure 3-2, the water levels were
approximately 7 to 8 feet higher in MW-5 and SVE-1 than in surrounding wells MW-2, EW-1,
and EW-2.  The February 2001 water level in MW-5 and SVE-1 suggests the presence of a
perched water table on the Site.  This condition was not observed in 1992 when MW-5 was
installed and October 1996 when water levels at the Site were generally 3 feet lower (see Figure
1-5).  This may be attributed to increased infiltration from rainfall since October 1996 and the
screened interval of MW-5, which would monitor the perched zone when saturated.   As shown
on cross-section B-B’ (Figures 3-1 and 4-8), the screen interval on well MW-5 extends up to 30
feet bgs where a sand unit is underlain by a finer-grained clay unit. All the other wells on the
Site are screened below at least 40 feet bgs, which would be below the sand unit and underlying
fine-grained unit at MW-5. SVE-1, which was installed for soil vapor testing, is screened from
8 to 43 feet bgs. The lateral extent of the perched zone is unknown but, as discussed below,
appears to be present east of the Site.
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Water levels measured in MW-14 during the RI were 7 to 8 feet higher than in other wells on the ELG Metals
site.  In July 1996 (Emcon 1996, Appendix B, Figure B-4), a similar condition was observed in MW-14 with
water levels at MW-14 approximately 3 to 4 feet higher. The presence of the high water level in MW-14
during 1996 was attributed by Emcon to a possible mounding effect adjacent to the Los Angeles River, which
is 800 feet east of MW-14.  The geologic units and well design at MW-14 are generally the same as at MW-5.

Finally, the groundwater flow patterns shown on the February 2001 water surface contour map (Figure 3-3)
are consistent with those measured during previous groundwater sounding events.  Furthermore the southerly
flow direction along Rayo Avenue is consistent with those measured at other sites north and northeast of
Cooper Drum.  Additionally, the most recent water level sounding data collected in February 2001 (Table
2-2) indicates the presence of the perched zone in the vicinity of MW-5.

3.2.2 Vertical Gradients  

Table 3-2 compares water levels in the shallow Gaspur Aquifer with those measured in the underlying
Exposition Aquifer in December 2000 and February 2001.  The differences in water levels indicate a
downward vertical gradient between the shallow aquifer and the Exposition Aquifer.  The difference in water
levels between the two aquifers ranged from 2.89 feet at wells MW-15 and MW-16 to 4.76 feet at wells MW-
17 and MW-18.

The magnitude of the water level difference does not necessarily indicate that a large transfer of water is
taking place between the shallow and deep aquifer systems. The volume of water that passes between the
aquifer zones is also dependent on the lateral continuity, thickness and composition, and leakage between
the aquifers.  The difference in water levels is likely due to pumping from water supply wells completed in
aquifers below the Exposition. 

3.2.3 Aquifer Tests

Aquifer testing included step-drawdown tests on MW-2 and MW-5 and step-drawdown and eight-hour
constant discharge tests on wells EW-1 and EW-2.  An additional step-drawdown test was performed on
MW-2 following its redevelopment.  Redevelopment of MW-2 was performed to confirm the lower flow
rates (1.5 to 3 gallons per minute [gpm]) achieved during the step-drawdown testing of the two existing wells
(MW-2 and MW-5) as compared to the higher flow rate (30 gpm) in well EW-1.  Both wells (MW-2 and EW-
2) are similarly completed in the shallow aquifer.  Well EW-2 was installed in the shallow aquifer between
MW-2 and EW-1 after their completion.   Higher flow rates were observed in both EW-1 and EW-2 as
compared to that of the MW-2 and MW-5.

A brief description of the step-drawdown testing and eight-hour constant rate testing on EW-1 and EW-2 is
presented below and followed by a summary of estimated aquifer characteristics (transmissivities and storage
coefficient) from the constant rate tests.  A detailed description of the aquifer testing, including well
hydrographs and plots of drawdown and recovery data, is presented in Appendix H. 

3.2.3.1 Step-Drawdown Aquifer Test Summary

MW-5.  The results of the step-drawdown test on MW-5 indicate that the well can sustain a pumping rate
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of 1.5 gpm at a drawdown of 26 feet, for a specific capacity of 0.06 gpm/ft.

MW-2.  MW-2 sustained a pumping rate of 3 gpm at a drawdown of 14.4 feet, for a specific capacity of 0.21
gpm/ft.  Following redevelopment, this well sustained a pumping rate of 4.75 gpm with 11.85 feet of
drawdown, for a specific capacity of 0.40 gpm/ft.

EW-1 and EW-2.  Step-drawdown testing on those wells indicated specific capacities of at least one to two
orders of magnitude greater than MW-5 and MW-2.  EW-1 sustained a pumping rate of 23.5 gpm with a 3.64
foot drawdown, or a specific capacity of 6.46 gpm/ft.  EW-2 sustained a pumping rate of 20.5 gpm, with a
drawdown of 5.41 feet for a specific capacity of 3.79 gpm/ft.  The testing equipment used in these tests did
not allow pumping of these wells to their full capacity, which is estimated to be in excess of 30 gpm.

3.2.3.2 EW-1 and EW-2 Constant Discharge Aquifer Tests

Test results for these wells are reported in Table 3-3.  Based on those results, an aquifer thickness of 40 feet,
site gradient of 0.002, a porosity of 0.40, and an average hydraulic conductivity of 61 ft/day, the average
groundwater velocity is estimated to be 0.30 feet/day in the shallow aquifer.  Test results are consistent with
empirical data for a silty sand to clean sand.

3.3 COOPER DRUM VADOSE ZONE FLOW CHARACTERISTICS

As previously mentioned in Section 2.1.3.1, a short-term SVE test was performed at SVE-1 to evaluate soil
vapor extraction. The SVE test was performed for approximately three hours and consisted of inducing a
vacuum at SVE-1 at increasing flow rates.  Induced vacuum in the subsurface was measured at multi-depth
vapor wells at VP-1 and VP-2 to evaluate air permeability and radius of influence.  Samples of the soil vapor
were collected from SVE-1 during the test at 10, 90, and 180 minutes after startup.   A summary of the results
of the test is presented below.  Data collected during the test are presented on Table 3-4.

As shown on Table 3-4, induced vacuum was recorded at each of the three depths in both VP-1 and VP-2.
As expected, the induced vacuum increased at VP-1 and VP-2 as the vacuum and flow were increased at
SVE-1.  Analytical results (Appendix A, Table A-11) for the three soil vapor samples collected from SVE-1
during the test show concentrations of VOCs higher than those reported for samples collected from the soil
gas borings.  The higher concentrations may have been partially due to the presence of approximately five
feet of impacted perched groundwater present in SVE-1 during the test.  The presence of perched
groundwater would reduce the effectiveness of any future SVE efforts on the impacted soil.  In order to
mitigate this issue and increase the effectiveness of SVE, dewatering of the source area may be an applicable
approach. Soil gas analytical data are discussed in Section 4.1.2.
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3.4 ECOLOGICAL RECONNAISSANCE AND SCOPING ASSESSMENT

A scoping-level ecological risk assessment was conducted to assess the potential for the existence of
ecological receptors and pathways between those receptors and chemicals of potential ecological concern
(COPECs) associated with the site. This ecological scoping assessment was conducted in conformance with
DTSC guidance (1996). The scoping assessment was initiated with a review of Site data and a Site visit
conducted on March 13, 2001.  These activities were undertaken to assess the need for a follow-up
screening-level ecological risk assessment. The following presents the results of those activities, which
concluded that a screening-level ecological risk assessment is not recommended. 

3.4.1 Biological Characterization

This section provides a description of the habitats and the animal and plant receptors of concern (ROCs)
observed at the Site and in the surrounding area.  There is little ecological habitat at the Site, as the surface
of the Site is approximately 95% paved with concrete or asphalt.  There is a small patch of maintained lawn,
shrubs, and non-native trees facing east, along Atlantic Avenue (see Figure 1-4).  Barren ground and several
non-native trees are found to the south in the area between the Site and the former Tweedy School site.  A
line of sixteen non-native trees is found along the northern property boundary adjacent to Coryal Street and
Rayo Avenue.  The roots of the largest trees probably extend to depths at which soil VOCs were detected
in the vicinity of the former HWA.  No chlorosis or die-off of vegetation was observed during the Site visit.
No wildlife was observed during the Site visit, but opossum and red-tailed hawk have been observed by
workers who frequent the Site.  However, feral cats and rodents are the most common animals.  Opossum
are omnivorous scavengers, and there is no food except feral cats and rodents at the Site.  Although a
red-tailed hawk was observed to roost near the site, there is no food for this ROC either, except for small
feral cats and rodents.  There is better habitat for both species in the nearby South Gate Park, a large
maintained lawn and tree area where squirrels were observed during the Site visit.  Soil invertebrates, such
as earthworms, ants, and sowbugs (isopods) are likely to live in the maintained lawn area and possibly in
other apparently barren soil areas.  

The Site is approximately 1,800 feet west of the Los Angeles River and 12 miles upstream from San Pedro
Bay, on the Pacific Ocean.  This reach of the Los Angeles River is concrete-lined and ephemeral.  At the time
of the Site visit, the closest water was approximately 75 yards from the river’s paved edge.  As the Cooper
Drum Site groundwater plume extends in a southerly direction, it is unlikely that Site chemicals would
impact the Los Angeles River. Furthermore, the National Oceanic and Atmospheric Administration (NOAA)
concluded that it was unlikely that the Los Angeles River provided habitat for any trust resources (i.e.,
wildlife areas or sensitive habitats, etc., under federal, state, or local control) because tidal influence is
limited to approximately 1.2 miles from San Pedro Bay, and there is no commercial or recreational fishing
in the river (NOAA, 1992).

3.4.2 Pathway Assessment

The presence of VOCs in groundwater underlying the site, and in soil and soil gas samples collected from
borings in the former HWA near the Coryal Street alley, suggests there may be complete exposure pathways.
These pathways could include migration of vapors to soils in the limited unpaved areas of the site and vapor
transport through the soils to the surface.  Receptors in these unpaved areas would include plants, soil
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invertebrates, small mammals, and birds.  For plants, the exposure pathways consist of dermal contact of the
roots and leaves (aerial deposition).  For soil invertebrates, these exposure pathways consist of dermal
contact and ingestion of the soil, living plant matter, and/or plant debris.  For small mammals and birds, the
potentially complete exposure pathways include dermal contact, contaminated food (prey), and incidental
soil ingestion.  The contaminated food items at the bottom of this food chain are the plants and soil
invertebrates. 

Although plants may be in contact with VOCs in the soils, little of these chemicals are expected to
accumulate in tissues that are consumed by herbivores or omnivores.  Studies have shown that most VOCs
are transpired through the leaves and lost or metabolized to other more polar compounds. It is unlikely they
would bioconcentrate in plant or soil invertebrate tissues because they are volatile and have low affinity for
plant or animal lipids.  Nevertheless, small mammals such as mice or rats that might be expected to ingest
these organisms could be exposed and accumulate some level of VOC, if for only a brief period of time.
Most likely, the exposure pathway of greater magnitude to mammals and birds would be direct contact with
the soil itself.  While both mammals and birds have relatively impervious skin on their feet, they could
incidentally ingest soil while feeding on lower trophic level organisms.  It is unlikely that predators such as
the red-tailed hawk would be exposed to measurable quantities of VOCs in their prey items of small
mammals because of the low levels detected in surface soils and the ability of mammals to metabolize these
compounds.

3.4.3 Ecological Scoping Assessment Conclusions

The potential for exposure to Site COPECs must be considered di minimus.  There are no valued habitats for
birds or mammals at the Site, and the available habitat for vegetation and soil invertebrates is severely limited
by the industrial nature of the Site.  Although there is a small possibility that birds and mammals could be
exposed to VOCs from the Site through their food and incidental soil ingestion, it is unlikely that Site
occupation accounts for more than a very small portion of their foraging time or space.  Furthermore,
wildlife, except for rodents, are scarce, and there is higher quality habitat nearby. On this basis, a
screening-level ecological risk assessment is not recommended.

3.5 SUMMARY

This section summarizes observations made with respect to the physical characterization of the Site based
on data collected during the RI activities.

Hydrogeology 

• Interpretation of lithologic boring data indicates the presence of a shallow aquifer system, which
includes a perched zone and a deeper aquifer system. 

• The perched aquifer is encountered at a depth of approximately 35 feet, and is approximately
5 feet thick. Saturation of this unit is intermittent, based on earlier water level data collected in
1992 and 1996, which did not indicate the presence of a perched zone.
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• The perched aquifer is included within what is interpreted to be the Bellfower Aquiclude, which
extends to a depth of 60 to 70 feet bgs, including approximately 15 feet of fine-grained material
beneath the perched aquifer.

• The fine-grained material within the lower portion of the Bellflower Aquiclude acts as a semi-
confining layer, based on the observations of saturation during completion of borings at a depth
of approximately 55 feet bgs, followed by measurement of water levels at 45 feet bgs.

• The lower unit of the shallow aquifer system, which extends from 55 bgs to approximately 100
feet bgs, is interpreted as the Gaspur Aquifer. The lithology of this aquifer transitions from silty
fine sands in the vicinity of the Site, to coarser-grained material to the east in the vicinity of the
ELG Metals site.

• The upper portion of the deeper aquifer system, which was encountered by site borings at a
depth of about 110 feet bgs, is interpreted to consist of the Exposition Aquifer. This aquifer
extends beneath the Site to a depth of at least 200 feet bgs, the maximum depth of Site borings.

• Groundwater flow beneath the HWA is to the southeast. Beneath the eastern portion of the Site
along Rayo Avenue, the groundwater flow direction is southerly.

Aquifer Tests

• Aquifer tests conducted on EW-1 and EW-2 provide results within the same order of magnitude
for both wells and indicate aquifer properties consistent with a silty sand to clean sand.

• Well yield at wells completed slightly shallower (down to approximately 70 feet bgs) in the
Gaspur Aquifer appear to decrease significantly in the area of the HWA.

Ecological Scoping Assessment

• No valued habitats for birds or mammals exist at the Site, and the available habitat for vegetation
and soil invertebrates is limited by the industrial nature of the Site. A screening-level ecological
risk assessment is not recommended.



Cooper Drum Company Remedial Investigation Feasibility Study Report Table 3-1
RAC EPA  Region IX 05/15/02
URSGroup, Inc. Page 1
Contract No. 68-W-98-225 / WA No. 047-RICO-091N

TABLE 3-1

Physical Test Results
Cooper Drum Facility, South Gate, California

S:\04700\RI\Word Perfect Tables\Table 3-1.wpd

Sample ID
Sample Depth

SB02
45.5

SB04
6.5

SB04
94

SB04
175

 Moisture Content (percent) by ASTM D2850 24.09 26.79 18.19 23.05
 Hydraulic Conductivity (cm/sec) by ASTM D5084-90 1.75E-05 1.97E-05 2.02E-04 1.50E-04
 Particle Size (percent passing the indicated sieve) by ASTM D422

0.375-inch sieve NR 100 NR 100
#4 sieve NR 99 100 99

#10 sieve 100 99 100 99
#16 sieve 100 99 99 97
#30 sieve 100 99 97 84
#50 sieve 99 95 79 40

#100 sieve 79 58 37 14
#200 sieve 30 29 20 8

 Dry Bulk Density (lb/cubic feet) by ASTM D2937 101.92 91.2 109.29 99.02
 Total Organic Carbon (percent) by EPA Method 9060 0.21 0.21 0.03 0.02

cm/sec centimeters per second 
lb/cubic feet pounds per cubic foot 
NR No result reported  
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Elevations in Gaspur and Exposition Aquifers
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Date Well Aquifer Well Screen (1)

Groundwaer
Surface

Elevation (2) Difference

12/14/00

MW15 Gaspur 70-85 57.17
2.91

MW16 Exposition 118-128 54.26
MW17 Gaspur 69-79 57.62

4.56
MW18 Exposition 118-128 53.06

2/8/01

MW15 Gaspur 70-85 57.74
2.89

MW16 Exposition 118-128 54.85
MW17 Gaspur 69-79 58.17 4.54
MW18 Exposition 118-128 53.63

(1)  feet below ground surface
(2)  feet above mean sea level
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TABLE 3-3

Summary of Transmissivity and Storativity Values
For Wells  EW-11 and EW-22  Aquifer Tests

Cooper Drum Facility, South Gate, California

Well
Number

Distance
from

Pumping
Well (ft)

Maximum
Drawdown

(ft)

Drawdown Recovery

Hantush’s Method Cooper and Jacob Theis
Distance

Drawdown
Theis 

Method
Transmissivity

(ft2/day)
Storage

Coefficient
Transmissivity

(ft2/day)
Storage

Coefficient
Transmissivity

(ft2/day)
Storage

Coefficient
Transmissivity

(ft2/day)
Transmissivity

(ft2/day)

EW-1 Pump Test Results

EW-1 0 5.57 -- -- -- -- -- -- 1.34 x 103 2.29 x 103

MW-2 136 0.64 1.65 x 103 1.53 x 10-2 1.67 x 103 1.31 x 10-2 1.65 x 103 1.71 x 10-2 -- 4.79 x 103

MW-10 137 0.76 2.63 x 103 8.57 x 10-4 2.54 x 103 7.74 x 10-4 2.63 x 103 8.61 x 10-4 -- 7.30 x 103

MW-4 181 0.57 2.08 x 103 4.57 x 10-3 2.72 x 103 3.02 x 10-3 2.08 x 103 4.31 x 10-3

EW-2 Pump Test Results

EW-2 0 9.95 -- -- -- -- -- -- 2.00 x 103 1.19 x 103

MW-2 48 1.55 1.43 x 103 3.43 x 10-3 1.30 x 103 5.11 x 10-3 1.64 x 103 3.14 x 10-3 -- 1.15 x 103

EW-1 85 0.97 2.16 x 103 1.76 x 10-3 2.10 x 103 2.20 x 10-3 2.23 x 103 1.95 x 10-3 -- 2.23 x 103

MW-17 146 0.70 2.43 x 103 2.43 x 10-3 2.25 x 103 2.19 x 10-3 2.66 x 103 1.85 x 10-3 -- 4.20 x 103

MW-4 175 0.59 2.21 x 103 1.69 x 10-3 2.36 x 103  1.38 x 10-3 2.16 x 103 1.89 x 10-3 -- 2.63 x 103

MW-15 300 0.30 -- -- -- -- -- -- -- --

Note: Aquifer thickness 40 feet.  

-- Not applicable
1 EW-1 eight hour constant rate test operated at 30.5 gpm on April 6, 1999
2 EW-2 eight hour constant rate test operated at 30.5 gpm on March 8, 2001
ft             Foot
ft/day      Foot per day
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TABLE 3-4

SVE Test Data
Cooper Drum Facility, South Gate, California

Well Name SVE-1
VP-1
10 ft

VP-1
20 ft

VP-1
30 ft

VP-2
10 ft

VP-2
20 ft

VP-2
30 ft

Distance from SVE (ft) -- 20 20 20 45 45 45

Screen Interval
(feet bgs)

8-43 9.5-10 19.5-20 29.5-30 9.5-10 19.5-20 29.5-30

Flow rate (cfm)
Vacuum
(in. H2O)

Vacuum
(in. H2O)

Vacuum
(in. H2O)

Vacuum
(in. H2O)

Vacuum
(in. H2O)

Vacuum
(in. H2O)

Vacuum
(in. H2O)

Elapsed
Time

22 30 0 0.3-0.7 0.6-1.1 0.2 0.8-1.5 0 30 min.

53 65 0.1 0.7-0.9 1.5-3.3 0.3-0.5 1.6-3.2 0.4-0.9* 65 min.

88-98 130 3.5* 2.3-5.0 4.5 0.9 5-10 2.0-3.2 180 min.

* changed gauge

Vapor samples collected  from  SVE-1 at 10, 90, and 180 minutes (shutdown).

cfm cubic feet per minute
SVE Soil Vapor Extraction
ft feet
bgs below ground surface
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4.0  NATURE AND EXTENT OF CONTAMINATION

This section presents RI findings related to chemical distribution within the vadose zone and the aquifer
zones. As previously discussed, the primary objective of the   RI was to further delineate the vertical and
horizontal extents of groundwater contamination beneath the Site.  A secondary objective was to further
assess chemical distribution in the vadose zone.  Results of the vadose zone investigation are presented below
followed by the results of the groundwater investigation.  Presentation of the results focuses on compounds
exceeding USEPA Preliminary Remediation Goals (PRGs) in the vadose zone or exceeding California MCLs
in the groundwater.  Comparison to background conditions are also provided when applicable.  The data
presentation and evaluation use only the RI data collected in 1996 and later.  These data have gone through
the USEPA data validation process and are considered usable for remedial decision-making process. Data
collected prior to initiation of the RI in 1996 are discussed in Section 1.3.4 and are included in Appendix A.
These data are discussed in this section where appropriate.

4.1 SOIL AND VADOSE ZONE

The soil and vadose zone data presentation includes comprehensive tables showing results for all analytes.
Comprehensive tables of analytical results for samples collected from borings completed during 2000 and
2001 are included in Appendix E.  Comprehensive tables of analytical results for samples collected from
borings conducted during 1998 and 1999 are presented in the Phase 2 RI Report (URS GWC, 1999).
Analytical results for all RI borings (with the exception of SB-6 and SB-7) for analytes detected in soil and
soil vapor at concentrations exceeding residential and/or industrial PRGs are included in Appendix A as
Tables A-7 through A-11.  Analytical results for samples collected from borings SB-6 and SB-7 are included
in Appendix A, Table A-6. Summary tables including minimum and maximum concentrations are included
in this section as Tables 4-1 and 4-2.

These results indicate that a source area is located within shallow soils in the HWA.  Another source area
may be located within the DPA.  A data gap is identified for the DPA vadose zone, which is discussed further
in Sections 4.1.2 and 5.2.2.  Recommendations for additional data collection within the DPA vadose zone
are presented in Section 7.0.

4.1.1 Soil

Fifteen soil borings were drilled at the Site during the   RI.  Soil borings SB-1 through SB-5 were installed
in October 1998 and SB-8 through SB-17 in October 2000.  Soil borings SB-6 and SB-7 were installed by
Bechtel in September/October 1996.  The locations for SB-1 through SB-5 were based on passive soil gas
results obtained in 1995 (E&E, 1996).  SB-8 through SB-16 were located based on the analytical results
obtained from soil borings completed in the DPA and HWA prior to the 1996 RI investigation to augment
the RI/FS risk assessment.  SB-17 was positioned upgradient of the Site in an attempt to collect background
soils data.  Similarly, SB-3 was located north of the HWA and potential soil gas hot spots to collect
background data.  The soil and soil gas sampling locations are included on Figure 2-1.

Boring locations are concentrated in the vicinity of the two areas of the Site the DPA and former HWA,
where chemical use and/or disposal practices having a potential to impact soil conditions have occurred. As
such, the following discussion is focused on those two areas.  VOC results are presented first followed by
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a review of the SVOCs, PCB/pesticide, and metals results.

4.1.1.1 VOCs

Table A-7 (Appendix A) presents the analytical results for VOCs.   Table 4-1 summarizes the minimum and
maximum values and VOC analytes above PRGs.  

Drum Processing Area

Soil borings associated with the DPA include SB2, SB-5, SB-6, and SB-13 through SB-16.  The majority of
positive analytical results in the DPA were detected in SB-14 (Table A-7).  Concentrations greater than 100
µg/kg were reported in SB-14 for 1,1-dichloroethane, 4-methyl-2-pentanone, toluene, tetrachloroethene, and
total xylenes.  The concentration of PCE of 8,200 µg/kg in SB-14 at 5.0 feet bgs was the only VOC
concentration reported in the DPA that exceeds a residential PRG.  Other contaminants detected were well
below residential PRGs. 

In 1989, Geotechnical Consultants Inc., completed borings in the DPA and HWA (see Figure 1-5).  The
borings in the DPA were completed beneath and along the north side of the Drum Processing Building (P-1
through P-6, and BH-6 through BH-11, and BH-14). As shown in Appendix A, Table A-3, high levels of
MEK, Acetone, PCE , TCE and other VOCs were detected in soil samples indicating the DPA as a possible
source area for groundwater contamination.  However, high levels of these compounds were also found in
background borings BH-12 and BH-13, suggesting that the 1989 boring analytical data may not be
representative of site soil quality.

As part of the RI, additional soil borings and soil gas borings were sampled along the north and south sides
of the drum processing building to provide validated data to further evaluate soil quality and possibly confirm
previously identified hot spots.   RI boring SB-14 and 1989 boring BH-6 are located within approximately
20 feet of each other.  Comparison of this boring data shows similar concentrations of PCE , toluene, and
xylenes at the 5- and 10-foot depths indicating a correlation of some VOCs between the two data sets.
However, results for MEK (2 butanone) and acetone are three orders of magnitude lower at SB-14. Given
that the 2000 RI borings were not sampled below 10 feet bgs, the 1989 borings were completed at deeper
depths (up to 40 feet bgs) directly beneath the drum processing building (where former concrete-lined trench
line and sumps were located) and showed elevated high levels of PCE and other VOCs with depth,  it appears
there may be insufficient soil data to discount the DPA as a source area.  This issue is further discussed in
the presentation of soil gas data for the DPA (Section 4.1.2).

Former Hard Wash Area

Soil borings associated within the former HWA include SB-1, SB-3, SB-4, and SB-8 through SB-12.  SB-3
was located north of the HWA in an attempt to provide background data.  The VOCs in the former HWA
were detected primarily in SB-4, SB-9, and SB-11.  Only one VOC result equaled or exceeded residential
PRGs.  1,2,3-Trichloropropane was reported for the sample collected at a depth of 45 feet bgs from SB-4 at
a concentration of 44 µg/kg.  The residential PRG for 1,2,3 trichloropropane is 1.4 µg/kg.  As discussed
below, soil gas data may be more representative of VOC soil conditions in the HWA.

Because VOCs have impacted groundwater beneath the Site at concentrations above MCLs, the future impact
of VOCs on groundwater was evaluated using the EPA model VLEACH.  Soil gas concentrations were used
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for input to the VLEACH model.  The soil gas results are discussed in the following section.  The VLEACH
modeling and results are presented in Section 5.1.2 and Appendix K. 

4.1.1.2 SVOCs

Table A-8 (Appendix A) presents the analytical results for SVOCs in soil samples.  Table 4-1 summarizes
the minimum and maximum values and SVOC analytes above PRGs.  Figure 4-1 shows the sample locations
and analytical results for SVOCs which exceed residential PRGs.   

Figure 4-1 shows that SVOCs exceed both residential and industrial PRGs in the HWA and DPA.  However,
SVOCs are detected only immediately below the surface pavement in both areas and limited to one location
(SB-11) in the HWA and two locations (SB-13 and SB-14) in the DPA.

Drum Processing Area

SVOC results for two soil samples, collected at 0.5 feet bgs from boreholes SB-13 and SB-14, show
concentrations exceeding the residential PRGs for the following six SVOCs: benzo(a)anthracene;
benzo(a)pyrene; benzo(b)fluoranthene; benzo(k)fluoranthene; dibenz(a,b)anthracene; and ideno(1,2,3-
cd)pyrene.   Results for soil samples collected from SB-13 and SB-14 at five feet bgs were below the
reporting limit for SVOCs indicating limited migration of the SVOCs detected at 0.5 feet bgs.  One soil
sample collected from borehole SB-2 at 10 feet bgs reported an estimated (J flagged) concentration of
benzo(a)pyrene at 120 µg/kg, exceeding the PRG of 62 µg/kg.  A duplicate sample collected at 11 feet bgs
from borehole SB-2 was below the reporting limit for benzo(a)pyrene.  It appears that the SVOCs above
PRGs are limited to the shallow soil immediately below the surface pavement along the north side of the
DPA.  Chrysene, which is identified as posing a risk in the HHRA, was present in the shallow samples
collected at SB-13, SB-14, and SB-2 at concentrations up to 4,700 µg/kg.  The lateral extent of these shallow
impacts is undefined. 

Former Hard Wash Area

One soil sample from borehole SB-11, collected at 0.5 feet bgs, showed concentrations of the same SVOCs
reported in the DPA (including chrysene), with five of the six exceeding their respective residential PRGs.
The sample collected from SB-11 at five feet bgs was nondetect for SVOCs, indicating that downward
migration of SVOCs has been limited.  However, the lateral extent of these shallow impacts is undefined.

4.1.1.3 PCB/Pesticide

Table A-9 (Appendix A) presents the analytical results for PCBs and pesticides in soil samples. Table 4-1
summarizes the minimum and maximum values for PCBs/pesticides above PRGs. Figure 4-2 shows the
sample locations and analytical results for PCBs and pesticides which exceeded PRGs.
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Drum Processing Area

PCBs and dieldrin are generally not detected in the DPA (Table A-9), and when detected are below the
industrial and residential PRGs.  One concentration of the pesticide dieldrin was reported at 2.3 µg/kg in
borehole SB-14 at 10 feet bgs, which is below the residential PRG of 30 µg/kg.  The two other samples
collected in SB-14 and 23 others collected in the DPA were nondetect for dieldrin and other pesticides.

The PCBs Aroclor-1254 and Aroclor-1260 were detected in the DPA.  Aroclor-1260 was detected at 93
µg/kg in borehole SB-13 at 10 feet bgs, which is below the residential PRG of 220 µg/kg.  Aroclor-1254 was
detected in three samples from borehole SB-16, at concentrations of 4.9, 5.5, and 8.2 µg/kg and in the
background borehole SB-17 at 4.9 µg/kg.  All four concentrations of Aroclor-1254 were less than the
residential PRG of 220 µg/kg.

Former Hard Wash Area

PCBs are found in soil samples above both residential and industrial PRGs at two locations in the HWA.
Dieldrin is reported slightly above the residential PRG at two locations and below the industrial PRG in the
HWA. Three concentrations of dieldrin were reported in SB-10 at 10 feet bgs, SB-11 at 1 foot bgs, and in
SB-12 at 1 foot bgs.  The concentration of 1 µg/kg in SB-12 is below the residential PRG.  However,
concentrations in SB-10 at 41 µg/kg and in SB-11 at 31 µg/kg slightly exceed the residential PRG (30 µg/kg).
Samples collected at 5 and 10 feet bgs in SB-11 had no concentrations exceeding the detection limit for
dieldrin.

Aroclor-1254 and Aroclor-1260 were reported in five samples from three boreholes (SB-11, SB-12, and
SB-13) in the former HWA.  Concentrations of Aroclor-1254 at 20 µg/kg and Aroclor-1260 at 18 µg/kg  in
SB-12 were below the residential PRG.  Aroclor-1254 was detected above the residential PRG in SB-10 at
330 µg/kg (1 foot bgs) and 2,100 µg/kg (10 feet bgs) and in SB-11 at 1,400 µg/kg (1 foot bgs).  Aroclor-1260
was detected above the residential PRG in SB-10 at 160 µg/kg (1 foot bgs) and in SB-11 at 5,500 µg/kg
(1 foot bgs).

The above data indicate that the lateral and vertical extents of PCBs and dieldrin (above PRGs) is undefined
in the HWA.

4.1.1.4 Metals

Table A-10 (Appendix A) presents the analytical results for metals detected in soil samples at concentrations
greater than PRGs, and Table 4-2 summarizes maximum and minimum concentrations.  Figure 4-3 shows
the sample locations and analytical results for metals reported at concentrations exceeding residential PRGs,
which are arsenic, antimony, iron, lead, and thallium.  The distribution of the higher metal concentrations
does not relate to past Site activities, suggesting they may be naturally occurring, rather than the result of
those activities.  A statistical test was used to verify this observation, which is briefly described below,
followed by a discussion of the distribution of these metals at the Site.  That discussion includes a
comparison of metals concentrations to the results of two background studies, further supporting the
background occurrence of metals at the Site.  Additionally, background studies referenced within this section
further indicated higher concentrations for arsenic and iron are related to background.  
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Comparison of Chemical Concentrations With Background

Concentrations of naturally occurring inorganic analytes (arsenic, antimony, iron, lead, manganese, and
thallium) measured in soil samples collected from on-site locations were compared to concentrations
measured in soil samples collected from background (reference) locations. This comparison was used to
evaluate whether the concentrations of these elemental compounds are elevated, relative to their natural
presence, because of Site-related activities.  In all cases, the comparison indicated that the concentration
distribution of these metals was consistent with background concentrations.  The comparison utilized the
rank-sum test, which is briefly described below. 

Because of the heterogeneous nature of soil, isolated concentrations of inorganic analytes above background
concentrations may simply represent randomly distributed outliers of the background population. Such values
would be expected to be found in a small percentage of samples. In order to distinguish outlier values from
possible contamination, a statistical analysis was conducted whenever reported concentration of inorganic
analytes exceeded their respective established background at least once. The test employed in this analysis
is the Wilcoxon-Mann-Whitney test, also known as the Mann-Whitney test, or rank-sum test (Zar, 1974).
This test is widely adaptable to various data sets because it is a nonparametric test. That is, it does not require
any assumptions about the distribution of the sampled populations or estimations of the variance or mean.
The following was tested:

H0: The populations from which the two data sets have been drawn have the same mean;

HA: The populations have different means (the mean concentration of the Site data is greater
than the mean concentration of the background data).

This is a one-tailed test—that is, testing only whether the mean concentration from the Site data is greater
than the mean of the background data; it is not of concern whether Site concentrations are less than
background concentrations.

Drum Processing Area and Hard Wash Area

Four metals were detected in the DPA at concentrations exceeding their residential PRGs.  Of those four,
arsenic exceeded its residential PRG of 0.39 mg/kg by the largest margin.  In every sample with detectable
arsenic, the concentration exceeded the residential PRG.  Arsenic concentrations ranged from 0.74 mg/kg
to 11.1 mg/kg and averaged 3.56 mg/kg.  However, the distribution of the higher arsenic concentrations
appears unrelated to former Site activities. The highest arsenic concentration was reported from off-site
background boring SB-3, which is north of the HWA.  Arsenic was also reported in two of the three samples
collected from background borehole SB-17 at 1.5 mg/kg and 2.2 mg/kg.  It is noted that antimony is listed
in Table 4-2 as above PRGs.  One sample (113 mg/kg in the 0.5 foot sample at SB-9) out of 59 was above
PRGs.  This concentration was two orders of magnitude above the next highest value of 8.2 mg/kg and is
considered anomalous.

Arsenic

The average Site arsenic concentration of 3.56 mg/kg, and the maximum arsenic concentration of 11.1 mg/kg,
are consistent with data reported in two background studies.  One study was based on 554 background soil
samples collected from 17 school sites within the Los Angeles Unified School District (DTSC, 2000).  That
study reported an upper tolerance limit concentration of 8.2 mg/kg, and a maximum concentration of 10.3
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mg/kg.  The other study was based on 50 soil samples collected throughout California which were located
outside of industrial areas.  The average concentration of arsenic reported by that study was 3.5 mg/kg
(Bradford et al., 1996).  Based on the consistency of the Site arsenic data with these background studies,
arsenic at the Site is considered naturally occurring. 

Iron

The concentration of iron in the majority of samples (43 out of 59) exceeded the residential PRG for iron of
23,500 mg/kg.  The average concentration for iron in the 59 samples was 26,180 mg/kg.  The concentration
(25,300 mg/kg) reported for one of three samples collected from background boring SB-17 exceeded the
PRG.  All seven samples from off-site boring SB-3 exceeded the residential PRG.  Based on these results,
and due to the lack of correlation of the occurrence of iron to Site activities, it appears that the occurrence
of iron at the Site is related to background conditions.  The study of 50 nonindustrial soils (Bradford et al.,
1996) reported an average iron concentration for background soils of 37,000 mg/kg.

Lead

Lead was detected in 58 out of 59 soil samples analyzed; however; most concentrations (51 out of 59) were
10 mg/kg or less. Concentrations above the residential PRG of 400 mg/kg were reported in three samples.
These concentrations were: 451 mg/kg at 5.0 feet bgs and 1,920 mg/kg at 10 feet bgs in SB14 and, 3,240
mg/kg at 1.0 foot bgs in SB-9.  Two of the above samples were above the industrial PRG of 750 mg/kg.  The
lateral extent of lead impacts is undefined in the vicinity of SB-9 in the HWA.  The lateral and vertical extent
of lead impacts is undefined at SB-14 in the DPA.

Thallium

With the exception of SB-4, thallium was detected in all samples, concentrations ranged from 0.75 to 22.9
mg/kg, with 6 of the 59 samples above 10 mg/kg.  The concentration of thallium in 27 of the samples was
above the residential PRG of 5.2 mg/kg.  All sample results were below the industrial PRG of 160 mg/kg.
As with the other metals discussed, the distribution of thallium does not suggest the presence of a Site source
area and is more consistent with it occurring naturally.  

4.1.2 Soil Gas

Soil gas samples were collected at the Site from boreholes SG-1 through SG-6 in 1998 and SG-7 through
SG-17 in October 2001.  As shown on Figure 4-5, these samples were generally collected to a depth of at
least 30 feet bgs.  The analytical results for soil gas are presented on Table A-11 (Appendix A).  Results for
vinyl chloride, cis-1,2-DCE, TCE, and PCE are displayed on Figure 4-4.  Isoconcentration maps for various
depths were prepared for these compounds to aid in leachate modeling and estimating the amount of mass
in the vadose zone.  The isoconcentration maps are included in Appendix J (see Appendix J, Figures J-1
through J-12).
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Drum Processing Area

Boreholes SG-5 through SG-10 were used to evaluate the soil gas in the DPA.  Eighteen soil gas samples
were collected from 10 to 45 feet bgs in the six boreholes.  The majority of VOCs detected in soil gas were
from shallow samples collected from SG-6 and SG-10, indicating a potential source area.  Results for deeper
soil gas samples at these locations indicate limited vertical migration.   The limited vertical migration is
demonstrated by the isoconcentration maps, which indicate the presence of laterally extensive soil gas plume
only in the 10 feet bgs isoconcentration line for PCE. 

To evaluate the DPA as a potential source area, the soil gas data collected from these borings were used to
estimate the concentration of the leachate prior to mixing into the shallow aquifer (see Section 5.1.2,
VLEACH Modeling).  The estimated concentration of 1,1-DCA in leachate at the location of SB-10 (7.0
µg/L) was the only model result which exceeded MCLs.  The modeling results appear to be consistent with
monitor well data and HydroPunch® groundwater data collected around the drum processing building, which
show nondectable or low concentrations (<10 µg/L) of VOCs in the groundwater (see VLEACH discussion
in Section 5.1.2 for summary of groundwater data).  However, as previously noted in the discussion of soil
sampling results, higher levels of VOCs were reported for 1989 soil samples collected from borings directly
beneath the drum processing building.   Use of the 1989 soil data in the VLEACH modeling would predict
a much higher leachate concentration. For example, the highest soil gas concentration used at SB-7 (22,000
ppbv) is equivalent to a soil concentration of 283 µg/kg.  PCE soil concentrations were consistently an order
of magnitude higher in the 1989 data.  Although groundwater data are inconsistent with soil concentrations
of that magnitude, it appears a data gap is present for the vadose zone beneath the DPA.

Former Hard Wash Area

Ten boreholes, SG-1 through SG-4 and SG-11R through SG-17, were drilled and sampled at the former
HWA. Included on Figure 4-4 are results of three samples collected during a three-hour soil vapor extraction
test on SVE-1.  SVE-1 is screened from 8 to 43 feet bgs. As shown on Figure 4-4, VOC results for samples
collected from SVE-1 and the soil gas borings indicate a source area beneath the former HWA, centered on
groundwater monitoring well MW-2.  Soil gas contamination was observed in the former HWA to extend
to the approximate depth of the semi-perched zone, which is the maximum depth sampled.  As shown in the
soil gas isoconcentration maps (see Appendix J, Figures J-1 through J-12), contamination is present in the
deepest depth interval (30 to 40 feet bgs). The isoncentration maps also suggest the soil gas plume appears
to be centered near MW-2.  The maps show that the extent of the soil gas plume with concentrations to
approximately 1,000 parts per billion by volume (ppbv) extends approximately 200 feet east to west and
approximately 150 feet north to south in the former HWA. 

The mass of PCE, TCE, vinyl chloride, and cis-1,2-DCE in the soil beneath the former HWA was estimated
using isoconcentration contours of soil gas data (Appendix J).  The estimated total mass for these four VOCs
was approximately 15 pounds.  Based on the analytical results from the SVE-1 vapor samples, these four
VOCs represent approximately 40% to 55% of the mass of VOCs in the soil.  Therefore, a conservative
estimate of the total mass of VOCs in the soil beneath the former HWA is 27 to 38 pounds.   
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4.2 GROUNDWATER

This section presents the results of the monitor well sampling and depth-discrete groundwater sampling
conducted as part of the RI.  The monitor and extraction wells were sampled for at least one or more of the
following during the   RI: VOCs, SVOCs, PCBs/pesticides, metals, and general chemistry.  A minimum of
three rounds of samples collected from on-site wells MW-1 through MW-5 were analyzed for all of the above
analyses.   Depth-discrete groundwater samples were analyzed for VOCs only.  Comprehensive tables of
analytical results and chain-of-custody documentation for the groundwater sampling for the 2000 and 2001
RI activities are included in Appendix E.  Analytical data and chain-of-custody documentation for the 1998
and 1999 RI activities were presented in the Phase 2 RI Report (URS GWC, 1999).

Groundwater analytical data show that a plume characterized by VOCs originates at the HWA and has
migrated off site to the south.  Only minor impacts (0.6 µg/L cis-1,2 DCE) have occurred within the
Exposition Aquifer.

A summary of the VOC results for the monitor wells and depth-discrete groundwater sampling are  presented
in Tables A-12 and A-16 (Appendix A), respectively.  Minimum and maximum concentrations and detected
analytes in monitor wells and other off-site locations sampled during the RI are summarized in Table 4-3.
Table 4-4 summarizes the results for analytes detected in the sample locations associated with the Cooper
Drum Plume.  As shown on Table 4-4, concentrations of 11 VOCs are above the MCLs in the groundwater.
Analytical results for 3 of the 11 VOCs (cis-1,2-DCE; 1,1-DCE, TCE) for the monitor wells and depth
discrete groundwater sampling are presented on Figures 4-5 and 4-7, respectively.  The remaining 8 VOCs
generally have similar distributions and therefore were not included on the figures.  TCE and cis-1,2-DCE
results  from the RI monitor well sampling and results of depth-discrete groundwater sampling are also
shown on geologic cross-sections B-B’ through D-D’ (Figures 4-8 through 4-10), to assist in the assessment
of VOC distribution.  Isoconcentration contours on these figures are based on monitor well sampling results.
A discussion of the VOC distribution  is presented below.  The results of monitor and extraction well
sampling are presented first and followed by a presentation of the depth-discrete groundwater sampling.

4.2.1 Monitor Well Sampling Results

VOCs

The results presented are from the recent RI sampling activities only.  The five on-site wells were previously
sampled after installation in 1990, 1991, and 1992 and in 1996 as part of the Phase I RI.  The   RI results
appear to be consistent with the historical data in that no obvious trends were noted from the limited data set
and are considered representative of Site water quality conditions.  An exception is the latest sample from
MW-5 for which VOC concentrations were reported which are significantly lower than the past results.  

The wells on the ELG Metals site have been included in the   RI activities to further assess groundwater flow
direction and contaminant migration in the vicinity of the Site. It was previously believed that VOC
contamination on the ELG Metal site (former Dial Corp. site) had migrated from the Cooper Drum Site.  This
assessment was based on the eastward  flow direction inferred from water level data from wells MW-1
through MW-5 only, and the general VOC distribution across both sites, with VOC concentrations an order
of magnitude higher on the Site compared to ELG Metal site.  However, subsequent results from additional
wells installed during the   RI along Rayo avenue, and review of flow direction from other sites to the north
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along Rayo avenue, indicate a southerly flow direction with contamination from the Site  migrating to the
south and southeast along Rayo Avenue.

The wells on the ELG Metals site were installed during two site investigation events in April 1993 (wells
MW-8, MW-9 [abandoned], and MW-10) and June 1996 (MW-11 [abandoned], MW-12, MW-13
[abandoned], and MW-14).  As indicated, some of the wells were destroyed during construction of ELG
Metals.  Former well MW-13 was located inside the present location of the ELG Metals building.  The well
was located at the southern edge of the building approximately equidistant between MW-10 and MW-14
(Figure 4-5). The latest results for MW-13, for samples collected in July 1996, show 4.1 µg/L TCE and 2.2
µg/L cis-1,2-DCE.   Former wells MW-9 and MW-11 were located in the northern area of the ELG Metals
site approximately 150 feet south of the junction of the railroad tracks with Rayo Avenue.  Results for
samples collected from well MW-11 show 4.8 µg/L TCE and 5.1 µg/L cis-1,2-DCE.  MW-9 was completed
in the shallow perched zone and was dry in July 1996. 

The estimated lateral extent of TCE in terms of the 5 µg/L isoconcentration contour, based on the results
from the RI, is shown on Figure 4-5.  Using TCE as an indicator for VOC distribution, it appears the
contaminant plume from the Site has behaved as would be predicted by the groundwater flow direction and
migrated south and southeast from the Site.  Results of the samples collected from MW-19 indicate that a
source area unrelated to the Site is present to the northeast of the Site.

The eastern edge of the Site plume is interpreted to pass west of MW-10, MW-18, and MW-17.  The
concentrations of VOCs reported in MW-19, MW-12, MW-8, and MW-14 probably originate from the off-
site source area upgradient to the north.  The two VOC plumes merge in the vicinity of MW-12 and MW-17.
The southern extent of the Site plume, defined by the 5 µg/L TCE isoconcentration contour, is undefined
based on results from MW-15.  As discussed in the following section, results of depth-discrete groundwater
sampling suggest that the Site’s plume may have migrated south of Southern Ave. 

Other significant features which may be noted from Figure 4-5 are as follows:

• The highest concentration of TCE was reported in off-site monitor well MW-19 at 6,700 µg/L.
MW-19 is upgradient and 200 feet northeast of the Site’s northern property boundary.  The
highest concentration of TCE reported in an on-site monitor well was 800 µg/L in MW-2 in
1999.

• Concentrations of TCE in monitor well MW-17 have been less than 5 µg/L.  To the east of
MW-17, concentrations of TCE increase, indicating an increasing gradient toward another
plume.  Well MW-8, located 270 feet east of MW-17, has shown TCE concentrations up to 150
µg/L.

• The vertical extent of VOCs may be defined along Rayo Avenue based on the results from
monitor wells MW-16 and MW-18 screened in the Exposition Aquifer. Given the only VOC
detection in these two wells was 0.6 µg/L cis-1,2-DCE, it appears that the upper portion of the
deep Exposition Aquifer has been minimally affected by contaminants emanating from the Site.
The vertical extent of VOCs was further evaluated using the results of the depth-discrete
groundwater sampling, discussed in the following section.

As discussed in Section 3, there is a semi-perched waterbearing zone beneath the Site.  The lateral extent of
this unit appears to extend off-site.  However, in 1992 and 1996 this zone was not present, as indicated by
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water levels in MW-5, which is screened across this zone and the shallow aquifer.  Therefore, the semi-
perched zone is considered an intermittent waterbearing zone beneath the Site.  Soil vapor extraction well
SVE-1 was installed in the former HWA adjacent to MW-2.  The well screen interval extended to 43 feet
bgs, and data from this well indicated the presence of the semi-perched zone.  Because this well is located
in the source area and encountered the semi-perched zone, a groundwater sample was collected.  During low
flow purging, the water level continually declined, and a sample was collected before the well was pumped
dry.  The analytical results (Table A-12) show that a number of VOC compounds were detected, which are
generally consistent with those found in the monitor wells completed in the shallow aquifer. The
concentrations are generally the same as those detected in MW-2 and MW-5, suggesting that VOCs are not
concentrated within the semi-perched zone in the source area.

SVOCs

URS collected one round of SVOCs from wells MW-1 through MW-5 during 1998 RI activities.  Two
additional samples were collected on March 7, 2001, from EW-2 for the sewer discharge requirement during
the eight-hour pump test. These SVOC analytical results are included on Table A-15.

The SVOC analytical results include concentrations of 2,4-dichlorophenol and bis(2-ethylhexyl)phthalate.
The reported detections of 2,4-dichlorophenol in MW-2 and MW-5 were estimated at concentrations of 4
and 7 µg/L.  Estimated concentrations of bis(2-ethylhexyl)phthalate in monitor wells MW-1 through MW-5
ranged from 1 to 2 µg/L.  The concentrations of SVOCs did not exceed MCLs.  Bechtel collected two rounds
of groundwater samples from wells MW-1 through MW-5 during the Phase 1 RI activities (Bechtel, 1996).
All SVOCs were below detection levels from these two rounds of sampling. 
 
PCBs/Pesticides

One round of groundwater samples was collected from existing wells MW-1 through MW-5 during the 1998
 RI activities.   All sample results showed nondetectable levels of PCBs and pesticides.  The duplicate sample
from MW-2 showed one detection of the PCB Aroclor-1260 at a concentration of 1.3 µg/L.  Although PCBs
were found in the shallow soils in the former HWA, the result for the duplicate sample from MW-2 is
considered anomalous based on the relatively immobile nature of this contaminant.  However, MW-2 should
be resampled for PCB analysis to confirm the detection.

Metals

The metal samples were analyzed as total metals, i.e., without filtration.  Comparison with the results for
samples collected during the initial sampling round completed by Bechtel (1996), which included both
filtered and unfiltered analyses, does not indicate a difference between the results.   RI results for metals are
included in Table A-13. A summary of maximum and minimum results is included in Tables 4-3 and 4-4.
Results for metals detected at concentrations above MCLs are presented on Figure 4-6.

Arsenic was reported in groundwater samples at concentrations exceeding the primary MCL of 50 µg/L in
10 out of the 11 on- and off-site monitor wells completed in the shallow aquifer, and the arsenic
concentration in MW-12 was 18.1 µg/L (Table A-13).  Results for several other metals showed less frequent
detection of levels above primary and secondary MCLs.  The less frequently detected analytes included
aluminum (detected above MCLs in 3 out of 26 samples), lead (detected above MCLs in 1 out of 26
samples), and selenium (detected above MCLs in 1 out 26 samples).  Due to limited frequency of detection,
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these four metals are not considered representative of Site conditions. The metals reported above secondary
MCLs included manganese, iron, and aluminum (see Table A-13).  Because these metals are not considered
related to activities associated with the Site, exceedence of secondary MCLs is not considered relevant.  The
concentrations observed at all on-site, off-site, and upgradient wells, together with calcium and sodium (see
Table 4-5), are interpreted as indicative of the generally poor quality of the shallow aquifer.

Arsenic concentrations at the Site monitor wells ranged between 50 µg/L (MW-15) and 482 µg/L (MW-1),
including upgradient well MW-3 where the concentration was 79.6 µg/L.  The higher concentrations of
arsenic do not appear to correlate with concentrations of VOCs, and their distribution does not indicate a Site
source. Arsenic concentrations at the ELG Metals site monitor wells ranged between 18.2 µg/L (MW-12)
to 484 µg/L (MW-8).  Recent data (March 2001) collected from monitor wells completed in the shallow
aquifer at the Jervis Webb site showed detections of arsenic in all five wells.  Arsenic concentrations in three
of the five wells were above the MCL and ranged from 80 µg/L to 320 µg/L.  Site data indicating background
arsenic in soil, and the presence of arsenic in groundwater in all the wells completed at the other two sites
in the immediate vicinity, indicate that the arsenic present in the shallow aquifer is naturally occurring.   It
is noted that arsenic was not detected in samples collected from the two wells completed in the deeper
Exposition Aquifer, MW-16 and MW-18. 

The manganese concentrations (greater than 500 µg/L) were generally observed in all on-site wells, off-site
wells, and wells completed in the deeper Exposition Aquifer.  There is no primary MCL for manganese; the
secondary MCL is 50 µg/L.  The lowest concentration of manganese, 328 µg/L, was identified in off-site well
MW-8.  The highest concentration, 10,800 µg/L, was observed in on-site well MW-2,  located in the former
HWA.  Concentrations in upgradient wells were 730 µg/L in MW-3 and up to 4,500 µg/L in MW-19.
Concentration in the two wells completed in the upper portion of the Exposition Aquifer ranged from 1,400
to 3,900 µg/L.  Although the highest concentration of manganese was in the former HWA area,
corresponding to the VOC source, concentrations of arsenic in samples collected from all wells, both on- and
off-site and in the deeper Exposition Aquifer, are above the secondary MCL.   There is no obvious spatial
concentration trend.  Considering that the soil also contained manganese at levels ranging from
approximately 159,000 to 719,000 µg/kg, it appears that like arsenic, manganese is representative of
background conditions in the shallow aquifer.  

Other Inorganic Constituents

Results for other inorganics in the groundwater are presented in Table 4-5. In general, these results show
elevated levels of sulfate and TDS and slightly elevated chloride concentrations.  The sulfate, TDS, and
chloride concentrations exceed the secondary MCLs for these inorganics.  The elevated levels (including the
previously discussed metals) are observed in most wells. They appear unrelated to a Site source and suggest
that the shallow aquifer is of poor quality and not suitable as a drinking water source.
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4.2.2 Depth-Discrete Groundwater Sample Results

Depth-discrete results are used together with the monitor well results to refine understanding of the vertical
and lateral distribution of VOCs on, and in the vicinity of, the Site.  Additional sampling locations are
provided by the data set provided by the depth-discrete samples within the deeper Exposition Aquifer and
laterally in areas not covered by the monitor wells.  These include locations to the west of the Site, south of
the Site on the former Tweedy School site, and south of the ELG Metals site.  The depth-discrete
groundwater samples collected during the   RI were analyzed for VOCs only, and include results of
HydroPunch® samples collected from soil borings and CPT borings.  Depth-discrete sample locations
included four on-site soil borings (SB-2, SB-3, SB-4/4A, and SB-5) and off-site soil borings SB-6 and SB-7,
which were completed on the former Tweedy School site during the Phase 1 RI.  Depth-discrete samples
were collected from these borings at intervals to a depth of approximately 200 feet bgs to evaluate the
vertical extent of contamination beneath the site.  Soil boring SB-1,  located along Rayo Avenue, was
sampled to a depth of 142 feet bgs.  In addition, 24 CPT borings were completed to total depths ranging from
97 to 138 feet bgs and were sampled at three to five depths.
  
The results of depth-discrete sample analyses are summarized in Table A-16 (Appendix A), and
comprehensive results are tabulated in Appendix E.  Minimum and maximum concentrations are summarized
in Tables 4-3 and 4-4.  Results for selected VOCs are presented in plan view on Figure 4-7, which includes
TCE isoconcentration contours.  These contours are provided to display the lateral extent of TCE within the
shallow aquifer, and were developed by using the highest TCE value between approximately 60 and 100 feet
bgs. Geologic cross-sections B-B’ through D-D’ (Figures 4-8 through 4-10) include posted TCE and cis-1,2-
DCE results for both depth-discrete and monitor well samples, as well as TCE isoconcentration contours
based on the monitor well sampling results.

Interpretation of Depth-Discrete Sample Results.  Utilization of monitor well and depth-discrete sample
results should be done with an understanding of the relative averaging nature of monitor well sampling.  For
example, depth-discrete data from SB-1, completed adjacent to well EW-1, show TCE concentrations as high
as 2,000 µg/L.  However, EW-1 draws water from a 40-foot thickness of the aquifer.  TCE concentrations
for samples from EW-1 represent a combined, or average, result for this thickness, and are in the range of
150 to 300 µg/L (Table A-12).  As such, it should be reasonable to assume that depth-discrete sampling
results may be higher than those from a similarly located monitor well.

The three cross-sections make use in some cases of projected borings to provide a comprehensive
presentation of the lithology.  Interpretation of the analytical data should be done with the understanding that
the cross-sections thus present a generalized, and possibly distorted, view of contaminant distribution.  For
example, on cross-section C-C’, CPT-15 is projected from the southwest between MW-5 and EW-1. The
boring lithology is shaded to indicate the projection.  Moving downgradient from MW-5 (from right to left
on the cross-section), it would appear the TCE concentration decreases at CPT-15 and then increases at EW-
1.  Given that CPT-15 is projected, the TCE concentration at CPT-15 most likely represents the decreased
concentrations at the western edge of the TCE plume emanating from the former HWA, while EW-1 is more
centrally located within the plume.

Given the above considerations, the results of depth-discrete groundwater sample analysis may be used to
enhance the understanding of VOC contaminant distribution based on monitor well data previously discussed
in Section 4.2.1 and presented in Figure 4-5.  By utilizing the more widely distributed data provided by the
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depth-discrete sampling, four individual VOC plumes are identified as follows: 1) Cooper Drum Site plume
(also delineated by monitor well data), 2) west plume 3) northeast plume, and 4) southeast plume.

Cooper Drum Plume.   The Cooper Drum plume emanates from the former HWA on the site, is elongated
to the south in the general direction of groundwater flow, and appears to commingle on its eastern edge with
the northeast plume.  The results of the depth-discrete groundwater sampling, together with the previously
discussed monitor well data, indicate the following:

• The higher VOC concentrations within the Cooper Drum plume are located in the former HWA
and south to CPT-19.   Contamination within the former HWA is present mostly at 60 to 80 feet
bgs, corresponding to the upper portion of the Gaspur Aquifer (see Figure 3-3). 

• Low concentrations (<10 µg/L) of TCE in SB-3 and MW-3 appear to define the northern edge
of the plume (or are representative of background TCE concentrations in the area of the Site).
The western edge is defined by analytical results in SB-5 and CPT-6 (Figure 4-7). 

• Concentrations of TCE in CPT-24 indicate the plume with concentrations exceeding 5 µg/L
likely extends to Southern Avenue.  However, the southern extent of the plume is undefined.

• Low TCE concentrations in CPT-7, CPT-3, and CPT-2 indicate a decrease in concentrations on
the eastern edge of the plume.  Further east, concentrations increase in CPT-12, CPT-11, and
CPT-17, indicating the presence of the separate northeast plume.  

• The maximum vertical extent of VOC contamination appears to be confined to a depth of
approximately 120 feet, corresponding to the base of the Gaspur Aquifer or top of the Exposition
Aquifer.

West Plume.  The west plume is identified by VOC occurrences in CPT-14, CPT-5, and SB-7.  VOC
concentrations within portions of this plume coincident with the Site are low.  TCE concentrations of  25,
39, and 14 µg/L were reported in samples collected from depths of 90 to 100 feet bgs in CPT-14, SB-7, and
CPT-5, respectively.  

Northeast Plume.  The majority of the northeast plume contamination was identified in high concentrations
of TCE in CPT-12, CPT-11, CPT-17, and CPT-18.  The western edge of the northeast plume appears to
commingle with the Cooper Drum plume in the area of CPT-3.  Low concentrations of TCE in CPT-16, CPT-
9, and CPT-8, and CPT-20 appear to define the downgradient area of the northeast plume. Additionally, data
from CPT-17 suggest that VOCs from the northeast plume may be migrating vertically and have impacted
the Exposition Aquifer (see cross-section B-B’, Figure 4-8).

Southeast Plume.  The southeast plume is identified only in CPT-10 and CPT-21.  Concentrations of TCE
up to 16,000 and 11,000 µg/L were reported in CPT-10 and CPT-21, respectively.  These high concentrations
appear to suggest that the source is close to CPT-10 and CPT-21.  The extent of the southeast plume is not
known.

4.3 SUMMARY

This section summarizes observations made with respect to the nature and extent of contamination related
to the Site based on data collected during the RI.



Cooper Drum Remedial Investigation Feasibility Study Report Section 4.0
RAC EPA Region IX 05/15/02
URS Group, Inc. Page 4 - 14
Contract No. 68-W98-225/WA No. 047-RICO-091N

K:\04700\RI\by section\f_section 4.wpd

Soil and Vadose Zone

• Two VOCs were detected in soil at concentrations exceeding PRGs; PCE was detected in the
DPA and 1,2,3-trichloropropane in the HWA. A VOC data gap is present beneath the drum
processing building.  SVOCs in excess of industrial and residential PRGs were reported for
shallow soil samples immediately beneath the pavement at locations within the DPA and HWA.
PCBs were detected in both the HWA and DPA, but results reported for only the HWA included
concentrations above industrial and residential PRGs. Although concentrations of arsenic were
reported in excess of the residential PRG, the occurrence of metals in Site soils is considered as
naturally occurring background. 

• VOC soil gas plumes originate within both the DPA and the HWA. The HWA plume with
concentrations in excess of 1,000 pppv extends approximately 200 feet north to south and 150
feet east and west. The DPA plume is shallower and not as laterally extensive.

• A VOC data gap is present beneath the drum processing building.

• The lateral extent of PAHs is undefined in the DPA and HWA.

• The lateral and vertical extents of PCBs and dieldrin are undefined in the HWA.

Groundwater

• A groundwater plume characterized by TCE and cis-1,2-DCE originates at the HWA and has
migrated off Site to the south, within the shallow aquifer.  The downgradient extent of the VOC
plume is undefined.

• In addition to the groundwater plume which originates from sources on the Site, three other
plumes have been identified which have off-site sources.

• Only minor impacts (0.6 µg/L cis-1,2-DCE ) have occurred within the deeper Exposition
Aquifer.

• Vadose zone VOC contamination within the DPA has shown minimal impact to groundwater
(less than MCLs).

• Groundwater occurrences of arsenic and other metals at concentrations exceeding PRGs are
considered to be naturally occurring.
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Volatile Organic Compounds

 1,1-Dichloroethane 3 230 70 17 24% 590,000 2,100,000 No No
 1,1-Dichloroethene 3 14 70 6 9% 54 120 No No
 1,2,4-Trichlorobenzene 3 170 32 3 9% 650,000 3,000,000 No No
 1,2-Dichlorobenzene 3 140 33 12 36% 370,000 370,000 No No
 1,2-Dichloroethane 13 39 70 3 4% 350 760 No No
 1,2-Dichloropropane 8 19 69 3 4% 350 770 No No
 1,3-Dichlorobenzene 1 3 32 3 9% 13,000 52,000 No No
 1,4-Dichlorobenzene 1 79 30 11 37% 3,400 8,100 No No
 2-Butanone 1 2,300 70 19 27% -- -- -- --
 2-Hexanone 16 110 70 9 13% -- -- -- --
 4-Methyl-2-pentanone 1 530 70 14 20% 790,000 2,900,000 No No
 Acetone 2 8,500 70 50 71% 1,600,000 6,200,000 No No
 Bromomethane 11 11 39 1 3% -- -- -- --
 Carbon Disulfide 1 4 69 4 6% 360,000 720,000 No No
 Chlorobenzene 3 67 70 8 11% 150,000 540,000 No No
 cis-1,2-Dichloroethene 1 1,100 63 17 27% 43,000 150,000 No No
 Ethylbenzene 1 2,300 69 15 22% 230,000 230,000 No No
 Isopropylbenzene 3 290 32 7 22% 160,000 520,000 No No
 Methyl Acetate 10 44 33 4 12% 22,000,000 96,000,000 No No
 Methyl tert-Butyl Ether 2 2 32 2 6% -- -- -- --
 Methylcyclohexane 1 1,000 33 9 27% 2,600,000 8,800,000 No No
 Methylene Chloride 1 23 70 27 39% 8,900 21,000 No No



Cooper Drum Company Remedial Investigation Feasibility Study Report                         Table 4-1
U.S. Environmental Protection Agency Region IX 05/15/02
URS Group, Inc. Page 2
Contract No. 68-W-98-225 / WA No. 047-RICO-09IN

TABLE 4-1
Summary of Analytical Results for Soil Samples

VOCs, SVOCs, and Pesticides/PCBs
Cooper Drum Site

ACTION LEVELS

Maximum
Concentration >

Residential PRG?

Maximum
Concentration

> Industrial
PRG?COMPOUND

Minimum
Concentration

(����g/kg)

Maximum
Concentration

(����g/kg)
# Samples
Analyzed

# Samples
in Which
Detected

Frequency
of

Detection
(%)

Residential
PRG (����g/kg)

Industrial
PRG (����g/kg)

S:\04700\RI\Word Perfect Tables\Table 4-1.wpd

 Styrene 1 1,000 70 6 9% 1,700,000 1,700,000 No No
 Tetrachloroethene 1 8,200 70 22 31% 5,700 19,000 Yes No
 Toluene 2 11,000 70 31 44% 520,000 520,000 No No
 trans-1,2-Dichloroethene 1 5 62 5 8% 63,000 210,000 No No
 Trichlorofluoromethane 1 4 33 6 18% 390,000 2,000,000 No No
 Xylenes (total) 5 7,500 39 17 44% 210,000 210,000 No No
1,2,3-Trichloropropane 44 44 31 1 3% 1 3 Yes Yes
Benzene 2 20 68 10 15% 670 1,500 No No
o-Xylene 37 37 31 1 3% 210,000 210,000 No No
p & m-Xylene 78 160 32 2 6% 210,000 210,000 No No
Total 1,2-Dichloroethene 7 190 6 6 100% -- -- -- --
Trichloroethene 2 160 70 18 26% 2,800 6,100 No No
Semi-Volatile Organic Compounds
1,1,'-Biphenyl 71 390 32 2 6% 350,000 350,000 No No
2,4,5-Trichlorophenol 200 200 59 2 3% 6,100,000 88,000,000 No No
2,4-Dichlorophenol 61 910 58 5 9% 180,000 2,600,000 No No
2,4-Dimethylphenol 54 4,300 55 10 18% 120,000 1,800,000 No No
2,4-Dinitrophenol 870 1,000 59 8 14% 120,000 1,800,000 No No
2-Methylnaphthalene 48 2,200 58 8 14% -- -- -- --
2-Methylphenol 47 2,500 55 10 18% 3,100,000 44,000,000 No No
4-Methylphenol 200 2,900 52 10 19% 310,000 4,400,000 No No
Acenaphthene 78 2,200 59 2 3% -- -- -- --
Acetophenone 49 120 33 3 9% 490 1,600 No No
Anthracene 69 1,300 58 4 7% 22,000,000 100,000,000 No No
Benzaldehyde 47 6,100 33 5 15% 6,100,000 88,000,000 No No
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Benzo(A)Anthracene 370 2,700 56 3 5% 620 2,900 Yes No
Benzo(A)Pyrene 120 4,300 56 4 7% 62 290 Yes Yes
Benzo(B)Fluoranthene 97 6,600 58 4 7% 620 2,900 Yes Yes
Benzo(G,H,I)Perylene 140 1,900 57 3 5% -- -- -- --
Benzo(K)Fluoranthene 370 4,600 58 3 5% 610 29,000 Yes No
BIS(2-Ethylhexyl)Phthalate 49 2,600 57 24 42% 35,000 180,000 No No
Carbazole 62 560 58 4 7% 24,000 120,000 No No
Chrysene 120 4,700 56 4 7% -- -- -- --
Dibenz(A,H)Anthracene 150 1,100 58 3 5% 62 290 Yes Yes
Dibenzofuran 2000 2,000 58 1 2% 290,000 5,100,000 No No
Di-N-Butylphthalate 350 350 59 2 3% -- -- -- --
Di-N-Octylphthalate 69 69 59 1 2% -- -- -- --
Fluoranthene 56 3,400 56 5 9% 2,300,000 30,000,000 No No
Fluorene 1600 1,600 59 1 2% -- -- -- --
Indeno(1,2,3-CD)Pyrene 120 2,100 57 4 7% 620 2,900 Yes No
Naphthalene 58 1,900 59 11 19% 56,000 190,000 No No
N-Nitrosodiphenylamine 670 930 59 2 3% 99,000 500,000 No No
Pentachlorophenol 150 580 59 3 5% 3,000 11,000 No No
Phenanthrene 47 6,800 57 9 16% -- -- -- --
Phenol 57 10,000 53 25 47% 37,000,000 100,000,000 No No
Pyrene 65 5,800 56 5 9% 2,300,000 54,000,000 No No
Pesticides and PCBs
Delta-BHC 0.071 49 59 4 7% 320 2,100 No No
Gamma-BHC (LINDANE) 0.074 33.4 59 3 5% 320 2,100 No No
Beta-BHC 0.84 94 59 13 22% 320 2,100 No No
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Heptachlor 1.2 17 59 2 3% 110 550 No No
Heptachlor Epoxide 1.6 2.7 59 3 5% 53 270 No No
Endosulfan I 0.72 63 59 2 3% 370,000 5,300,000 No No
Endrin 0.14 4.5 59 2 3% 18,000 260,000 No No
Endosulfan II 0.076 9.8 59 2 3% -- -- -- --
Endosulfan Sulfate 0.079 40 59 5 8% 370,000 5,300,000 No No
Endrin Ketone 4 4.9 59 2 3% -- -- -- --
Endrin Aldehyde 0.79 16 59 5 8% 18,000 260,000 No No
Alpha-Chlordane 0.48 2.7 59 4 7% 1,600 11,000 No No
Gamma-Chlordane 0.6 2.7 59 3 5% 1,600 11,000 No No
Aldrin 5.3 20 59 2 3% 29 150 No No
Arochlor 1254 4.9 2,100 59 12 20% 220 1,000 Yes Yes
Arochlor 1260 18 5,500 59 9 15% 220 1,000 Yes Yes
4,4-DDD 3.6 13 59 3 5% 2,400 17,000 No No
4,4-DDE 0.7 92 59 9 15% 1,700 12,000 No No
Deldrin 1 41 59 4 7% 30 150 Yes No
Methoxychlor 12 79 59 3 5% 310,000 4,400,000 No No
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Industrial

PRG (mg/kg)
Metal
Aluminum 6,920 38,500 59 59 100% 76,000 100,000 No No
Antimony 0.56 113 59 52 88% 31 820 Yes No
Arsenic 0.74 11.1 59 49 83% 0.39 2.7 Yes Yes
Barium 70.3 781 59 59 100% 5,400 100,000 No No
Beryllium 0.21 1.1 59 59 100% 150 2,200 No No
Cadmium 0.11 4.4 59 10 17% 37 810 No No
Calcium 3,390 27,900 59 59 100% -- -- -- --
Chromium 10 193 59 57 97% 100,000 100,000 No No
Cobalt 4.4 52.5 59 59 100% 4,700 100,000 No No
Copper 6.4 208 59 59 100% 2,900 76,000 No No
Iron 11,100 57,500 59 59 100% 23,000 100,000 Yes No
Lead 2.2 3,240 59 57 97% 400 750 Yes Yes
Magnesium 2,730 15,700 59 59 100% -- -- -- --
Manganese 159 810 59 59 100% 1,800 32,000 No No
Mercury 0.05 0.85 59 40 68% 23 610 No No
Nickel 5.6 333 59 59 100% 1,600 41,000 No No
Potassium 1,660 7,120 59 59 100% -- -- -- --
Selenium 1.1 3.2 59 27 46% 390 10,000 No No
Silver 0.58 0.58 58 1 2% 390 10,000 No No
Sodium 399 34,300 59 57 97% -- -- -- --
Thallium 0.75 22.9 59 52 88% 5.2 130 Yes No
Vanadium 19.9 101 59 59 100% 550 14,000 No No
Zinc 40.6 1,960 59 59 100% 23,000 100,000 No No
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COMPOUND

Minimum
Concentration 

(����g/L)

Maximum
Concentration

(����g/L)
# Samples
Analyzed

# Samples in
which

Detected
Frequency of
Detection (%)

California
Primary MCL

(����g/L)

Maximum
Concentration >

MCL (����g/L)?
Monitoring Wells
Volatile Organic Compounds
1,1,2-Trichloroethane 0.5 3 48 8 17% 5 No
1,1-Dichloroethane 0.5 340 46 29 63% 5 Yes
1,1-Dichloroethene 0.3 54 44 29 66% 6 Yes
1,2,3-Trichloropropane 1 50 33 20 61% -- NA
1,2,4-Trichlorobenzene 0.5 10 15 2 13% 70 No
1,2-Dichlorobenzene 0.5 10 47 1 2% -- NA
1,2-Dichloroethane 0.3 100 43 34 79% 0.5 Yes
1,2-Dichloropropane 0.3 50 45 24 53% 5 Yes
2-Butanone 1 70 47 1 2% -- NA
2-Hexanone 1 100 46 4 9% -- NA
4-Methyl-2-pentanone 0.4 170 49 3 6% -- NA
Acetone 5 290 47 6 13% -- NA
Benzene 0.5 30 45 25 56% 1 Yes
Bromochloromethane 0.5 10 16 4 25% -- NA
Bromodichloromethane 1 10 35 2 6% -- NA
Carbon disulfide 0.5 10 49 1 2% -- NA
Chlorobenzene 0.5 87 47 23 49% 70 Yes
Chloroethane 0.5 10 49 5 10% -- NA
Chloroform 0.5 10 49 1 2% -- NA
cis-1,2-Dichloroethene 0.5 1,200 44 42 95% 6 Yes
Cyclohexane 0.5 3 12 1 8% -- NA
Ethylbenzene 0.5 32 49 6 12% 700 No
Isopropylbenzene 0.5 3 12 1 8% -- NA

Methyl Acetate 0.5 3 12 1 8% -- NA
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Methylcyclohexane 0.5 3 12 1 8% -- NA
Methylene chloride 0.3 15 49 4 8% 5 Yes 1

Styrene 0.5 10 49 1 2% 100 No
Tetrachloroethene 0.5 57 47 15 32% 5 Yes
Toluene 0.4 70 47 21 45% 150 No
trans-1,2-Dichloroethene 0.3 46 43 33 77% 10 Yes
Trichloroethene 0.5 6,700 45 41 91% 5 Yes
Vinyl chloride 0.5 15 44 27 61% 0.5 Yes
Xylene (ortho-) 0.6 29 34 6 18% 1,750 No
Xylene (para & meta-) 0.5 69 34 6 18% 1,750 No
Semi-Volatile Organic Compounds
2,2'-OXYBIS(1-Chloropropane) 7 10 8 1 13% -- NA
2,4-Dichlorophenol 4 10 8 3 38% -- NA
BIS(2-Ethylhexyl)Phthalate 1 10 8 5 63% 4 No
Metals
Aluminum 12 1,370 33 18 55% 1000 Yes
Antimony 2.3 20 33 1 3% 6 Yes 1

Arsenic 18.1 484 33 27 82% 50 Yes
Barium 23.8 254 33 33 100% 1000 No
Boron 200 4,800 15 13 87% -- NA
Cadmium 0.3 2.5 33 4 12% 5 No
Calcium 52,600 850,000 33 33 100% -- NA
Chromium 1 11.2 33 13 39% 50 No
Cobalt 0.6 20 33 18 55% -- NA
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Copper 1.9 75.6 33 19 58% 1300* No
Iron 66.8 7,900 33 32 97% -- NA
Lead 1 60.3 33 5 15% 15* Yes 1

Magnesium 18,400 962,000 33 33 100% -- NA
Manganese 328 10,800 33 33 100% -- NA
Mercury 0.02 0.2 28 16 57% 2 No
Molybdenum 5 340 15 12 80% -- NA
Nickel 1.1 75.4 33 19 58% 100 No
Potassium 3,210 61,100 33 31 94% -- NA
Selenium 3 163 33 2 6% 50 Yes
Silver 0.4 20 33 3 9% -- NA
Sodium 87,000 4,230,000 33 33 100% -- NA
Vanadium 0.7 30.8 32 7 22% -- NA
Zinc 1.2 248 33 21 64% -- NA
Cyanide 5 10 2 2 100% 200 No
Depth Discrete Groundwater
Volatile Organic Compounds
Vinyl chloride 0.3 5 111 14 13% 0.5 Yes
1,1-Dichloroethene 0.3 13 111 22 20% 6 Yes
Acetone 0.6 35 111 46 41% -- NA
Carbon disulfide 0.3 1 111 13 12% -- NA
Methylene chloride 0.3 380 111 20 18% 5 Yes
trans-1,2-Dichloroethene 0.3 40 111 32 29% 10 Yes
Methyl-t-Butyl Ether 0.4 2 99 3 3% 13 No
1,1-Dichloroethane 0.4 49 111 19 17% 5 Yes
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Diisopropyl Ether 0.7 15 15 5 33% -- NA
cis-1,2-Dichloroethene 0.3 4,900 111 73 66% 6 Yes
2-Butanone 1 990 111 15 14% -- NA
Cyclohexane 0.3 2 54 11 20% -- NA
Benzene 0.3 14 111 14 13% 1 Yes
1,2-Dichloroethane 0.3 4 70 26 37% 0.5 Yes
Trichloroethene 0.3 16,000 111 78 70% 5 Yes
Methylcyclohexane 0.5 1 54 5 9% -- NA
1,2-Dichloropropane 0.4 8 111 5 5% 5 Yes
4-Methyl-2-pentanone 1 5 111 2 2% -- NA
Toluene 0.3 17 111 40 36% 150 No
1,1,2-Trichloroethane 0.5 6 111 1 1% 5 Yes
Tetrachloroethene 0.3 3 111 6 5% 5 No
2-Hexanone 2 2 111 1 1% -- NA
Chlorobenzene 0.5 5 111 1 1% 70 No
Ethylbenzene 0.5 0.5 111 1 1% 700 No
Xylene (para & meta-) 0.7 0.8 46 2 4% 1750 No
1,2,3-Trichloropropane 1 10 46 1 2% -- NA

 1  Concentration exceeds MCL in off-site well.  All Cooper Drum Company wells are less than MCL.
* Action Level
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COMPOUND

Minimum
Concentration 

(����g/L)
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Concentration

(����g/L)
# Samples
Analyzed

# Samples  in
which Detected

Frequency of
Detection (%)

California
Primary MCL

(����g/L)
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Concentration >

MCL (����g/L)?
Monitoring Wells1

Volatile Organic Compounds
1,1,2-Trichloroethane 0.5 3 37 6 16% 5 No
1,1-Dichloroethane 0.5 340 35 26 74% 5 Yes
1,1-Dichloroethene 0.3 54 33 23 70% 6 Yes
1,2,3-Trichloropropane 1 50 31 20 65% -- NA
1,2,4-Trichlorobenzene 0.5 10 7 2 29% 70 No
1,2-Dichlorobenzene 0.5 10 36 1 3% -- NA
1,2-Dichloroethane 0.3 100 32 32 100% 0.5 Yes
1,2-Dichloropropane 0.3 50 34 24 71% 5 Yes
2-Butanone 1 70 36 1 3% -- NA
2-Hexanone 1 59 35 4 11% -- NA
4-Methyl-2-pentanone 0.4 170 38 3 8% -- NA
Acetone 5 290 36 5 14% -- NA
Benzene 0.5 30 34 23 68% 1 Yes
Bromochloromethane 0.5 10 7 4 57% -- NA
Bromodichloromethane 1 10 29 2 7% -- NA
Carbon disulfide 0.5 10 38 1 3% -- NA
Chlorobenzene 0.5 87 36 23 64% 70 Yes
Chloroethane 0.5 10 38 5 13% -- NA
cis-1,2-Dichloroethene 0.5 1,200 33 31 94% 6 Yes
Ethylbenzene 0.5 32 38 6 16% 700 No
Styrene 0.5 6 38 1 3% 100 No
Tetrachloroethene 0.5 57 36 15 42% 5 Yes
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Toluene 0.4 70 38 19 50% 150 No
trans-1,2-Dichloroethene 0.3 46 32 23 72% 10 Yes
Trichloroethene 0.5 800 34 30 88% 5 Yes
Vinyl chloride 0.5 15 33 25 76% 0.5 Yes
Xylene (ortho-) 0.6 29 31 6 19% 1,750 No
Xylene (para & meta-) 0.5 69 31 6 19% 1,750 No
Semi-Volatile Organic Compounds
2,2'-OXYBIS(1-Chloropropane) 7 7 8 1 13% -- NA
2,4-Dichlorophenol 4 7 8 3 38% -- NA
BIS(2-Ethylhexyl)Phthalate 1 2 8 5 63% 4 No
Metals
Aluminum 12 1,100 26 13 50% 1,000 Yes
Arsenic 20 432 26 21 81% 50 Yes
Barium 23.8 140 26 26 100% 1,000 No
Boron 200 4,800 13 11 85% -- NA
Cadmium 0.3 2.5 26 3 12% 5 No
Calcium 52,600 850,000 26 26 100% -- NA
Chromium 1 10.9 26 8 31% 50 No
Cobalt 0.6 20 26 15 58% -- NA
Copper 2 75.6 26 13 50% 1,300* No
Iron 66.8 7,900 26 25 96% -- NA
Lead 1 1.9 26 3 12% 15* No
Magnesium 18,400 962,000 26 26 100% -- NA
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Manganese 470 10,800 26 26 100% -- NA
Mercury 0.02 0.2 21 11 52% 2 No
Molybdenum 5 340 13 10 77% -- NA
Nickel 1.1 75.4 26 14 54% 100 No
Potassium 4,000 61,100 26 26 100% -- NA
Selenium 3 163 26 2 8% 50 Yes
Silver 0.42 0.97 26 2 8% -- NA
Sodium 87,000 4,230,000 26 26 100% -- NA
Vanadium 0.7 20.7 25 4 16% -- NA
Zinc 1.2 248 26 16 62% -- NA
Cyanide 5 10 2 2 100% 200 No
Depth Discrete Groundwater2

Volatile Organic Compounds
Vinyl chloride 0.3 2.4 102 13 13% 0.5 Yes
1,1-Dichloroethene 0.3 13 112 16 14% 6 Yes
Acetone 0.6 67 112 38 34% -- NA
Carbon disulfide 0.4 0.7 112 13 12% -- NA
Methylene chloride 0.3 2 112 12 11% 5 No
trans-1,2-Dichloroethene 0.3 14 102 21 21% 10 Yes
1,1-Dichloroethane 0.4 49 102 17 17% 5 Yes
Diisopropyl Ether 0.7 15 15 5 33% -- NA
cis-1,2-Dichloroethene 0.4 210 112 51 46% 6 Yes
2-Butanone 1 39 112 12 11% -- NA
Cyclohexane 0.3 1 25 5 20% -- NA
Benzene 0.3 3 112 12 11% 1 Yes
1,2-Dichloroethane 0.5 8.5 41 12 29% 0.5 Yes
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Trichloroethene 0.3 2,000 112 49 44% 5 Yes
Methylcyclohexane 0.5 0.6 25 1 4% -- NA
1,2-Dichloropropane 0.5 7 102 3 3% 5 Yes
4-Methyl-2-pentanone 1 5 102 1 1% -- NA
Toluene 0.3 6 102 21 21% 150 No
Tetrachloroethene 0.3 5 102 7 7% 5 No
Chlorobenzene 0.5 5 102 1 1% 70 No
Xylene (para & meta-) 0.7 9.3 80 4 5% 1,750 No
1,2,3-Trichloropropane 1 10 80 3 4% -- NA

1 Data from the following wells were used: MW1 - MW5, EW 1, EW 2, and MW15 - MW 18.
2 Data from the following borings were used: SB1 - SB7, CPT1 - CPT 7, CPT 11, CPT 13 - CPT 15, CPT 19, and CPT 22 - CPT 23.
* Action Level

Note:  Bolded rows are contaminants of concern (COCs) (see Section 6.0)
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 Sample Location MW-1 MW-2 MW-3
 Sample No. 21200 1200 1202 1201 21201 21202 21204 1206
 Date Collected 12/5/00 11/04/98 11/05/98 11/05/98 10/06/00 10/06/00 10/04/00 11/04/98

 Fluoride 0.1 0.13 0.1 U 4.0 B 0.1 U 0.2 0.2 0.2
 Chloride 150 180 780 780 410 430 13 13 
 Nitrite-N 2 U 0.1 U 0.1 U 0.1 U 2 U 2 U 0.1 U 1.1
 Bromide 1.5 1.6 7.6 8.2 4.5 4.4 0.5 J 0.33 B
 Nitrate-N 0.1 U 0.1 U 0.1 U 1.1 0.1 U 0.1 U 0.1 U 0.07 B
 O-Phosphate-P 1 U 0.16 B 100 U 100 U 500 UJ 500 U 0.9 J 0.50 B
 Sulfate 2,200 2,400 11,000 11,000 8,000 8,000 97 110 
 Ammonia 1.2 1.3 6.2 6.2 4.8 4.8 1.8 1.8 
 Hardness 1,700 2,000 4,900 4,900 3,700 3700 210 220
 Total Dissolved Solids 4,300 4,800 21,000 19,000 13,000 13,000 830 930
 Carbonate Alkalinity 10 U 20 U 20 U 20 U 10 U 10 U 10 U 20 U
 Bicarbonate Alkalinity 980 1,100 1,800 1,500 1,100 1,100 660 1,000
 Total Alkalinity 980 1,100 1,800 1,500 1,100 1,100 660 1,000
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 Sample Location MW-4 MW-5 MW-8 MW-10 MW-12 MW-14
 Sample No. 21205 1207 1208 21206 21207 21208 21209 21211 21212
 Date Collected 10/04/00 11/04/98 11/05/98 10/05/00 10/11/00 10/11/00 10/11/00 10/10/00 10/11/00
 Fluoride 0.1 0.1 U 0.15 0.2 0.2 0.2 0.2 0.2 1.2
 Chloride 360 380 240 90 40 160 160 90 5
 Nitrite-N 1 U 0.1 U 0.1 U 2 U 2 U 1 U 1 U 2 U 0.06 J
 Bromide 3.3 3.0 5.3 3.1 6.8 1.9 1.9 2.6 0.1
 Nitrate-N 0.1 U 0.1 U 0.1 U 0.2 0.1 U 0.1 0.1 1.7 2.4
 O-Phosphate-P 500 U 50 U 0.31 B 1 1 U 1 U 1 U 1 U 0.7 J
 Sulfate 10,000 9,900 750 760 190 2,400 2,500 300 24
 Ammonia 5.2 5.4 1.4 0.6 1.6 3 3.2 1.1 0.2 J
 Hardness 4,600 4,400 620 330 43.0 1,600 1,600 730.0 280.0
 Total Dissolved 16,000 18,000 3,100 2,400 1,200 4,300 4,400 1,500 650.0
 Carbonate Alkalinity 10 U 20 U 20 U 10 U 10 U 10 U 10 U 10 U 10
 Bicarbonate 1,000 1,600 1,600 1,200 840 690 700 840 520
 Total Alkalinity 1,000 1,600 1,600 1,200 840 690 700 840 520
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 Sample Location MW-15 MW-16 MW-17
 Sample No. 21269 21283 21270 21284 21272 21273 21285 21286
 Date Collected 12/13/00 0/2/8/01 12/12/00 2/7/01 12/13/00 12/13/00 2/1/01 2/7/01
 Fluoride 0.2 1 U 0.3 0.3 0.2 0.1U 0.7 0.6
 Chloride 270 340 230 220 330 320 330 330
 Nitrite-N 2U 2 U 2U 2 U 2U 2U 2 U 2 U
 Bromide 2.4 2.8 1.5 1.5 2.2 2.2 2.3 2.3
 Nitrate-N 0.1U 0.1 U 0.1U 0.1 U 0.1U 0.1U 0.1 U 0.1 U
 O-Phosphate-P 200U J 200 U 20U J 1 U 500U J 500U J 200 U 200 U
 Sulfate 4,500 4,100 480 470 6,700 6,800 7,100 7,100
 Ammonia 4.6 4.9 0.2 J 0.2 J 5.9 6.0 6.5 6.4
 Hardness 2,400 2,600 920 900 3,600 3,400 3,800 3,800
 Total Dissolved 7,500 6,900 1,400 1,300 11,000 11,000 12,000 12,00
 Carbonate 10U 10 U 10U 10 U 10U 10U 10 U 10 U
 Bicarbonate 810 830 330 330 680 700 690 700
 Total Alkalinity 810 830 330 330 680 700 690 700
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 Sample Location MW-18 MW-19 EW-1 EW-2
 Sample No. 21275 21288 21276 21289 21216 2000 21277 21290 21291
 Date Collected 12/12/00 2/7/01 12/13/00 2/8/01 10/6/00 08/05/99 12/13/00 3/9/01 3/8/01
 Fluoride 0.4 0.3 0.2 0.2 0.1 0.6 J 0.2 NA NA
 Chloride 600 570 170 160 110 300 160 160 160
 Nitrite-N 10U 2 U 1U 2 U 1 U 0.1 UN 1U NA NA
 Bromide 2.8 3 1.6 1.5 2 2 2.0 NA NA
 Nitrate-N 0.1U 0.1 U 0.1U 0.1 U 0.1 U 0.1 U 0.1U NA NA
 O-Phosphate-P 100U J 100 U 200U J 200 U 1 U 1 UN 500U J NA NA
 Sulfate 2,300 2,300 3,600 3,800 3,000 3,800 4,900 NA NA
 Ammonia 0.8 1 4.3 4.7 3.2 4 4.3 NA NA
 Hardness 2,800 3,000 2,200 2,300 1,700 2,300 2,400 NA NA
 Total Dissolved 4,600 4,500 6,500 6,400 5,900 7,200 8,400 8,500 8,000
 Carbonate 10U 10 U 10U 10 U 10 U 20 U 10U NA NA
 Bicarbonate 470 480 650 640 970 940 860 NA NA
 Total Alkalinity 470 480 650 640 970 940 860 NA NA
NA    not analyzed
U not detected
J estimated value
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FIGURE 4-1
Analytical Results

SVOCs in Soil Samples
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FIGURE 4-2
Analytical Results

Pesticides/PCBs in Soil Samples
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Analytical Results

Total Metals in Soil Samples
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Analytical Results

VOCs in Soil-Gas Samples
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FIGURE 4-5
VOC Plume Boundary

Groundwater Monitor Well Sample Results
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FIGURE 4-6
Analytical Results, Total Metals

 Groundwater Samples
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Geologic Cross Section C-C'
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5.0  CONTAMINANT FATE AND TRANSPORT

The fate and transport of chemical compounds released into the environment are influenced by the chemical
and physical characteristics of the contaminants, their persistence in the environmental media, source
characteristics, release mechanisms, and the principal contaminant transport mechanisms and pathways.  The
subsurface at the Site has been impacted with VOCs, SVOCs, PCBs, and inorganic species.  For the purposes
of the contaminant fate and transport assessment, TCE has been selected to “represent” the VOCs present
at the Site.  Fate and transport of the other contaminants are not considered due to their low volatility and
limited lateral and vertical extent.  Section 5.1 introduces the discussion of TCE.  Appendix K contains a
detailed presentation of the physicochemical properties of TCE and discusses its behavior and persistence
in the environment, the affected environmental media or compartments (i.e., water, air, soil, biota), and the
possible extent of contamination within each media. These factors will provide a basis for determining
appropriate remedial alternatives, identifying potentially exposed populations or environments, and
estimating the levels of exposure. Although a screening-level analysis of the fate and transport of TCE within
and between various media is provided, the primary focus of the presentation in Appendix K is on the
subsurface environment.

5.1 GROUNDWATER FATE AND TRANSPORT

TCE is used mainly as a solvent to remove grease from metal parts, but it is also an ingredient in adhesives,
paint removers, typewriter correction fluids, and spot removers.  Although some of the major contamination
problems are the result of spills or uncontrolled releases at large industrial facilities handling large volumes
of solvents such as TCE, comparatively small leaks or releases by smaller operations can cause extensive
contamination. As an illustration, a hypothetical TCE plume 1,000 meters long, 100 meters wide, and 20
meters deep (approximately 3,300 by 330 by 70 feet) with an average concentration of 100 parts per billion
(ppb), 20 times the federal or state drinking water MCL, would probably contain no more than about 80
kilograms of pure TCE, approximately 50 liters, or less than one-quarter of a 55-gallon drum.  Based on the
analysis of the fate and transport characteristics presented in Appendix K, the center of mass of the Site VOC
plume would move at an estimated rate of 76% of the average velocity of groundwater, or 84 feet per year.

From 1984 to 1989, several incidents occurred which involved the release, the potential for release, or
evidence of past releases of hazardous substances from the Site. Various investigations by the LADHS and
Cooper Drum consultants identified hazardous substances in soils on the Site and former Tweedy School site,
including PCE, TCE, DCE, other VOCs, petroleum hydrocarbons, sodium hydroxide, and several metals.

The Site has historically been subdivided into a northern parcel and southern parcel.  The northern parcel
contains the former HWA, which appears to be the main source area for the groundwater contamination
observed at the site.  
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5.2 VLEACH Modeling

The VLEACH model (EPA, 1995) was utilized to estimate the impact of soil contamination on the soil
moisture in the vadose zone down to the water table.  Each soil gas boring was modeled individually to
provide the most conservative results.  In general, only soil gas borings with more than one sample collected
and concentrations exceeding 1,000 parts per billion by volume were modeled.  Also, only one or more of
the contaminants of concern (COCs) (see Section 6.0), 1,1-DCA; 1,2-DCE; 1,2-DCA; 1,2-D.P.; benzene;
PCE; TCE; cis-1,2-DCE; and vinyl chloride were modeled in VLEACH.  

The VLEACH model provides time-dependent modeling of dissolved and vapor diffusion contaminant
infiltration within the vadose zone.  The model allows for a site-specific depth to groundwater and site-
specific vertical distribution of initial soil conditions.   The model does not allow for input of perched water
zones.  The following sections discuss the VLEACH modeling input parameters for the Site and specific
COCs and results of the VLEACH analyses.

5.2.1 Input Parameters

The VLEACH model requires input of several groups of data including: 1) Lithology and soil properties, 2)
Chemical parameters, and 3) Contaminant soil concentration.  The complete input file for each model run
is included in Appendix K   The following paragraphs discuss the three sets of data required by the model.

Vadose zone soil properties (soil moisture, total organic carbon, and bulk density) for the three main soil
types clay, silt, and sand were determined from Site soil data collected by Bechtel in 1996 and URS in 1998.
These data are included in Appendix K on Table K-1.  Specific lithology data required by VLEACH for each
soil gas boring were interpolated from adjacent soil or CPT borings.  The VLEACH model allows input of
only one lithology type for each model run.  Therefore, based on the percentages of clay, silt, and sand
identified in the boring, a representative soil type was created for input into the VLEACH model.  The
VLEACH input for soil parameters for each soil gas boring are included in Table 4 in Appendix K.  Based
on Site conditions, the thickness of the vadose zone was estimated at 55 feet in the model.

The VLEACH model requires input of the Koc, Henry’s Law constant, and gas density for each of the
contaminants modeled.  Input parameters for the COCs (shown on Table K-2) included organic carbon
coefficient (Koc), Henry’s Law constant, water solubility, and free air diffusion coefficient.   Most chemical
properties were obtained from Appendix A of the VLEACH user manual “Properties of Volatile and Semi-
Volatile Compounds.”  Published values of the free air diffusion coefficient were available only for TCE.
However, within the range of published values for common VOCs, the groundwater contaminant loading
computed by VLEACH is highly insensitive to this parameter, as indicated by the sensitivity analysis
provided with the VLEACH manual.  The value of 0.7 square meters per day for TCE was therefore assumed
to be applicable for all COCs.  A permeable boundary condition was used in the model.

Analytical results for VOCs in soil samples may be biased low or falsely  negative.  For this reason, soil
concentrations used as input to the VLEACH model were based on soil gas sample analytical results
converted to total soil concentrations.  The conversion factors consider the specific chemical parameters
along with the soil type at the depth of the soil gas sample.  The result is a conversion factor for each
contaminant in three separate soil types as shown on Table K-3.  The converted soil gas concentrations for
each of the soil gas borings are shown in Appendix K.
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5.2.2 VLEACH Results

The VLEACH model output provides the concentration of leachate every two feet from 0.5 feet bgs to 55
feet bgs over a time period of 100 years.  The concentration of the COCs leachate at 55 feet bgs is plotted
on Figures K-1 through K-9 in Appendix K.  The complete VLEACH model output for the highest leachate
concentration for each of the COCs is also provided in Appendix K.  Further discussion of the VLEACH
results is provided below for the former HWA and DPA, respectively.

Former HWA

The output of the model indicates the majority of maximum leachate concentrations at the water table will
occur within the next 10 years.  As shown on Figures K-1 through K-9 and summarized in Table 5-1, leachate
concentrations ranged from less than 1 µg/L to a maximum concentration of 335 µg/L of 1,1-DCA.

The results of the VLEACH modeling indicate concentrations of leachate in the former HWA will exceed
MCLs for several contaminants by one to two orders of magnitude and continue to add to the existing
groundwater contamination. Generally, these results are consistent with VOCs detected in the monitoring
well sampling results.   Therefore it appears that remediation of the impacted vadose zone in the former
HWA is warranted.  The VLEACH model indicates that a reduction in concentration of soil gas is directly
related to a reduction of the leachate concentration.   Consequently, in order to reduce the currently predicted
leachate concentrations to below MCLs, a one to two order reduction in soil gas concentrations will be
necessary. 

TABLE 5-1

Former Hard Wash Area Leachate Concentrations

Contaminant
Soil Gas
Boring

Maximu
m

Leachate
(µg/L)

MCL
(µg/L)

Trichlorethene (TCE) SG-17 50 5
Tetrachloroethene (PCE) SG-15 9 5
cis-1,2-Dichloroethene (cis-1,2-DCE) SG-13 240 6
Vinyl chloride SG-13 37 0.5
1,1-Dichloroethane (1,1-DCA) SG-13 335 5
1,1-Dichloroethene (1,1-DCE) SG-14 1 6
1,2-Dichloroethane (1,2-DCA) SG-14 11 0.5
1,2-Dichloropropane (1,2-DCP) SG-12 5 5
Benzene SG-14 4 1

µg/L   micrograms per liter

DPA

Soil gas concentrations in the DPA were significantly less than those reported for the former HWA.  As a
result, VLEACH modeling was limited to the boring that reported the highest soil gas concentrations, SG-10.
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The results are shown on Figures K-1, K-2, K-3, and K-5 and summarized in Table 5-2.  1,1-DCA showed
the highest leachate concentration at 7 µg/L, which is slightly above the MCL. Given that this concentration
is slightly above the MCL (5 µg/L) and that the leachate would be diluted by mixing in the aquifer, vadose
zone remediation may not be warranted. However, as previously discussed (see Section 4.1.1.1 and 4.1.2)
the soil gas borings are located adjacent to the drum processing building and results of 1989 soil borings
beneath the building showed much higher VOC concentrations.  Using the higher 1989 soil concentrations,
predicted leachate concentrations would be well above the MCLs.   It is noted, however, that dilution of the
leachate due to mixing in the shallow aquifer appears to be characteristic of the Site conditions, when
considering Site groundwater samples results at well MW-1 and depth-discrete groundwater samples results
from SB-6 and CPT-6, which are located along the south side of the DPA. Results from these three locations
are summarized in Table 5-3.  As shown in Table 5-3, 1,1 DCA is reported in only CPT-6 within a range of
0.6 to 2.0 µg/L.  

Further investigation to collect additional data from directly beneath the drum processing building is required
to close a data gap.  These data will aid in further evaluating leachate concentrations and the necessity for
a soil response action in the DPA.

TABLE 5-2

Drum Processing Area Leachate Concentrations

Contaminant
Soil Gas
Boring

Maximu
m

Leachate
(µg/L)

MCL 
(µg/L)

Trichlorethene (TCE) SG-10 1 5
Tetrachloroethene (PCE) SG-10 1 5
cis-1,2-Dichloroethene (cis-1,2-DCE) SG-10 0.4 6
1,1-Dichloroethane (1,1-DCA) SG-10 7 5

µg/L   micrograms per liter
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TABLE 5-3

Drum Processing Area Groundwater Data
Concentrations in µg/L

Locatio
n

Depth 
(feet bgs)

1,2-
DCA

cis-1,2-
DCE

1,1-
DCA 1,1-DCE TCE VC PCE

MW-1 52-84 0.7 ND ND ND ND ND ND
SB-6 76 0.9 ND ND ND ND ND ND

90 11 0.4 ND ND 3.0 ND ND
105 3 ND ND ND ND ND ND
115 2 ND ND ND ND ND ND
120 1 ND ND ND ND ND ND
131 0.7 ND ND ND ND ND ND
165 0.7 ND ND ND ND ND ND
205 0.6 ND ND ND ND ND ND

CPT-6 63 ND ND 2 ND ND ND 0.7
78 0.5 ND 0.6 ND ND ND ND   
95 4 ND 1 ND ND ND 1
11 1.2 ND 2 ND ND ND 1

bgs below ground surface
DCA dichloroethane
DCE dichloroethene
ND not detected
PCE tetrachloroethene
TCE trichloroethene
VC vinyl chloride
µg/L micrograms per liter
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6.0  BASELINE RISK ASSESSMENT

This section summarizes the results of the human health risk assessment (HHRA), which is included in its
entirety as Appendix L.  The approach used in this HHRA has been to present the health risks for potential
on- and off-site receptors separately for each of the three exposure pathways: groundwater, indoor air, and
soil. Generally, the health risks associated with each exposure pathway and associated exposure routes are
combined for each receptor.  However, due to the nature of the Site (i.e., active, paved, covered), the
likelihood of exposure to the various pathways, and the uncertainty and limitations surrounding potential
future use of the Site, the primary emphasis was placed on clearly identifying the health risks associated with
each pathway.  Consequently, rather than combining the risks for each receptor associated with each pathway
and route, pathway-specific health risks have been individually identified.  Nevertheless, as shown in Table
6-1, the total estimated reasonable maximum exposure (RME) risk of 3 in 100 (3e-02) and potential for
noncarcinogenic health effects, or hazard index (HI) value of 186, associated with the groundwater pathway
for the most sensitive receptor, the on-site residential adult and child, clearly overshadow those of the other
two pathways.

The HHRA was prepared in support of the RI report for the Cooper Drum Superfund Site (Site) and in
accordance with USEPA Risk Assessment Guidance for Superfund (RAGS) and other related USEPA and,
where appropriate, State of California Environmental Protection Agency (Cal/EPA) guidance.  This HHRA
is a baseline health risk assessment that evaluates potential health risks resulting from exposure to hazardous
chemicals under reasonably anticipated land use scenarios (e.g., commercial, industrial, residential) for the
Site.  The estimated health risks associated with potential exposure to Site-related hazardous chemicals or
contaminants of potential concern (COPCs) are based on a quantitative and qualitative analysis of the soil,
groundwater, and airborne contaminants detected in Site media.

A baseline health risk assessment calculates the cancer risks and potential for adverse non-carcinogenic
health effects due to exposure to site-related COPCs and reflects baseline conditions that would be present
if no further action is taken at a site.  The calculated risks are not likely to be exceeded by any member of
the exposed population under maximum exposure conditions, and actual risks may be zero.  A risk
assessment cannot identify who within an exposed community may or may not become ill due to exposure
to toxic agents, nor can a risk assessment be used to associate a particular illness with a particular toxic
agent.  A risk assessment is best used as a predictive tool to identify those circumstances under which
exposure to a toxic agent may potentially lead to unacceptable health outcomes.  This information can then
in turn be used to select options that will reduce or remove the community’s exposure to the toxic agent.

This HHRA is a continuation and, to some extent, a culmination of various investigations conducted by the
Los Angeles Department of Health Services (LADHS) from 1984 to 1987, consultants contracted by Cooper
Drum, California Department of Health Services (DOHS), and the USEPA beginning in 1990 until the
present time.  The HHRA is intended to provide decision makers with an estimate of the potential exposure
to site-related chemical contaminants and the associated health risks to which workers or residents may be
exposed if use of the Site includes a continuation of existing commercial/industrial land uses or if future
development includes residential land use.  The risk estimates can be used to assess the need for and extent
of remedial actions, and, if so, to aid in the selection of the appropriate action(s) to ensure that current and
future receptors are not exposed to unacceptable health risks.
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6.1 IDENTIFICATION OF PATHWAY-SPECIFIC HEALTH RISKS

The following sections discuss the groundwater, soil, and indoor air pathways. The contaminants of potential
concern (COPCs) and COCs at the Site are discussed in Section 6.2.

6.1.1 Groundwater Pathway

Exposure to groundwater COCs presupposes that wells would be constructed to access the shallow
waterbearing zone underlying the Site, and the water would be used as an untreated water supply for on- and
off-site household and other commercial or industrial uses.  Although a highly unlikely scenario, health risks
were estimated as though this would be the case for purposes of estimating not only the associated risks but
also assisting the risk managers in evaluating appropriate remedial actions and objectives.

As shown in Table 6-1, exposure to COCs detected in groundwater poses the greatest health risk to potential
receptors.  The estimated RME risk for use of the impacted groundwater underlying the Site constitutes
extremely high and unacceptable risk for potentially exposed receptors.  The potential for noncarcinogenic
health effects  is also extremely high and totally unacceptable.  The principal COCs driving the risk are 1,2,3-
trichloropropane (3e-02), TCE (7e-04), and 1,2-DCA (7e-04).  Several other COCs, including  vinyl chloride
(6e-04), 1,2-dichloropropane (3e-04), and benzene (3e-04), also contribute to the high risks, but 1,2,3-
trichloropropane at concentrations detected in the on-site monitoring wells is the primary COC.  The COCs
driving the elevated HI value are TCE (HI = 49), cis-1,2-DCE (HI = 44), manganese (HI = 29), 1,2-DCA (HI
= 21), and 1,2-dichloropropane (HI = 15).  Cancer risks are a result of exposure through the inhalation route,
which constitutes 81% (3e-02) of the RME risk, and ingestion, which accounts for 18% (6e-03) of the RME
total.  Dermal exposure accounts for an RME risk of 3e-04 (0.8%).  Ingestion and inhalation contribute
almost equally to the estimated HI value resulting in respective route-specific HI values of 62 (33%) and 123
(66%).

Although these health risks are exceedingly high and unacceptable from a risk management standpoint, it
should be noted again that it is highly unlikely that untreated groundwater from the shallow waterbearing
zone underlying the Site would ever be used as a potable water source for hypothetical residents or other on-
or off-site receptors.  The concern is whether the COCs identified in groundwater underlying the Site could
potentially contaminate or otherwise impact existing deeper or nearby potable waterbearing zones.

6.1.2 Soil Pathway 

Exposure to soil COCs presupposes that the existing cover of asphalt, concrete, and buildings would be
removed to expose the underlying soil.  Although currently unlikely, these activities represent a  plausible
future scenario.  Therefore, health risks were estimated as though this were the case to assist the risk manager
in determining the appropriate remedial action, objectives, and possible land use restrictions for the Site.

Although several orders of magnitude below groundwater health risks, exposure to soil COCs constitute  high
risks.  As shown in Table 6-1, the estimated total RME cancer risks for the hypothetical on-site resident and
worker exposed to COCs in on-site soils are 3 in 10,000 (3.3e-04) and 7 in 100,000 (6.7e-05), respectively.
The principal risk driver is benzo(a)pyrene (1e-04), along with the PCB, Aroclor-1260 (6e-05), lead (4e-05),
benzo(b)fluoranthene (2e-05),  dibenz(a,h)anthracene (2e-05), Aroclor-1254 (2e-05), and PCE (1e-05).  Risks
are primarily through soil ingestion, resulting in a total risk of 2e-04, or 71%, of the total for this exposure
route, but dermal contact also contributes 25% to the risk (8e-05).  The estimated RME HI for the residential
child exposed to the multiple soil COCs is 3.0, primarily (62%) through soil ingestion, particularly exposure
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to the PCB, Aroclor-1254 (HI = 2).  Although lead was included as a risk driver, U.S. EPA and DTSC
evaluates only the potential developmental effects of lead exposure by estimating blood level concentration,
but does not evaluate potential carcinogenic effects even though a Cal/EPA slope factor is published by
OEHHA.

The risk driver for the worker is also benzo(a)pyrene at a risk of 3e-05 along with Aroclor-1260 (1e-05).
Based on the RME HI value of 0.3, there appears to be no potential for adverse noncarcinogenic health
effects for the on-site worker other than exposure to lead, as discussed below.

Noncarcinogenic health risks associated with exposure to lead, as discussed in Section 6.0 and presented in
Table 6-8 of the HHRA presented in Appendix L, are evaluated based on the estimated blood lead levels
resulting from such exposures.  Based on the blood lead models, exposure to lead concentrations of 1,920
mg/kg to 3,240 mg/kg detected in subsurface and surface soils could result in elevated blood lead levels
above the action level of 10 µg/dl, thereby posing a potential health risk to the hypothetical residential adult
and child.  Blood lead levels of workers exposed to the maximum surface soil lead concentration of 3,240
mg/kg are not expected to exceed the action level.  However, the estimated blood lead level of the fetus of
a pregnant worker exposed to the maximum concentration is expected to exceed the fetal blood lead action
level of 10 µg/dl.

There are indications of potential health risks for off-site residents, adult or children, who may be exposed
through inhalation to site-related emissions (dust, vapors, gases) of surface soil COPCs.  The RME cancer
risk is estimated at 1 in 100,000 (1.2e-05).  The risk is driven by one COPC or COC, PCE  in outdoor air
(1.2e-05).  The RME HI of 0.05 indicates little likelihood of potential adverse noncarcinogenic health effects.
In addition, the estimated 99th percentile blood lead level for off-site residential children exposed to site-
related lead emissions at a surface soil concentration of 3,240 mg/kg does not exceed 5 µg/dl; this is well
below the action level of 10 µg/dl.  The 99th percentile blood lead level for the off-site adult resident is even
lower (<4 µg/dl).  Consequently, off-site residents who are exposed to site-related COC emissions, including
lead in dust generated or emitted at the Site, are unlikely to experience adverse health effects.

There are also slight indications of potential health risks for off-site workers who may be exposed through
inhalation to site-related emissions of soil COCs.  The RME cancer risk is slightly above 1 in 1,000,000
(5.8e-06).  The risk is also driven by PCE, with a total RME risk of 5.6e-06, representing 97% of the total.
The RME HI of 0.2 indicates no potential for adverse noncarcinogenic health effects. In addition, the
estimated 99th percentile blood lead level for the off-site worker exposed to site-related lead emissions from
site soils at a lead EPC of 3,240 mg/kg does not exceed 4 µg/dl, well below the action level of 10 µg/dl. 

The incremental RME cancer risk for the on-site construction worker is 1 in 100,000 (1.3e-05).  The risk is
primarily a result of exposure through the ingestion of benzo(a)pyrene (4.4e-06), Aroclor-1260 (2.4e-06),
and lead (1.9e-06) in soil. The RME HI of 1.1, indicates that exposure to soil containing all COPCs is
unlikely to pose a potential adverse noncarcinogenic health hazard.  The estimated RME 95th and 99th

percentile blood lead levels of workers exposed to soil lead EPCs of 3,240 mg/kg and 1,920 mg/kg are both
well above the 10 µg/dl action level.  The estimated blood lead level of the fetus of a pregnant construction
worker is also expected to exceed the blood lead action level.
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TABLE 6-1

Health Risk Summary - Exposure Pathway
Cooper Drum Company Site

COC

Groundwater Indoor Air Soil

EPC
(µg/L)

RME
Risk RME HI

RME
EPC

(µg/m3)

Residential Worker

EPC
(mg/kg)

Residential

EPC
(mg/kg)

Worker

RME  Risk RME HI RME  Risk
RME

HI RME  Risk RME HI RME Risk HI

Metals

Boron 4.8e+03 NC 3.0 NA ND NA NA ND NA NA

Cadmium 2.5e+00 1e-05 0.3 NA 4.4e+00 3e-06 0.1 1.9e+00 1e-07 0.0

Iron 5.30e+03 NC 1.0 NA 5.4e+04 5-B

Lead 1.9e+00
(1.5e+01
µg/L used
as default
value in
model)*

2e-07 NA* NA 1.9e+03 to
3.2e+03

4e-05 NA** 1.1e+02
to

3.2e+03

6e-06 NA**

Manganese 1.1e+04 NC 28.8 NA 4.8e+02 S-B

Molybdenum 3.4e+02 NC 4.4 NA ND NA NA ND NA NA

Selenium 1.6e+02 NC 2.1 NA 3.2e+00 NC 0.0 2.1e+00 NC 0.0
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COC

Groundwater Indoor Air Soil

EPC
(µg/L)

RME
Risk RME HI

RME
EPC

(µg/m3)

Residential Worker

EPC
(mg/kg)

Residential

EPC
(mg/kg)

Worker

RME  Risk RME HI RME  Risk
RME

HI RME  Risk RME HI RME Risk HI
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VOCs

Benzene 3.0e+01 3e-04 6.3 3.6e-01 4e-06 0.1 1e-06 0.0 2.0e-03 4e-08 0.0 4.0e-03 8e-08 0.0

Chlorobenzene 6.0e+01 NC 1.2 3.6e-01 NC 0.0 NC 0.0 6.7e-02 NC 0.0 6.7e-02 NC 0.0

1,4-Dichlorobenzene ND NA NA 5.7e-01 3e-06 0.0 6e-07 0.0 7.9e-02 6e-08 0.0 7.9e-02 3e-08 0.0

1,1-DCA 3.4e+02 2E-04 1.0 4.9e+00 4e-06 0.0 8e-07 0.0 2.3e-01 1e-07 0.0 4.3e-02 5e-08 0.0

1,2-DCA 9.0e+01 7e-04 20.8 2.0e-02 2e-07 0.0 5e-08 0.0 ND NA NA ND NA NA

cis-1,2-DCE 1.2e+03 NC 44.3 2.4e+01 NC 1.1 NC 0.2 1.1e+00 NC 0.0 3.9e-02 NC 0.0

1,2-DCE (total) N/A N/A N/A 4.5e-01 NA NA NA NA 1.1e-02 NC 0.0 7.0e-03 NC 0.0

1,2-Dichloropropane 4.4e+01 3e-04 15.4 3.2e-01 3e-06 0.1 6e-07 0.0 ND NA NA ND NA NA

PCE 5.3e+01 1e-04 0.5 1.2e+02 3e-04 0.5 7e-05 0.1 8.2e+00 1e-05 0.0 1.2e-01 6e-06 0.0

1,1,2-Trichloroethane 3.0e+00 2e-05 0.3 5.0e-04 4e-09 0.0 8e-10 0.0 ND NA NA NA NA NA

TCE 7.6e+02 7e-04 48.5 6.5e+00 8e-06 0.5 2e-06 0.1 3.7e-02 3e-08 0.0 3.6e-02 2e-08 0.0

1,2,3-Trichloropropane 4.5e+01 3e-02 3.4 7.0e-01 6e-04 0.0 1e-04 0.0 ND NA NA ND NA NA

Vinyl Chloride 1.3e+01 6e-04 0.4 1.6e+00 5e-05 0.0 1e-05 0.0 ND NA NA ND NA NA
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Pesticides/PCBs

Aroclor-1254 ND NA NA NA 2.1e+00 2e-05 2.0 1.4e+00 4e-06 0.1

Aroclor-1260 1.3e+00 5e-04 NA NA 5.5e+00 6e-05 NA 5.5e+00 1e-05 NA

Bis(2-ethylhexyl)
phthalate

2.0e+00 3e-06 0.0 1.8e-06 4e-08 0.0 7e-13 0.0 2.6e+00 8e-08 0.0 2.6e+00 2e-08 0.0

Dieldrin ND NA NA 4.6e-06 9e-09 0.0 2e-09 0.0 4.1e-02 1e-06 0.0 3.1e-02 2e-07 0.0

PAHs

Benzo(a)anthracene ND NA NA 4.8e-06 2e-10 NA 5e-11 NA 2.7e+00 7e-06 NA 2.7e+00 2e-06 NA

Benzo(a)pyrene ND NA NA 1.0e-06 5e-10 NA 1e-10 NA 4.3e+00 1e-04 NA 4.3e+00 3e-05 NA

Benzo(b)fluoranthene ND NA NA 6.3e-05 3e-09 NA 7e-10 NA 6.6e+00 2e-05 NA 6.6e+00 4e-06 NA

Chrysene ND NA NA 1.4e-08 6.5e-14 NA 1.5e-14 NA 4.7e+00 1e-06 NA 4.7e+00 3E-07 NA

Dibenz(a,h)
anthracene

ND NA NA 3.4e-08 2e-11 NA 4e-12 NA 1.1e+00 2e-05 NA 1.1e+00 4e-06 NA
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COC

Groundwater Indoor Air Soil

EPC
(µg/L)

RME
Risk RME HI

RME
EPC

(µg/m3)

Residential Worker

EPC
(mg/kg)

Residential

EPC
(mg/kg)

Worker

RME  Risk RME HI RME  Risk
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Indeno(1,2,3-cd) pyrene ND NA NA 1.4e-08 7e-13 NA 2e-13 NA 2.1e+00 6e-06 NA 2.1e+00 1e-06 NA

Totals 3.2e-02 186 -- 9.9e-04 3.5 2.3e-04 0.6 -- 3.3e-04 3.0 -- 6.7e-05 0.3

* Health risks based on receptor’s blood lead level exceeding 10 µg/dl action level. Blood lead levels for on-site worker and residential adult and child estimated using Cal/EPA  
LEADSPREAD Model; fetal blood lead level of exposed on-site worker estimated using USEPA adult blood lead model. (See Attachment 4 of HHRA, Appendix L, for model results.)

**  95th percentile fetal blood lead level exceeds 10 µg/dl action level at maximum concentration: 95th and 99th percentile worker blood lead levels do not exceed the action level at the
maximum EPC.

COC         Contaminant of concern
DCA dichloroethane
DCE dichloroethene
EPC Exposure point concentration
HI Hazard Index
NA Not available or applicable; COC not detected in media and/or toxicity value not derived for the COC or specific exposure route; consequently, no estimated health risks were derived.
NC Noncarcinogenic
ND Not detected; COC not present in media at concentrations above reporting detection limits or detected in less than 5% of the samples.
NA Not analyzed; COC not included among analytes for the specific sample media.
PAHs polynuclear aromatic hydrocarbons
PCBs polychlorinated biphenyls
RME Reasonable maximum exposure
S-B Screening eliminated COC from further consideration as a COPC for the specific exposure pathway: COPC was determined to be representative of background concentrations (see

Attachment 1 for screening results).
TCE trichloroethene
mg/kg Milligram per kilogram
µg/L Microgram per liter
µg/m3 Microgram per cubic meter

Notes:  Cancer risks or health hazards (HI) exceeding the respective points of departure of 1e-06 and 1are bolded.
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6.1.3 Indoor Air Pathway

Exposure to site-related COPCs in indoor air represents the most likely exposure pathway evaluated in this
HHRA.  However, the EPCs are based on estimated concentrations of COPC vapors emanating from on-site
subsurface soils and/or groundwater into indoor spaces located directly above or near the source of
contamination.  On-site workers, hypothetical on-site residents, as well as off-site workers and residents
located proximate to the Site, are potential receptors.  Although actual measured soil, groundwater, and soil
gas concentrations,  as well as certain measured soil parameters, were used, the indoor air EPCs are estimated
values derived using the revised Johnson and Ettinger Model (USEPA 1997c, 2000c).

As shown in Table 6-1, the estimated total RME cancer risks for the hypothetical on- and off-site resident
and worker exposed to site-related COC vapors in indoor air are 1 in 1,000 (9.9e-04) and 2 in 10,000 (2.3e-
04), respectively.  The estimated RME HI of 3.5 for the residential child exposed to multiple indoor air
COPCs also exceeds unity (1), and indicates a potential for adverse noncarcinogenic health effects. 
However, only one COPC, cis-1,2-DCE at an RME HI of 1.1, exceeds unity.  The cancer risk driver, as it is
for the groundwater pathway, is 1,2,3-trichloropropane, at an estimated RME risk of 6 in 10,000 (6e-04).
Other COCs include PCE (3e-04), vinyl chloride (5e-05), and TCE (8e-06).  The indoor air risk driver for
the worker as it is for the resident is 1,2,3-trichloropropane (1e-04). Other COCs contributing to the worker
risks are PCE (7e-05) and vinyl chloride (1e-05).

6.2 SITE CONTAMINANTS OF CONCERN (COCs)

This section presents the Site COCs. The COCs are determined based on the results of the RI and the HHRA.
Table 6-2 summarizes the site VOCs which are COCs. A VOC was identified as a COC if the contaminant
was detected above MCL in the groundwater and/or identified in the HHRA as a COC.   Table 6-3 presents
the non-VOC COCs.  Table 6-3 also summarizes the results from the RI and HHRA which were used for
evaluating each contaminant as a possible COC. The COCs at the Site were designated as those contaminants
identified in the HHRA to pose the greatest health risk to potential receptors.  For groundwater, it is assumed
that contamination in the shallow aquifer would eventually migrate to the deeper drinking water aquifer,
thereby creating an exposure route. This scenario would also include VOC contaminants detected in the Site
soil and soil gas, which VLEACH modeling results indicate will continue to leach from the vadose zone into
the groundwater. The HHRA also identified that the indoor air represents the most likely exposure pathway
based on estimated concentrations of contaminant vapors emanating from on-site subsurface soils and/or
groundwater into indoor spaces located directly above or near the source of contamination.  However, based
on the high soil gas concentrations in the HWA (as compared to the lower concentrations in the DPA) and
the leaching results, the VOCs in the vadose zone beneath the HWA will require remediation (see sections
9 and 10).  Therefore, the indoor air exposure pathway will be mitigated by applicable vadose zone
remediation.  Additionally, modeling results (using the EPA’s Johnson-Ettinger Model) indicate the indoor
air exposure to COCs (VOCs) will be within an acceptable risk range (1.2E0-6 or lower) by achieving health-
based cleanup levels established for soil and groundwater.  Indoor air concentrations were estimated with
the Johnson-Ettinger Model using the forecasted soil gas concentrations which would result in attainment
of leachate concentrations less than the respective MCL.  It is noted that a vadose zone data gap has been
identified at the DPA, and additional characterization will be performed during the Remedial Design for the
HWA.  Should soil and soil gas concentrations indicate leaching will impact groundwater beneath the DPA
vadose zone, remediation may also be implemented at the DPA.

Site characterization and/or HHRA  results indicate that several metals, including arsenic, antimony, iron,
lead,  manganese, and thallium are related to Site background conditions; therefore, as shown in Table 6-3,
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some of these metals are not considered to be COCs. 

The HHRA identified less mobile non-VOC contaminants (i.e., PAHs, PCBs, and dieldrin) in the shallow
soils (<= 10 feet bgs)  that may pose a health risk. As previously discussed, exposure to these soil
contaminants is an unlikely scenario because removal of the existing asphalt cover, concrete, and buildings
would be required to expose the soil.  However, RI  results have indicated that the extent of the non-VOC
contaminants (including lead)  is undefined, and further characterization is required.  Therefore, the non-
VOCs will require further evaluation and are identified in Table 6-3 as COCs.  Site-specific health-based
cleanup goals have been developed for these non-VOC contaminants (see Section 9.2) to guide future
characterization and/or remediation efforts.  It is further emphasized that any change to Site conditions may
result in potential receptor exposure to the underlying soil. 
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TABLE 6-2

 Contaminants of Concerna (COC)
Cooper Drum Company Site

Medium Contaminants  of Concern Receptor and Exposure Route
VOCs

Soil benzene
1,1-dichloroethane (1,1-DCA)
1,1-dichloroethene (1,1-DCE)
1,2,3-trichloropropane
1,2-dichloroethane (1,2-DCA)
1,2-dichloropropane (1,2-DCP)
cis-1,2-dichloroethene (c-1, 2-
DCE)
tetrachloroethene (PCE)
trans-1,2-dichloroethene (t-1,2-
DCE)
trichloroethene (TCE)
vinyl chloride

Soil contaminant migration to
groundwater resulting in human
ingestion, dermal contact, and
inhalation (vapors) of potable
drinking water supply and for
household usage (washing, bathing,
laundry, etc.)

Groundwater benzene
1,1-dichloroethane (1,1-DCA)
1,1-dichloroethene (1,1-DCE)
1,2,3-trichloropropane 
1,2-dichloroethane (1,2-DCA)
1,2-dichloropropane (1,2-DCP)
cis-1,2-dichloroethene (c-1,2-DCE)
tetrachloroethene (PCE)
trans-1,2-dichloroethene (t-1,2-
DCE)
trichloroethene (TCE)
vinyl chloride

Human ingestion, dermal contact,
and inhalation (vapors) of potable
drinking water supply and for
household usage (washing, bathing,
laundry, etc.)

NON-VOCs
Soil Aroclor-1254

Aroclor-1260
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluorathene
Benzo(k)fluorathene
Chrysene
Dibenz(a,h)anthracene
Indeno (1,2,3-cd)pyrene
Lead 

Human ingestion and dermal
contact.

a Based on contaminants detected in groundwater above MCL and/or identified in HHRA as a risk driver. 

VOC volatile organic compound

Note:   Contaminants in groundwater have also been detected in soil gas and are therefore applied to soil.
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TABLE 6-3

Non-VOC COC Summary
Cooper Drum Company Site

Contaminant RI Results HHRA Results COC (Yes/No)
SOIL- METALS

Arsenic - Above Residential PRG.
- Above Industrial PRG.
- Background based on DTSC and

state studies (DTSC 2001,
Bradford et al., 1996).

- Determined representative of
background and eliminated from
HHRA based on rank-sum test, 
DTSC and state study results.

NO

Antimony - Above Residential PRG.
- Below Industrial PRG.

- Determined representative of
background based on rank-sum
test.  Eliminated from HHRA.

NO

Cadmium - Below Residential PRG.
- Below Industrial PRG.
- Detected in 10 out of 59

samples.
- Concentration range 0.11 to 4.4

mg/kg.
- Two samples above 1 mg/kg

- Cancer risk 3e-06.
- HI - 0.1.
- Low risk range

NO

Iron - Above Residential PRG.
- Below Industrial PRG.
- Background based on State

study (Bradford et al., 1996).

- Determined representative of
background based on rank-sum
test and state study.  Eliminated
from HHRA.

NO

Lead - Above Residential PRG.
- Above Residential PRG.
- Detected above PRG in 3 out of

59 samples.
- Possible hot spots at two

locations.
- Lateral and vertical extent

undefined.

- Determined representative of
background based on rank-sum 
test.

- Carried through HHRA based on
possible hot spots and data gap.

- Blood level exceeds the 10 µg/dl
Action Level for on-site
construction worker and on-site
residential adult and child.

YES

Manganese - Below Residential PRG.
- Below Industrial PRG.

- Determined representative of
background based on rank-sum
test. Eliminated from HHRA.

NO

Thallium - Above Residential PRG.
- Below Industrial PRG.

- Determined representative of
background based on rank-sum
test. Eliminated from HHRA.

NO
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SOIL - PCBs/PESTICIDES
Aroclor -1254
Aroclor -1260

- Above Residential PRG (3
samples).

- Above Industrial PRG (5
samples)

- Detected in 12 of 59 samples
- Lateral and vertical extent

undefined in HWA.
- Not detected in DPA above

PRGs.

- Identified as COC.

YES

Dieldrin - Above Residential PRG.
- Below Industrial PRG.
- All data NJ qualified.
- Only two  samples (41 and 31

µg/kg) slightly above residential 
PRG (30).

- Detected in HWA at two borings
containing PAHs identified as
COCs.

- Cancer risk 1e-06.
- HI = 0.0.
- Low risk range.

NO

SOIL - SVOCs
Benzo
(a)anthracene

- Above Residential PRG.
- Below Industrial PRG.
- Detected 3 of 56 samples.
- Lateral extent undefined in

HWA
- Lateral and vertical extent

undefined in DPA.

- Identified as COC.

YES

Benzo(a)
pyrene

- Above Residential PRG.
- Above Industrial PRG.
- Detected in 4 of 56 samples.
- Lateral extent undefined in

HWA
- Lateral and vertical extent

undefined in DPA.

- Identified as COC.

YES

Benzo(b)
fluoranthene

- Above Residential PRG.
- Above Industrial PRG.
- Detected in 4 of 58 samples.
- Lateral extent undefined in

HWA
- Lateral and vertical extent

undefined in DPA.

- Identified as COC.

YES
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Benzo (k)
flouranthene

- Above Residential PRG.
- Below Industrial PRG.
- Detected in 3 of 58 samples.
- Lateral extent undefined in

HWA
- Lateral and vertical extent

undefined in DPA.

- Identified as COC.

YES

Chrysene - No PRGs available.
- Detected in 4 of 56 samples.
- Shallow occurrence detected in

other borings containing PAHs. 

- Identified as COC.
YES

Dibenz(a,h)a
n-thracene

- Above Residential PRG.
- Above Industrial PRG.
- Detected in 3 of 58 samples.
- Lateral extent undefined in

HWA.
- Lateral and vertical extent

undefined in DPA.

- Identified as COC.

YES

Indeno (1,2,3-
cd) pyrene

- Above Residential PRG.
- Below  Industrial PRG.
- Detected in 4 of 57 samples.
- Lateral extent undefined in

HWA.
- Lateral and vertical extent

undefined in DPA.

- Identified as COC.

YES

GROUNDWATER
Arsenic - Above MCL.

- Detected in all on-site wells
including upgradient monitor
well.

- Detected in all wells located
immediately east of site (Former
Dial site).

- Detected in wells located north
and upgradient of the site (Jervis
Webb site).

- Considered background based
on off-site and upgradient
detections in monitor wells. 

- Determined representative of
background and eliminated from
HHRA based on RI results and
off-site upgradient detections. NO

Boron - Analyzed for in one on-site well.
- Detected in all five off-site wells
- Detection in on-site well order

of magnitude lower (600 vs
4,800 µg/L)

- No MCL.

- Noncarcinogenic.
- HI = 3.0.
- Low risk range. 

NO
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Cadmium - Detected in 4 out of 33 samples.
- Detected at 0.33, 0.35, 1.4, and

2.5 µg/L.
- Below MCL of 5 µg/L.

- Cancer risk 1e-05.
- HI = 0.3.
- Low-risk range.

NO

Iron - Detected in all samples.
- No MCL.

- Noncarcinogenic.
- HI =1.0.
- Low risk range.

NO

Manganese - Detected in all samples.
- Order of magnitude lower in site

background well.
- Consistently order of magnitude

higher in off-site wells as well as
on-site wells indicating
background.

- Identified as background in soil.
- No primary MCL.

- Noncarcinogenic
- HI = 28.8.

NO

Molybdenum - Sampled for in only one on-site
well (EW-2 at 330 µg/L).

- Detected in all off-site wells.
Concentration range from 5 to
140 µg/L.

- Detected in 4 wells at upgradient
Jervis Webb site at concentration
range of 470 to 1,100 µg/L.

- No MCL.

- Noncarcinogenic.
- HI = 4.4.
- Low -risk range.

NO

Selenium - Detected in 2 out of 33 samples.
- Positive detections at same

on-site well.  MW-5 at 7.2 and
163 µg/L.

- Not detected at well 50 feet
downgradient (EW-1).

- Selenium appears to be confined
to one well or data point is
anomalous.

- Above MCL of 50 µg/L.

- Noncarcinogenic.
- HI = 2.1.
- Low risk.

NO

Aroclor-1260 - Detected in a duplicate sample
from MW-2 at 1.3 µg/L.

- Data considered anomalous.
- Well recommended to be

resampled for PCBs to confirm
anomaly.

- Previous two rounds showed no
detections.

- Cancer risk 5e-o4.
- HI not applicable.

NO
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COC contaminant of concern
DTSC Department of Toxic Substances Control
HI hazard index
HWA hard wash area
MCL maximum contaminant level
mg/kg milligrams per kilogram
PAH polycyclic aromatic hydrocarbons
PCB polychlorinated biphenyl
PRG preliminary remediation goal
RI remedial investigation
SVOC semivolatile organic compound
VOC volatile organic compound
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7.0  SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

7.1 SUMMARY

This section summarizes the RI field activities, nature and extent of Site contamination, results of the HHRA,
and the identification of Site COCs. 

7.1.1 Remedial Investigation Activities

Phase 2 RI field activities were conducted between October 1996 and March 2001.  Soil investigation
activities included the collection and analysis of soil samples from soil and CPT borings, located both on and
off site.  The groundwater investigation included the installation of five monitor wells and two extraction
wells.  Water samples from the monitor and extraction wells, together with depth-discrete samples from the
CPT borings, were collected and analyzed, and aquifer tests were performed on the extraction wells.  The
soil vapor investigation included completion of soil gas borings, a vapor extraction well, and soil vapor
monitoring probes.  Soil gas samples were collected, and a soil vapor extraction pilot test was conducted.

7.1.2 Physical Characteristics

Hydrogeology 

• Interpretation of lithologic boring data indicates the presence of a shallow aquifer system, which
includes a perched zone, and a deeper aquifer system. 

• The perched aquifer is encountered at a depth of approximately 35 feet, and is approximately
5 feet thick. Saturation of this unit is intermittent, based on water level data collected in 1992
and 1996 which did not indicate the presence of a perched zone.

• The perched aquifer is included within what is interpreted to be the Bellflower Aquiclude, which
extends to a depth of 60 to 70 feet bgs, including approximately 15 feet of fine-grained material
beneath the perched aquifer.

• The fine-grained material within the lower portion of the Bellflower Aquiclude acts as a semi-
confining layer, based on the observations of saturation during completion of borings at a depth
of approximately 55 feet bgs, followed by measurement of water levels at 45 feet bgs.

• The lower unit of the shallow aquifer system, which extends from 55 bgs to approximately 100
feet bgs, is interpreted as the Gaspur Aquifer. The lithology of this aquifer transitions from silty
fine sands in the vicinity of the Site, to coarser-grained material to the east in the vicinity of the
ELG Metals site.

• The upper portion of the deeper aquifer system, which was encountered by site borings at a
depth of about 110 feet bgs, is interpreted to consist of the Exposition Aquifer. This aquifer
extends beneath the Site to a depth of at least 200 feet bgs, the maximum depth of Site borings.

• Groundwater flow beneath the HWA is to the southeast. Beneath the eastern portion of the Site
along Rayo Avenue, the groundwater flow direction is southerly.

Aquifer Tests

• Aquifer tests conducted on EW-1 and EW-2 provide results within the same order of magnitude
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for both wells, and indicate aquifer properties consistent with a silty sand to clean sand.

Ecological Scoping Assessment

• No valued habitats for birds or mammals exist at the Site, and the available habitat for vegetation
and soil invertebrates is limited by the industrial nature of the Site.  A screening-level ecological
risk assessment is not recommended. 

7.1.3 Nature and Extent of Contamination

Soil and Vadose Zone

• Two VOCs were detected in soil at concentrations exceeding PRGs; PCE was detected in the
DPA and 1,2,3-trichloropropane in the HWA.  Based on 1989 data, there is a data gap with
respect to the lateral and vertical extents of VOCs beneath the drum processing building.

• SVOCs (PAHs), PCBs, and dieldrin in excess of industrial PRGs were reported for shallow soil
samples immediately beneath the pavement at locations within the DPA and HWA.  The lateral
and vertical extents of shallow SVOC impacts in the HWA and DPA are undefined.  

• Although concentrations of several metals were reported in excess of residential PRGs, the
occurrence of metals in Site soils is considered as naturally occurring background based on
statistical testing and comparison to metals background studies in the literature.  However, based
on possible hot spots and a data gap for lead with respect to lateral extent in the HWA and
lateral and vertical extents in the DPA, this metal was designated as a COC in soil.

• VOC soil gas plumes originate within both the DPA and the HWA.  The HWA plume with
concentrations in excess of 1,000 ppbv extends approximately 200 feet north to south and 150
feet east and west . The DPA plume is shallower and not as laterally extensive.

Groundwater

• A groundwater plume characterized by TCE and cis-1,2-DCE originates at the HWA and has
migrated off Site to the south.

• In addition to the groundwater plume which originates from sources on the Site, three other
plumes have been identified which have off-site sources.

• Only minor impacts (0.6 µg/L cis-1,2-DCE ) have occurred within the Exposition Aquifer.

• Vadose zone VOC contamination within the DPA has shown minimal (<MCLs) impacts to
groundwater.

• Groundwater occurrences of arsenic and other metals at concentrations exceeding MCLs are
considered to be naturally occurring.

7.1.4 Human Health Risk Assessment and Identification of Site COCs

The following conclusions are based on the Baseline Human Health Risk Assessment (Appendix L) and the
development of Site COCs presented in Section 6.
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• The principal COCs for the groundwater pathway are 1,2,3-trichloropropane, TCE, 1,2-DCA,
vinyl chloride, and 1,1-DCA. Other COCs contributing to the overall risk include benzene, 1,2-
dichloropropane, PCE, and 1,1,2-trichloroethane.  Exposure to COCs detected in groundwater
poses the greatest health risk to potential receptors.  However, exposure to chemicals in
groundwater presupposes that wells would be constructed to access the shallow water bearing
zone underneath the site and the water would be used as an untreated water supply for domestic
use.

• The principal cancer risk driver for the soil pathway is benzo(a)pyrene, along with the PCB,
Aroclor-1260, lead, benzo(b)fluoranthene, and dibenz(a,h)anthracene.  The estimated total RME
cancer risks for the hypothetical on-site resident and worker exposed to COPCs in on-site soils
are 3 in 10,000 (3.3e-04) and 7 in 100,000 (6.7e-05), respectively.  Exposure to chemicals in soil
presupposes the existing cover of asphalt concrete (95% of Site) would be removed and contact
with soil would be possible.

• Exposure to Site COCs in indoor air, by on- or off-site workers and residents,  represents the
most likely exposure pathway evaluated in the HHRA. The estimated total RME cancer risks for
the hypothetical on-site resident and on-site worker 9.9 x 10-4 and 2.3 x 10-4  respectively.
Exposure to chemicals in indoor air presupposes the asphalt concrete would be removed and
buildings would be built on the Site.  Currently, the only enclosed office area is on the west side
of the site away from the VOC hot spot. 

7.2 CONCLUSIONS

Based on the data collected during the remedial investigation, the following conclusions can be made about
the Site:

• Areas of soil within the HWA and DPA have been impacted with SVOCs (PAHs).  The impacts
of PAHs are limited to the shallow surface soils at depths of 1 foot bgs and shallower.  The
lateral extent of these impacts is not fully defined at soil borings SB-11 in the HWA, and SB-13
and SB-14 within the DPA 

• Areas of soil within the HWA have been impacted with PCBs and pesticides (dieldrin).  The
lateral and vertical extents of these impacts have not been fully defined in the vicinity of SB-9
and SB-10, and the lateral extent has not been fully defined at SB-11.

• Arsenic, antimony, iron, lead, and thallium concentrations in soil exceed residential PRGs.
Based on site distribution and statistical comparison to background concentrations, these metals,
with the possible exception of lead, are considered to be naturally occurring background
constituents.  The lead occurrences also generally appear to be naturally background, with the
exception of samples from borings SB-9 and SB-14, which may be indicative of hot spots within
the HWA and DPA. 

• VOCs in soil gas beneath the former HWA will continue to migrate to groundwater, contributing
to existing groundwater impacts.  VOCs in soil gas represent the most likely exposure pathway,
assuming removal of the asphalt concrete and construction of buildings.

• The groundwater flow direction is to the southeast at the HWA, and southerly at and east of
Rayo Avenue.
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• Past drum recycling activities have impacted the shallow aquifer with VOC contamination in
the eastern portion of the site.  The VOCs most commonly detected are TCE, cis-1,2-DCE, 1,2-
DCA, and trans-1,2-DCE.  This groundwater contamination extends off site along Rayo Avenue.
Laterally, the downgradient southern extent of these impacts are undefined.  Impacts to the
deeper Exposition Aquifer are slight, and appear to be limited to 0.6 µ g/L of cis-1,2-DCE  in
the uppermost portion of this aquifer. 

• VOC plumes to the west, northeast, and southeast of the Site have originated from off-site
sources.

7.3 RECOMMENDATIONS

The following recommendations are based upon findings of the Phase 2 remedial investigation:

• Installation of four to five well pairs off site to assess lateral and vertical extent of down-gradient
groundwater impacts, and to further assess groundwater gradients across the site. These well
pairs would be completed in the lower portion of the Gaspur Aquifer and the upper portion of
the Exposition Aquifer.  The proposed locations of these wells are depicted in Figure 7-1.  The
locations of these wells should be refined based on CPT and depth discrete groundwater
sampling.

• Implementation of quarterly groundwater monitoring to identify seasonal and long-term trends,
and establish a baseline to assess remediation progress.

• Additional soil sampling is recommended to assess the lateral extent of shallow PAHs at SB-11
in the HWA, and in the vicinity of SB-13 and SB-14 in the DPA.

• Additional soil sampling is recommended to assess the lateral and vertical extents of PCBs and
pesticides within the HWA in the vicinity of SB-9 and SB-10, and the lateral extent in the
vicinity of SB-11.

• Additional soil and soil gas sampling is recommended to assess the concentration and extent of
VOC contamination beneath and adjacent to the DPA 

• Based on possible hot spots and a data gap for lead with respect to lateral extent in the HWA and
lateral and vertical extents in the DPA, this metal was designated as a COC in soil. Additional
sampling is recommended in these areas to further assess the lateral and vertical extents of lead
impacts.
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8.0  APPLICABLE AND RELEVANT 
AND APPROPRIATE REQUIREMENTS

Under the CERCLA, a remedial action, upon completion, must meet ARARs.  The ARARs can be defined
as requirements in promulgated environmental laws as they relate to on-site remedial actions.  On-site
includes the areal extent of contamination and all suitable areas in proximity to the contamination necessary
for implementation of the response action at the Site (40 Code of Federal Regulations [CFR] §300.5).  Off-
site actions are not addressed through this ARARs evaluation and must comply with all applicable local,
state, and federal administrative and substantive requirements.

In some situations, ARARs may not be available or adequately address protection of human health and the
environment.  Where ARARs do not sufficiently address a situation, to-be-considered (TBC) documents
(e.g., nonpromulgated advisories, criteria, guidance, or proposed standards) issued by federal and state
agencies were identified (40 CFR §300.400.g.3).  These TBC documents are not enforceable nor are they
legally binding and do not have the same status as ARARs.  However, guidance documents are considered
when developing cleanup levels and evaluating risks to human health or the environment.

These ARARs and TBC documents, in conjunction with the overall protection to human health and the
environment criterion, form the threshold criteria (i.e., threshold, primary balancing, and modifying criteria)
to evaluate remedial alternatives and meet when selecting a remedial action.  The ARARs and TBCs
identified during the RI\FS are preliminary.  The final determination of ARARs will not be made until the
remedy for the Cooper Drum Site is selected and documented in the decision documents, including the
Proposed Plan and the Record of Decision (ROD).

8.1 ARARs DEFINITION

The ARARs are defined in the CERCLA to include:

• Any standard, requirement, criterion, or limitation under federal environmental law.

• Any promulgated standard, requirement, criterion, or limitation under a state environmental or
facility-siting law that is more stringent than the associated federal standard, requirement,
criterion, or limitation.

An ARAR may be either “applicable,” or “relevant and appropriate.”  These terms are defined in the National
Oil and Hazardous Substance Contingency Plan (referred to as the National Contingency Plan [NCP]) (40
CFR §300.5) to include:

• Applicable requirements are those cleanup standards, standards of control, or other substantive
environmental protection requirements, criteria, or limitations promulgated under federal or state
environmental or facility siting laws that specifically address a hazardous substance, pollutant,
contaminant, remedial action, location, or other circumstance found at the site.
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• Relevant and appropriate requirements are those cleanup standards, standards of control, and
other substantive environmental protection requirements, criteria, or limitations promulgated
under federal or state environmental or facility siting laws that are not “applicable” to the site
but address problems or situations sufficiently similar to those encountered at the CERCLA site
that their use is well suited to the particular site.

The potential ARARs in this document represent the most stringent of the state and federal requirements.
When considering the substantive state requirement for the Site, only those promulgated state requirements
that are identified by the state in a timely manner and that are more stringent than federal requirements are
considered ARARs (CERCLA §121(d)(2)(A)(ii)).

The timing and stringency criteria are applied to the state requirements prior to identification as potential
ARARs in this document.  For example, the state identified the California Environmental Quality Act
(CEQA) as an ARAR (SWRCB, 1992; RWQCB, 2002).  CEQA is an informational document used by
California public agencies in the decision making process with requirements that are no more stringent than
the environmental review conducted through CERCLA.  Prescribed CERCLA procedures for evaluating
environmental impacts include selecting remedial action with feasible mitigation measures, providing for
public participation and review, and evaluating short- and long-term impacts to human health, procedures
that are substantially equivalent to the CEQA requirements.  Because the state and federal requirements
through CERCLA are no less stringent than CEQA requirements, EPA has determined that CEQA is not an
ARAR.

The state agencies have published or provided state requirements relevant to their agency jurisdiction
(SWRCB, 1992; RWQCB, 2002; CDFG, 2002).  The application of these requirements to the Site was
evaluated and presented in Table 8-1.

TABLE 8-1

Cooper Drum RI/FS
COCs and MCLs

Contaminant of Concern
Chemical Abstract

Service Number
California Primary MCL a

(micrograms per liter)

Federal Primary MCLb

(micrograms per liter)
1,1-Dichloroethane 75-34-3 5.0 none
1,1-Dichloroethene 75-35-4 6.0 7.0
trans-1,2-Dichloroethylene 156-60-5 10.0 100.0
1,2-Dichloroethane 107-06-2 0.5 5.0
1,2-Dichloropropane 78-87-5 5.0 5.0
1,2,3-Trichloropropane 96-18-4 0.005 c none
Benzene 71-43-2 1.0 5.0
cis-1,2-Dichloroethylene 156-59-2 6.0 70.0
Tetrachloroethylene 127-18-4 5.0 5.0
Trichloroethylene 79-01-6 5.0 5.0
Vinyl Chloride 75-01-4 0.5 2.0
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TABLE 8-1  (Cont’d)

Cooper Drum RI/FS
COCs and MCLs

a MCLs from Title 22 California Code of Regulation Section 64431 and 64444 unless otherwise specified.
b MCLs from Title 40 Code of Federal Regulations Part 141. 
c No MCL established. California Action Level identified for 1,2,3-Trichloropropane (see Section 8.3.4 To-Be-Considered

Documents)

COC contaminant of concern
MCL maximum contaminant level
RI/FS Remedial Investigation/Feasibility Study

Note: Bold indicates potential ARARs.

Although nonenvironmental laws are not discussed as ARARs, including worker safety laws, the hazardous
waste worker safety regulations are acknowledged as part of any remedial activity on site.  The remedial
activity selected for the site is anticipated to conform to the California worker safety regulations for
Hazardous Waste Operations and Emergency Response [HAZWOPER] (Title 8, California Code of
Regulations [CCR] §5192 et seq.).  Employee safety requirements are provided for cleanup operations or
hazardous substance removal work required by a governmental body.  The California regulations have
incorporated the HAZWOPER requirements (29 CFR §1910.120 et seq.) and are considered more stringent
than federal requirements.  Additionally, any off-site activity must comply with all applicable substantive
and administrative regulatory requirements.

8.2 ARAR WAIVER PROVISIONS

Specific circumstances in which ARARs may be legally waived are established in CERCLA (CERCLA
§121.d.4).  There are six waiver criteria available, including interim measures, greater risk to health and the
environment, technical impracticability, equivalent standard of performance, inconsistent application of state
requirements, and fund balancing.  The criteria and circumstances in which a waiver may be applied are:

• Interim Measure—The remedial action selected is only a part of the total remedial action that
will attain such level or standard of control when completed;

• Greater Risk to Health and the Environment—Compliance with the requirement will result in
greater risk to human health and the environment than alternative operations;

• Technical Impracticability—Compliance with the requirement is technically impracticable from
an engineering perspective;

• Equivalent Standard of Performance—The remedial action selected will attain a standard of
performance that is equivalent to that required under alternative applicable standards,
requirements, criteria, or limitations, through use of another remedial action;

• Inconsistent Application of State Requirements—With respect to state standards, requirements,
criteria, or limitations, the state has not consistently applied (or demonstrated the intention to
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consistently apply) the standard, requirement, criterion or limitation in similar circumstances at
other remedial actions within the state; or

• Fund Balancing—In case of a remedial action to be undertaken solely under CERCLA §104
using the Fund, selection of a remedial action that attains such level or standards of control will
not provide a balance between the need for protection of public health and welfare and the
environment at the facility under consideration, taking into consideration the relative immediacy
of such threats.

8.3 SITE-SPECIFIC ARARs

The identification and documentation of potential ARARs and TBCs  was accomplished using EPA guidance
in conjunction with a review of federal and state laws, regulations, and policies (EPA, 1988).  TBCs were
identified using guidance documents available from federal and state agencies and engineering judgment.

Potential ARARs are presented in three categories based in the manner in which they are applied to the Site;
chemical-, location-, and action-specific ARARs.  The ARARs documentation provides  rationale for the
decision that chemical-, location-, and action-specific requirements are applicable, or are relevant and
appropriate for the Site, for each remedial action alternative that passed through the screening process and
into the detailed analysis.  Within the three categories, the requirements are further organized by federal
ARARs followed by state ARARs and the TBC documents.  A description of categories followed by the
principal requirements within each category is provided below.

Documentation of all the ARARs is provided in Table 8-2. 

8.3.1 Chemical-Specific ARARs

The potential chemical-specific ARARs are health- or risk-based concentration limits, numerical values or
methodologies for various environmental media (e.g., groundwater and soil) and establish the acceptable
amount or concentration of a chemical that may be found in or discharged to the environment.  Chemical-
specific requirements are available and are presented for the contaminated aquifer.  However, there are no
chemical-specific ARARs for soils.  Because the soil presents a potential source of continuing groundwater
contamination, the chemical-specific requirements for soil emphasizes environmental protection of the
aquifer.  Chemical-specific TBC human health advisories and risk assessment guidance documents
addressing the soil contaminants are presented in the Cooper Drum human health risk assessment (URS,
2001).

Federal Chemical-Specific Requirements

• Federal Primary Drinking Water Standards (40 CFR Part 141).  Federal primary MCLs under
the Safe Drinking Water Act (SDWA)  protect the public from contaminants that may be found
in drinking water.  The MCLs are only applicable “at the tap” for drinking water provided to 25
or more people or water systems with 15 or more service connections.  Because groundwater
underlying the Site is not used as a drinking water source but is identified by the state as a
potential source of drinking water, the requirements are relevant and appropriate to the aquifer
underlying the Cooper Drum Site.  The federal MCLs for the Site contaminants of concern
(COCs) are presented in Table 8-1.
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State Chemical-Specific Requirements

• Primary Drinking Water Standards (22 CCR §64431 and 64444).  California has promulgated
drinking water standards for public drinking water sources under the California Safe Drinking
Water Act (California Health and Safety Code [H&S Code] §4010 et. seq.).  California primary
MCLs are established to protect public health from contaminants that may be found in drinking
water sources.

Although the contaminated aquifer below the Site is characterized as shallow groundwater of
poor quality water, the aquifer is semi-confined with a potential for contaminant migration to
the deeper Exposition Aquifer that is used as a municipal and domestic supply.  To prevent the
potential for further migration to the lower aquifer, the drinking water standards would be
relevant and appropriate as a cleanup level for the shallow aquifer.   For some of the chemical
constituents, the California MCLs are more stringent than the federal requirements.  Only the
California MCLs more stringent than the federal MCLs are considered ARARs.  The MCLs
identified as ARARs for the Site COCs are presented in Table 8-1.

• Secondary Drinking Water Standards (22 CCR §64471).  The California secondary drinking
water standards are promulgated state standards applicable to public water system which address
the aesthetic characteristics (i.e., taste, odor, appearance) of drinking water.  California MCLs
are enforceable while the federal secondary MCLs are recommendations.  None of the COCs
at the Cooper Drum Site include chemicals listed with secondary drinking water standards.
Therefore, the California secondary MCLs are not ARARs for this Site.

• Special Monitoring Requirements for Unregulated Organic Chemicals (22 CCR §64450).  There
are nine unregulated chemicals required to be monitored by purveyors of drinking water systems.
Unregulated chemicals requiring monitoring are “unregulated” in that they lack promulgated
MCLs.  However, these chemicals are included in the special monitoring regulation which
became effective January 3, 2001.  Although these special monitoring regulations contain only
notification and reporting requirements and are therefore not considered ARARs,
1,2,3-trichloropropane is an unregulated organic chemical and is also a COC for the Site.  A
California Action Level (AL) has been developed for 1,2,3-trichloropropane and is discussed
further in the TBC guidance section.

• California Water Code Section 13240 et seq.  The Water Quality Control Plan for the Los
Angeles Region (Basin Plan, adopted November 19, 1992) contains numerical and narrative
water quality objectives for waters of the state that ensure protection of beneficial uses and
prevention of nuisances affecting beneficial use.  These objectives are not merely restricted to
surface water but also apply to groundwater (SWRCB, 1992).  Promulgated numerical water
quality objectives may be chemical-specific ARARs.  Nonpromulgated mechanisms or theories
on how to derive a numerical water quality objective or meet a numerical water quality goal may
also be ARARs if specific regulations are promulgated implementing the goal (55 FR 8746,
March 8, 1990).

The numerical water quality objectives for groundwater supply used as a domestic or municipal
supply (MUN) are based on the drinking water standards.  Because the primary MCLs have
already been identified as ARARs for the COCs at the Site, the numerical water quality
objectives in the Basin Plan are addressed through the primary MCLs as chemical-specific
ARARs.
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Similarly, the RWQCB’s narrative water quality objectives for groundwater are addressed
through the primary MCLs.  The narrative water quality objectives establish that “groundwater
shall not contain concentrations of chemical constituents or radionuclides in excess of the limits
specified in the following provisions (California drinking water regulations).”  Although the
designated use of the Bellflower Aquifer is not as a drinking water source, it has the potential
to impact the lower Exposition Aquifer, which is used as a drinking water source.  The
designated beneficial use is the protection of a MUN, and the numerical primary MCLs have
been promulgated and are ARARs.

As a component of some of the remedial alternatives discussed in the FS, discharge options for
extracted groundwater are discussed.  These alternatives evaluate groundwater discharge
options, including municipal stormwater drainage system, aquifer re-injection, and municipal
sewer system (i.e., POTW).  Groundwater discharge options are considered for evaluation under
the action-specific category.

• SWRCB Resolution No. 92-49.  The Policy and Procedures for Investigation and Cleanup and
Abatement of Discharges under Water Code §13304 derives its authority to maintain the highest
quality of water (SWRCB Resolution No. 68-16) through waste discharge requirements as
implemented through the federal National Pollutant Discharge Elimination System (NPDES) or
RWQCB waste management and discharge requirements (27 CCR §20200 et seq.).

The only substantive requirement is identified in SWRCB Resolution No. 92-49, Section III.G.
The section requires cleanup either to background water quality, or the best water quality which
is reasonable if background cannot be restored.  A selected alternative cleanup level greater than
chemical background concentration for the aquifer would have to be consistent with maximum
benefit to the public, the present and anticipated future beneficial uses, and conform to water
quality control plans and policies.

SWRCB Resolution No. 92-49 is also relevant and appropriate for soil at the Site.  Attainment
of this requirement is consistent with the objective of soil remediation at the Site.  Contaminated
soil must be remediated to a concentration that does not exhibit a continuing source of
contamination to groundwater, the preventing attainment of groundwater cleanup levels.

Establishment of organic and inorganic cleanup levels of background at the Site is neither
technologically nor economically feasible.  Groundwater data upgradient of the Site indicate the
Bellflower Aquifer exhibits a regional VOC contamination.  Arsenic concentrations in the soil
and groundwater samples also indicate contaminants are not source-specific to the Site.  To
document the infeasibility of establishing background cleanup levels, a technical and economical
feasibility analysis (TEFA) is completed as provided in the California regulation establishing
concentration limits for nonhazardous waste (27 CCR §20400 et seq.).

8.3.2 Location-Specific ARARs

The potential location-specific ARARs are substantive restrictions placed on the chemical contaminant or
the remedial activities based on the Site’s geographic or ecological features.  Examples of location-specific
features include floodplains, seismic faults, wetlands, historic places, and sensitive ecosystems or habitats.
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Federal Location-Specific Requirements

• National Historic Preservation Act (16 United States Code [USC] §470 et seq.).  The
requirements of the National Historic Preservation Act are applicable to the Site if the remedy
impacts any historic site protected under the Act.  Historic sites and cultural resources have not
been identified at or within proximity to the Site which may be affected by the remedial activity
being evaluated.  This requirement is not identified as an ARAR, and further evaluation of this
ARAR is not necessary.

• Floodplains (Executive Order 11988).  Executive Order 11988 requires all federal agencies
conducting activities in floodplains to minimize the impact of  floods on human safety, health,
and welfare, and to restore and preserve the natural and beneficial values served by floodplains.
The Site is located in a portion of the City of South Gate that has not been identified by the
Federal Emergency Management Agency (FEMA) to be within a 100-year floodplain.  This
requirement is not identified as an ARAR, and further evaluation of this ARAR is not necessary.

• Endangered Species (16 USC §1531 et seq.; 50 CFR Part 402).  The Federal Endangered Species
Act requires action to conserve endangered species and critical habitats.  The Site is located in
a developed urban land use zone designated for industrial use, and endangered species have not
been identified at the Site.  This requirement is not identified as an ARAR, and further
evaluation of this ARAR is not necessary.

• Migratory Bird Treaty Act (16 USC §703; 50 CFR §10.1 et seq.).  Unless and except as
permitted by federal regulations, migratory birds are protected.  Migratory birds include
migratory game birds and nongame birds.  It is unlawful to pursue, hunt, take, capture, or kill
any migratory bird or nest or eggs of any such bird.  None of the alternatives being evaluated
anticipate disturbance of migratory birds or avian habitat.  This requirement is not identified as
an ARAR, and further evaluation of this ARAR is not necessary.

State Location-Specific Requirements

• Seismic Consideration (22 CCR §66264.18.a).  This requirement applies to portions of new
hazardous waste facilities where treatment, storage, or disposal of hazardous waste will be
conducted.  The affected areas must not be located within 61 meters (200 feet) of a fault which
has had displacement in Holocene time.  Active and nonactive faults have not been identified
within 200 feet of the Site.  This requirement is not identified as an ARAR, and further
evaluation of this ARAR for seismic considerations is not necessary.

• Floodplains (22 CCR §66264.18.b).  The California hazardous waste regulations require
hazardous waste facilities constructed within a 100-year flood plain to minimize adverse impacts
of washout in the floodplains.  The Site is located in a portion of the City of South Gate that has
not been identified by the FEMA to be within a 100-year floodplain.  This requirement is not
identified as an ARAR, and further evaluation of this ARAR is not necessary.

• Fish and Game Code §5650.  The requirements prohibit the deposition into waters of the state
petroleum products, factory refuse, and any substance deleterious to fish, plants, or birds. This
requirement does not apply to discharges or release authorized through waste discharge
requirements issued by the RWQCB. This section is not an ARAR because none of the
alternatives evaluate surface water releases.
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8.3.3 Action-Specific ARARs

The potential action-specific ARARs are usually technology- or activity-based requirements for remedial
activities.  The action-specific ARARs presented are intended to address the remedial alternatives being
evaluated in the FS that may be applied to the Site.

State Action-Specific Requirements

• California Hazardous Waste Laws.  On July 26, 1982, the federal Resource Conservation and
Recovery Act (RCRA) requirements were promulgated.  California received EPA authorization
to administer and implement a state hazardous waste management program which is more
stringent than the federal RCRA program.  Authorization to enforce the federal requirements is
received only after the RCRA requirements are incorporated into California’s hazardous waste
regulations.  Those portions of the RCRA program presented in this report have received
authorization by EPA and have been incorporated into the California regulations.  The California
Hazardous Waste Control Law, Chapter 6.5 of Division 20 of the California H&S Codes, and
the regulations of Title 22 CCR are therefore referenced in this report in lieu of the RCRA.

The two methods for characterizing hazardous waste are RCRA-listed (i.e., source and non-
source specific) and by characteristics (i.e., ignitability, corrosivity, reactivity, and toxicity).  For
CERCLA actions which involve treatment, storage, or disposal of hazardous waste after July 26,
1982, the hazardous waste standards will generally be applicable.  If federal hazardous waste
was treated, stored, or disposed at the Site before the effective date of these standards, the
standards would be relevant and appropriate (EPA, 1988).

From 1941 until 1992, the former Cooper Drum Company had reconditioned closed-topped,
steel drums that previously held a variety of industrial chemicals.  In April 1987, highly caustic
liquid waste, resulting from the caustic wash water from the drum recycling process line located
in the building migrated via underground seepage from the Cooper Drum Site.  In 1987, the City
of South Gate also closed four municipal wells due to VOC contamination.  Contamination of
these wells could not be attributed solely to the Site because other VOC contamination sites
were proximate to the Copper Drum Site.

Considering the Site-operating time frame and the potential for other off-site VOC sources
involved, there is not sufficient information to classify the COCs in the soil and groundwater as
an RCRA-listed hazardous waste.  Because the COC concentrations in the soil and groundwater
are low and do not exceed the hazardous waste characteristics, the specific hazardous waste
requirements that may be relevant and appropriate (i.e., an ARAR) to the Site are discussed in
the comprehensive tabular summary of ARARs (Table 8-2).

• SWRCB Resolution No. 88-63.  The SWRCB resolution Sources of Drinking Water specifies,
with certain exceptions, all groundwater and surface waters have the beneficial use of municipal
or domestic water supply.  Since SWRCB Resolutions No. 68-16 and 92-49 focus on the
protection of groundwater for beneficial uses, the definition of drinking water sources is an
important consideration for this Site.  To determine compliance with  SWRCB Resolutions No.
68-16 and 92-49, the water quality of the contaminated area and the receiving water is necessary.

For groundwater below the Site, an aquifer would be considered to be suitable or potentially
suitable as a municipal or domestic water supply with the exception of water sources that:
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- Yield water with the TDS exceeding 3,000 milligrams per liter (mg/L);

- Contain natural or anthropogenic contaminated water that cannot be reasonably treated for
domestic use using either Best Management Practices or best economically achievable
treatment practices; or 

- Are not capable of sustaining 200 gallons per day through a single well.

The shallow aquifer located beneath the Site has been characterized as semi-confined and is not
known to discharge to surface water.  It is a shallow aquifer of poor quality water containing
natural high levels of arsenic.  Samples taken from this aquifer have exceeded the 3,000 mg/L
TDS limitation.  However, the TDS concentrations have not been consistently exceeded for all
the monitoring wells screened in the shallow aquifer.  Regardless of the water quality exhibited
by the shallow aquifer, it is semi-confined with a potential for contaminants to migrate to the
deeper Exposition aquifer that is used as a municipal and domestic supply (i.e., drinking water
supply).

Therefore, SWRCB Resolution No. 88-63 is applicable (i.e., an ARAR) to the Site, and the
shallow aquifer should be treated as a potential source of drinking water for protection under
SWRCB Resolutions No. 68-16 and 92-49.

• SWRCB Resolution No. 68-16.  The Statement of Policy With Respect to Maintaining High
Quality of Waters in California is the state’s antidegradation policy that provides a narrative
standard which requires that high quality surface water and groundwater be maintained to the
maximum extent possible.

Any waste discharge to existing high quality waters will be required to meet waste discharge
requirements which will result in best practical treatment technology, ensuring that a pollution
or nuisance will not occur and the highest water quality consistent with maximum benefit to the
people of the state will be maintained.  Determination is made through a two-step process to
determine (1) whether further degradation may be allowed, and (2) the discharge level which
will result in the best practicable treatment or control of the discharge.

EPA has determined that Resolution No. 68-16 is not a chemical-specific ARAR for setting
aquifer cleanup standards but is applicable to treatment technologies with active discharges to
surface water or groundwater.  Antidegradation requirements apply prospectively and only
obligate EPA to prevent further degradation of the water during and at completion of the cleanup
action (EPA, 1990).

Therefore, Resolution No. 68-16 is an action-specific ARAR applicable to remedial alternatives
that include surface water discharges, ponding basins, or groundwater re-injection.  Groundwater
re-injection is a potential option for the disposal of treated groundwater at the Site.  EPA’s
position is that only COCs identified for the Site shall be treated.  Treated groundwater injected
within the footprint of a contaminated plume will be treated to at least the concentration level
in the groundwater at the point of re-injection, but not greater than the drinking water standard.
Re-injection outside the contaminated plume must be less than the MCL standard at which the
discharger can be expected to achieve using reasonable control measures at the point of re-
injection (EPA, 1993).

Arsenic levels greater than the drinking water standard have been detected in the aquifer
underlying the Site.  Preliminary water samples taken up-gradient and west of the Site indicate
that these are natural occurring concentrations and are not a result of a contaminant release from
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the Site.  EPA believes alternatives evaluating reinjection of treated groundwater with
background arsenic concentration into the same aquifer would not constitute degradation of the
aquifer and is consistent with Resolution No. 68-16.

• Waste Classification and Management (27 CCR §20200 et seq.).  Waste removed from the
immediate place of release is disposed in accordance with the waste classification and
management requirements to the extent feasible (27 CCR §20090.d).  Presumably, excavated
contaminated soil would be treated until nonhazardous and inert (27 CCR §20230).  Inert wastes
would not need to be discharged at a SWRCB classified waste management unit and could be
reused at the Site.  Because alternatives being proposed or evaluated include soil excavation as
a response action, this requirement is an ARAR for this Site.

• Water Quality Monitoring and Response Programs for Solid Waste Management Units (27 CCR
§20385 et seq.).  The monitoring requirements apply to all determinations of alternative cleanup
levels for unpermitted discharges to land of solid waste, pursuant to SWRCB Resolution No.
92-49, Section III.G.  The provisions of the Detection, Evaluation, and Corrective Action
monitoring requirements were developed for the purposes of detecting, characterizing, and
responding to releases to groundwater, surface water, or the unsaturated vadose zone.  Because
the Site has completed the Superfund process through the RI/FS phase, the detection and
characterization monitoring requirements are not relevant to the Site.  However, corrective
action monitoring to demonstrate completion of the selected remedy at the Site would be
relevant and appropriate (i.e., an ARAR) and is further discussed in Corrective Action Program
(27 CCR §20430).

• Corrective Action Program (27 CCR §20430). Corrective action measures taken (e.g.,
groundwater pump-and-treat system) may be terminated when the discharger demonstrates that
all the COCs concentrations are reduced to levels below their respective concentration limits
throughout the entire zone affected by the release.  Completion of the correction action for the
treatment system(s) is demonstrated using the following criteria and requirements:

- The concentration of each COC in each sample from each monitoring point in the Corrective
Action Program for the Unit must have remained at or below its respective concentration
limit during a proof period of at least one year, beginning immediately after the suspension
of corrective action measures; and

- The individual sampling events for each monitoring point must have been evenly distributed
throughout the proof period and have consisted of no less than eight sampling events per
year per monitoring point.

The schedule to demonstrate compliance for corrective action appears relevant and appropriate
(i.e., an ARAR).

• South Coast Air Quality Management District (SCAQMD) Rules and Regulations.  To
implement the federal Clean Air Act, states are required to submit and adopt a state
implementation plan (SIP) for EPA approval.  The SIP addresses implementation, maintenance,
and enforcement of the national and California ambient air quality standard (AAQS).  A
significant component of the SIP is the local air pollution district regulations and rules which
are used to control emissions and attain these AAQSs.  Federal approval resulted in the SIP
being federally enforceable and considered potential ARARs for the Site.  The SCAQMD rules
and regulations addressed in this report were approved by EPA and establish the local air



Cooper Drum Remedial Investigation Feasibility Study Report Section 8.0
RAC EPA Region IX 05/15/02
URS Group, Inc. Page 8 - 11
Contract No. 68-W98-225/WA No. 047-RICO-091N

K:\04700\RI\by section\j_section 8.wpd

pollution control requirements for Los Angeles, Orange, and portions of Riverside and San
Bernardino counties.

- Regulation IV, Rule 401, Visible Emissions.  Discharge of any contaminant into the
atmosphere from any single source of emission shall not be as dark or darker than shade
No.1 on the Ringelmann Chart or of such opacity that may obscure an observer’s view to
a degree equal to or greater than shade No. 1 on the Ringelmann Chart.  This rule is a
potential ARAR.

- Regulation IV, Rule 402, Nuisance.  Discharge from any source shall not contain air
contaminants or other material, which causes injury, detriment, nuisance, or annoyance to
any considerable number of persons, or to the public.  Discharge shall also not endanger the
comfort, repose, health or safety of any such persons or the public, or cause injury or
damage to business or property.  This rule is a potential ARAR.

- Regulation IV, Rule 403,  Fugitive Dust.  The intention of Rule 403 is to reduce, prevent,
or mitigate emission of fugitive dusts from any activity or man-made condition capable of
generating fugitive dust.  Emissions of fugitive dust shall not remain visible in the
atmosphere beyond the property line of the emission source.  Activities conducted in the
South Coast Air Basin shall use best available control measures to minimize fugitive dust
emissions and take necessary steps to prevent the track-out of bulk material onto public
paved roadways as a result of their operations.  This rule is a potential ARAR.

- Regulation IV, Rule 404,  Particulate Matter  Concentration. Particulate matter in excess of
the concentration standard shall not be discharged from any source.  Particulate matter in
excess of 450 milligrams per cubic meter (0.196 grain per cubic foot) in discharged gas,
calculated as dry gas at standard conditions, shall not be discharged to the atmosphere from
any source.  Emissions shall be averaged over one complete cycle of operation or one hour,
whichever is the lesser time.  This rule is a potential ARAR.

- Regulation IV, Rule 405, Solid Particulate Matter-Weight.  Solid particulate matter
discharged into the atmosphere from any source shall not exceed the rates provided in Table
405 in this Rule.  Emissions shall be averaged over one complete cycle of operation or one
hour, whichever is the lesser time period.  This rule is a potential ARAR.

- Regulation XI, Rule 1166, Volatile Organic Compound Emissions from Decontamination
of Soil.  The purpose of Rule 1166 is to control the emission of VOCs from excavating,
grading, handling, and treating VOC-contaminated soil.  Mitigation Plans must be applied
for and obtained for excavating and grading VOC containing soil.    Mitigation Plans shall
describe how VOC emissions to the atmosphere during excavation, grading, handling, and
treatment of VOC contaminated soil will be minimized.  The mitigation plan is an
administrative requirement and is not an ARAR.

- Regulation XIII, Rule 1303, Best Available Control Technology.  Any new or modified
source of air contaminant which results in an emission increase of any nonattainment air
contaminant, ozone depleting compounds, or ammonia shall apply the best available control
technology (BACT) using the published SCAQMD BACT Guidelines.  The VOCs identified
at the Site are precusors to ozone.  This rule is a potential ARAR.

- Regulation XIV, Rule 1401, New Source of Toxic Air Contaminants.  The rule specifies
limits for maximum individual cancer risks (MICR), cancer burden, and noncancer acute
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and chronic HI from new or existing source which emit toxic air contaminants.  Sources
constructed with Best Available Control Technology for Toxics (T-BACT) should not
exceed a cumulative carcinogenic increase greater than ten in one million (1.0E-05) at any
receptor location or one in a million (1.0E-06) for sources constructed without T-BACT.
Additionally, the cumulative increase for the chronic HI should not exceed 1.0 at any
receptor location for any target organ system due to total emissions from the source.  This
rule is a potential ARAR.

8.3.4 To-Be-Considered Documents

A large number of state and federal criteria, advisories, and guidance documents are used in the development
of the baseline risk assessment.  For the sake of brevity and eliminating redundancy in documenting TBCs,
the human health and ecological risk assessment guidance documents and health advisories are referenced
in the baseline risk assessment document for the Cooper Drum Site and are not identified as TBCs in this
section.  The TBC documents presented are intended to address the state and federal guidance documents
not associated with risk assessments.

• A Compilation of Water Quality Goals – August 2000.  The RWQCB report does not establish
policy or regulation.  However, it does provide numerical water quality goals that may be used
to establish cleanup levels for surface water and groundwater.

• The Designated Level Methodology for Waste Classification and Cleanup Level Determination
– June 1989.  The RWQCB report establishes a method to determine if the quantity of a
constituent in waste could migrate to surface water or groundwater.  Since there are no
established ARARs for soil, this method is available to establish a chemical-specific
performance standard (cleanup level) for soil contaminants to prevent further migration to
groundwater.  The methodology uses generic leachability factors based on the environmental
attenuation and solubility of the COCs.

• California Action Levels (ALs). ALs are health-based advisory levels established by the
California Department of Health Services (DHS) for contaminants that lack primary MCLs. ALs
are advisory levels and not enforceable standards.  An AL is the concentration of a contaminant
in drinking water that is considered not to pose a significant health risk to people ingesting that
water on a daily basis. It is calculated using standard risk assessment methods for noncancer and
cancer endpoints and typical exposure assumptions, including a 2-liter per day ingestion rate,
a 70-kilogram adult body weight, and a 70-year lifetime.  

For 1,2,3-trichloropropane, a chemical considered a carcinogen and a COC at the Site, the AL
is generally a level considered to pose “de minimis” risk (i.e., a theoretical lifetime increase in
risk of up to one excess case of cancer in a population of 1,000,000 people—the 10E-6 risk
level).  Table 8-1 provides the California AL for 1,2,3-trichloropropane.

• California Well Standards Bulletin 74-81; 74-90.  Substantive standards for the construction of
wells have been published by the State of California.  California Well Standards Bulletin 74-81
include municipal and injection well standards.  California Well Standards Bulletin 74-90
amends Bulletin 74-81 and includes monitoring well standards.  While these standards have not
been promulgated and are therefore not ARARs, the extraction wells for municipal reuse and
injection wells at the Site will comply with substantive water well construction standards of
Bulletin 74-81 and amendments contained in Bulletin 74-90.  These standards include annular
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sealing material and construction, well casing specification, and disinfection procedures.
However, extraction and injection well siting requirements are inappropriate for the Site because
the effectiveness of the remedy is dependent upon well locations.  These California well
standards are TBCs for the Site.

To document all the potential ARARs, a comprehensive tabular summary of ARARs applied to the Site is
provided in Table 8-2.
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TABLE 8-2

Cooper Drum Feasibility Study
Potential Applicable or Relevant and Appropriate Requirements

Requirements Description Media

Applicable or
Relevant and
Appropriate

CHEMICAL-SPECIFIC ARARs
Federal Primary Drinking
Water Standards
40 CFR Part 141

Federal primary MCLs under the Safe Drinking Water Act (SDWA)  protect the
public from contaminants that may be found in drinking water.  The MCLs are
only applicable “at the tap” for drinking water provided to 25 or more people or
water systems with 15 or more service connections.  Because the groundwater
underlying the Site has been identified as a potential source of drinking water, the
requirements are relevant and appropriate to the aquifer underlying the Cooper
Drum Site.

Groundwater Relevant and
appropriate

California Primary Drinking
Water Standards
Health and Safety Code (H&S
Code) §4010 et seq.
22 California Code of
Regulations (CCR) §64431 and
64444

California primary MCLs are established to protect public health from
contaminants “at the tap” that may be found in drinking water sources. The
California MCL established for the primary contaminants are at least as stringent
as the federal standard. The shallow aquifer is semi-confined. To prevent the
potential for further migration to the lower aquifers, the MCLs would be relevant
and appropriate as a cleanup level for the shallow aquifer.

 Groundwater Relevant and
appropriate

Secondary Drinking Water
Standards
22 CCR §64471

Secondary MCLs are applicable to public water system and establish aesthetic
characteristics “at the tap” (i.e., taste, odors, appearance) of drinking water. None
of the COCs at the Cooper Drum Site include chemicals listed with secondary
drinking water standards.

 Groundwater Not an ARAR

Special Monitoring
Requirements for Unregulated
Organic Chemicals
22 CCR §64450

Nine unregulated chemicals are required to be monitored at drinking water
systems.  These unregulated chemicals lack MCLs. These chemicals are included
in the special monitoring regulation with only notification and reporting
requirements. The notification and reporting requirements are administrative and
are not considered as ARARs.

Groundwater Not an ARAR
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CHEMICAL-SPECIFIC ARARs
California Water Code §13241,
13243, 13263(a), and 13360

Authorizes the state and regional water boards to establish in Water Quality
Control Plans beneficial uses and numerical and narrative standards to protect both
surface and groundwater quality. Authorizes regional water boards to issue
permits for discharges to land, or surface, or groundwater that could affect water
quality, including NPDES permits, and take enforcement action to protect water
quality.

The permits are administrative requirements and are not considered ARARs.  The
water quality standards are ARARs but are presented below.

Groundwater
and soil

See specific
requirements
below

Water Quality Control Plan for
Los Angeles Region (adopted
11\19\92)
California Water Code §13240
et seq.

Establishes beneficial uses of ground and surface waters, establishes water quality
objectives, including narrative and numerical standards, establishes
implementation plans to meet water quality objectives (WQOs) and protect
beneficial uses, and incorporates statewide water quality control plans and
policies.  The WQOs for groundwater are based on the primary MCLs.

The Los Angeles plan designates the beneficial uses of groundwater in the Los
Angeles coastal plain to be municipal and domestic, agricultural, industrial
service, and industrial process supplies. Any activity that may affect water quality
must not result in the water quality exceeding the WQOs. Discussion of the Basin
Plan and discharge options are presented as action-specific ARARs.

Groundwater Relevant and
appropriate
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CHEMICAL-SPECIFIC ARARs
State Water Resources Control
Board (SWRCB) Resolution
No. 92-49 Policy and
Procedures for Investigation
and Cleanup and Abatement of
Discharges under Water Code
Section 13304 (amended
4\21\94) 
California Water Code §13307
23 CCR §2550.4

Establishes policies and procedures for oversight of investigations and cleanup
and abatement activities resulting from discharges of waste which affect or
threaten water quality.

Section III.G requires cleanup to attainment of either background water quality, or
the best water quality that is reasonable if background water quality cannot be
restored. Alternative cleanup levels greater than chemical background
concentration for the aquifer will be consistent with maximum benefit to the
public, present and anticipated future beneficial uses, and conform to water quality
control plans and policies.

Soil and
groundwater 

Relevant and
appropriate

Safe Drinking Water and Toxic
Enforcement Act
H&S Code §25249.5 et seq.
22 CCR §12601, 12701, 12801,
12901 et seq.

The law was created through a state ballot initiative (Proposition 65) with the
intent of providing warning about exposures to chemicals that cause cancer, birth
defects, or other reproductive harm, and protecting the drinking water from those
chemicals.  All agencies of the federal, state, or local government, as well as
entities operating public water systems, are exempt by definition. H&S Code
25249.11.b.

Soil and
groundwater

Not an ARAR
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LOCATION-SPECIFIC ARARS
National Historic Preservation
Act
16 U.S. Code (USC) §470 et
seq.
36 Code of Federal Regulations
(CFR) §60.4

The requirements establish a National Register and advisory Council on Historic
Preservation. Remedial activities that would affect a property on or eligible for the
National Register are required to consult with the Advisory Council and the State
Historic Preservation Officer. Surveys that may be required will result in the
determination of adverse effects and the development of mitigation reports.
Historic sites have not been identified on or adjacent to the Site which would be
affected by potential remedial activity at this location.

Soil and
groundwater

Not an ARAR

Floodplains
Executive Order 11988 

Executive Order 11988 requires all federal agencies conducting activities in
floodplains to minimize the impact of  floods on human safety, health and welfare,
and to restore and preserve the natural and beneficial values served by floodplains. 
The Site is located in a portion of the City of South Gate that has not been
identified by the Federal Emergency Management Agency (FEMA) to be within a
100-year floodplain. No further evaluation of this ARAR for flood hazards is
necessary.

Soil and
groundwater

Not an ARAR

Federal Endangered Species
Act (ESA) of 1973
16 USC §1531 et seq.

The federal ESA requires action(s) to conserve federally listed threatened and
endangered species and the specific geographical area occupied by the species that
are listed or proposed (critical habitat). Although the Site includes undeveloped
parcels located in an urban community,  no federally listed threatened or
endangered species protected under the Act have been identified on the Site.

Soil and
groundwater

Not an ARAR

Migratory Bird Treaty Act
16 USC §703 et seq.
50 CFR §10.13

Establishment of a federal prohibition, unless permitted by regulations, to “pursue,
hunt, take, capture, kill...” any migratory bird or any part, nest, or egg of any such
bird. None of the alternatives being evaluated affect migratory birds, nests, or eggs
of any birds. 

Soil and
groundwater

Not an ARAR



TABLE 8-2 (Cont’d)

Cooper Drum Feasibility Study
Potential Applicable or Relevant and Appropriate Requirements

Cooper Drum Remedial Investigation Feasibility Study Report Section 8.0
RAC EPA Region IX 05/15/02
URS Group, Inc. Page 8 - 18
Contract No. 68-W98-225/WA No. 047-RICO-091N

Requirements Description Media

Applicable or
Relevant and
Appropriate

K:\04700\RI\by section\j_section 8.wpd

LOCATION-SPECIFIC ARARS
Fish and Game Code §711.7 Designates the Department of Fish and Game as the trustee agency over

California’s fish and wildlife resources.  It also concerns the payment of state
filing and permit fees by person engaging in projects or activities under federal
licenses, contract or permit (California Public Resources Code §10005; 21089). 
This section expresses administrative policy and does not necessarily impose a
substantive requirement. The requirement is not an ARAR.

Soil and
groundwater

Not an ARAR

Fish and Game Code §1600,
1601, 1602, 1603

Requires notification to and action by the Department.  It also requires streambed
alteration to not substantially adversely affect existing fish or wildlife resource. 
Section 1601 compliments the operation of federal ARAR 40 CFR section 231.1,
which authorizes the USEPA Administrator to prohibit activity whenever he
determines that the discharge of dredge or fill material may have an “unacceptable
adverse effect” on fish and wildlife. Section 1601 also complements the operation
of 16 USC §662, which requires the determination of possible damage to wildlife
resources and the means and measures that should be adopted to prevent the loss
of or damage to such resources caused by proposed streambed alterations.  The
requirement is not an ARAR because none of the alternatives involve streambed
alteration.  

Soil and
groundwater

Not an ARAR
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LOCATION-SPECIFIC ARARS
Fish and Game Code §1900 et
seq.

Provisions concerning native plants protection, including: criteria for determining
endangered plant species; designation of endangered plants by the Fish and Game
Commission; research by the Department; takings by the Department for scientific
or propagation purposes; other prohibitions on takings; exercise of enforcement
authority; arrests and confiscation; carrying out of plant conservation programs by
other state departments and agencies; and unauthorized public agency regulations
pertaining to agriculture.

Section 1908 imposes a substantive requirement by forbidding any “person” to
take rare or endangered native plants.  Fish and Game Code §67 provides the
definition of  “person” as any natural person or any partnership, corporation,
limited liability company, trust, or other type of association.  Whether the federal
government or contractors acting on behalf of the federal government would fall
within the definition is a potential issue.  To the extent that there are rare or
endangered native plants on the Site, the requirements are not ARARs.

Not an ARAR

Fish and Game Code §2014 Policy of the state to conserve its natural resources.  It allows the state to recover
damages in a civil action against any person or local agency which unlawfully or
negligently takes or destroys any bird, mammal, fish, reptile or amphibian
protected by the laws of the state. 

Soil and
groundwater

Not an ARAR

California Endangered Species
Act of 1984 California Fish &
Game Code, Division 3,
Chapter 1.5
Fish and Game Code §2050-
2068; 2070-2079

The California Endangered Species Act and regulations require action to conserve
state-listed rare, threatened, and endangered species and the critical habitat.  The
Site is located in a developed urban community, and endangered species have not
been identified at the Site.  This requirement is not identified as an ARAR, and
further evaluation of this requirement is not necessary.

Soil and
groundwater

Not an ARAR
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LOCATION-SPECIFIC ARARS
Fish and Game Code §3003.1 This section prohibits the use of any steel-jawed leghold trap and provides that it

is unlawful for any person, including an employee of the federal …government, to
use or authorize the use of such device to capture any game mammal, fur-bearing
mammal, nongame mammal, protected mammal, or any dog or cat.  This
prohibition will not apply in the extraordinary case where the use of such a device
is the only method available to protect human health and safety.  Not an ARAR.

Not an ARAR

Fish and Game Code §3005 Prohibits the taking of birds and mammals, including taking by poison.  “Take” is
defined by Fish and Game Code §86 to include killing.  “Poison” is not defined in
the code, but the COCs (e.g., PCBs, petroleum hydrocarbons, VOCs) are all
poisons by definition since they may effect incidental taking.  Although there is no
state authority on this point, federal law recognizes that poison, such as
strychnine, may effect incidental taking. None of the alternatives evaluated
involve or could result in the “taking” of wildlife.

Soil and
groundwater

Not an ARAR

Fish & Game Code §3503 This law prohibits take, possession, or needless destruction of any bird nests and
eggs, except as provided by the Fish and Game Code or regulations.
Implementation of the final remedy will comply with this requirement.

Soil and
groundwater

Applicable

Fish and Game Code §3503.5 Prohibits the take, possession, or destruction of any birds in the orders of
falconiformes or Strigiformes (birds-of-prey) or to take, possess, or destroy the
nest or eggs of any such bird except as otherwise provided by this code or any
regulation adopted pursuant thereto.  Such species or their eggs are not known to
be located on or near the Cooper Drum Company Site.

Not an ARAR
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LOCATION-SPECIFIC ARARs
Fish and Game Code §3511 It is unlawful to take or possess any of the following fully protected birds;

American peregrine falcon, brown pelican, California black rail, California clapper
rail, California condor, California least tern, golden eagle, greater sandhill crane,
light-footed clapper rail, Southern bald eagle, Trumpeter swan, White-tailed kite,
and the Yuma clapper rail. Such fully protected birds or their habitat have not been
detected on or near the Cooper Drum Company Site.

Not an ARAR

Fish and Game Code §3513 Prohibits the take or possession of any migratory nongame bird as designated in
the Migratory Bird Treaty Act, or any part of such migratory nongame bird,
except as provided by rules and regulations adopted by the Secretary of the
Interior under provisions of the Migratory Treaty Act.

Not an ARAR

Fish and Game Code §3800 This section prohibits the take of nongame birds, except in accordance with
regulations of the commission, or when related to mining operations with a
mitigation plan approved by the department.  This section further provides
requirements concerning mitigation plans related to mining.  This section is
applicable and relevant to the extent that nongame birds or their eggs are located
on or near the Cooper Drum Company Site.

Not an ARAR

Fish and Game Code §4000 et
seq.

This section provides that a fur-bearing mammal may be taken only with a trap, a
firearm, bow and arrow, poison under a proper permit, or with the use of dogs.

Not an ARAR

Fish and Game Code §4150 Nongame mammals are those occurring naturally in California which are not game
mammals, fully protected mammals, or fur-bearing mammals.   These mammals,
or their parts, may not be taken or possessed except as provided in this code or in
accordance with regulations adopted by the commission.

Not an ARAR
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LOCATION-SPECIFIC ARARS
Fish and Game Code §4700 This section prohibits the take or possession of any of the fully protected

mammals or their parts including Morro Bay kangaroo rat, bighorn sheep except
Nelson bighorn sheep, northern elephant seal, Guadalupe fur seal, ring-tailed cat,
Pacific right whale, salt-marsh harvest mouse, southern sea otter, and wolverine.
Such mammals and/or their habitat are not known to be located on or near the
Cooper Drum Company Site.

Not an ARAR

Fish and Game Code §4800 et
seq.

Mountain lions are specially protected mammals in California.  It is unlawful to
take, injure, possess, transport, or sell any mountain lion or any part or product
thereof.

Not an ARAR

Fish and Game Code §5000 et
seq.

Unlawful to sell, purchase, harm, take, possess, or transport any tortoise or parts
thereof, or to shoot any projectile at a tortoise.  This does not apply to the taking of
any tortoise or parts thereof, or to shoot any projectile at a tortoise.  This does not
apply to the taking of any tortoise when authorized by the department for
educations, scientific, or zoological purposes.

Not an ARAR

Fish and Game Code §5050 This section prohibits the take or possession of fully protected reptiles and
amphibians or parts thereof and include the blunt-nosed leopard lizard, San
Francisco garter snake, Santa Cruz long-toed salamander, and black toad. Such
amphibians or reptiles and/or their habitat are not known to be located on or near
the Cooper Drum Company Site.

Not an ARAR

Fish and Game Code §5515 Prohibits the take or possession of fully protected fish or parts thereof, including
the Colorado River squawfish, thicktail chub, Mohave chub, Lost River sucker,
Modoc sucker, shortnose sucker, humpback sucker, Owens River pupfish,
unarmored threepin stickleback, rough sculpin.

Not an ARAR
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Fish and Game Code §5650 The requirements prohibit the deposition into waters of the state,  petroleum
products, factory refuse, and any substance deleterious to fish, plants, or birds.
This requirement does not apply to discharges or release authorized through waste
discharge requirements issued by the RWQCB. This section is not an ARAR
because none of the alternatives evaluate surface water releases.

Soil and
groundwater

Not an ARAR

Fish and Game Code §7050 et
seq.

Provide that it is the policy of the state to ensure the conservation, sustainable use,
and where feasible, restoration of California’s marine living resources.  These are
not substantive requirements at this particular Site and are considered to the extent
that pollutants may affect marine resources in San Pedro Bay.

Not an ARAR

Fish and Game Code §8500 Unlawful to possess or take, unless otherwise expressly permitted in this chapter,
mollusks, crustaceans, or other invertebrates, unless a valid tidal invertebrate
permit has been issued.  The taking, possessing, or landing of such invertebrates
pursuant to this section shall be subject to regulations adopted by the commission.

Not an ARAR

14 CCR §40 and 41 Unlawful to take, possess, purchase, propagate, sell, transport, import, or export
any native reptile or amphibian, or parts thereof unless under special permit from
the department for those species in the regulations which are also state-listed
amphibian species.

Not an ARAR

14 CCR §40 and 42 This regulation makes it unlawful to take, possess, purchase, propagate, sell,
transport, import, or export any native reptile or amphibian, or parts thereof unless
under special permit from the department for those species in the regulations
which are also state listed reptile species.

Not an ARAR
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LOCATION-SPECIFIC ARARS
14 CCR §460 Regulation makes it unlawful to take fisher, marten, river otter, desert kit fox, and

red fox.  This section will be applicable and relevant to the extent that such species
or their habitat are present at this particular Site. 

Not an ARAR

14 CCR §465 Fur-bearing mammals not listed specifically in 14 CCR §460 and listed in 14 CCR
§461, 462, 463, and 464 may be taken only with a firearm, bow and arrow, or with
the use of dogs or traps in accordance with the provisions of 14 CCR §465.5 and 
Fish and Game Code §3003.1.

Not an ARAR
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LOCATION-SPECIFIC ARARS
14 CCR §472 Regulation provides that nongame birds and mammals may not be taken.  

a) The following nongame birds and mammals may be taken except as provided
in Chapter 6: English sparrow, starling, coyote, weasels, skunks, opossum,
moles, and rodents (excludes tree and flying squirrels, and those listed as
furbearers, endangered, or threatened species);

b) Fallow, sambar, sika, and axis deer may be taken concurrently with the
general deer season.

c) Aoudad, mouflon, tahr, and feral goats may be taken all year.
d) American crows may be taken only under provisions of section 485 and by

landowners or tenants, or person authorized by landowners or tenants, when
American crows are committing or about to commit depredations upon
ornamental shade trees, agricultural crops, livestock, or wildlife, or when
concentrated in such numbers and manner as to constitute a health hazard or
other nuisance.  If required by federal regulations, landowners or tenants
shall obtain a federal migratory bird depredation permit before taking any
American crows or authorizing any other person to take them. This section is
applicable if such species are found on or near the Cooper Drum Company
Site and may be affected by remediation efforts.

Applicable
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LOCATION-SPECIFIC ARARS
14 CCR §475 Provides that birds and nongame mammals may be taken in any manner except as

follows: a) poison may not be used, b) Recorded or electrically amplified bird or
mammal calls or sounds or recorded or electrically amplified imitations of bird or
mammal calls or sounds may not be used to take any nongame bird or nongame
mammal except coyotes, bobcats, American crows, and starlings.  The regulation
further specifies when taken with equipment and ammunition, traps, feed, bait
and/or other material capable of attracting nongame mammals may occur. 
Nongame birds or nongame mammals will not need to be taken in remediation
efforts at the Cooper Drum Company Site.

Not an ARAR

Hazardous Waste Floodplains
Requirements
22 CCR §66264.18

The regulations require a facility constructed within a 100-year floodplain to
minimize the adverse impacts to the facility from a potential washout. The Site is
in an area of “minimal flood hazard,” where no part of the community would be
inundated by a base flood.

Soil and
groundwater

Not an ARAR

Hazardous Waste Seismic
Considerations
22 CCR §66264.18
22 CCR §66264.25

Portions of a new hazardous waste facility where treatment, storage, or disposal of
hazardous waste will be conducted must not be located within 61 meters (200 feet)
of a fault which has had displacement in Holocene time. The Site is not located
within 61 meters (200 feet) of a fault which has had displacement in Holocene
time.

Soil and
groundwater

Not an ARAR

ACTION-SPECIFIC ARARS
Federal Clean Water Act

National Pollutant Discharge
Elimination System (NPDES)
Clean Water Act (CWA) §402
et seq.

The NPDES requirements are applied to point and nonpoint discharge sources. 
Substantive requirements including the establishment of discharge limitations,
monitoring requirements, and best management practices for surface water
discharges.  Applicable to the control of contaminants to stormwater runoff from a
treatment plant construction site and groundwater treatment systems.

Evaluation of
the Federal
Clean Water
Act provided
below

Evaluation of
the Federal
Clean Water
Act provided
below
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ACTION-SPECIFIC ARARS
40 CFR §122.26 Nonpoint sources address using best management practices for control of

contaminants to stormwater run-off from construction activities.  SWRCB has
established requirements for general construction activities, including clearing,
grading, excavation reconstruction, and dredge and fill activities.  Regulates
pollutants in stormwater discharge from hazardous waste treatment plants,
landfills, land application sites, and spent dumps. By March 2003, these
requirements will be applicable to construction on sites greater than 1 acre. Since
alternatives that evaluate soil excavation is confined to less than 1 acre, the
requirements are not applicable but may be relevant.

Groundwater Relevant and
appropriate

40 CFR §125.3 Point sources are primarily end-of-pipe discharge points such as treated effluent
from a groundwater treatment plant. Discharges of treated effluent from a
groundwater extraction system, monitoring well development and sampling, and
treatment system maintenance are the primary sources. The Regional Water
Quality Control Board  will designate the effluent limitations and monitoring
conditions for discharges to surface water including treated water conveyed to
storm drains and ditches.

Technology-based treatment requirements represent the minimum level of control
that must be imposed to meet the effluent limitations using best professional
judgment and best available technology economically achievable (BAT).  For all
toxic pollutants, the BAT is applied to the Cooper Drum Site. The requirement is
not applicable or relevant because none of the alternatives evaluate surface water
discharge.

Groundwater Not an ARAR
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ACTION-SPECIFIC ARARS
40 CFR §403 et seq. Alternatives that include groundwater disposal at an off-site wastewater treatment

facility must meet pre-treatment requirements.  Effluent discharged to sanitary
sewers and publicly owned treatment works (POTW) are regulated by
municipalities through the NPDES Program. Prevents pass-through, interference,
violations of prohibitions, and violation of local limits. This is an off-site action
and is not considered an ARAR for on-site action. Although not considered an
ARAR, off-site disposal actions should follow all the requirements pertaining to
CERCLA waste disposal.

Groundwater Not an ARAR

Water Quality Control Plan The RWQCB has developed and adopted the regional water quality control plan
(Basin Plan) to protect waters of beneficial use fulfilling the legal requirements of
the California Water Code. While the WQOs vary for the water bodies affected,
the objectives may be applicable for discharges to surface water or land.

Evaluation of
the Water
Quality Control
Plan provided
below

Evaluation of
the Water
Quality
Control Plan
provided
below

Water Quality Control Plan for
Los Angeles Region (adopted
9\09\00)
California Water Code §13240
et seq.

The Basin Plan presents numerical and narrative WQOs for maintaining a high
quality of protection for the inland surface water and groundwater in the region. 
Groundwater underlying the Site has been identified by the Basin Plan as a
potential drinking water aquifer.  Groundwater WQOs are provided for
contaminants including bacteria, chemicals, radioactivity, minerals, nitrogen, taste,
and odor.  The WQOs for the COCs at the Site are based on primary MCLs. The
requirement is relevant to alternatives evaluating treated groundwater re-injection
to the aquifer and soil cleanup to protect groundwater quality.

Soil and
groundwater

Relevant and
appropriate
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ACTION-SPECIFIC ARARS
Remediation of Pollution The Basin Plan recognizes the cleanup goals based on the State’s Antidegradation

Policy as set forth in State Board Resolution No. 68-16. Under the
Antidegradation Policy, whenever the existing quality of water is better than that
needed to protect present and potential beneficial uses, such existing quality will
be maintained. Accordingly, the Regional Board prescribes cleanup goals that are
based upon background concentrations. For those cases wherein dischargers have
demonstrated that cleanup goals based on background concentrations cannot be
attained due to technological and economic limitations, State Board Resolution
No. 92-49 sets forth policy for cleanup and abatement based on the protection of
beneficial uses. Under this policy, the Regional Board can, on a case-by-case
basis, set cleanup levels as close to background as technologically and
economically feasible. Such levels must, at a minimum, consider all beneficial
uses of the waters. Furthermore, cleanup levels must be established in a manner
consistent with California Code of Regulations, Title 23, Chapter 15, Article 5;
cannot result in water quality less than that prescribed in the Basin Plans and
policies adopted by the state and regional boards; and must be consistent with
maximum benefit to the people of the state.

Groundwater Relevant and
appropriate

Porter-Cologne Water
Quality Control Act
(California Water Code)

The following Porter-Cologne Water Quality Control Act and implementing
regulations are reviewed for application to the Site.

Evaluation of
the California
Water Code
provided below

Evaluation of
the California
Water Code
provided
below
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ACTION-SPECIFIC ARARS
27 CCR Div.2, Subdiv.1 Establishes waste siting classification systems, waste management construction

standards, and monitoring for designated and nonhazardous waste management for
discharges of waste to land for treatment, storage, and disposal. Exemption form is
provided for actions taken by a public agencies (27 CCR §20090).

Soil and
groundwater

Not an ARAR

Water Quality Control Plan for
the Control of Temperature in
the Coastal and Interstate
Waters and Enclosed Bays and
Estuaries of California
California Water Code §13140

Establishes prohibitions on discharges to cold interstate waters and maximum
temperature charges to other waters to protect natural receiving water
temperatures; includes site-specific temperature objectives for certain water
bodies. Alternatives evaluated for soil and groundwater will not affect temperature
for waters of the state.

Soil and
groundwater

Not an ARAR

California Water Code §13140
- 13147, 13172, 13260, 13263,
132267, 13304
27 CCR §20090

Actions taken by public agencies for cleanup of nonhazardous releases are exempt
from 27 CCR Div.2, Subdiv.1 provided the contaminated materials removed from
the immediate place of release shall be discharged according to 27 CCR Div.2,
Subdiv.1, Chap.3, Subchap.2, Art.2. Remedial actions intended to contain such
wastes at the place of release shall implement applicable SWRCB-promulgated
provisions of this division to the extent feasible. The requirement is not relevant
because the FS alternatives evaluate only excavation for off-site disposal.

Soil Not an ARAR
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ACTION-SPECIFIC ARARS
California Water Code §13140
- 13147, 13172, 13260, 13263,
132267, 13304
27 CCR Div.2, Subdiv.1,
Chap.3, Subchap.2, Art.2

Wastes classified as a threat to water quality (designated waste) may be
discharged to a Class I hazardous waste or Class II designated waste management
unit. Nonhazardous solid waste may be discharged to a Class I, II, or III waste
management unit.  Inert waste would not be required to be discharged into a
SWRCB-classified waste management unit  (27 CCR §20200 et seq.). The
requirement is relevant because the FS alternatives being evaluated involve
removal of soil and off-site disposal. CERCLA waste as a result of  investigation-
derived waste may be generated and would be disposed at a EPA Region IX
approved facility in accordance with CERCLA.

Soil Applicable

Solid Waste Assessment Test
California Water Code §13273

Authorizes the RWQCB to implement the Solid Waste Assessment Test (SWAT)
program with respect to water quality. The purpose of the SWAT program was to
identify solid waste disposal sites that may be leaking hazardous waste and
threatening water quality. The SWAT requirements do not provide substantive
requirements for this Site.

Soil Not an ARAR

Water Quality Control Plan for
Inland Surface Water of
California
California Water Code §13170

Establishes numerical water quality objectives for the protection of human health
and freshwater aquatic life for a large number of a toxic pollutants. It also
establishes narrative objectives and toxicity objectives. It provides a program of
implementation and specifies proposals to adopt numerical standards for water
bodies that are reclaimed water-dominated and agricultural drainage-dominated.
The limitations alternatives evaluate discharge of treated groundwater to surface
water. The requirements are not applicable or relevant because none of the
alternatives evaluate surface water discharges.

Groundwater Not an ARAR
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ACTION-SPECIFIC ARARS
California Ocean Plan
California Water Code
§13170.2

Establishes beneficial uses of ocean waters, numerical and narrative water quality
objectives, effluent quality objectives including toxic material limitations, and
discharge prohibitions. The alternatives do not evaluate discharges to the ocean.

Groundwater Not an ARAR

Water Quality Monitoring and
Response Programs for Solid
Waste Management Units
27 CCR §20380 et seq.

The monitoring requirements apply to all determinations of alternative cleanup
levels for unpermitted discharges to land of solid waste, pursuant to SWRCB
Resolution No. 92-49, Section III.G.  The provisions for Detection, Evaluation,
and Corrective Action Monitoring requirements were developed for the purposes
of detecting, characterizing, and responding to releases to groundwater, surface
water, or the unsaturated vadose zone. Detection and characterization monitoring
requirements are not relevant to the Cooper Drum FS.  However, corrective action
monitoring to demonstrate completion of the selected remedy at the Cooper Drum
Site would be relevant and appropriate and is further discussed in Corrective
Action Program (27 CCR §20430).

Soil and
groundwater

Relevant and
appropriate

Concentration Limits
27 CCR §20400

Concentration limits must be established for groundwater, surface water, and the
unsaturated zone. Must be based on background, equal to background, or for
corrective actions, may be greater than background, not to exceed the lower of the
applicable water quality objective or the concentration technologically or
economically achievable. Specific factors must be considered in setting cleanup
standards above background levels. The specific factors have been addressed in
SWRCB Resolution No. 92-49.

Soil and
groundwater

Relevant and
appropriate

Compliance Period
27 CCR §20410

Requires monitoring for compliance with remedial action objectives for three
years from the date of achieving cleanup standards.

Soil and
groundwater

Relevant and
appropriate

General Water Quality
Monitoring and Systems
Requirements
27 CCR §20415

Requires general soil, surface water, and groundwater monitoring. Applies to all
areas at which waste has been discharged to land. The requirement is not
applicable or relevant because none of the alternatives being evaluated for the Site
involve discharge of waste on site.

Soil and
groundwater

Not an ARAR
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ACTION-SPECIFIC ARARS
Evaluation Monitoring Program
27 CCR §20425

Requires an assessment of the nature and extent of the release, including a
determination of the spatial distribution and concentration of each constituent. The
nature and extent of contamination was conducted in the RI phase of the
investigation and is not relevant in the FS phase.

Soil and
groundwater

Not an ARAR

Corrective Action Program
27 CCR §20430

Corrective action measures taken (e.g., groundwater pump-and-treat system) may
be terminated when the discharger demonstrates that all the COCs concentrations
are reduced to levels below their respective concentration limits throughout the
entire zone affected by the release.

Corrective action completed when:

- The concentration of each contaminant of concern in each sample from each
monitoring point in the Corrective Action Program for the Unit has remained
at or below its respective concentration limit during a proof period of at least
one year, beginning immediately after the suspension of corrective action
measures; and

-  The individual sampling events for each monitoring point have been evenly
distributed throughout the proof period and have consisted of no less than
eight sampling events per year per monitoring point.

The schedule to confirm attainment of cleanup levels appears relevant and
appropriate.

Soil and
groundwater

Relevant and
appropriate

Closure and Post-Closure
Maintenance Requirements for
Solid Waste Landfills
27 CCR  §21090

Requires a final cover constructed in accordance with specific prescriptive
standards, to be maintained as long as wastes pose a threat to water quality.
Relevant and appropriate for “closed, abandoned, or inactive” landfills and other
areas where wastes have been discharged to land and water quality is threatened.
None of the alternatives evaluated include a cover for the Site.

Soil Not an ARAR
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ACTION-SPECIFIC ARARS
Water Code §13140
40 CFR §131.12
Maintaining High Quality
Water in California
SWRCB Resolution No. 68-16

The policy derives its authority to maintain the highest quality of water through
waste discharge regulations to surface water and land implemented through the
federal NPDES or California’s Discharges of Waste to Land (27CCR Division 2,
Chapter 3), respectively.

 SWRCB Resolution No. 68-16 requires maintenance of existing state water
quality using best practicable treatment technology unless a demonstrated change
will benefit the people of California, will not unreasonably affect present or
potential uses, and will not result in water quality less than that prescribed in other
state policies.

Applies to the discharge of waste to waters, including alternatives that include re-
injection into the aquifer and discharges to soil that may affect surface water or
groundwater.  In situ cleanup levels for contaminated groundwaters must be set at
background level, unless allowed.  If degradation of waters is allowed to remain,
the discharge must meet best practical treatment or control standards, and result in
the highest water quality possible  that is consistent with the maximum benefit to
the people of the state.  In no case may water quality objectives be exceeded.

Groundwater Applicable
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ACTION-SPECIFIC ARARS
Sources of Drinking Water
SWRCB Resolution No. 88-63

This policy specifies that ground and surface waters of the state are either existing
or potential sources of municipal and domestic supply except water supplies with:
a. Total dissolved solids exceeding 3,000 milligrams per liter, or

b. Natural or anthropogenic contamination (unrelated to a specific pollution
incident)  that cannot reasonably be treated for domestic use using either best
management practices (BMPs) or best economically achievable treatment
practices, or

c. The water source does not provide a sustained yield of 200 gallons per day.

The requirement appears to be applicable because groundwater underlying the Site
meet the criteria as a potential source for drinking water.

Groundwater Applicable

California Hazardous Waste
Control Law

H&S Code Div.  20, Chap.  6.5

The California law is more stringent than federal hazardous waste law and is
applied to this Site. The following hazardous waste requirements are review for
application to the Site.

Evaluation of
the Hazardous
Waste Control
Law provided
below

Evaluation of
the Hazardous
Waste Control
Law provided
below

Identification and Listing of
Hazardous Waste
22 CCR Div.  4.5, Chap.  11 22
CCR §66264.13
22 CCR §66260.200

A generator must determine if the waste is classified as a hazardous waste in
accordance with the criteria provided in these requirements. Waste characteristics
of treated soil and groundwater will be defined prior to treatment and disposal.
This methodology to characterize waste has been used with the results showing
none of the waste  identified at the Cooper Drum Site meet the characteristics of
hazardous waste. Any subsequent hazardous waste requirement would be relevant
and appropriate or not an ARAR.

Soil and
groundwater

Applicable
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ACTION-SPECIFIC ARARS
Standards Applicable to
Generators of Hazardous Waste
22 CCR Div.  4.5, Chap.  12

Waste transport off-site for treatment or disposal must obtain and use a hazardous
waste manifest and comply with the Department of Transportation packaging,
labeling, marking, placarding requirements.  Waste may be accumulated on site
for 90 days without a permit. Off-site actions and administrative requirements
such as transport, manifesting, permitting, and record keeping are not applicable
or relevant since ARARs address on-site activities.

The purpose of the 90-day storage limit is to prevent creating a greater
environmental hazard than already exists at the Site. Waste contained on-site will
be maintained in a container in good conditions (see Use and Management of
Containers) prior to off-site disposal. EPA Region IX-approved CERCLA
disposal facility must be used to dispose of CERCLA waste.

Soil and
groundwater

Relevant and
appropriate

Hazardous Waste Security
22 CCR §66264.14

Any proposed treatment facility is anticipated to maintain a fence in good repair
which completely surrounds the active portion of the facility. A locked gate at the
facility should restrict unauthorized personnel entrance. The security standards to
prevent entry from unauthorized personnel for the proposed remedial treatment
alternatives should be applied.

Soil and
groundwater

Relevant and
appropriate
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ACTION-SPECIFIC ARARS
Hazardous Waste Facility
General Inspection
Requirements and Personnel
Training
22 CCR §66264.15 - 66264.16

The hazardous waste facility standards require routine facility inspections
conducted by trained hazardous waste facility personnel. Inspections are to be
conducted at a frequency to detect malfunctions and deterioration, operator errors,
and discharges which may be causing or leading to a hazardous waste release and
a threat to human health or the environment. Relevant to the proposed treatment
facilities for this Site.

 Soil and
groundwater

Relevant and
appropriate

Ignitable, Reactive, or
Incompatible Waste
22 CCR §66264.17

Requirements for prevention of accidental reaction or ignition of waste. There are
no ignitable, reactive, or incompatible wastes at this Site.

Soil and
groundwater

Not an ARAR 

Preparedness and Prevention
22 CCR Div.  4.5, Chap.  14,
Art. 3

Facility design and operation to minimize potential fire, explosion, or
unauthorized release of hazardous waste.

Soil and
groundwater

Relevant and
appropriate

Contingency Plan and
Emergency Procedures
22 CCR Div.  4.5, Chap.  14,
Art. 4

The requirements designation of an emergency coordinator to implement
emergency response procedures for hazardous waste operations.  While
emergency response procedures will be developed, administrative requirements
are not ARARs.

Soil and
groundwater

Not an ARAR

Manifest System,
Recordkeeping, and Reporting
22 CCR Div.  4.5, Chap.  14,
Art. 5

Administrative requirements for hazardous waste manifesting and recordkeeping.
This requirement applies to off-site actions. Administrative requirements are not
ARARs.

Soil Not an ARAR

Water Quality Monitoring and
Response Systems for
Permitted Systems
22 CCR Div.  4.5, Chap.  14,
Art. 6

The requirements present the groundwater monitoring system objectives and
standards to evaluate the effectiveness of the corrective action program (remedial
activities).  After completion of the remedial activities and closure of the facility,
groundwater monitoring will continue for an additional three years to ensure
attainment of the remedial action objectives. This requirement is similar to 27
CCR §20410. Groundwater monitoring considered for the remedial alternatives.

Groundwater Relevant and
appropriate 
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ACTION-SPECIFIC ARARS
Closure and Post-Closure
22 CCR Div.  4.5, Chap.  14,
Art. 7

The closure and post-closure requirements establish standards to minimize
maintenance after facility closure to protect human health and the environment.
The closure and post-closure requirements may be dependent upon the treatment
alternatives. Clean closure of the treatment facility through equipment
decontamination and removal of any hazardous waste is anticipated.

Soil and
groundwater

Relevant and
appropriate

Use and Management of
Containers
22 CCR Div.  4.5, Chap.  14,
Art. 9

Maintain container and dispose to a Class I hazardous waste disposal facility
within 90 days. Storage of investigation-derived waste (i.e., soil cuttings and well
development) will be generated. Requirements may apply for the storage of
contaminated groundwater and sediments trapped by the bag filter during start-up
operation. The 90-day storage limit is to not create a greater environmental hazard
than already exists. Maintaining the containers in good conditions at all times and
not creating an environmental hazard is relevant and appropriate.

Soil and
groundwater

Relevant and
appropriate

Tank Systems
22 CCR Div.  4.5, Chap.  14,
Art. 10

Minimum design standards (i.e., shell strength, foundation, structural support,
pressure controls, seismic considerations) for tank and ancillary equipment are
established. The requirements for minimum shell thickness and pressure controls
to prevent collapse or rupture is to not create a greater environmental hazard than
already exists. The requirements are relevant and appropriate for the proposed
treatment alternatives (22 CCR§ 66264.193).

Groundwater Relevant and
appropriate

Surface Impoundments
22 CCR Div.  4.5, Chap.  14,
Art. 11

Substantive facility design, operation, operational monitoring, closure
requirements for liquids and sludges in surface impoundments.   None of the
alternatives include the use of surface impoundments in the treatment process.

Groundwater Not an ARAR

Waste Piles
22 CCR Div.  4.5, Chap.  14,
Art. 12

Substantive facility design, operation, operational monitoring, closure
requirements for solids contained in a waste pile. None of the alternatives include
the use of waste piles in the treatment process.

Soil Not an ARAR
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ACTION-SPECIFIC ARARS
Land Treatment
22 CCR Div.  4.5, Chap.  14,
Art. 13

Substantive facility design, operation, operational monitoring, closure
requirements for ex situ treatment of soil classified as hazardous waste. The
requirement is not applicable or relevant because ex situ treatment of soil on site is
not an alternative.

Soil Not an ARAR

Landfills
22 CCR Div.  4.5, Chap.  14,
Art. 14

Substantive facility design, operation, operational monitoring, closure
requirements for liquids and sludges in surface impoundments. None of the
alternatives apply the use of landfills in the treatment process.

Soil Not an ARAR

Incinerators
22 CCR Div.  4.5, Chap.  14,
Art. 15

Substantive performance standards, operation, operational monitoring, closure
requirements for incinerators.  Incineration alternatives are not proposed for the
Site.

Soil and
groundwater

Not an ARAR

Corrective Action for Waste
Management Units
22 CCR Div.  4.5, Chap.  14,
Art. 15.5

Establishes placement, consolidation, and treatment of soils and wastes being
generated as part of a corrective action under Resource Conservation and
Recovery Act (RCRA) and will not be considered a new disposal to land as long
as the materials are handled in a corrective action management unit (CAMU).
Excavation of soil is a proposed alternative considered for this Site.  But on-site
consolidation and disposal is not an alternative evaluated for this site.

Soil Relevant and
appropriate

Miscellaneous Units
Requirements
22 CCR Div.  4.5, Chap.  14,
Art. 16
22 CCR §66264.601 -
66264.603

Minimum performance standards are established for miscellaneous equipment to
protect health and the environment. Although none of the COCs are classified as
hazardous waste, treatment of hazardous waste through an air stripper or
granulated activated carbon (GAC) would qualify as a RCRA miscellaneous unit
if the contaminated water constituted a hazardous waste.  Therefore, the
substantive requirements for miscellaneous units and related substantive closure
requirements may be relevant and appropriate for the Site.

Soil and
groundwater

Relevant and
appropriate
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ACTION-SPECIFIC ARARS
Air Emission Standards for
Process Vents
22 CCR Div.  4.5, Chap.  14,
Art. 27

Emission limits at 3 lbs\hr, 3.1 tons\yr, or reduction by 95% by weight with
control devices.  Design and operating requirement for closed vents and control
devices used to reduce emissions (i.e., vapor-phase carbon and catalytic
oxidation).  Local air pollution control district rules and regulations are more
stringent.  Alternatives do not include the use of closed vent systems.

Soil and
groundwater

Not an ARAR

Air Emission Standards for
Equipment Leaks
22 CCR Div.  4.5, Chap.  14,
Art. 28

Standards for hazardous was the storage or treatment with an organic content
greater than 10%.  Contaminants of concern at the Site do not contain waste
greater than 10% organic contaminants.

Soil and
groundwater

Not an ARAR

Land Disposal Restrictions
General
22 CCR Div.  4.5, Chap.  18,
Art. 1

Provides the purpose, scope and applicability of land disposal restrictions. Only
relevant if excavated waste are classified as hazardous waste and disposed or
treated ex situ and on site outside the CAMU-designated area. Contaminants of
concern at the Site do not contain contaminants classified as hazardous waste. The
requirement is not an ARAR because on site ex situ treatment is not an alternative
evaluated for this Site.

Soil and
groundwater

Not an ARAR

Land Disposal Restrictions
Schedule for Land Disposal
Prohibition and Establishment
of Treatment Standards
22 CCR Div.  4.5, Chap.  18,
Art. 2

Provides a list of waste subject to land disposal restrictions. Only relevant if
excavated wastes are classified as hazardous waste and disposed or treated ex situ
and on site outside the CAMU-designated area. COCs at the Site do not contain
waste classified as hazardous waste.

Soil and
groundwater

Not an ARAR

Land Disposal Restrictions
Prohibition on Land Disposal
22 CCR Div.  4.5, Chap.  18,
Art. 3

Provides waste-specific land disposal restrictions for solvent waste, dioxin-
containing wastes, and California Listed waste. Only relevant if excavated wastes
are classified as hazardous waste and disposed or treated ex situ and on site
outside the CAMU-designated area. COCs at the Cooper Drum Site do not contain
waste classified as hazardous waste.

Soil and
groundwater

Not an ARAR
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ACTION-SPECIFIC ARARS
Land Disposal Restrictions
Treatment Standards
22 CCR Div.  4.5, Chap.  18,
Art. 4

Provides treatment standards expressed in contaminant concentrations in waste
extract, specified technologies, and waste treatment concentrations. Only relevant
if excavated wastes are classified as hazardous wastes and disposed or treated ex
situ and on site outside the CAMU-designated area.

Soil and
groundwater

Not an ARAR

Land Disposal Restrictions
Prohibition on Storage
22 CCR Div.  4.5, Chap.  18,
Art. 5

Provides prohibition on storage of restricted waste. Only relevant if excavated
wastes are classified as hazardous wastes and disposed or treated ex situ and on
site outside the CAMU-designated area. COCs at the Site do not contain waste
classified as hazardous waste.

Soil and
groundwater

Not an ARAR

Land Disposal Restrictions
Land Disposal Prohibitions -
Non-RCRA Wastes
22 CCR Div.  4.5, Chap.  18,
Art. 10

The requirements establish hazardous waste disposal standards through numerical
treatment limitations and treatment technologies. Only relevant if excavated
wastes are classified as hazardous wastes and disposed or treated ex situ and on
site outside the CAMU-designated area. COCs at the Site do not contain waste
classified as hazardous wastes.

Soil and
groundwater

Not an ARAR

Land Disposal Restrictions
Treatment Standards - Non-
RCRA Waste Categories
22 CCR Div.  4.5, Chap.  18,
Art. 11

The requirements establish hazardous waste disposal standards through numerical
treatment limitations and treatment technologies. Only applicable or relevant if
excavated wastes are classified as hazardous wastes and disposed or treated ex situ
and on site outside the CAMU-designated area.

Soil and
groundwater

Not an ARAR

Toxic Pits Cleanup Act of 1984
H&S Code §25208
23 CCR Div. 3, Chap. 15

Authorizes the RWQCB to regulate free hazardous waste liquid to surface
impoundments. Requires compliance with specific investigation, remediation, and
reporting requirements. There are no toxic pits at this Site.

Regulates siting, design, construction, operation, closure, and monitoring of
hazardous waste discharges to land for treatment, storage, or disposal, including
landfills, surface impoundments, waste piles, and land treatment facilities. None of
the COCs meet the definition of California or federal hazardous waste.

Soil and
groundwater

Not an ARAR



Cooper Drum Remedial Investigation Feasibility Study Report Section 8.0
RAC EPA Region IX 05/15/02
URS Group, Inc. Page 8 - 42
Contract No. 68-W98-225/WA No. 047-RICO-091N

TABLE 8-2  (Cont’d)

Cooper Drum Feasibility Study
Potential Applicable or Relevant and Appropriate Requirements

Requirements Description Media

Applicable or
Relevant and
Appropriate

K:\04700\RI\by section\j_section 8.wpd

ACTION-SPECIFIC ARARS
Aboveground Petroleum
Storage Act
H&S Code §25270

Regulates use of and discharges from aboveground petroleum tanks, including
monitoring, inspection, spill reporting, and development of spill prevention and
countermeasure plan requirements. There are no aboveground petroleum storage
tanks at this Site.

Soil and
groundwater

Not an ARAR

Underground Storage of
Hazardous Substances
H&S Code Div. 20, Chap. 6.7
23 CCR Div. 3, Chap. 16

Regulates permitting and testing of underground tanks and specifies requirements
for corrective action of discharges from tanks.  There are no underground tanks at
the Site.

Soil and
groundwater

Not an ARAR

South Coast Air Quality
Management District
(SCAQMD)

Rules and Regulations

The SCAQMD regulations are established to achieve and maintain state and
federal ambient air quality standards through the federal-approved state
implementation plan (SIP).

Evaluation of
SCAQMD
rules and
regulations
provided below

Evaluation of
SCAQMD
rules and
regulations
provided
below

Regulation IV, Rule 1401,
Visible Emissions.

Prohibitions on gross visible smoke emission exceeding Ringlemann standards,
open burning, burn refuse, gross sulfur oxides (SOx) and particulate matter (PM)
combustion contaminants, organic solvent emissions, SOx, nitrogen oxides
(NOx), and PM emissions from generators, circumvention of rules, and storage of
organic liquids. These activities are not proposed for this Site.

Soil and
groundwater

Not an ARAR

Regulation IV, Rule 402,
Nuisance.

A person shall not discharge from any source whatsoever such quantities of air
contaminants or other material which cause injury, detriment, nuisance, or
annoyance to any considerable number of persons or to the public or which
endanger the comfort, repose, health, or safety of any such persons or the public or
which cause to have a natural tendency to cause injury or damage to business or
property.

Soil and
groundwater

Applicable



Cooper Drum Remedial Investigation Feasibility Study Report Section 8.0
RAC EPA Region IX 05/15/02
URS Group, Inc. Page 8 - 43
Contract No. 68-W98-225/WA No. 047-RICO-091N

TABLE 8-2  (Cont’d)

Cooper Drum Feasibility Study
Potential Applicable or Relevant and Appropriate Requirements

Requirements Description Media

Applicable or
Relevant and
Appropriate

K:\04700\RI\by section\j_section 8.wpd

ACTION-SPECIFIC ARARS
Regulation IV, Rule 403, 
Fugitive Dust

Emissions of fugitive dust shall not remain visible in the atmosphere beyond the
property line of the emission source.  Activities conducted in the South Coast Air
Basin shall use best available control measures to minimize fugitive dust
emissions and take necessary steps to prevent the track-out of bulk material onto
public paved roadways as a result of their operations.

Soil Applicable

Regulation IV, Rule 404, 
Particulate Matter –
Concentration.

Particulate matter in excess of the concentration standard conditions shall not be
discharged from any source.  Particulate matter in excess of 450 milligrams per
cubic meter (0.196 grain per cubic foot) in discharged gas, calculated as dry gas at
standard conditions, shall not be discharged to the atmosphere from any source.

Soil and
groundwater

Applicable

Regulation IV, Rule 405, Solid
Particulate Matter – Weight.

Solid particulate matter including lead and lead compounds discharged into the
atmosphere from any source shall not exceed the rates Table 450(a) of Rule 405.
Nor shall solid particulate matter including lead and lead compounds in excess of
0.23 kilogram (0.5 pound) per 907 kilograms (2,000 pounds) of process weight be
discharged to the atmosphere.  Emissions shall be averaged over one complete
cycle of operation or one hour, whichever is the lesser time period.

Soil Applicable

Regulation XI, Rule 1166,
Volatile Organic Compound
Emissions from
Decontamination of Soil.

The purpose of Rule 1166 is to control the emission of VOCs from excavating,
grading, handling, and treating VOC-contaminated soil.  Mitigation Plans must be
applied for and obtained for excavating and grading VOC containing soil.   
Mitigation Plans shall describe how VOC emissions to the atmosphere during
excavation, grading, handling, and treatment of VOC-contaminated soil will be
minimized. This Site is not anticipated to be classified as a major emission source.

Soil and
groundwater

Not an ARAR
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ACTION-SPECIFIC ARARS
Regulation XIII, Rule 1303 -
New Source Review

Construction for any relocation or for any new or modified source which results in
an emission increase of any nonattainment air contaminant, any ozone-depleting
compound, or ammonia, must include BACT for the new or relocated source or
for the actual modification to an existing source. This requirement would apply to
treatment technologies with potential to emit primary pollutant(s) to the
atmosphere.

Soil and
groundwater

Applicable

Regulation XIV, Rule 1401,
New Source of Toxic Air
Contaminants.

Construction or reconstruction of a major stationary source emitting hazardous air
pollutants shall be constructed with Best Available Control Technology for Toxics
(T-BACT) and complies with all other applicable requirements.

Soil and
groundwater

Applicable

California Environmental
Quality Act (CEQA)
California Public Resources
Code §21100 et seq.
14 CCR §15000 et seq.

Requires analysis of environmental impacts of response actions, comparison of
alternative actions, and implementation of appropriate mitigation measures. CEQA
documentation is an informational document for the Lead Agency and does not
prescribe substantive requirements.

Soil and
groundwater

Not an ARAR

TO-BE-CONSIDERED DOCUMENTS
A Compilation of Water
Quality Goals (August 2000
ed.)

Provides guidance on selecting numerical values to implement narrative water
quality objectives contained in the Basin Plan. Considered to develop cleanup
levels to meet SWRCB Resolution 92-49.

Soil and
groundwater

To-be-
considered

The Designated Level
Methodology for Waste
Classification and Cleanup
Level Determination

Provides guidance on how to classify wastes to meet SWRCB hazardous waste
management requirements (23 CCR Div.3, Chap.15, Art.2) and designated,
nonhazardous, and inert waste management requirements (27 CCR Div.2,
Subdiv.1, Chap.3, Subchap.2, Art.2). Considered to evaluate control of
contaminants in the vadose zone.

Soil and
groundwater

To-be-
considered
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TO-BE-CONSIDERED DOCUMENTS
California Action Levels  Action Levels (ALs) are health-based advisory levels established by the California

Department of Health Services for contaminants that lack primary MCLs.  ALs
are advisory levels and not enforceable standards.  An AL is the level of a
contaminant in drinking water that is considered not to pose a significant health
risk to people ingesting that water on a daily basis. It is calculated using standard
risk assessment methods for noncancer and cancer endpoints, and typical exposure
assumptions, including a 2-liter per day ingestion rate, a 70-kilogram adult body
weight, and a 70-year lifetime. For 1,2,3-trichloropropane, a chemical considered
a carcinogen and a COC at the Site, the AL is generally a level considered to pose
“de minimis” risk ( i.e., a theoretical lifetime increase in risk of up to one excess
case of cancer in a population of 1,000,000 people—the 10E-6 risk level).  Table
8-1 provides the AL for 1,2,3-trichloropropane.

Groundwater To-be-
considered

California Well Standards
California Department of Water
Resources Bulletin 74-90

This is a supplement to Bulletin 74-81(domestic water well standards) that address
minimum specifications for  monitoring wells, extractions wells, injection wells,
and exploratory borings. Design and construction specifications are considered for
construction and destruction of wells and borings.

Soil and
groundwater

To-be-
considered

SWRCB Leaking Underground
Fuel Tank Manual

Guidance on establishing cleanup levels and remediation of underground fuel tank
releases. There are no fuel tank releases at the Site, and the guidance document
does not provide further information or procedures on the level of protectiveness
for the Site.

Soil and
groundwater

Not a to-be-
considered
document
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TO-BE-CONSIDERED DOCUMENTS
Fish and Game Commission
Wetlands Policy (adopted
1987) included in Fish and
Game Code Addenda

This policy seeks to provide for the protection, preservation, restoration,
enhancement, and expansion of wetland habitat in California.  Further, it opposes
any development or conversion of wetland that would result in a reduction of
wetland acreage or habitat value.  It adopts the USFWS definition of a wetland,
which utilizes hydric soils, saturation or inundation, and vegetation criteria, and
requires the presence of at least one of these criteria (rather than all three) in order
to classify an area as a wetland.  This policy is not a regulatory program and
should be included as a TBC.

Not an ARAR
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9.0  REMEDIAL ALTERNATIVES 
DEVELOPMENT AND SCREENING

This section presents the analysis of remedial action alternatives for the Cooper Drum Site (Site). This
section includes an overview of the feasibility study process, the rationale and description of the remedial
action objectives, and presents the development and screening of potential remedial alternatives for the
Cooper Drum Site. The purpose of this section is to provide the reader with an understanding of the
feasibility study process, including the evaluation criteria used in the study, the remedial action objectives,
and the development and screening of potential remedial alternatives. This section provides the reader with
a basis for understanding the detailed analysis of potential remedial action alternatives that pass the screening
process.

9.1 OVERVIEW OF THE FEASIBILITY STUDY PROCESS

The feasibility study process includes a series of qualitative and semi-quantitative steps, which conclude with
identification of feasible remedial alternatives to manage environmental impacts. The process used in the
preparation of this feasibility study was adopted from the CERCA guidance outlined in Guidance for
Conducting Remedial Investigations and Feasibility Studies Under CERCA (U.S. EPA, 1988a).

The study process is made up of seven primary steps, including:

• Identification of remedial action objectives;

• Identification of potential general response actions;

• Identification of potential process (rededication) options;

• Screening of process options (to eliminate options that are less practical);

• Development of potential remedial alternatives that passed the screening test (combining of
process options);

• Detailed analysis of potential remedial alternatives; and

• Evaluation of alternative(s) with respect to CERCA criteria.

These steps are shown on Figure 9-1 and described below:

• Identification of remedial action objectives. A remedial action objective is a medium-specific
or location-specific goal for protection of human health and the environment.

• Identification of potential general response actions. A general response action is a broad class
of actions that have the potential to be a part of rededication of contaminants in a specific
medium.



Figure 9-1. Feasibility Study Process
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• Identification of potential process (rededication) options. A process option is a specific
rededication process (technology). The process option may be unique, or it may be
representative of many optional processes within a general response action.

• Screening of process options (to eliminate options that are less practical). Screening is
performed to eliminate optional processes (technologies) that do not provide the highest degree
of effectiveness that present a more difficult implementation and/or are more costly.

• Development of (one or a combination of process options) potential remedial alternatives.
Process options that are not screened out are developed into potential remedial alternatives that
have the potential to address the complete remedial needs of a contaminated site.

• Detailed analysis of potential remedial alternatives.  Potential remedial alternatives are analyzed
based on their respective conceptual design, the advantages and disadvantages, and the present
worth cost estimates.

• Evaluation of alternatives with respect to CERCA criteria.  Potential remedial alternatives are
evaluated in a comparative analysis against U.S. EPA CERCA criteria including the degree of
protection provided human health and the environment; compliance with regulatory
requirements; effectiveness; reduction of contaminant toxicity, mobility or volume; implement
ability; and cost. The evaluation criteria are listed in Table 9-1. 

The result of the feasibility study process is the identification of a feasible candidate alternative(s) and
necessary technical information that can be presented to regulatory agencies and the public (community) for
consideration. Acceptance by the regulatory agencies and the community of the recommendations of the
feasibility study are two of the criteria that must be satisfied before the recommendations of the feasibility
study may be adopted. 

As indicated in Table 9-1, the analysis criteria are identified by type and include threshold, balancing, and
modifying criteria. These criterion types are important because:

• In all cases, threshold criteria, which include statutory requirements and guidelines,  must be met
or achieved for a remedial alternative to be considered;

• Balancing criteria provide a means to determine the balance provided by a given remedial
alternative to provide the best overall achievement of remedial action objectives while being
practical to perform (implement) at an acceptable comparable cost; and

• Modifying criteria provide a means for modifying or changing the way a given recommended
preferred alternative is adopted to account for specific agency or community needs.

The method used in the feasibility study to compare one alternative to other alternatives is qualitative. The
detailed application of this comparison is presented in Section 10 of this document, where proposed
alternatives for the Site are evaluated. 
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TABLE 9-1

Remedial Alternative Evaluation Criteria

Criterion Type Evaluation Criterion Definition
Threshold Protective of human health

and the environment
Protects human health and the environment through the elimi-
nation, reduction, or control of contaminated media. All
migration pathways must be addressed.

Compliance with
appropriate AGARS

Complies with applicable or relevant and appropriate require-
ments of RARA, CWA, SDWA, state and local regulations
and codes, and TBC guidelines.

Balancing Long-term effectiveness
and permanence

Protects human health and the environment after the remedial
objectives have been met.

Reduction in toxicity,
mobility, and volume
through treatment

Treats the media and reduces the toxicity, mobility, and/or
volume of the contaminated media.

Short-term effectiveness Protects human health and the environment during construc-
tion and implementation. Degree of threat and the time period
to achieve remedial action objectives are also considered.

Implementability There are no administrative barriers (no permits, zoning
limitations). The availability of materials and personnel, site
features such as available space and topography, and impacts
upon ongoing operations are considered. The technical status
of alternatives is also considered; theoretical technologies with
only limited bench-scale evaluation are considered less
implementable than fully proven processes.

Cost Costs include design, construction, start up, monitoring, and
maintenance. Accuracy to within -30% and +50%.

Modifying State acceptance The state’s (or other regulatory agency’s) preference among or
concern about alternatives.

Community acceptance The community’s apparent preferences among or concerns
about alternatives.

 ARAR applicable or relevant and appropriate requirement
 CWA Clean Water Act
 RCRA Resource Conservation and Recovery Act
 SDWA Safe Drinking Water Act
 TBC to be considered
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9.2 REMEDIAL ACTION OBJECTIVES

As identified in Section 9.1, the first step in the feasibility study process is to identify RAOs for a site. These
objectives establish what is to be achieved by implementation and/or completion of a remedial action.

In accordance with the National Oil and Hazardous Substance Contingency Plan (referred to as the NCP) and
CERCLA guidance, the RAOs are being established for the Site (EPA, 1988a).

The RAOs consist of medium-specific goals to protect human health and the environment.  The RAOs were
developed for contaminant mediums at the Site (i.e., soil in the former HWA, DPA, and the Cooper Drum
Plume).  For each medium, the RAOs consist of three components which include:

• COCs;

• Remedial goals (i.e., cleanup levels) for COCs; and

• Receptors and exposure routes that could be affected by COCs.

The RAOs are communicated as receptors and exposure routes because the level of protectiveness may be
achieved through the remedial alternatives evaluated in the FS by either reducing the contaminant levels or
reducing exposure to the receptors while complying with ARARs.  For example, drinking water standards
may be established as a cleanup level for contaminated groundwater or extraction wells may be constructed
to contain the contaminated plume from further migration and to prevent human contact.

The COCs for subsurface soil and groundwater underlying the Site were presented in Section 6.0.  The
remaining RAO discussion focuses primarily on the identification of the remedial goals and receptor
exposure routes.

Identification of Remedial Goals

Groundwater

Establishing background groundwater concentrations for VOCs as a remedial action goal was considered and
rejected because of the TCE concentrations detected off-site in the west plume, northeast plume, and
southeast plume (see Section 1.2).  These off-site VOC plumes are not a result of contaminant releases from
the Site but do affect the selection process of a feasible remedial action goal.  For example, cleanup to
background groundwater concentrations for VOCs is technically infeasible because of the likelihood such
a decision could only be achieved through a remedy that addresses the off-site plumes in conjunction with
the Cooper Drum Plume.  Additionally, to meet background VOC cleanup levels, past experience with other
Superfund sites has shown that an aggressive long-term remedial action alternative (e.g., high-volume pump-
and-treat system) may be necessary.  A high-volume pump-and-treat scenario would likely result in
redirecting and further commingling of off-site VOC plumes with the Cooper Drum Plume (see Appendix
H).  By drawing in off-site plumes into the Cooper Drum Plume, the mass and volume of contaminants in
the Cooper Drum Plume would increase multifolds.

Remediation of these commingled plumes would require a comprehensive investigation and evaluation of
the off-site plumes, a scope broader than authorized through Superfund which is confined to the Site.
Therefore, the California primary drinking water standards identified as chemical-specific ARARs were
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considered as groundwater remedial goals.  Because the primary drinking water standards are protective of
potential beneficial use of the Exposition Aquifer, EPA has determined that the California primary drinking
water standards provide an adequate level of protection for VOCs except for 1,2,3-trichloropropane.  There
are no state or federal drinking water standards established for 1,2,3-trichloropropane.  However, DHS has
established an AL of 0.005 g/L for 1,2,3-trichloropropane (see Section 8.3.4).  Because the AL is below the
laboratory PQL for the Site, the PQL was identified as a remedial goal for 1,2,3-trichloropropane.  The
remedial goals developed for groundwater COCs are presented in Table 9-2.

VOC Contaminants in Soil

Remedial goals for VOCs in the subsurface soil underlying the Site will be established using VLEACH
modeling. These goals will be developed with the objective of preventing migration of leachate containing
concentrations exceeding drinking water standards through the soil to the upper (Gaspur) and deeper
Exposition Aquifer. The remedial goal for soil in the former HWA is to reduce soil concentrations to the
point at which modeling indicates leachate concentrations are less than the respective groundwater cleanup
standard (MCL) (CRWQCB-LA, 1996).  To evaluate attainment of this goal during remediation of the soil
at the HWA, performance evaluation soil gas samples will be collected at 10, 20, and 30 feet bgs from up
to five locations within the former HWA.  The results of these samples will then be modeled with VLEACH
using the same parameters outlined in Section 5.2.  As indicated in Table 9-2, soil cleanup for each VOC will
be considered achieved when modeling indicates that leachate concentrations for each location are less than
each respective MCL. This same approach will be applied to the soil beneath the DPA if the results of
additional investigations planned for this area indicate the need for response action.

Non-VOC Contaminants in Soil

Site-specific remedial goals for non-VOCs have been developed for the Site and are presented in Table 9-2.
The remedial goals are soil concentrations that were back-calculated by applying the same residential
exposure parameter values used in the Site HHRA (see Appendix L) and a target health risk level of one in
100,000 (1.0E-05) for each non-VOC.  The target risk level of 1.0E-05 for each non-VOC is considered
extremely protective for the current industrial land use. The Cooper Site has always been an industrial
facility.  In addition, the target risk is also considered protective of alternative land uses for the site, including
commercial as well as residential land use. The lead cleanup goal was back-calculated using the DTSC Lead
Risk Assessment Spreadsheet, or LEADSPREAD model, by applying both site-specific and conservative
default parameter values for an exposed residential child, the most sensitive possible receptor.  The lead
cleanup goal, or PRG-99, is back-calculated from a target 99th percentile blood lead level of 10 µg/dL, and
is, therefore, very conservative. The non-VOC risk analysis provided a conservative assessment of the
potential hazard site-related non-VOC contaminants posed to human health, for both residential and on-site
commercial or industrial workers.  The spreadsheets showing the input parameters and results for the non-
VOC remedial goals are included in Appendix M.

The remedial goals will be used to guide additional sampling to further define the extent of contamination
and to refine response action(s).  As indicated in Section 4 there is insufficient information for defining the
extent of non-VOC contamination in the subsurface soil at the Site.  Therefore, based on the sampling results,
the selected remedial alternatives for the non-VOCs contaminants may require some contingencies.  For
example, the future investigation(s) to define the extent of contamination,  may find that the extent of PAHs
or PCBs subsurface soil contamination is such that the alternatives selected for further evaluation in this FS
(i.e., institutional controls, excavation, and off-site disposal) are not feasible because of implementability
(i.e. beneath buildings) or cost and a combination of these alternatives are more appropriate. Following
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definition of the extent of contamination, the non-VOC contaminant mass and volume can be calculated to
develop feasible response actions.

TABLE 9-2

Subsurface Soil And Groundwater Remedial Goals
Cooper Drum Company Site

Medium
Contaminant of

Concern
Chemical Abstract

Service Number Remedial Goal
Basis for 

Remedial Goal
Subsurface Soil Remedial Goals

Subsurface
Soil

1,1-Dichloroethane 75-34-3 Leachate <MCL VLEACH modeling
1,1-Dichloroethene 75-35-4 Leachate <MCL VLEACH modeling
1,2-Dichloroethane 107-06-2 Leachate <MCL VLEACH modeling
1,2-Dichloropropane 78-87-5 Leachate <MCL VLEACH modeling
1,2,3-TCP 96-18-4 Leachate <PQL VLEACH modeling
Benzene 71-43-2 Leachate <MCL VLEACH modeling
cis-1,2-DCE 156-59-2 Leachate <MCL VLEACH modeling
trans-1,2-DCE 156-60-5 Leachate <MCL VLEACH modeling
Tetrachloroethylene 127-18-4 Leachate <MCL VLEACH modeling
Trichloroethylene 79-01-6 Leachate <MCL VLEACH modeling
Vinyl chloride 75-01-4 Leachate <MCL VLEACH modeling
Aroclor-1254 1336-36-3 870 µg/kg Human health hazard
Aroclor-1260 1336-36-3 870 µg/kg Human health hazard
Benzo(a)anthracene 56-55-3 3,780 µg/kg Human health hazard
Benzo(a)pyrene 50-32-8 380 µg/kg Human health hazard
Benzo(b)fluorathene 205-99-2 3,780 µg/kg Human health hazard
Benzo(k)fluoranthene 207-08-9 3,780 µg/kg Human health hazard
Chrysene 218-01-9 37,300 µg/kg Human health hazard
Dibenz(a,h)anthracene 53-70-3 620 µg/kg Human health hazard
Indeno(1,2,3-
cd)pyrene

193-39-5 3,780 µg/kg Human health hazard

Lead 7439-92-1 212 mg/kg  Human health hazard
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Groundwater Remedial Goals
Groundwater 1,1-Dichloroethane 75-34-3 5 µg/L MCL a

1,1-Dichloroethene 75-35-4 6 µg/L MCL
1,2-Dichloroethane 107-06-2 0.5 µg/L MCL
1,2-Dichloropropane 78-87-5 5 µg/L MCL
1,2,3-TCP 96-18-4 1 µg/L PQL b

Benzene 71-43-2 1 µg/L MCL
cis-1,2-DCE 156-59-2 6 µg/L MCL
trans-1,2-DCE 156-60-5 10 µg/L MCL
Tetrachloroethylene 127-18-4 5 µg/L MCL
Trichloroethylene 79-01-6 5 µg/L MCL
Vinyl Chloride 75-01-4 0.5 µg/L MCL

a MCLs from Title 22 California Code of Regulation Section 64431 and 64444 unless otherwise specified.
b No MCL established for 1,2,3-trichloropropane. The PQL was identified as a remedial goals for 1,2,3-trichloropropane.

µg/L micrograms per liter
mg/kg milligrams per kilograms
MCL California primary maximum contaminant level
PQL Practical quantification limit

Identification of Receptor Exposure Routes

Based on the information provided in this RI/FS and the HHRA, the media of interest include subsurface soil
and groundwater underlying the Site.

The exposure pathway for groundwater COCs includes ingestion, dermal contact, and inhalation (vapors)
resulting from the use of groundwater underlying the Site as a potable drinking water supply and for
household usage (washing, bathing, laundry, etc.).  The potable water use scenario assumes the groundwater
would be used as an untreated water supply for on- and off-site household and other commercial or industrial
uses (URS, 2001).  Use of water from the upper aquifer (i.e., the Gaspur Aquifer) in this scenario is highly
unlikely because of the poor quality of water exhibited in the Gaspur Aquifer.  The COCs in the Gaspur
Aquifer, especially in defined contaminant plume areas with a large COC mass  (e.g., plume areas with TCE
concentrations greater than 100 :g/L), would have the potential to migrate to the deeper Exposition Aquifer
that is used as a municipal and domestic water supply (i.e., drinking water supply).  By the same token,
sporadic occurrences of COCs in the Gaspur Aquifer, even at levels greater than remedial goals, would not
present a health risk unless groundwater monitoring results indicate there is impact to the Exposition Aquifer.
In any case, potential receptors are limited to hypothetical future residents that may be exposed to water from
the deeper Exposition Aquifer.
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The HHRA identified the exposure pathway for subsurface soil COCs to include ingestion and dermal
contact with exposed soil.  Although approximately 95% of the Site is currently paved or covered by
buildings, the pathway could be complete in the event that soils underlying the existing asphalt and concrete
are exposed at some point in the future (URS, 2001).  As previously stated, this pathway is unlikely but will
be reevaluated if site conditions change.  However, subsurface soil COCs (VOCs only) continue to threaten
groundwater quality, and there exists a potential for the upper aquifer to impact the regional Exposition
drinking water aquifer. 

Therefore, the receptor may be exposed to subsurface soil contaminants that have the potential to migrate
to groundwater resulting in human ingestion, dermal contact, and inhalation (of vapors) of potable drinking
water supply and water used for household usage (washing, bathing, laundry, etc.).  The VOC soil
contaminants detected at the former HWA represent a continuing source of contamination to groundwater.
A data gap has been identified in the DPA.  The impact to the Gaspur Aquifer from the contamination in the
subsurface soil at the DPA will be further investigated during the RD phase of the site and may also be
shown as a source or contamination to groundwater.  Available data have shown a negligible impact and
detection of contaminants sporadic in the groundwater beneath the DPA.

The HHRA identified an elevated indoor air risk to on- and off-site receptors.  As noted in Section 6, this
exposure pathway would be remediated, and thereby eliminated, by using soil vapor extraction.  Additionally,
when remediation is completed, the Johnson-Ettinger Model will be used to ensure that the residual VOC
concentrations remaining in the soil are protective of potential indoor receptors.  The Johnson-Ettinger model
is used to predict potential VOC concentrations in indoor air.  Specifically, the Johnson-Ettinger Model
would use the same performance evaluation soil gas samples collected after the SVE system is shut down,
and used with the VLEACH modeling to demonstrate attainment of the soil remediation goal.  Additionally,
the same model parameters used in the site HHRA for evaluating intrusion of contaminant vapors into
buildings (see Appendix L, Section 4.3) would be used along with the above noted soil gas samples.  Finally,
there are currently no enclosed areas in the DPA or HWA.

As previously stated, Site-specific remedial goals for non-VOCs have been developed and are presented in
Table 9-2.  The remedial goals will be used to guide additional sampling to further define the extent of
contamination and to refine response action(s).  

Identification of Medium-Specific Remedial Action Objectives

As previously stated, a level of protectiveness may be achieved through the remedial alternatives evaluated
in the FS by either reducing the contaminant levels or reducing exposure to the receptors while complying
with ARARs.  On the basis of the discussions presented above, the remedial action objectives for
groundwater, soil, and air are summarized in Table 9-3. In addition to the primary RAOs listed in Table 9-3,
selection and design of the remedial action would have to consider other criteria, such as the local
community’s concerns about air emissions and reducing potential commingling of off-site and on-site
groundwater plumes.  Soil and groundwater monitoring data will be used to monitor the effectiveness of a
given  remedial action in meeting the RAOs.  Remedial action will be discontinued when consecutive
sampling events over a period of three years indicate that target COC concentrations in soil, soil gas,  and
groundwater are met and rebound does not occur over a period of three years.
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TABLE 9-3

 Remedial Action Objectives (RAOs)
Cooper Drum Company Site

Groundwater Restore usable groundwater to drinking water standards (MCLs) for beneficial
use.

Soil Remediate soil COCs (VOCs) to levels that prevent the vertical migration at
concentrations that would exceed drinking water standards (MCLs).
Remediate non-VOC COCs to health based cleanup levels that are protective of
ongoing and future site activities.

Air Ensure that health-based cleanup levels achieved for COCs (VOCs) in soil and
groundwater will be protective of potential indoor air receptors. 

Measures to determine RAOs
are being met

- Groundwater sampling results from Gaspur Aquifer indicate COC
concentrations are being reduced in plume areas where remedial action is
implemented.

- Groundwater sampling results from Exposition Aquifer indicate no impact
at or above remedial goals from shallow aquifer and vadose zone.

- Soil gas sampling results and forecasted leachate concentrations indicate no
impact at or above remedial goals to groundwater.

- Confirmation soil samples results indicate no impact at or above site-
specific remedial goals for non-VOCs.

- Soil gas sample results indicate no adverse impact to human health.

COC contaminant of concern
MCL maximum contaminant level
RAO remedial action objective
VOC volatile organic compound
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9.3 DEVELOPMENT AND SCREENING OF 
POTENTIAL REMEDIAL ALTERNATIVES

This section describes the general response actions for the Cooper Drum Site (Site); the identification of
technology types and process options; and results of the initial screening of these options. Lastly, this section
describes the remedial alternatives developed based on process options that passed the initial screening. 

9.3.1 General Response Actions

Five general response actions for groundwater and six general response actions for soil were identified for
the Site. The response actions include a range of alternatives that address cleanup levels and the time frame
in which the alternatives maybe achieved.

These groundwater and soil general response actions are considered appropriate with respect to the remedial
action objectives identified in Section 9.2. “No action” is an option used in all feasibility studies, per U.S.
EPA guidelines, to illustrate the consequences of taking no action (U.S. EPA, 1998a).

9.3.1.1 General Response Actions for Groundwater

Five general response actions for groundwater contamination are explained in the following paragraph.  They
are:

• No action;

• Institutional controls;

• Containment;

• Collection/ex situ treatment/discharge; and

• In situ treatment.

No Action

No action is a baseline option where no action of any kind is taken at a site.  No action is used as a baseline
against which to compare the other options.

Institutional Controls

Institutional controls limit human and ecological exposure to the groundwater; however, no human activity
reduces the mass, toxicity, or mobility of contaminants present.  Institutional actions could include access
restrictions (i.e., fencing, warning signs), deed restrictions, restrictions on water use, and substituting other
water supplies or habitat for lost or threatened water supplies and habitat.  This response action relies solely
on natural attenuation to reduce contaminant concentrations.  Natural attenuation mechanisms include
degradation, adsorption, dispersion, and volatilization of COCs.  These could naturally reduce the toxicity,
mobility, and mass of contamination.
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Containment

Containment prevents or minimizes the spread of contaminated water through the use of physical or
hydraulic barriers.  Hydraulic barriers are established by pumping or injecting water.  The purpose of
containment to prevent migration.  However, with successful containment, natural attenuation may begin to
reduce toxicity and mass.

Collection/Ex Situ Treatment/Discharge

This response action consists of collecting contaminated groundwater, treating the water at an aboveground
facility, and discharging the water.  Possible groundwater collection methods include use of vertical or
horizontal extraction wells and interceptor trenches.  The water is treated using physical, chemical, or
biological methods prior to on-site or off-site discharge.

In Situ Treatment

Some of the in situ (“in place”) treatment options for contaminated groundwater include chemical oxidation,
in-well air stripping, air sparging and vapor extraction, permeable reactive barriers, bioremediation, and
steam stripping.  These methods often also treat the soil in contact with the contaminated water.

9.3.1.2 General Response Actions for Soil

The general response actions identified for soil are:

• No action;
• Institutional controls;
• Containment;
• Removal;
• Excavation/ex situ treatment/disposal; and
• In situ treatment.

No Action

As with groundwater, this is a baseline option and includes no action of any kind.

Institutional Controls

Institutional controls include actions such as land use administrative controls, deed restrictions, and fencing.
As with water, institutional actions are used to limit exposure to the COCs in the soil.  This response action
relies on immobility of contaminants and the limitation of exposure and involves no remedial response at the
site.  Under these controls, natural degradation may reduce toxicity, mass, and mobility.  The term
“degradation” is used for soils and means contaminant mass and toxicity are reduced by evaporation,
adsorption, and the biological destruction/oxidation capability of naturally occurring bacteria or natural
chemical mechanisms.
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Containment

Containment prevents or minimizes the spread of contaminants to surrounding soil or groundwater by
reducing infiltration of rainwater and reducing dust migration.  Direct contact with contaminated soil is
eliminated, and the contaminated soil is isolated from adjacent soil.  The potential for migration of
contaminants to surrounding soil by rainwater runoff and percolation is reduced.  Containment methods
include capping, vertical barriers, sediment control barriers, and lateral barriers.

Removal (Excavation/Disposal)

Contaminated soil is excavated and transported directly to an existing off-site landfill for disposal.  This
general response action would result in the removal of the contamination but can be quite costly, depending
on the volume of soil that needs to be excavated and disposed. It is most suitable for shallow soil
contamination.

Excavation/Ex Situ Treatment/Disposal

Contaminated soil can be excavated, treated, and disposed.  Potential treatment methods include soil
washing, low temperature thermal treatment, biological treatment, and soil vapor extraction.  Disposal
options include reburial and disposal on site or disposal in off-base landfills.  The resulting holes can be
backfilled, or treated soil could be used for general fill if the necessary cleanup level is achieved. 

In Situ Treatment

In situ treatment methods are implemented without excavating the contaminated soil.  In situ treatment
includes soil heating, soil vapor extraction with off-gas treatment, phytoremediation, and bioremediation.
Additionally, combinations of these process options may be used (e.g., vapor extraction enhanced by steam
injection).

9.3.2 Identification of Technology Types and Process Options

Of the response actions delineated in Section 9.3.1, a subset of potential remedial technologies and specific
process options were identified for the Site. The technologies and process options were selected following
CERCLA and experience at numerous other CERCLA sites. Tables 9-4 and 9-5 identify the general response
actions, potential remedial technologies, and specific process options for groundwater and soil, respectively.

9.3.3 Screening of Technology Types and Process Options 

An initial screening was performed to reduce the number of technology types and process options based on
the effectiveness, implementability, and cost of the option. This screening followed the process discussed
in Guidance for Conducting Remedial Investigations and Feasibility Studies Conducted Under CERCLA
(U.S. EPA, 1988a) and in Section 9.1 of this document. In this evaluation, effectiveness is a measure of (1)
the suitability of the process option for handling the estimated areas and volumes of contaminated soil or
groundwater and for meeting the remedial action objectives as stated in Section 9.2; (2) the potential impacts
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TABLE 9-4

General Response Actions, Remedial Technology, 
and Process Options for Groundwater at Cooper Drum

General Response
Actions Remedial Technology Process Options

No Action None None.
Institutional Action Access restrictions Water use/water rights restrictions, deed restrictions, fences,

posting signs.
Land purchase.

Alternate water supply Provide alternate (e.g., through private water purveyor) water
supply for agricultural users. 

Monitoring Monitoring wells to establish natural attenuation and
statistically significant concentration trends.

Containment Vertical barrier Slurry wall/grout curtain.
Sheet pile wall.
Extraction and injection wells (hydraulic barrier).

Horizontal barrier Grout injection (subsurface barrier) which creates a
solidified horizontal barrier through the injection of a grout
slurry that hardens.

Collection Groundwater extraction Vertical wells.
Horizontal wells.

Subsurface drains Collection trenches (French drain).
Ex Situ Treatment Physical treatment Air stripping

Steam stripping
Carbon adsorption.
Reverse osmosis.
Membrane separation.

Chemical treatment Fluidized bed reactor.
Ion exchange.
Chemical oxidation and precipitation, followed by filtration.
Electrochemical methods.
Chemical oxidation promoted with ultraviolet light.
Surfactant/solvent enhanced recovery.

Biological treatment
(aerobic)

Activated sludge.

Fixed film.
Fixed bed reactor.
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TABLE 9-4 (Cont’d)

General Response Actions, Remedial Technology, 
and Process Options for Groundwater at Cooper Drum

General Response
Actions Remedial Technology Process Options

Discharge Reuse Industrial use.
Irrigation.

Aquifer injection Shallow aquifer injection.
Deep aquifer injection.

On-site discharge Direct discharge to storm drain or sanitary sewer line.
Off-site discharge Discharge to POTW or to surface water.

In situ treatment Chemical treatment Permeable reactive barrier.
Injection of electron donor (e.g., molasses, HRC®) for
reductive enhanced biodegradation.
Injection of oxidizing compounds (e.g., Fenton’s reagent,
ozone, permanganate).

Physical treatment In situ air stripping.
In situ steam stripping and soil vapor extraction.

Biological treatment Air sparging and soil vapor extraction.
Bioslurping.
Phytoremediation.

HRC® hydrogen release compound
POTW publicly owned treatment works
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TABLE 9-5

General Response Actions, Remedial Technology,
and Process Options for Soils (Vadose Zone) at Cooper Drum

General Response Actions Remedial Technology Process Options
No Action None None
Institutional Action Access restrictions Property rights and deed restrictions, fences, posting

signs, pavement upkeep.
Long-term monitoring Monitor soil gas/soil quality using monitoring wells.

Containment Capping with impervious
cover

Asphalt or concrete cap.

Removal Excavation/Disposal Backhoe excavation/disposal to off-site landfill.
Large-diameter auger boring/disposal to off-site
landfill.

Ex Situ Treatment (Preceded
by excavation and followed
by disposal)

Physical treatment Vapor extraction from soil pile.

Chemical treatment Mechanical mixing combined with chemical oxidation.
In Situ Treatment Physical treatment In situ dual phase extraction.

Chemical treatment Chemical oxidation.
Surfactant enhanced recovery.

Biological treatment
(aerobic)

Phytoremediation.

Thermal/Physical 
Treatment

Dynamic underground stripping.

Thermal enhanced SVE.

SVE soil vapor extraction
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to human health and the environment during the construction and implementation phase and; and (3) the
reliability of the process with respect to the contaminants and conditions at the Site.  Both short- and long-
term effectiveness are considered.

Each process option was also evaluated for both technical and administrative implementability, which
includes the developmental state of the technology (e.g., commercial, bench-scale); physical and
environmental conditions at the Site (e.g., buildings and infrastructure); the ability to obtain necessary
permits (or satisfy the substantive requirements of a permit); the availability of space for treatment, storage,
and disposal facilities; and the availability of necessary equipment and skilled workers to implement the
technology.

Table 9-8 (at the end of the section) summarizes the results of the initial screening. The process options that
are considered to be potentially implementable and effective at the Site were “advanced” as indicated in the
last column of the table. The remaining response actions and associated process options were dropped from
further consideration because of low effectiveness and/or difficulties associated with implementation. The
specific reasons for eliminating a general response action and associated process options are noted in the
table. As a general rule, only remedial alternatives that are applicable for addressing the remedial action
objectives stated in Section 9.2 are retained for further evaluation. Since the ultimate focus of the remedial
action objectives for the groundwater underneath the Cooper Drum Site is to monitor, control, and remediate
contaminant impact to the Exposition Aquifer, in general, groundwater process options that were not
applicable to halogenated VOCs (the primary COCs in groundwater) were screened out. However, the HHRA
has identified some non-VOCs (e.g., PCBs, PAHs, and lead) in soil as COCs; therefore, certain soil process
options that addressed non-VOCs were retained for further evaluation.

In Table 9-8, the relative capital and operation and maintenance costs are identified as high, moderate, low,
or none, as compared to other process options.  Costs are provided for comparative purposes and to identify
the cost sensitivity of the option to the extent or volume of contamination. Process options were not dropped
based solely on cost.  The cost factors are mainly used when representative process options are selected to
develop remedial alternatives.  The cost variability, as influenced by the specific site conditions, is
considered in Section 10.0 where the remedial alternatives are evaluated in detail for groundwater and soil.

9.3.4 Successful Process Options 

The process options that passed the screening evaluation for groundwater and soil are identified in Tables
9-6 and 9-7, respectively.  In most cases, two or more process options were combined to address various
COCs (e.g., in soil) or to provide more effective or expedited treatment (e.g., in groundwater).  The
combination of applicable process options formulate the remedial action “alternatives” that are most likely
to be effective under Site conditions.  The applicable remedial action alternatives are listed in order of
increasing cost.  A detailed description of the various process option components of each alternative is
provided in Section 9.3.5.
 
Table 9-6 indicates that groundwater process options representing no action, extraction/ex situ treatment/
discharge, and in situ treatment all passed the first level screening.  The commonly used ex situ treatment
alternatives of air stripping and ultraviolet (UV) oxidation were dropped, whereas treatment with (liquid-
phase) GAC was retained.  UV oxidation was dropped because the high concentrations of heavy metal ions
(exceeding 10 mg/L) and the high alkalinity of the water may result in fouling of the reactor vessels and the
UV quartz sleeves.  Air stripping was dropped from further evaluation because the high TDS, carbonate, and
alkalinity of the water would likely result in scale formation, thus requiring additional measures, such as acid
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dripping or carbon dioxide injection.  (Additionally, vapor-phase GAC may still be required to remediate the
stripped VOCs since the local community favors zero air emissions.)  A rough cost estimate also indicated
that use of GAC would be more cost-effective than use of UV oxidation or air stripping.  The main reason
is that the level of operations and maintenance (O&M) effort required for a GAC treatment system is
expected to be lower than that required for air strippers or UV oxidation systems.  Selection of GAC
treatment over UV oxidation or air stripping does not imply that the latter two treatment options are not
feasible or could not be implemented successfully to meet the Site RAOs.  Rather, it is expected that the use
of GAC would be relatively more economical and require fewer design components.  (During the actual
remedial design phase, it is possible that another appropriate ex situ treatment technology will be selected.)

TABLE 9-6

Remedial Process Options Applicable to Groundwater

Alternative 1 No action
Alternative 2 Extraction / GAC
Alternative 3 Extraction / GAC / In situ chemical oxidation
Alternative 4 Extraction / GAC / In situ chemical treatment - reductive dechlorination

and oxidation
Alternative 5 Extraction / GAC / In situ reductive dechlorination
Alternative 6 In situ air stripping with groundwater circulation wells

GAC granular activated carbon (liquid-phase only)

TABLE 9-7

Remedial Response Options Applicable to Soil

Alternative 1 No action
Alternative 2 Dual phase extraction/GAC/Institutional control
Alternative 3 Dual phase extraction/GAC/Institutional control/Excavation

    GAC granular activated carbon (liquid- and vapor phase)

Additional alternatives combining this “pump-and-treat” action with in situ oxidation and in situ reductive
dechlorination were also included.

One standalone in situ groundwater treatment option was also retained.  While being innovative, in-well air
stripping using circulation well technology is commercially available and has been field-tested at other sites
with comparable contamination and hydrogeological profiles. 

As shown in Table 9-7, the process options for soil were narrowed down to the no action, in situ treatment
of VOC-contaminated soil using dual-phase extraction, institutional controls, and excavation.

Capping was eliminated as a remedial action because 95% of the Site is already paved.  Additionally, while
capping would prevent contact with subsurface soil, it would not eradicate vertical migration of COCs.  Soil
excavation was retained only for shallow soil contaminated with non-VOCs.  Because of the diversity of the
non-VOC contaminant types, treatment (ex situ or in situ) of soil contaminated with non-VOCs would not be
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a feasible use of resources.  The institutional control action was also retained for contaminated soil areas where
other remedial action may not be feasible (for example, under buildings).

Because of the extent and depth of soil gas contamination, and the absence of immediate/urgent VOC exposure
pathways, excavation would not be a feasible or cost-effective remedial alternative for soil contaminated with
VOCs.  By the same token, excavation and ex situ treatment of VOC-contaminated soil was also ruled out.
The in situ process option of dual phase (soil vapor and water) extraction, as opposed to strict soil vapor
extraction (SVE), was retained because of the existence of a perched layer (a semi-saturated zone) in the
subsurface.  The perched layer would have to be dewatered prior to, or concurrently with, soil vapor extraction.

9.3.5 Description of Site-Relevant Process Options 

In the following sections, the various components of the remedial action alternatives listed in Tables 9-6 and
9-7 are described in some detail.

9.3.5.1 No Action

In all feasibility studies, “no action” must be evaluated as a baseline option for all sites in accordance with U.S.
EPA guidelines (U.S. EPA, 1998a). It serves only as a metric by which the alternatives are evaluated. Under
this remedial action, no activity is undertaken toward cleanup or risk mitigation.

9.3.5.2 Excavation

As described above, this process option is feasible for shallow soil contaminated with a variety of target
chemical groups. 

Backhoe excavation is a suitable process option when soil contamination is limited to 1 to 2 feet from the
surface.  Non-VOC contamination at the Site has been detected down to a depth of 10 feet.  Other types of
excavation equipment, such as bulldozers and scrapers, can be used in conjuction with backhoes for these
depths. 

Landfill disposal offers the most conventionally accepted approach to soil disposal.  Disposal options for
excavated soil are off-site disposal in a Class I, Class II, or Class III landfill.  (The selected landfill must be
CERCLA-certified.)  Some soil encountered during remedial action is expected to be nonhazardous. 
Contaminated soil exceeding local disposal requirements, such as oil-stained soil and non-RCRA hazardous
waste, may be disposed off-site in an industrial (Class II) landfill.  Soils which contain RCRA hazardous
wastes would need to be disposed in a Class I landfill.  There are two CERCLA-certified Class I landfills
located in California.  The closest Class I landfill is located in Buttonwillow, approximately 145 miles from
the Site.

9.3.5.3 Institutional Control Action

Institutional control action may include administrative controls and long-term monitoring for evaluation and
assessment of natural attenuation and degradation processes and statistically significant concentration trends.
Although elevated levels of DCE, DCA, and vinyl chloride in the subsurface may be indicative of natural
attenuation processes, there is not sufficient evidence to justify the use of monitored natural attenuation as a
standalone remedial alternative at the Site.  Therefore, institutional control action at the Site will consist
primarily of administrative controls, as delineated below.  However, soil and groundwater monitoring data will
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be used to evaluate contaminant concentration trends and to gauge the success or failure of a given remedial
alternative in meeting the remedial action goals.

Administrative Controls

Administrative controls (such as deed restrictions) would be placed on the future use of the contaminated areas.
Administrative controls would be placed to restrict excavation and subsurface work in locations where
excavation is not feasible (e.g., under existing buildings), or occasionally, where the excavation worker would
be exposed to unacceptable health risk as a result of contact with contaminated soil or groundwater or potential
vapors from the subsurface.  This process option is most relevant to non-VOC contaminants in soil.  The non-
VOC contaminants, which would not be removed by SVE, could pose health risks if the soil capping
(pavement) is removed or damaged.  Therefore, as part of the institutional control action, the pavement would
be maintained in good condition.  Pavement upkeep would also reduce potential leaching of contaminants to
groundwater by minimizing rain water infiltration.

Monitoring of Soil and Groundwater

Characterization and confirmation soil samples would be collected as part of the excavation remedial action.
Soil gas monitoring would be performed to obtain baseline soil gas concentrations and to determine the
effectiveness of the selected alternative(s) in remediating VOCs in soil.  The cost of soil and soil gas sampling
has been included in the implementation cost for all the soil remedial alternatives.

Monitoring of groundwater would be performed using existing and new (as needed) monitoring wells to track
the lateral and vertical migration of impacted groundwater and to provide an early warning if receptors were
threatened.  Monitoring would also track the change in concentrations resulting from implementation of
remedial action.  The cost of groundwater monitoring was included as part of all the groundwater remedial
alternatives.

9.3.5.4 Groundwater Extraction/Ex Situ Treatment/Discharge

This response action, also known as groundwater pump-and-treat, consists of extracting groundwater with
contamination exceeding remedial action goal levels, treating the water at an aboveground facility, and
discharging the water.  The relevant design criteria and related costs for the pump-and-treat process options
are presented in Section 10.3.



Cooper Drum Remedial Investigation Feasibility Study Report Section 9.0
RAC EPA Region IX 05/15/02
US Group, Inc. Page 9 - 21
Contract No. 68-W98-225/WA No. 047-RICO-091N

K:\04700\RI\by section\k_section 9.wpd

Possible groundwater collection methods include use of vertical or horizontal extraction wells and interceptor
trenches.  Once extracted in the well or trench, the water is treated using physical, chemical, or biological
methods prior to discharge.

Extraction Options

Vertical wells are applicable for areas where the groundwater is shallow or deep, and the extent of
contamination is confined.  Additionally, vertical wells are typically installed in areas with moderate-to-high
hydraulic conductivity to avoid the necessity for installation of numerous wells to achieve full capture of the
contamination. Because of the depth of the groundwater contamination (down to 100 feet bgs), the relatively
high hydraulic conductivity (60 ft/day) and the size of the groundwater plume, vertical wells would be the
preferred extraction method at the Cooper Drum Site.  Therefore, extraction options for the Site consist of
vertical wells and conveyance pipelines.  Extraction includes the pumping of groundwater using a network of
wells and conveying the water via pipelines to an aboveground treatment facility.  The extraction network, when
effective, forms a hydraulic barrier to the migration of contaminated groundwater. 

Figure 9-2a is a schematic representation of a vertical extraction well.

Ex Situ Groundwater Treatment Options

Ex situ water treatment systems can be a combination of many components, depending on the characteristics
of the contamination.  Air stripping, GAC, and chemical and ultraviolet oxidation are several of the established
ex situ treatment technologies for organic contaminants.  Inorganic contaminants require other treatment
methods; for example, precipitation, ion exchange, reverse osmosis, and/or electrochemical methods.  The
organic and inorganic treatment technologies can be integrated to allow for treatment of all contaminants.

As discussed above, because of anticipated complications with the use of air stripping (i.e., high potential for
scale formation) and UV oxidation (potential for reactor fouling), liquid-phase GAC was chosen as a feasible,
representative ex situ treatment option for the organic COCs in groundwater.  This technology is ideally suited
for treatment of groundwater with low flow rates (e.g., less than 100 gpm) and with low levels of total
suspended solids.  As described in Section 9.3.4, elimination of air stripping and UV oxidation at this stage does
not imply that these treatment alternatives could not be effectively implemented at the Site.  In each case, the
processes could be modified to allow for efficient treatment.  However, by retaining one ex situ treatment
option, it is possible to streamline the detailed analysis and to focus on the relative merits of an ex situ treatment
option versus in situ treatment alternatives.  (Additionally, a rough cost analysis indicated that the use of liquid-
phase GAC would be more economically feasible than either air stripping or UV oxidation.).

A schematic of the GAC process is shown in Figure 9-2b. A brief description of the process is provided below.

Granular Activated Carbon. Groundwater is pumped through a series of vessels containing GAC to which
dissolved organic contaminants adsorb.  The technology requires periodic replacement or reactivation of the
carbon when the adsorption capacity of the carbon is exceeded.  Target compounds include halogenated and
nonhalogenated VOCs and SVOCs.  Of the COCs present in the soil and groundwater underneath  the Site, only
vinyl chloride (at a maximum concentration of 2 µg/L in groundwater) has minimal affinity for adsorption by
carbon.  However, vinyl chloride is readily oxidized.  Therefore, an oxidizing agent such as potassium
permanganate can be added to the exit stream from the carbon vessels to destroy vinyl chloride.  For treatment
of vinyl chloride in soil gas, a 50/50 blend of vapor-phase GAC and potassium permanganate-impregnated
alumina (PIA) can be used.
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Discharge Options

For certain discharge options, for example to storm drain and/or to surface waters, it would be necessary to
reduce the arsenic levels to below MCLs even though arsenic is present at background levels and was not
deemed a COC for remedial action.  Because of the generally high sulfate (up to 11,000 mg/L), iron (up to
7,900 mg/L), and total dissolved solids (21,000 mg/L) levels in the groundwater, the use of several common
treatment technologies, such as ion exchange, reverse osmosis, and electrochemical methods, would be
ineffective for arsenic treatment.  Under these conditions, precipitation and filtration would be a feasible,
but costly, technology for removal of arsenic.  However, in view of the lower proposed MCLs for arsenic
(i.e., 10 µg/L), it is not certain that the discharge limits could be effectively met even with the use of the
precipitation/filtration process. 

In view of the above discussion, the viable options include reinjection and discharge to local POTW. 

Reinjection of treated groundwater is attractive from a hydraulic point of view because, if designed properly,
it can create a hydraulic “mound” that can be used to reduce possible commingling of on- and off-site
groundwater plumes.  Additionally, reinjection of water can reduce the drawdown of the water table resulting
from extraction, and it can “flush” the groundwater contamination towards the extraction wells.  By
diluting/reducing the contaminant concentrations in the groundwater, reinjection of treated water can enhance
transport of VOCs sorbed to soil.  

However, reinjection of groundwater with non-COC levels above MCLs may have regulatory complications
because of anti-degradation policies.  With regards to the anti-degradation requirements of the RWQCB, the
EPA position is that reinjection would be acceptable, so long as the treated water is reinjected back into the
same aquifer, not too far from where it was extracted.  Under these conditions, the EPA position is that non-
COC contaminants, such as arsenic, existing at background levels (that are higher than their respective
MCLs), would not have to be treated to below MCLs.  However, all COCs would be treated to stringent
levels below MCLs to meet the remedial action goals.

A disadvantage of injection wells is their propensity for biofouling and scale buildup.  Care must be taken
to periodically remove any fouling or scaling in the injection wells (e.g., by acid washing); otherwise the
capacity of the injection wells may be greatly reduced over time.

With regards to the POTW discharge limits, Appendix N includes a contact report with the LACSD in which
the criteria for discharge of treated water are delineated.  An advantage of this discharge option over
discharge to storm drain (and possibly reinjection) is that because of the generally high discharge limits,
treatment of non-COCs such as metals would not be required.  For example, the arsenic discharge limit has
been quoted as 3 mg/L, well above the arsenic levels detected in the groundwater which range from 0.02 to
less than 0.5 mg/L.  At a value of 1 mg/L, the discharge limit for total VOCs (as measured by Method
SW8260) is also relatively high and much less stringent than the sum of the respective MCLs.  Other POTW
discharge limits are provided in the LACSD contact report which is provided in Appendix N.

The disadvantages of discharge to POTW include a potentially large connection fee (maximum of $360,000),
and the reluctance of the LACSD to accept treated groundwater.  The LACSD requires evidence that other
discharge options are not feasible or permissible (e.g., by the RWQCB).
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9.3.5.5 In Situ Treatment of Groundwater and Soil

For groundwater, the in situ (in place) process options that passed first-cut screening include: chemical
oxidation, reductive dechlorination, and in-well air stripping using circulation wells.

For soil, dual phase extraction combined with GAC treatment is the only in situ process option that passed
first-cut screening.

Chemical Oxidation

Chemical oxidation is a process in which the oxidation state of a contaminant is increased while the oxidation
state of the reactant (oxidizing agent) is lowered.  The reactant may be an oxygen molecule or a chemical
species containing oxygen.  Depending on site conditions, in situ oxidation can be an effective means of
remediating halogenated VOCs in groundwater.  Oxidation is achieved by injecting an oxidizing agent, such
as hydrogen peroxide (H2O2), ozone, or permanganate (usually as potassium permanganate - KMnO4 - or
sodium permanganate - NaMnO4) into the contaminated groundwater.  The oxidation reactions using
hydrogen peroxide and ozone are rapid and follow second order and pseudo first order kinetics, respectively
(Siegrist et al., 2000). These reactions are most effective in formations with fairly acidic pH (i.e., pH < 6)
and low hardness (i.e., less than 400 ppm), which is not representative of the geochemistry of the subsurface
at the Site.  Conversely, oxidation using permanganate can occur over a pH range of 3.5 to 12 (ibid), and
hardness values exceeding 400 ppm which is representative of conditions beneath the Site.

Additionally, permanganate is more stable than either hydrogen peroxide or, especially, ozone and can
remain in the subsurface for several weeks or even months.  Therefore, use of permanganate as an oxidizing
agent in the subsurface at the Site presents a technically feasible process option.  As with most oxidizing
agents, care must be taken when handling the sodium permanganate solution to avoid skin contact which can
result in burns. 

Because of the multiple valence states of manganese, permanganate oxidation can occur through numerous
reactions, all of which are slower than the oxidation rates of hydrogen peroxide and ozone and follow second
order kinetics (ibid).  As an example, the stoichiometric reaction for destruction of TCE by NaMnO4 is
indicated below. 

2NaMnO4 + C2 HCl3 ÷ 2CO2 + 2MnO2 + 2NaCl + HCl

As shown above, manganese oxide (MnO2) and hydrochloric acid (HCl) are oxidation by-products.
Therefore, consideration must be given to proper administration of permanganate (or other oxidizing agents)
so as to avoid undesired decreases in pH, or precipitation of large amounts of manganese oxide which can
lead to pore clogging.  These undesired effects can be avoided by injecting dilute solutions of permanganate
(0.1% to 4.0% permanganate) in small quantities (e.g., one gallon per day).  However, incomplete reactions
may result if there is an insufficient quantity of the oxidizing reagent, if other compounds exist that consume
the reagent, or if there is inadequate mixing or contact time between contaminants and the reagent(s).

Additionally, oxidation may increase the mobility of certain metals in the subsurface.  Therefore, metal
concentrations are routinely measured during and after injection of the permanganate.

Oxidation can be performed by injecting the permanganate into a temporary injection point (by direct push)
or a permanent injection well.  Because of its stability, permanganate can migrate through the subsurface by
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diffusive processes, as well as by forced advection.  However, the spacing between the injection points has
to be determined based on the subsurface lithology and hydrogeologic properties, such as hydraulic
conductivity and soil pore space.  To determine the effectiveness of chemical oxidation, as well as the
optimal spacing between injection points and the amount of oxidant needed, it is recommended that a pilot-
scale test of the process be performed prior to full-scale application.  The pilot-scale treatability test can be
applied to a 50' x 50' area in the  groundwater plume.

Whereas oxidation with permanganate is effective for TCE, PCE, cis-1,2-DCE, and vinyl chloride, it is not
effective for some of the other COCs (e.g., 1,1-DCA and 1,2-DCA) that are also present in the subsurface
at the Site.  Ironically, hydrogen peroxide and ozone are effective oxidizing agents for these compounds.
As mentioned above, however, the Site conditions are not favorable for the use of these oxidizing agents,
although their effectiveness can certainly be re-evaluated during the recommended treatability study. 

The short time-frame, the anticipated full remediation of several of the main COCs, the in situ application,
and the absence of air emissions make this in situ oxidation technology attractive.  However, because all
chemical-specific ARARs would not be satisfied, and because the effectiveness of this in situ technology
under the Site conditions has not been verified, standalone implementation of this process option is not
advisable.  Rather, it is recommended that in situ oxidation be used in higher concentration areas of the
plume, as an enhancement to the pump-and-treat option.  The hydraulic control provided by extraction wells
can be used to direct the permanganate to hotspot areas within the plume.  On the other hand, if oxidation
is shown to be effective, the expected reduction in COC concentration levels may allow for a less extensive
pump-and-treat system and may reduce the required time to achieve remedial action goals.

Information on cost and design assumptions for in situ oxidation, as provided by a vendor (Geo-Cleanse
International), is provided in Appendix N.

Enhanced Reductive Dechlorination

Biodegradation is generally the most important natural degradation process acting to reduce contaminant
concentrations in groundwater because it can reduce the mass of contaminant and toxicity if it proceeds to
completion.  Whereas fuel hydrocarbons are biodegraded through use as primary substrates (electron donors),
chlorinated aliphatic hydrocarbons such as TCE commonly biodegrade through two major pathways: use as
an electron acceptor (reductive dechlorination) or through oxidative cometabolism.

During reductive dechlorination, the chlorinated hydrocarbon is used as an electron acceptor, not as a source
of carbon, and a chlorine atom is removed and replaced with a hydrogen atom.  Typically fuel hydrocarbons,
naturally occurring organic matter, other low-weight organic compounds (acetate, methanol, glucose, etc.),
or hydrogen will act as electron donors.  Since dissolved oxygen is also an electron acceptor, reductive
dechlorination is most efficient under anaerobic conditions, or in the absence of competing dissolved oxygen
molecules or other electron acceptors, such as sulfate. 

Different conditions for biodegradation exist at different areas.  Sites with high amounts of a carbon source
(e.g., high total organic carbon levels, landfill leachate, and fuels) are typically anaerobic because oxidation
of the organic compounds uses up oxygen as the primary electron acceptor.  TCE is a prevalent chlorinated
hydrocarbon at the Cooper Drum Site.  PCE is also encountered in both the unsaturated and saturated zones.
cis-1,2-DCE and vinyl chloride are produced as reaction byproducts in reductive dechlorination of PCE and
TCE.  Consequently, elevated concentrations of these compounds, as is the case underneath the Site, may
be indicative of reductive dechlorination.  As a general rule of thumb, a ratio of cis-1,2-DCE to the sum of
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all DCE isomers of greater than 80% is considered an indicator that biodegradation was the mechanism for
the cis-1,2-DCE generation.  In the groundwater plume underneath the Site, the percentage of cis-1,2-DCE
to total DCE (1,1-DCE; trans-1,2-DCE; and cis-1,2-DCE) is 92% at MW-2, 80% at EW-1, and 91% at MW-
15.  Therefore, cis-1,2-DCE may have been a biodegradation product at these locations.

To enhance the anaerobic biodegradation and reductive dechlorination of halogenated hydrocarbons,
hydrogen, or a hydrogen-releasing compound can be introduced into the aquifer.  Some of the common
compounds used to this purpose include, but are not exlusive to, hydrogen, molasses, bimetallic nano
particles (BNP), vegetable oil, and HRC®, or hydrogen-release compound.  Of the commonly field-tested
compounds, HRC® tends to remain in the subsurface the longest and usually does not require
multiple/continuous reinjections.  It has been used successfully in several sites with similar hydrogeologic
and contaminant profiles.  Therefore, the following discussion is based on the use of HRC®, however, if
enhanced reductive dechlorination is selected as a remedial alternative at the Site, use of other electron
donors may also be considered.during the remedial design phase.

HRC® is a patented compound available from Regenesis Bioremediation Products (Regenesis).  HRC®, in
the form of a viscous polylactate ester gel formulated for slow release of lactic acid, is applied to the
groundwater by push-point injection or using dedicated injection wells.  The gel can be applied in grid
configuration when an entire area is to be treated.  It can also be applied in line configuration to form a
“barrier” to the flow of groundwater.  Regardless, the gel is then left in the groundwater to enhance
contaminant degradation.  Depending on the water quality in the aquifer and hydrgeologic properties such
as hydraulic conductivity and pore space, the time required for natural biodegradation can be substantively
reduced (e.g., halved) upon introduction of HRC®.

Since sulfate and chlorinated VOCs are both electron acceptors, and because of the high sulfate
concentrations in the groundwater underneath the Site, there is bound to be competition for the hydrogen
between the sulfate ions and the chlorinated hydrocarbons.  Therefore, the sulfate demand for hydrogen may
have to be satisfied before substantive reduction/breakdown of the contaminants takes place.  (See Appendix
N, under HRC/Regenesis, for a complete discussion of potential problems, as provided by Regenesis.)
However, since iron levels are also high in the groundwater, it is also possible that the sulfate and iron may
combine to form iron sulfide, in which case there may be less competition for the hydrogen.  (Regenesis is
currently experimenting with the use of a HRC/iron chloride mixture in groundwater with high sulfate
concentrations.)

To ensure that enhanced reductive dechlorination would indeed be effective at the Site, it is recommended
that a pilot-scale treatability test involving injection of the chosen electron donor(s) be performed.  However,
even if the results of the treatability test are positive, use of enhanced reductive dechlorination as a
standalone alternative is not recommended.  One reason is that the products of reductive dechlorination,
which in the case of TCE consist of cis-1,2-DCE and vinyl chloride, may biodegrade more efficiently under
aerobic conditions.  Therefore, it is possible (but not likely) that addition of the electron donor compound
will lead to higher concentrations of the daughter products (e.g., cis-1,2-DCE and vinyl chloride) which may
in turn remain in the groundwater over long periods of time.  To ensure that all COCs are treated effectively,
it is recommended that  enhanced reductive dechlorination be used in higher concentration areas of the
plume, in combination with pump-and-treat action.  This would ensure hydraulic control of the groundwater
plume and the electron donor compound.  Additionally, the pump-and-treat system can be used to treat
residual COC levels in the groundwater plume.  With the use of enhanced reductive dechlorination, it is
expected that the design of the pump-and-treat system would be less extensive and remedial action goals
would be met over a shorter time frame.  



Cooper Drum Remedial Investigation Feasibility Study Report Section 9.0
RAC EPA Region IX 05/15/02
US Group, Inc. Page 9 - 27
Contract No. 68-W98-225/WA No. 047-RICO-091N

K:\04700\RI\by section\k_section 9.wpd

In addition to the combined pump-and-treat and enhanced reductive dechlorination, it is possible to use in
situ chemical oxidation to speed up the destruction of residual TCE and some of the daughter products, such
as cis-1,2-DCE and vinyl chloride.  The groundwater remedial alternatives listed in Table 9-6 include
combinations of enhanced reductive dechlorination with pump-and-treat alone, as well as with in situ
oxidation and pump-and-treat.

Information on cost and design assumptions for enhanced reductive dechlorination using HRC®, as provided
by Regenesis, is provided in Appendix N.

In-Well Air Stripping with Groundwater Circulation Wells

The groundwater circulation well (GCW) of this in situ technology is typically screened in two places: near
the top and bottom of the aquifer section to be treated.  To promote in-well air stripping, air is injected via
an inner tube into the bottom of the well boring.  The air bubbles flow upwards in the well boring displacing
water and simultaneously reducing the density of the water column inside the well.  This creates an upward
vertical gradient within the well which promotes drawing of water into the lower screen and pushing aerated
water out through the upper screen.  Therefore, a “recirculating” cell of groundwater is created as
groundwater is drawn into the lower screened interval, air lifted, and discharged through the upper screened
interval of the well.  Recirculation is enhanced by the density difference between the aerated water and
natural groundwater.  The aeration process also results in stripping of VOCs inside the well.  The
recirculation action allows for more than one pass of groundwater through the treatment well, resulting in
more efficient stripping of the VOCs.  The aeration process also promotes aerobic biodegradation of
contaminants in the groundwater.

This technology is effective for chlorinated hydrocarbons and BTEX contaminants.  For maximum
effectiveness, in-well air stripping with GCWs can be combined with SVE, and/or vapor-phase GAC, to
remove and destroy the vapor-phase contaminants.  However, as shown schematically in Figure 9-3a, the
contaminated air collection line and the air injection line are installed within the same well casing and not
in two distinct wells.  A 50/50 blend of GAC and potassium permanganate-impregnated alumina (PIA) can
be used in at least one of the carbon vessels to remove vinyl chloride.  Whereas the removal mechanism in
a GAC system is by surface adsorption alone, the removal by PIA is via chemisorption, or chemical reaction
(i.e., oxidation) on the surface.  The 50/50 blend of GAC and PIA would be used after the GAC-only
vessel(s) to effectively remove vinyl chloride.

The design shown in Figure 9-3a is based on the density driven convection (DDC) technology which is
patented by Wasatch Environmental, Inc.  Other patented versions of the technology include, but are not
limited to, the NoVOCs™ and UVB systems which may involve the use of injected additives (e.g.,
NoVOCs™) and/or use of an in-well pump and treatment reactor (e.g., UVB).  Additionally, the upper screen
can be placed fully in groundwater (saturated zone) or partially or fully in the vadose zone (unsaturated
zone).  Use of the basic in-well air stripping, without a submersible pump and in-well reactor, is expected
to be sufficient for the Site conditions.

Use of GCW technology is especially effective for sites with contamination in the deeper layers of the
aquifer,  in which case pumping the water to the surface and treatment aboveground may be quite costly.
However, the presence of low hydraulic conductivity lenses between the upper and lower well screens can
prevent recirculation, thus reducing the system’s effectiveness.  The success of this technology is dependent
upon the saturated zone having a reasonably high permeability and some level of anisotropy in the hydraulic
conductivity.  The Gaspur aquifer is largely comprised of sand, sandy silt, and silty sand within the interval
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from approximately 58 to 103 feet bgs.  There are some lower conductivity lenses (sandy silt and silt)
beginning at approximately 78 feet bgs in the HWA.  These intervals can range from approximately 2 to 5
feet in thickness and transition with depth (down to approximately 103 feet bgs) into higher conductivity
materials.  Downgradient of the HWA, beginning at the location of EW-1, the interbedded low conductivity
lenses transition to sandy units.  For example, at the location of MW-15 which has shown the highest off-site
concentration of TCE, a continuous high conductivity sand unit is observed from approximately 59 to 103
feet, bgs (see CPT-19 log, Appendix C).  Based on these criteria, the technology is expected to be effective
at the Cooper Drum Site, especially if the GCWs are placed closer to each other in the HWA, where the
lower conductivity lenses are encountered.  A rough rule of thumb is to assume a minimum radius of
influence (ROI) for each well of approximately 1.5 times the saturated interval thickness.  However, it is
recommended that a pilot-scale treatability study be performed to ensure the  effectiveness of this in situ
treatment system under the Site conditions, and to determine the required well spacing (based on ROI),
groundwater flow rate, air-to-water ratio, contaminant removal efficiency, and expected number of
recirculations.

As with ex situ air stripping, a disadvantage of the technology is the potential for scale formation in the well.
This potential exists because of the high TDS and bicarbonate (alkalinity) levels in the groundwater
(alkalinity of up to 1,800 mg/L) and moderate pH values (close to 7).  To avoid scale formation, it is possible
to perform the air injection and soil vapor treatment within a closed loop, and percolate carbon dioxide (CO2)
into the air stream.  The carbon dioxide dissolves into the water and forms carbonic acid which in turn lowers
the pH and prevents scale formation.  After steady state is reached, negligible carbon dioxide would be
needed.  Another advantage of the closed loop system would be a complete absence of contact with the
atmosphere, which would result in zero air emissions.  

Conversely, a dilute acid solution can be added directly to the GCW to reduce the pH.  Pilot-scale
implementation of the technology could be used to determine if the closed loop CO2 system or acid addition
would be more effective in preventing scale formation.  Additionally, the required amount of acid or CO2
and other system specifications (e.g., size of heat exchanger and blower) could be determined.  

A schematic of the closed loop process based on a design provided by Wasatch is shown in Figure 9-3b.
Correspondence from Wasatch, including an article describing the theoretical basis for calculating the flow
rate and ROI of DDC wells, is provided in Appendix N.  

Similar to HRC® injection wells, the GCWs can be placed in grid configuration for plume treatment, or in
line configuration to form a barrier to groundwater flow. 
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Figure 9-3a. Schematic of a Groundwater Circulation Well with In-Well Air Stripping
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Figure 9-3b. Groundwater Circulation Well Closed Loop Design (No Emissions to Atmosphere)
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A cost quotation for in-well air stripping using GCWs, as provided by Wasatch Environmental, is included
in Appendix N.

Dual Phase Extraction (Groundwater and Soil)

Dual phase extraction (DPE),an enhancement of the conventional soil vapor extraction (SVE) technology,
is a process in which contaminated soil vapors and contaminated groundwater are extracted simultaneously.
“Dewatering,” or extraction of the groundwater, lowers the water table and allows for volatilization of VOCs
at lower depths.  SVE enhancements are specific technological supplements that allow SVE to remove
contaminants more efficiently or cost-effectively.  Enhancements are not separate remedies, but design
options for the SVE remedy which has been established as an EPA presumptive remedy for VOC-
contaminated soil (U.S. EPA, 1993a).  According to the EPA bulletin on presumptive remedies,
“Presumptive remedies are preferred technologies for common categories of sites, based on historical
patterns of remedy selection and U.S. EPA’s scientific and engineering evaluation of performance data on
technology implementation.” (U.S. EPA, 1993b). 

The presumptive remedy approach is based on EPA’s evaluation of various remedial technologies applied
at CERCLA sites with VOC-contamination in soil.  The evaluation consisted of review of literature and
results of the remedy selection process at the sites.  The evaluation outcome is reported in Feasiblity Study
Analysis for CERCLA Sites with Volatile Organic Compounds in Soils, (U.S. EPA, 1994).  The evaluation
concluded that three remedies (SVE, thermal desorption, and incineration), were frequently selected for
VOC-contaminated soil.  Consequently, EPA determined that other treatment technologies could be
eliminated from consideration during the FS process at sites where the “presumptive remedy” of SVE,
thermal desorption, or incineration was deemed effecive and appropriate.  Later, the use of multi-phase
extraction (including DPE and two-phase extraction) was added as an enhancement to the presumptive
remedy of SVE for VOC-contaminated soil and groundwater (U.S. EPA, 1997).

The DPE process is shown schematically in Figure 9-4.  Both chlorinated hydrocarbons and BTEX have been
removed successfully from groundwater and soil using DPE.  A submersible pump is placed in the bottom
of the well boring to extract the groundwater, and a blower provides the necessary vacuum for suction of the
soil gas vapors.  Because of the existence of the pump, the blower does not need to provide a high vacuum
extraction, as would be the case in two-phase extraction.  After extraction, the contaminated vapors and
groundwater can be treated using vapor-phase and liquid-phase GAC, respectively.  (Other appropriate
treatment technologis may be considered during the actual design phase.)  To remove vinyl chloride, Figure
9-4 indicates that the 50/50 blend of GAC and PIA would also be used for vapor treatment.  As shown in
Fiure 9-2b, permanganate can be added after the liquid-phase carbon vessels to treat vinyl chlroride in the
extracted groundwater. 

This combined technology is especially effective for sites where contamination is present in both unsaturated
soil (vadose zone) and in groundwater, or where the vadose zone is interspersed with saturated intervals.  The
latter is applicable to the subsurface at the Site, where the vadose zone is interrupted by a semi-saturated
perched layer, extending from approximately 30 feet to 40 feet bgs.  Soil gas contamination is present above
and below the perched layer, and the contiguous saturated zone is encountered at approximately 55 to 60 feet
bgs.
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Therefore, in order to remediate the subsurface in this area using SVE, it is essential to dewater the vadose
zone simultaneously.

The conceptual design and related costs for this and other soil and groundwater technologies described above
are provided in Section 10 and in Appendix O.

9.3.6 Medium-Specific Potential Remedial Response Alternatives

The general response actions and related process options described in the previous sections are considered
appropriate within the guidelines of this feasibility study to form potential remedial response alternatives.

Remedial response alternative have been retained to address remediation of the following:

• Soil (non-VOCs);

• Soil (VOCs); and

• Groundwater.

Response actions and process options or combinations of each were developed to form potential remedial
response action alternatives for each of the three groupings:

• Soil (non-VOCs)—Shallow soil contaminated with non-VOCs.  No impact to groundwater.
Process options that address removal and institutional controls were retained.

• Soil (VOCs)—Impact to the Gaspur Aquifer and potential future impact to the Exposition
Aquifer.  The presumptive remedy of SVE enhanced with groundwater extraction (dual phase
extraction) was retained.

• Groundwater—Process options that address ex situ and in situ remediation of groundwater
contamination were retained.

The remedial action objectives for each medium is summarized below: 

• Soil (non-VOCs)—Eliminate potential human health risk caused by the existence of COCs in
soil.

• Soil (VOCs)—Remediate soil gas contaminants to levels that present no long-term impacts at
or above MCLs to groundwater.  Eliminate potential human health risk caused by the existence
of COCs in soil.

• Groundwater—Remediate COCs to drinking water standards.  Reduce contaminant mass in the
Gaspur Aquifer to prevent impact to the Exposition Aquifer.
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TABLE 9-8

Cooper Drum Site Remedial Action General Response Actions,
Remedial Technologies, and Process Option Screening

General Response
Actions Remedial Technology Process Options Effectiveness

Implementability/
Relevance

Relative Cost

Comment on
Advancing to
Alternative
EvaluationN

on
e

Lo
w

M
od

er
at

e

H
ig

h

I. Groundwater
No Action None None None No effort to

implement.  “No
Action” is required
by US EPA guidance
and will be used as a
comparative basis for
evaluation other
response actions.

!

Advance 

Institutional Action Access Restrictions Water use/water
rights restrictions,
deed restrictions,
fences, posting
signs

Poor to good-
contaminants will
remain in ground-
water, but some
exposure pathways
may be eliminated

Not relevant to
groundwater RAOs

!

Do not advance 

Land Purchase Poor - contaminants
will remain in
groundwater

Not relevant to RAOs
or Site conditions !

Do not advance

Alternate Water Supply Private water
purveyor

Poor - contaminants
will remain in
groundwater

Not relevant to RAOs
or Site conditions !

Do not advance
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Monitored Natural
Attenuation (MNA)

Monitor water
quality using
monitoring wells

Poor to Good -
chlorinated
hydrocarbon
degradation may
occur provided
favorable conditions
exist. There is not
sufficient evidence to
indicate effectiveness
at the Site.

Monitoring well
installation and
sampling easily
implemented

!

Do not advance as a
standalone alternative.
Groundwater
monitoring will be
included as an inherent
part of any remedial
action alternative.

Containment Vertical Barrier Slurry wall/grout
curtain

Good with underlying
confining layer

Not relevant to site
conditions; a
definitive confining
layer does not exist

!

Do not advance

Sheet pile wall Good with underlying
confining layer

Not relevant to site
conditions; a
definitive confining
layer does not exist

!

Do not advance

Extraction and
injection wells
(hydraulic barrier)

Good to excellent,
depending on the
hydrogeologic
properties of the
aquifer and the water
volume and chemistry

Extraction and/or
injection well
installation easily
implemented !

Advance
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Horizontal barrier Grout injection
(subsurface barrier)

Good with underlying
confining layer

Not relevant to site
conditions; a
definitive confining
layer does not exist

!

Do not advance

Subsurface drains Collections trenches
(French drain)

Good for shallow
aquifer application

Not relevant to site
conditions or deeper
aquifer zones

!
Do not advance

Ex Situ Treatment Physical treatment Air stripping Excellent for VOC
removal

Relevant to COCs but
there may be
complications with
scale formation and
fouling

!

Do not advance

Steam stripping Good for low
volatility compounds
in tight formations

Expensive remedy
not warranted for site
COCs or lithology

!
Do not advance

Carbon adsorption Excellent for VOC
removal. Must be
combined with
permanganate
injection or
permanganate-
embedded medium to
treat vinyl chloride

Implementable and
relevant to COCs and
cost-effective

!

Advance
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Reverse osmosis Good for organic
compounds, more
appropriate for metals
and particulates

Not relevant to site
conditions due to
high TDS levels !

Do not advance

Membrane
separation

Good for
contaminated
groundwater with low
levels of inorganic
constituents

Not implementable
because the high
levels of metals in the
groundwater may
lead to membrane
fouling

!

Do not advance

Biological treatment
(aerobic)

Activated sludge Poor to good for
VOCs

Not relevant for
drinking water
standards; may
require treatability
study

!

Do not advance

Fixed film Poor to good for
VOCs

Not relevant for
drinking water
standards; may
require treatability
study

!

Do not advance

Fixed bed reactor Poor to good for
VOCs

Not relevant for
drinking water
standards; may
require treatability
study

!

Do not advance
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Fluidized bed
reactor

Poor to good for
VOCs

Not relevant for
drinking water
standards; may
require treatability
study

!

Do not advance

Chemical  treatment Ion exchange Good to excellent for
some organic and
inorganic compounds

Not relevant to site
conditions due to
high sulfate and TDS
levels

!

Do not advance

Oxidation and
precipitation

Good to excellent for
some inorganic
compounds

Not relevant to Site
COCs !

Do not advance

Electrochemical
methods

Good to excellent for
some inorganic
compounds

Not relevant for Site
conditions (high
sulfate and TDS
concentrations) or
COCs

!

Do not advance

Chemical oxidation
promoted with
ultraviolet light

Good to excellent for
some organic
compounds

Relevant to COCs but
high metal
concentrations may
result in reactor
fouling

!

Do not advance
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Surfactant/solvent
enhanced recovery

Good for separating
and extracting plume
areas suspected of
having dense
nonaqueous phase
liquids

Not relevant because
dense nonaqueous
phase liquids are not
present in the
groundwater

!

Do not advance

Discharge Reuse Industrial use Good means of
disposal of a portion
of the treated
groundwater

No readily available
industrial usage has
been identified !

Do not advance

Irrigation Good means of
disposal of a portion
of the treated
groundwater

No readily available
irrigation usage has
been identified !

Do not advance

Aquifer injection Shallow aquifer
injection

Injection is effective
for disposal as well as
hydraulic control but
water volume and
chemistry (e.g.,
scaling potential)
would require close
O&M attention

Implementable but 
permitting may be
problematic.
Attractive discharge
option because
remediation of non-
COCs (e.g., arsenic)
would not be required

!

Advance
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Deep aquifer
injection

(See shallow aquifer
injection)

Because of the low
levels of
contamination in the
deep aquifer, anti-
degradation policies
would be prohibitive

!

Do not advance

On-site discharge Direct discharge to
storm drain

Expected to be an
excellent means of
disposal of treated
groundwater

Implementable but 
arsenic in
groundwater would
require treatment
even though it is not a
COC

!

Do not advance

Off-site discharge Discharge to POTW Expected to be an
excellent means of
disposal of treated
groundwater

Implementable but
requires sanitary
district approval.
Arsenic would not
require treatment

!

Advance

In Situ Treatment Chemical treatment Permeable reactive
wall

Good to excellent for
some organic
compounds

Relevant to COCs but
would require
implementation of a
long (300 ft) barrier
downgradient of the
plume, in an off-site
location

!

Do not advance
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Oxidizing and
reducing agents
(e.g., permanganate,
HRC, etc.) added
via injection wells
or geoprobes

Good to excellent for
some organic
compounds,
especially if hydraulic
control is provided by
extraction/injection
wells 

Implementable but
pilot-scale treatability
test is recommended.
May not be
implementable as a
standalone alternative

!

Advance

Physical/Biological
treatment

In situ (in-well) air
stripping using
groundwater
circulation wells

Good to excellent for
VOCs if combined
with vapor- and
liquid-phase GAC. 

Implementable and
relevant to COCs.
Pilot-scale treatability
test is recommended

!

Advance

Air sparging and
soil vapor 
extraction

Not applicable for
saturated zone
because depth of
contaminated zone is
greater than 30 feet

Implementable for
shallow aquifers 

!

Do not advance

Bioslurping Good for petroleum
hydrocarbon
contaminants and free
product recovery

Not relevant for site
COCs

!

Do not advance

Biological treatment Phytoremediation Good for shallow
contamination

Not relevant because
groundwater
contamination occurs
down to a depth of
100 ft bgs

!

Do not advance
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Thermal treatment In situ steam
stripping and soil
vapor  extraction

Good to excellent for
low volatility organic
compounds

Implementable but
not relevant to COCs
or Site conditions

!
Do not advance

Dynamic
underground
stripping

Excellent but costly
technology for
groundwater plume
source areas
suspected of having
nonaqueous phase
liquids

Not relevant because
nonaqueous phase
liquids are not present
in the groundwater !

Do not advance

II. Soils (Vadose Zone)
No Action None None Not applicable No effort required to

implement !
Advance

Institutional Action Access Restrictions Property rights and
deed restrictions,
fences, posting
signs, pavement
upkeep

Good for non-VOCs.
Contaminants will
remain in soil but
exposure pathways
will be eliminated

Relevant and
implementable 

!

Advance

Land purchase Poor - contaminants
will remain in soil

Not relevant to RAOs
and land already
owned

!
Do not advance
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Long-term monitoring Monitor soil
gas/soil quality
using monitoring
wells

Poor to Good -
chlorinated
hydrocarbon
degradation should
occur provided
favorable conditions
exist

Not relevant to site
RAOs.

!

Do not advance as a
standalone remedial
alternative. Soil and
soil gas concentrations
will be monitored as
part of the selected
process options.

Containment Capping with
impervious cover

Asphalt or concrete
cap

Good to minimize
human exposure,
some contaminant
migration; however
contaminants remain
in soil

Site is already 95%
covered with
asphaltic/concrete
paving. Pavement
upkeep would be
maintained as part of
institutional controls

!

Do not advance

Removal Excavation Backhoe/bulldozer 
excavation

Excellent for
contamination in
shallow soil

Implementable for
shallow soil
contamination (down
to 10 feet bgs)

!

Advance

Large-diameter
auger boring

Excellent for deep
contamination

Difficult implemen-
tation for
contamination down
to 55 ft bgs, including
perched interval

!

Do not advance
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Ex Situ Treatment
(preceded by
excavation and
followed by
disposal)

Physical treatment Soil pile combined
with ex situ soil
vapor extraction

Good to excellent for
VOCs

Difficult implemen-
tation due to required
excavation action
down to 55 ft bgs,
including perched
interval

!

Do not advance

Chemical treatment Mechanical mixing
combined with
chemical oxidation

Good to excellent for
some organic
compounds

Difficult implemen-
tation due to required
excavation action
down to 55 ft bgs,
including perched
interval

!

Do not advance

In Situ Treatment Physical treatment In situ soil vapor
extraction (SVE)

Presumptive remedy
for VOCs

Implementable and
relevant to COCs.
Dewatering required
in perched interval

!

Advance

Chemical treatment In situ chemical
oxidation

Good to excellent for
some organic
compounds but would
not satisfy all
chemical-specific
ARARs

Implementable but
would require
numerous injection
points !

Do not advance
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Surfactant enhanced
recovery

Good for separating
and extracting plume
dense nonaqueous
phase liquids from
soil formation

Not relevant because
dense nonaquesous
phase liquids are not
present in the soil

!

Do not advance

Biological Treatment
(aerobic)

Phytoremediation Slow acting but
effective for shallow
contamination at plant
root levels

Not relevant because
soil gas
contamination occurs
down to a depth of 40
ft bgs

!

Do not advance
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Thermal/physical
treatment

Dynamic
underground
stripping

Excellent but costly
technology for source
areas suspected of
having nonaqueous
phase liquids

Not relevant because
nonaqueous phase
liquids are not present
in the soil formation

!

Do not advance

Thermal enhanced
SVE (six-phase
resistive heating)

Good for semi-
volatiles and low
volatility organics in
low permeability soil
formations

Expensive technology
and not relevant for
the COCs or site
conditions

!

Do not advance

ARARs applicable or relevant and appropriate requirements
bgs below ground surface
COCs contaminants of concern
GAC granular activated carbon
HRC hydrogen release compound
MNA monitored material attenuation
O&M operation and maintenance
POTW publicly owned treatment works
RAOs remedial action objectives
SVE soil vapor extraction
TDS total dissolved solids
VOCs volatile organic compounds
US EPA United States Environmental Protection Agency
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10.0  DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

This section describes the detailed analysis process and presents the results of the detailed analysis of
remedial alternatives that passed the technology and response action screening, as presented in Section 9.3.
An evaluation and analysis is presented for the vadose zone and the groundwater plume underneath the Site.
These comprise the remedial action areas at the Site.

10.1 STRATEGY FOR PERFORMING THE 
DETAILED ANALYSIS OF ALTERNATIVES

The purpose of the detailed analysis process is to evaluate remedial alternatives that passed the screening
according to evaluation criteria specified in the CERCLA. Table 10-1 presents a summary of the remedial
alternatives applicable to each remedial action medium. 

For remediation of COCs in unsaturated soil (vadose zone), the presumptive remedy of SVE enhanced with
groundwater extraction, or dual phase extraction (DPE), was selected for VOC-contaminated soil.  The COCs
in soil gas, if left untreated, are expected to continue to impact the Gaspur Aquifer, and eventually, the
deeper Exposition Aquifer.  The two remedial response options of institutional control action and excavation
were retained for areas contaminated with non-VOCs (i.e., PCBs, PAHs, and lead).  Excavation was retained
as an option for areas with shallow non-VOC contamination down to 10 feet bgs.  Institutional control action
was retained for areas with deeper contamination, or where excavation or other remedial action is not feasible
(e.g., under buildings).

For the contaminated groundwater plume in the Gaspur Aquifer, both ex situ and in situ treatment
alternatives were retained.  The institutional control action of long-term monitored natural attenuation
(MNA) was dropped from further evaluation.  Although natural attenuation products such as cis-1,2-DCE,
vinyl chloride, and DCA are present in the groundwater, there is not sufficient data to establish that natural
attenuation is indeed occurring or has occurred in the past.

To streamline the evaluation process, only treatment with liquid-phase GAC was retained as a representative
ex situ treatment option.  This alternative is especially cost-effective for treatment of low volume (less than
100 gallons per minute [gpm]) of VOC-contaminated groundwater.  Ultraviolet (UV) oxidation was dropped
because the high concentrations of heavy metal ions (exceeding 10 mg/L) and the high alkalinity of the water
may result in fouling of the reactor vessels and the UV quartz sleeves.  Air stripping was dropped from
further evaluation because the high TDS, carbonate, and alkalinity of the water would likely result in scale
formation, thus requiring additional measures, such as acid dripping or carbon dioxide injection.
Additionally, vapor-phase GAC would still be required to remediate the stripped VOCs.  Use of liquid-phase
carbon is expected to be less costly than other ex situ treatment options. 

Two discharge options, reinjection and discharge to POTW, were retained in combination with the ex situ
treatment alternative.

The in situ response options of enhanced reductive dechlorination and in situ oxidation were retained as
enhancements to the extraction/ex situ treatment (i.e., pump-and-treat) alternative.  In-well air stripping with
groundwater circulation wells (GCWs) was the only standalone in situ alternative retained for further
evaluation.
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TABLE 10-1

Applicable Remedial Process Options

Soil
Alternative 1 No action
Alternative 2 Dual phase extraction / GAC / Institutional control
Alternative 3 Dual phase extraction / GAC / Institutional control/Excavation

Groundwater
Alternative 1 No action
Alternative 2 Extraction / GAC
Alternative 3 Extraction / GAC / In situ chemical oxidation
Alternative 4 Extraction / GAC / In situ chemical treatment - reductive dechlorination and oxidation
Alternative 5 Extraction /GAC /In situ reductive dechlorination
Alternative 6 In situ air stripping with groundwater circulation wells

GAC granular activated carbon (liquid- and vapor-phase for soil; liquid-phase only for groundwater)
POTW publicly owned treatment works
VOC volatile organic compound

The following subsections describe the CERCLA evaluation criteria, the conceptual design for the remedial
alternatives, and the comparative analysis used to evaluate the remedial alternatives.

10.1.1 Evaluation Criteria

The CERCLA evaluation criteria are divided into three categories: threshold, balancing, and modifying (see
Table 9-1).  These criteria categories, as described in Section 9.1, are important to address statutory
requirements (threshold criteria), to which all remedial actions must conform: effectiveness, ease of
implementation, and cost (balancing criteria); and agency and community acceptance of the selected remedial
action (modifying criteria).  The detailed evaluations focus on the threshold and balancing criteria.  The
modifying criteria will be considered after receiving agency and community comments on the feasibility
study and the proposed plan.

10.1.2 Comparative Analysis

In the comparative analysis, each of the alternatives will be evaluated and compared with respect to the
CERCLA criteria.  The selection of an alternative in the record of decision (ROD) will be based on an
evaluation of the trade-offs between the benefits, impacts, and costs associated with any remedial response
action. 

It is assumed that each of the CERCLA criteria are equally important.  This may not always be representative
because certain criteria can have more importance, depending on site-specific circumstances.  For example,
threshold factors must be achieved and therefore might be seen as more important than a balancing factor,
such as implementability, that might be of less importance.  The comparative analysis section considers site-
specific circumstances that may cause more importance to be placed on certain factors.
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Based on the conceptual design for each alternative, cost scenarios were developed using RACER™, an
engineering cost estimation software, as well as cost estimates provided by technology vendors (specifically
with regards to material costs).  Since 5-year reviews would be conducted regardless of the remedial
alternative(s) selected, the cost of 5-year reviews was not included in the alternative cost estimates.
Therefore, the cost of the “No Action” alternative was set to zero.

Appendixes N and O contain the vendor-provided cost estimates and the cost estimation spreadsheets
(including RACER™ estimates), respectively.  In all cases, the cost estimates developed by RACER™ were
augmented to account for such items as engineering design, reporting during construction, labor insurance
and bonding, and scope and bid contingencies.  A 7% discount rate was used to compute the present worth
cost of each alternative.

10.2 DETAILED ANALYSIS OF SOIL ALTERNATIVES 

The “No Action” alternative was retained because it serves as a baseline alternative describing the result of
taking no action for comparison to the benefits of the “action” alternatives.

The HRA has identified PCBs, PAHs, and lead as non-VOC contaminants of concern (COCs) in soil.  These
non-VOC contaminants have been detected at above-background levels.  (Arsenic was also determined to
be a COC but occurs at levels close to background concentrations in the Site subsurface.)  Excavation is a
feasible response action for shallow soil contamination.  However, the depth of non-VOC contamination in
soil has not been fully characterized in some areas.  Further characterization during the remedial design (RD)
phase is planned to determine the depth of contamination.  If the contamination in some areas is found to be
too deep or under existing structures so as to make excavation infeasible, then institutional controls (e.g.,
deed restrictions) may be considered to limit future activities in the affected areas.  Capping was eliminated
because the ground surface at the Site is already paved and capping would not eliminate contaminant
migration; however, pavement upkeep was included as part of the institutional control action.  (If the
pavement is kept in good condition, both rain infiltration and short circuiting (during extraction) will be
minimized.)  Soil treatment  (in situ and ex situ) for non-VOCs was also eliminated because:

• Multiple treatment technologies would have to be used to treat PCBs, PAHs, and lead;

• Thermal treatment, which is most commonly used for PCBs and PAHs, may result in toxic by-
products that would require further cleanup;

• Soil washing and solvent treatment would result in process liquids that would require further
treatment and/or disposal;

• Vitrification and solidification would be more costly and may interfere with successful
implementation of remediation alternatives for soil gas and groundwater;

• Bioremediation options are fairly new, and treatment effectiveness and duration is uncertain;

• It is likely that portions of the treated soil would still have to be disposed at a landfill;

• Based on data available to date, the relatively small volume of soil (less than 2,300 cubic yards)
makes excavation and disposal to landfill cost-effective; and

• Remediation alternatives for soil gas and groundwater may require aboveground treatment
plants, such that there may be limited space available for soil treatment facilities.
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The HHRA has also identified several volatile COCs in soil (see Table 9-2).  Soil gas concentrations of
VOCs, specifically chlorinated hydrocarbons such as TCE and cis-1,2-DCE in the hundreds of parts per
million by volume (ppmv), occur down to 35 feet bgs and have impacted the Gaspur Aquifer.  Although
much of the contamination in the Gaspur Aquifer occurs at shallower depths down to 80 feet bgs, the
detection of some contamination in the Exposition Aquifer (i.e., below 100 feet bgs) indicates that vertical
transport of contaminants between the aquifers has occurred.  VOC contamination in unsaturated soil (vadose
zone) presents a source of contamination that may continue to impact the Gaspur Aquifer and eventually the
Exposition Aquifer.  Additionally, the HHRA has identified VOC-contaminated soil as a potential source
of indoor air inhalation health risk.

Consequently, the selection of remedial process options for VOCs in soil is biased towards those options that
provide control (reduction) of the vadose zone sources of VOC contamination, as a means of reducing the
threat of future impact to the Gaspur and Exposition Aquifers, and to eliminate the indoor air inhalation
pathway.

The proposed remedial action for VOCs in soil is dual phase extraction (DPE).  As described in Section 9.3,
this modified SVE process would be used to extract soil vapors from the vadose  zone and water from the
perched interval which interleaves the vadose zone. 

10.2.1 Conceptual Design of “Action” Alternatives for Soil

The conceptual design for the “action” alternatives for soil, as well as relevant advantages and
disadvantages of each alternative, are described below.

10.2.1.1 Alternative 2:  Dual Phase Extraction/GAC/Institutional Control

This remedial action alternative combines the use of the presumptive remedy of SVE enhanced with
groundwater extraction, or dual phase extraction, for treatment of VOCs in soil, with implementation of
institutional controls to eliminate exposure pathways for non-VOC contaminants. 

The approximate extent of soil contaminated with non-VOCs is depicted in Figure 10-1.  The conceptual
design for the location of the proposed DPE wells, the vapor monitoring wells, the aboveground treatment
area, and the related conveyance piping is presented in Figure 10-2.  (A schematic representation of the
system was presented earlier, in Section 9.3.)
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The conceptual design and associated costs for DPE were developed based on the stratigraphy and the
defined area of soil contamination under the HWA.  The extent and depth of soil gas contamination has been
defined in this area.  Conversely, characterization of soil VOC contamination under the DPA has not been
finalized.  Additional sampling data will be collected during the remedial design (RD) phase to finalize the
extent and depth of soil VOC contamination under the DPA.  At that time, the DPE design can be modified
to encompass all areas of VOC-contaminated soil contributing to indoor air health risk or found to be a
source of potential impact to the Gaspur Aquifer.  In the worst case scenario, the associated operation and
maintenance (O&M) costs could be doubled.  However, because a single aboveground treatment plant would
be used, the capital costs are not likely to increase as much. 

With regards to non-VOCs, further characterization during the RD phase may also indicate that
contamination occurs down to lower depths and/or is more widespread than previously anticipated.  When
the contamination is too deep or is located under an existing structure or is otherwise inaccessible, excavation
may not be feasible.  Under such circumstances, it may be necessary to implement institutional controls.  The
outline for possible  institutional control action for soil under the Site may consist of the following:

• Posting signs that prevent access to the area by non-essential personnel;

• Placing strict limitations on activities that might disrupt the surface cover and expose the
subsurface.  Subsurface work, including excavation, would be prohibited unless it is conducted
in accordance with a Soil Management Plan addressing contaminant control measures;

• Implementing deed restrictions that would prevent future use of the area for residential or
commercial venues;

• Annual review of the condition of the ground surface cover, and administration of repairs as
needed (16 hours per year); and 

• Oversight and reporting of the above activities (8 hours per year).

It is difficult to estimate the cost associated with the institutional control activities, especially when the
duration of the activity is unknown.  Presumably, deed restrictions would be in-place indefinitely.  The
duration of pavement upkeep and related institutional control activities was set to 20 years.  As will be shown
later, 20 years is the estimated number of years needed to remediate the contaminated groundwater under
the Site, when using pump-and-treat alternatives.  Therefore, 20 years will be used as the maximum duration
of remedial action at the Site.

The conceptual design for the DPE/GAC treatment system comprises the installation of two new extraction
wells, installed down to 50 feet bgs, and screened between 8 feet and 45 feet bgs (i.e., extending below the
perched saturated layer), and three new vapor monitoring wells.  The design also includes the use of one
existing soil vapor extraction well, which would be retrofitted with a submersible pump, and two existing
vapor monitoring wells.  Following dewatering of the perched layer, soil vapors are to be extracted and
treated using treatment vessels in series configuration containing GAC and a GAC/PIA blend (for removal
of vinyl chloride).  The extracted water, at a rate of 3 gpm per well (or total flow rate of 9 gpm), would be
treated using liquid-phase GAC (with potassium permanganate added after the GAC vessels, if needed) and
would be discharged to the on-site POTW discharge point.  A POTW discharge permit would be required.
The conceptual design details and a sampling schedule are provided in Table 10-2. 
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TABLE 10-2 

Conceptual Design Summary for Dual Phase Extraction and Related Sampling
Cooper Drum Site

Dual Phase Extraction/Vapor Phase GAC Emission Control/ Liquid Phase GAC Water Treatment  

Site Characteristics
• Site located in the South Gate, CA.
• Area is covered by pavement and buildings.
• Located in an active area of the site and adjacent streets.
• Maximum level of TCE detected in vadose zone is approximately 140 ppmv, PCE at 16 ppmv, VC at 52 ppmv and cis-

1,2-DCE at 430 ppmv.
• Maximum potential VOC concentrations in perched layer: TCE up to 48 µg/L, PCE to 3 µg/L, Cis-1,2-DCE to 259 µg/L,

VC to 35 µg/L, Benzene to 2 µg/L, 1,1-DCA to 301 µg/L and 1,2-DCA to 14 µg/L. 
• Depth to groundwater 55 feet; interval of interest 10 to 50 feet bgs.
• Perched water layer from 35 feet to 38 feet bgs.
• Groundwater analysis for metals and VOCs required.
Design Assumptions
• 2 (8” borehole) vertical extraction wells, 50 feet bgs, screened between 8 and 45 feet bgs. 
• One existing extraction well, screened between 8 and 43 feet bgs.
• Vapor extraction rate 150 scfm total, 50 scfm from each well.
• Well vapor extraction ROI of 65 feet.
• 0.5 hp submersible pump per well.
• 3 gpm water extraction rate per well.
• 260 feet of buried piping to treatment system and water discharge point- 3 inch, sch 80 PVC.
• Treatment area: 400 Sq feet; chain-link fencing 100 feet; metal canopy cover.
• Electrical service and remote monitoring communication tied to existing local services.
• 7.5 hp blower with knockout pot and GAC air emission control.
• 0.10 hp transfer pump to groundwater treatment system equalization tank (or air stripper influent).
• 0.50 hp transfer pump for conveying water to discharge point.
• Two liquid-GAC adsorbers and two vapor-phase GAC/PIA adsorbers in series.
• Fenced/covered treatment compound with concrete containment foundation, site lighting.
System Sampling Assumptions
Vapor Sampling
• Sample for VOCs.
• Well sampling: 1 sample from each of 3 extraction wells and 3 samples (from 3 depths) from each of 5 vapor monitoring

wells.
• System monitoring: 1 influent and 2 effluents.
• Sampling events: 4 well sampling events; 43 system monitoring events (assumes 7 days prove-out sampling events and 3

operation phases of 12 weeks each, with weekly sampling).
• Total number of well samples: 4 x (1x3 + 3x5) = 76 samples.
• Total number of system samples: 3 x (7 + 3x12) = 129 samples.
• Total number of VOC samples: 76 + 129 = 205 samples.
Water Sampling
• Sample for VOCs and metals.
• System sampling: 1 influent and 2 effluents.
• 7-day prove-out operation; daily sampling.
• 3 operation phases; 12 weeks per phase; bi-weekly sampling.
• Number of system samples: (7 x 3) + 3 x (3 x 12/2) = 75 samples.

Post-Remediation Compliance Monitoring
• Annual well sampling events for 3 years: 1 sample from each of 3 extraction wells and 3 samples (from 3 depths) from

each of 5 vapor monitoring wells (total of 54 samples).
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The duration of the DPE remedy is assumed to be two years, with one proveout and three operation phases.
This is based on previous experience with soil vapor extraction.  Rebound periods of 60 days are assumed
between the operations phases.  Rebound periods would be initiated once influent concentrations or the
influent mass becomes asymptotic.  However, it is assumed that vapor monitoring wells and extraction wells
would continue to be sampled annually for three years after remedial action is completed.  Therefore, the
total duration of the DPE remedial action is assumed to be five years.

The cost estimates for Alternative 2 include capital costs (including costs related to process and well-
sampling activities) and O&M costs for three DPE operation phases, and ongoing administration of
institutional controls.  RACER™ was used to estimate the cost of implementing this alternative.  The
RACER™ cost estimates were augmented to account for contingencies, engineering design, reporting during
construction, and other miscellaneous items.  The relevant cost summary spreadsheets are included in
Appendix O.  The estimated present worth capital and O&M costs for Alternative 1 are $1,331,500 and
$189,900, respectively.  The total present worth cost thus estimated is approximately $1,521,400.

Advantages and Disadvantages

The advantages of implementing Alternative 2: DPE/GAC/institutional controls include the following:

• Institutional controls provide a cost-effective means of protecting public health and ensuring
exposure pathways are not formed, especially in situations where active remediation is infeasible
and/or cost-prohibitive.

• DPE is an enhancement to the presumptive remedy of SVE and proven to be effective under the
Site conditions;

• Remedial action goals and chemical-specific ARARs for VOCs would be met using this
remedial alternative; and

• Design of the alternative can be readily expanded if further characterization sampling indicates
other areas need to be remediated.

The disadvantages include the following:

• Land use controls and deed restrictions involve a cumbersome and lengthy legal process.  Deed
restriction requests may essentially stall the ROD implementation process.

• Chemical-specific ARARs would not be met for non-VOC contaminants of concern.
• Volume, toxicity, and mobility of non-VOCs contamination would not be reduced.
• The extracted water must be treated and discharged, a permit would be required;
• The spent carbon will have to be disposed of;
• The actual radius of influence of new extraction wells may be less than that for the existing well;
• The required duration of the remedial action, specifically DPE, may be longer than anticipated;

and
• Construction of an aboveground treatment plant, extraction wells, and conveyance piping will

interfere with Site activities.

10.2.1.2 Alternative 3:  Dual Phase Extraction/GAC/Institutional Control/Excavation

This alternative is a combination of the remedial process options included as part of Alternative 2, plus
excavation/disposal of shallow soil contaminated with non-VOCs.  Since implementation of institutional
controls may occur over an extended period of time and may face regulatory hurdles, the excavation action



Cooper Drum Remedial Investigation Feasibility Study Report Section 10.0
RAC EPA Region IX 05/15/02
URS Group, Inc. Page 10 - 10
Contract No. 68-W98-225/WA No. 047-RICO-091N

K:\04700\RI\by section\l_section 10.wpd

is added to remove contaminated soil in the short time frame and to immediately remove potential health risk
exposure pathways.  Use of soil excavation and disposal would permanently remove non-VOCs from the Site
subsurface, thus reducing the volume,  toxicity, and mobility of contamination (institutional controls alone
would not achieve this CERCLA criterion).  However, adequate safety and control measures would have to
be taken during excavation to eliminate potential problems associated with fugitive dust emissions and
exposure to subsurface vapors, and permits would be required to transfer the excavated soil off-site.

To date, soil characterization data for non-VOCs bound in soil have been collected at depths of 1, 5, and 10
feet bgs.  Non-VOC contamination above remedial action goal levels were detected in five borings (SB-9,
SB-10, SB-11, SB-13, and SB-14) at 1 foot bgs and in two borings (SB-10 and SB-14) at 10 feet bgs.  Further
characterization during the RD phase will indicate if there is contamination between 1 and 5 feet bgs, or
below 10 feet bgs, in these areas.  

For the most part, the soil borings with high levels of non-VOC contamination are located in areas where
excavation is possible.  However, as shown in Figure 10-1, SB-10 is located beneath a shed in the HWA.
The shed has a thick concrete foundation which makes excavation in this, and other areas located under
existing structures, impractical and infeasible. 

Therefore, for costing purposes, it was assumed that the areas to the west and east of the shed in the HWA,
and the two areas in the DPA (as depicted in Figure 10-1) would be excavated.  An average excavation depth
of 5 feet was assumed.  At these depths, it is possible to use backhoes, bulldozers, and/or scrapers to perform
the excavation.  Once the actual depth of contamination is finalized, a re-evaluation of the excavation
method, volume of contamination, and the related cost must be carried out.  Based on this evaluation, the
extent of required institutional controls can be determined.  

To obtain a conservative cost estimate, it was assumed that excavated soil would be disposed to a landfill.
The conceptual design for soil excavation and disposal is summarized in Table 10-3.  The potential extent
of the soil areas to be excavated is indicated in Figure 10-1.  Dual phase extraction, as outlined in Section
10.2.1.1 and in Table 10-2, would be used to remediate VOC-contaminated soil.  For consistency, it is
assumed that the institutional control measures would be identical to those outlined in Section 10.2.1.1.
Institutional control action would only be implemented in areas where soil excavation is not deemed feasible.

It is assumed that excavated soil would be disposed to an off-site landfill.  This choice offers the most
conventional, accepted approach to soil disposal.  Incineration was ruled out because of inherent
complications, including the requirement for air emissions controls, potentially higher costs, and lack of
community support.  Disposal options for excavated contaminated soil are off-site disposal to a CERCLA-
certified landfill, or on-site disposal.  Some soil encountered during remediation is expected to be
nonhazardous.  Soils containing RCRA hazardous wastes would be disposed in a Class I landfill.
Contaminated soil exceeding local disposal requirements, such as oil-stained soil and non-RCRA hazardous
waste, could be disposed off-site in an industrial (Class II) landfill.  On-site disposal (e.g., use of soil for
backfilling) of excavated soils could also be an option, assuming adequate environmental protectiveness
could be maintained, and the requirements of California Code of Regulations (CCR), Title 23, Chapter 15
could be satisfied.  Profile sampling will be used to classify the excavated soil. 

For costing purposes, however, it was assumed that the excavated soil would be transferred to a Class I,
CERCLA-certified landfill.  This is a conservative assumption and provides a “worst case scenario.”  The
closest Class I landfill is located 145 miles from the Site in Buttonwillow, California.  RACER™ was used
to calculate capital and O&M costs, including the cost of soil excavation and disposal.  The RACER™

estimated costs were augmented slightly to account for contingencies.  The cost summary spreadsheets are
included in Appendix O. The present worth capital and O&M costs for Alternative 3 (DPE/GAC/Institutional
controls/Excavation) are estimated at $2,817,800 and $189,900, respectively.  The estimated total present
worth cost for this alternative is approximately $3,007,700, of which approximately one-half is associated
with excavation and disposal of non-VOC contaminated soil.
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TABLE 10-3

Conceptual Design Summary for Excavation of Shallow Soil
Cooper Drum Site

Excavation/Landfill Disposal 

Site Characteristics

Site located in the city of South Gate, in Los Angeles County, CA.
Area is covered with pavement and some structures.
Located in an active area of the site and adjacent to streets.
Non-VOC contaminants of concern: PCBs, PAHs, and lead.
Maximum confirmed depth of contamination: 10 feet bgs.

Design Assumptions

Three excavation areas:

HWA: area = 7,130 ft2; depth = 5 feet bgs
DPA: area = 4,830 ft2; depth = 5 feet bgs

Soil mass: 2,700 tons.
Soil expansion factor: 1.4.
Soil volume before expansion: 2,220 cubic yards.
Soil volume after expansion: 3,110 cubic yards.
Backhoe and bulldozer excavation.
Bulk loading of excavated soil.
Excavated pit to be backfilled and capped with asphalt.
Transport 145 miles to Class I landfill in Buttonwillow, CA.
Total of 162 confirmation soil samples in excavation area, at a frequency of 1 per 75 ft2.
Total of 15 excavated soil profiling samples at a frequency of 1 per 150 cubic yards.
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10.2.2 Evaluation of Soil Remedial Alternatives Against the CERCLA Criteria

The “No Action” and action alternatives were evaluated with respect to the CERCLA criteria.  The results
of this evaluation are summarized in Table 10-4 and discussed below.  Present worth costs developed based
on RACER™ software output and a discount rate of 7% are also listed in the table.  In all cases, the estimated
costs were increased to account for contingencies and other miscellaneous items.  RACER™-estimated costs
and other cost summary spreadsheets are presented in Appendix O.

10.2.2.1 Overall Protection of Human Health and the Environment

Alternative 1 (no action) would not protect either human health or the environment. Contaminants would not
be eliminated or reduced, and migration pathways would not be affected. 

Alternative 2 (DPE/GAC/Institutional control) would be protective.  VOC contamination above remedial
action goal levels would be removed from the subsurface.  Non-VOC concentrations would not be actively
reduced, however; deed restrictions, access controls, and pavement upkeep would eliminate exposure to the
subsurface contamination.  Maintenance of the capping (pavement) would prevent rainwater infiltration and
leaching of the non-VOC contamination. because soil with non-VOC contamination above action levels
would be removed from the Site.

Alternative 3 (DPE/GAC/Institutional control/Excavation) would be protective.  VOC contamination above
remedial action goal levels would be removed from the subsurface.  Where possible, soil with non-VOC
contamination above action levels would be removed from the Site.  Deed restrictions, access controls, and
pavement upkeep would eliminate exposure to any residual subsurface contamination. 

10.2.2.2 Compliance with Applicable or Relevant and Appropriate Requirements

Chemical-specific ARARs would not be met with Alternative 1 (no action).  because contaminant
concentrations would not be reduced below action levels. However, some reduction in contaminant
concentrations over time due to biodegradation would be expected.

Chemical-specific ARARs for non-VOCs would not be met under Alternative 2 (DPE/GAC/Institutional
control) because non-VOC concentrations would not be reduced to below action levels.  All other ARARs
would be met.

Alternative 3 (DPE/GAC/Institutional control/Excavation) would be designed to meet all ARARs (chemical,
action, and location).
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TABLE 10-4

Evaluation Summary of Soil Remedial Action Alternatives 
With Respect to CERCLA Criteria

Evaluation Criterion
Alternative 1

No Action
Alternative 2

DPE/GAC/Institutional Control

Alternative 3 
DPE/GAC/Institutional

Control/Excavation
Protective of human
health and the
environment

Not protective Protective Protective

Compliance with ARARs Does not comply Complies with ARARs for VOCs. 
Does not comply with ARARs for
non-VOCs

Complies with ARARs. 

Long-term effectiveness
and permanence

Not effective Effective enhancement of a
presumptive remedy for VOCs. 
Institutional controls for non-VOCs
would be effective while deed and
access restrictions are in place and
surface cover is maintained in good
condition

Effective enhancement of a presumptive remedy
for VOCs.  Shallow and accessible non-VOC
contamination would be permanently removed. 
Institutional control action would eliminate
exposure pathways for remaining soil areas

Implementability Not applicable Implementable and feasible.
Construction will temporarily disturb
surface structures and some Site
activities.  Implementation of
institutional controls may entail
lengthy and involved legal process

Implementable and feasible. Implementation will
temporarily disturb surface structures and some
Site activities.  Implementation of institutional
controls may entail lengthy and involved legal
process.  Permits would be required for
excavation and off-site disposal.  Excavation
would not be implementable or feasible for areas
where contamination is found to be too deep or
under existing structures. 

Short-term effectiveness Not applicable Extraction well and pipeline
construction must be done so as to
avoid creating a conduit for vertical
migration of contaminants in the
subsurface.  Legal hurdles may delay
effectiveness of institutional controls

Extraction well and pipeline construction must be
done so as to avoid creating a conduit for vertical
migration of contaminants in the subsurface. 
Legal hurdles may delay effectiveness of
institutional controls. Excavation may be
completed in a matter of weeks.  Care must be
taken to control fugitive dust and vapor emissions
during excavation and disposal

Reduction in toxicity,
mobility, and volume

No reduction Reduces toxicity, mobility, and
volume of VOC contamination. 
Institutional controls for non-VOCs
would provide some reduction in
mobility (due to pavement upkeep)
but not in toxicity or volume of
contamination

Reduces toxicity, mobility, and volume of
contamination

Present worth capital cost
($1,000)

$0 $1,331 $2,818

Present worth O&M cost
($1,000)

$0 $190 $190

Total present worth cost
($1,000)*

$0 $1,521 $3,008

* Present worth cost estimates are based on 2001 dollars and were calculated using a 7% discount rate.  Remedial action start year was
assumed to be 2003, and the duration of remedial action was set to 20 years.  The cost of 3 years of post-remedial action compliance
monitoring was included for all action alternatives.
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10.2.2.3 Long-term Effectiveness and Performance

Alternative 1 (no action) would provide no measure of long-term effectiveness. 

With regards to VOCs, Alternative 2 (DPE/GAC/Institutional control) would provide long-term effectiveness
because the remediation would continue until VOC levels fall below remedial action goal levels.  Once
remedial action goals are achieved, compliance monitoring will provide an early warning if contamination
rebound is observed.  Dual phase extraction is recognized as an enhancement to the “presumptive remedy”
of SVE which implies that the process has been shown to be widely effective and permanent.  Institutional
controls would be effective so long as the deed restrictions and access controls remain in place, and the
pavement (capping) is maintained.  For the purposes of the FS, it was assumed that this alternative would
be implemented over the estimated 20-year period of pump-and-treat for remediation of the groundwater.
Alternative 2 (excavation) would provide long-term effectiveness because the non-VOC contaminated soil
would be permanently removed from the Site.

Alternative 3 (DPE/GAC/Institutional control/Excavation) would provide long-term effectiveness because
the remediation would continue until VOC levels fall below remedial action goal levels.  Where possible,
the non-VOC contaminated soil would be excavated and permanently removed from the Site.  Institutional
controls would be effective so long as the deed restrictions and access controls remain in place, and the
pavement (capping) is maintained.

10.2.2.4 Implementability

The implementability criterion is not applicable to Alternative 1 (no action) because by definition, no action
would be implemented.

Alternative 2 (DPE/GAC/Institutional control) is technically feasible and implementable.  Some interference
with Site activities is expected because implementation would result in the installation of extraction wells
and related conveyance piping, and the construction of an aboveground treatment plant.  A permit would be
required for discharge of the extracted water to the POTW.  Implementation would result in disruption of
roads and surface structures to accommodate the aboveground and buried systems.  Implementation of
institutional controls is expected to entail a lengthy and involved legal process.  Agency approval is possible
but not a certainty.

As with Alternative 2, Alternative 3 (DPE/GAC/Institutional control/Excavation) is implementable and
technically feasible.  However, soil excavation would result in disruption of surface structures (pavement,
etc.) over the short-term.  Excavation would not be implementable or feasible for areas where contamination
is found to be too deep or under existing structures.  Permits would be required to transport the excavated
soil to the landfill.

10.2.2.5 Short-term Effectiveness

The short-term effectiveness criterion is not applicable to Alternative 1 (no action) because by definition,
no action would be taken.

With regards to VOC treatment, Alternative 2 (DPE/GAC/Institutional control) would be effective in the
short-term because VOC removal/treatment would commence immediately after startup of the DPE/GAC
process.  However, periods of system shutdown and contamination rebound, followed by additional
extraction, are common.  Care must be taken during construction of the extraction and vapor monitoring
wells and conveyance piping to minimize/prevent soil gas emissions.  Additionally, well construction must
be completed so as not to create a “conduit” through which contamination can migrate vertically., and access
and exposure to the subsurface.  Institutional controls would be effective in the short-term by limiting access
and exposure to the subsurface contamination.  However, a long and involved legal process may be required
to implement these controls. 
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In addition to the items discussed above, Alternative 3 (DPE/GAC/Institutional control/Excavation) is
expected to be effective in the short-term because excavation and disposal is expected to be completed in a
matter of weeks or months.  Care must be taken to control fugitive dust and/or soil gas emissions during
excavation and transport activities. 

10.2.2.6 Reduction of Toxicity, Mobility, and Volume through Treatment

By definition, Alternative 1 (no action) would not reduce toxicity, mobility, and volume of contamination.

Through active treatment, Alternative 2 (DPE/GAC/Institutional control) would reduce the toxicity, mobility,
and volume of VOC contamination in soil.  By preventing rain infiltration, institutional controls would
reduce mobility, as long as the pavement (capping) is maintained.  However, no reduction in toxicity or
volume of non-VOCs would be achieved with this alternative. 

Through active treatment of VOCs, and by permanently removing soil contaminated with non-VOCs above
action levels, Alternative 3 (DPE/GAC/Institutional control/Excavation) would reduce the toxicity, mobility,
and volume of contamination in soil.

10.2.2.7 Cost

According to EPA guidance, capital costs include direct costs (e.g., construction, land development, buildings
and services), indirect costs (e.g., services during construction, engineering design, preparation of bid
documents), and other costs (e.g., permitting and legal, development costs for implementation of remedial
action, contingencies).  Annual operating costs, or O&M costs, include recurring costs of operating labor,
maintenance material and labor, operating materials and energy, disposal of residue, administration,
insurance, taxes, and license, and maintenance reserve and contingencies. The present worth cost allows for
estimating the total cost of implementation based on inflation or escalation rate, discount rate, and the
analysis period.

Based on the above criteria, process options that do not have recurring maintenance costs will not have an
associated O&M cost.  So, for example, excavation would not have associated O&M costs.  For all
alternatives, the sampling and monitoring costs were included as part of the capital costs because
sampling/monitoring activities do not affect the operation and maintenance of a given technology.

The total present worth cost of all alternatives is provided in Table 10-4. By definition, the no-action
alternative has a cost of $0.  (The cost of performing 5-year reviews would be common to all alternatives and
was not included in the cost estimates.)

The cost estimates have an accuracy of +50/-30%. This means the actual cost could be 30% less or 50% more
than the estimated cost.
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10.3 ANALYSIS OF ALTERNATIVES FOR GROUNDWATER

The Gaspur Aquifer underneath the Site has been impacted; TCE and cis-1,2-DCE have been detected at
maximum concentrations of 2,000 and 210 µg/L, respectively. Other COCs in groundwater detected at
concentrations greater than drinking water standards include PCE, 1,2-DCA, 1,1-DCA, VC, and benzene.
Other than benzene, COCs are chlorinated hydrocarbons.

The maximum detected TCE and cis-1,2-DCE concentrations in the Exposition Aquifer were 6 and 4 µg/L,
respectively.

As described in Section 9.2, a prime objective of the remedial action at the Site is to eliminate impact to the
Exposition Aquifer.  Since the impact to the deeper aquifer is at least partially caused by vertical migration
of the contaminants in portions of the Gaspur Aquifer with the highest COC concentrations, it is feasible to
conclude that reducing the contamination levels in these (high concentration) plume areas should be a key
objective of the groundwater remedial action.

Because of the concentrations of VOCs from upgradient areas in the shallow aquifer, and the commingling
of groundwater contamination plumes originating from other (upgradient) source areas, the areas within the
5 and 10 µg/L isoconcentration contours under the Site are not readily definable.  During the RD phase,
additional characterization sampling is planned to better define the leading edge of the 5, 10, 100, and 1,000
µg/L isoconcentration contours. 

The remedial alternatives for groundwater that passed the initial screening are listed in Table 10-1.  These
consist of the no-action alternative and five “action” alternatives.

The no-action alternative serves as a baseline alternative describing the result of taking no action for
comparison to the benefits and cost of the “action” alternatives.

In selecting the remedial alternatives for the contaminated groundwater plume, care was taken to include
some in situ technologies that could be used either on a standalone basis, or as enhancement to other remedial
action, for example to reduce the contamination levels in “hot-spot” areas of the plume.  Use of these
technologies could minimize/eliminate discharge of treated water and further commingling of plumes
originating from upgradient or cross-gradient sources.  In some cases, however, in situ technologies may not
be suitable as standalone remedial alternatives.  This is true, for example, if use of a single technology does
not lead to meeting all the remedial action goals.  Although all the in situ technologies selected have been
field-tested and proven generally effective, pilot-scale treatability tests are recommended to establish their
effectiveness for the specific subsurface conditions at the Cooper Drum Site.

An extraction/ex situ treatment, or “pump-and-treat” process option was also included.  Liquid-phase GAC
was chosen for VOC treatment.  The discharge options retained for treated groundwater include reinjection
and discharge to POTW.  The effectiveness of the pump-and-treat technologies in extracting and removing
VOCs from contaminated groundwater is generally not disputed.  However, pump-and-treat technologies are
often costly and need to be applied over long periods of time to achieve the remedial action objectives.
Additionally, discharge of treated water either requires compliance with strict discharge limits (e.g., for
reinjection), or, as is the case for discharge to POTW, undisputable evidence of infeasibility of all other
discharge options is required.
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It was assumed that all ex situ and in situ technologies would be designed to yield zero air emissions in order
to address community concerns about transferring contamination from one medium to another (i.e., from
groundwater to air).

Groundwater monitoring costs, as estimated by RACER™, were included for all alternatives.  Monitoring
provides the data needed to determine COC concentration and migration trends over time and to assess the
degree of success (or failure) of a given remedial technology in achieving the remedial action goals.

10.3.1 Conceptual Design of “Action” Alternatives for Groundwater

The conceptual design for the “action” alternatives for the contaminated groundwater, as well as relevant
advantages and disadvantages of each alternative, are described below.

10.3.1.1 Alternative 2: Extraction / GAC 

The conceptual design for this alternative is summarized in Table 10-5 and depicted in Figure 10-3.  This
alternative comprises the use of one existing extraction well (EW-2), two new extraction wells (PEW-3 and
PEW-4), and a GAC treatment system. 

The purpose of the extraction/GAC system would be to remediate and contain the groundwater
contamination plume underneath the Site, without further commingling with upgradient and cross-gradient
plumes originating off-site.  Results of previous pump test data obtained at EW-1 and EW-2 and the
hydrologic modeling results presented in Appendix H indicate that an extraction rate of approximately 15
gpm per extraction well would achieve these objectives.  However, to expedite cleanup of the groundwater
contamination and for optimized source reduction, higher pumping rates may be needed.  The effect of higher
extraction rates on plume commingling can be negligible if the treated water is reinjected into strategic
locations in the aquifer. 

The extracted water would be pumped through two vessels in series configuration, containing liquid-phase
GAC.  To treat vinyl chloride, potassium permanganate would be added after the GAC vessels.  COCs would
be treated down to below drinking water standards.  

The treatment plant capacity was set to 100 gpm to account for any extraction system additions or
modifications in the future.  Therefore, each of the three extraction wells would be pumped at rates of up to
33 gpm under this scenario.  (It is likely that the treatment system would be designed to treat both extracted
groundwater and extracted perched water associated with the dual phase extraction system.  This would
provide for considerable cost savings between soil and groundwater alternatives.)

The treated water could be reinjected into the aquifer or discharged to POTW.

If reinjection is selected for discharge of treated water, three new injection wells (PIW-1 through PIW-3)
would be installed upgradient of the HWA, but within the 10 µg/L TCE isoconcentration contour (see Figure
10-3 for proposed well locations).  By diluting the groundwater COC levels, reinjection of treated water can
accelerate desorption of the VOCs from the soil formation.  Placing the injection wells upgradient may
provide a hydraulic “mounding”, or barrier, to further commingling of upgradient plumes.  If designed
properly, upgradient reinjection of treated water can direct the flow of the groundwater plume towards the
extraction wells.  Reinjection of treated groundwater into the plume must be compliant with antigradation
policies.  A discharge permit from the LARWQCB would be required.
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TABLE 10-5 

Conceptual Design Summary for Groundwater Alternative 2 
Cooper Drum Site

Extraction/GAC 

Site Characteristics
• Site located in the South Gate, CA.
• Area is covered by pavement and buildings.
• Located in an active area of the site and adjacent streets.
• Maximum level of TCE detected in groundwater is approximately 2,000 µg/L, cis-1,2-DCE at 200 µg/L, and

VC at 2 µg/L.
• Depth to groundwater 55 feet; saturated interval of interest approximately 45 feet.
• Direction of groundwater flow: south and southeast.

Design Assumptions
• 2 new vertical extraction wells, 100 feet total depth, screened between 55 and 95 feet bgs.
• 1 existing extraction well, 83 feet total depth, screened between 37 and 78 feet bgs.
• Extraction rate 99 gpm total, 33 gpm from each well - 0.5 hp submersible pumps.
• 815 feet of buried untreated water piping to treatment system – 2 inch, sch 80 PVC.
• Metal canopy cover.
• Electrical service and remote monitoring communication tied to existing local services.
• 2 hp transfer/discharge pump from 2,000 gallon equalization water storage tank.
• 100 gpm dual vessel 1,000-pound GAC system with dual-particulate filter pre-treatment.
• Fenced/covered treatment compound with concrete containment foundation and metal enclosure, site

lighting, containment sump and pump.
• 400 Sq foot treatment compound; 100 feet of chainlink fence.
• Approximately 20 years to clean groundwater to MCLs.

Reinjection Option
• 3 vertical injection wells, 12" borehole, 110 feet total depth, screened between 55 and 105 feet bgs.
• 300 feet of buried injection well piping to injection wells – 3 inch, Sch 80  PVC.

Discharge to POTW Option
• 740 feet of buried discharge piping to buried sewer discharge along Atlantic Avenue – 3 inch, Sch 80 PVC.
• $360,000 connection fee.

System Sampling Assumptions
• Bi-weekly sampling of liquid GAC system.
• 1 influent and 2 effluent samples.
• Sample for VOCs and metals.

Extraction Well Sampling Assumptions
• Monthly sampling of extraction wells.
• Sample for VOCs.
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The actual location of the extraction and reinjection wells will be determined during the RD phase.

Discharge to POTW would require belowground conveyance piping from the treatment plant to the discharge
point located west of the Site, along Atlantic Ave.  A discharge permit from the LACSD and a maximum
connection fee of $360,000 may be required.  (See LASCD contact report in Appendix N for details.)

The duration of this extraction/treatment, or pump-and-treat, alternative was determined on the basis of the
number of pore volume exchanges that would be needed to treat the defined groundwater plume under the
Site.  Depending on the initial concentration range, the plume extent and volume, and the extraction rate, the
time to capture the TCE plume was estimated to be between 9 to 20 years.  A conservative scenario would
consist of the following:

• Plume length = 800 feet; width = 250 feet; depth = 45 feet;

• Average initial TCE concentration = 1,000 µg/L; and

• Total extraction rate = 99 gpm.

With the above assumptions, the maximum estimated duration of pump-and-treat is approximately 20 years.
A sample spreadsheet used to calculate the approximate number of years required for plume remediation is
presented in Appendix O. 

A common groundwater monitoring strategy was assumed for all the groundwater alternatives.  It comprises
installation of six new monitoring wells, with four screened in the Gaspur Aquifer and two screened in the
Exposition Aquifer.  The underlying assumptions for the groundwater monitoring strategy are listed in Table
10-6.  

The existing and proposed monitoring wells are depicted in Figure 10-4.  Also shown are the nine new
characterization monitoring wells that will be used to better define the leading edge of the 5 µg/L TCE
isoconcentration contour.  The cost of installation of these nine monitoring wells was not included as part
of the remedial action conceptual design because the characterization wells will be installed independent of
completion of the remedial alternative(s) selection process.  To comply with the ARARs stated in Section
8.0, it was assumed that compliance monitoring of the groundwater monitoring wells would be performed
annually for three additional years after completion of the remedial action (i.e., total of 23 years of
monitoring). 

RACER™ was used to estimate the cost of implementing Alternative 2 (Extraction/GAC).  The RACER™ cost
estimates were augmented to account for bid and scope contingencies, engineering design, labor insurance,
and other miscellaneous items.  The relevant cost summary spreadsheets are included in Appendix O.  

The total present worth cost for this alternative, including the groundwater monitoring costs, is estimated to
be between approximately $4,314,000 and $4,716,000, based on discharge to POTW and reinjection,
respectively.  The respective present worth capital and O&M costs are $3,321,300 and $992,500 for
discharge to POTW, and $2,981,100 and $1,734,600 for reinjection.
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Advantages and Disadvantages

The advantages of Alternative 2 (Extraction/GAC) include the following:

• It is expected that all the COCs would be treated to desired levels;

• The technology has been proven effective through decades of field application;

• A treatability study would not be required; and

• Implementation is technically feasible.

The disadvantages include:

• Complete remediation and plume containment may take longer than 20 years;

• Hundreds of feet of below-ground piping and an aboveground treatment plant would be required;

• For the reinjection scenario, three new injection wells would have to be installed off-site;

• Biofouling and scaling are common problems with injection wells;

• Because of anti-degradation policies, reinjection of non-COCs above MCLs (e.g., arsenic) may
not have regulatory support;

• Discharge to POTW is not encouraged by the LACSD; 

• A connection fee and annual usage fees would be required for discharge to POTW; and 

• Extraction may result in some commingling of the on- and off-site plumes.
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TABLE 10-6

Groundwater Monitoring Plan for All Groundwater Alternatives
Cooper Drum Site

Design Assumptions

• 4 new monitoring wells with total depth of 81 feet, screened from 69 to 79 feet bgs.
• 2 new monitoring wells with total depth of 132 feet, screened from 115 to 130 feet bgs. 
• 2-inch wells, Sch. 80 PVC. 
• 20 existing monitoring wells (MW-1, MW-2, MW-3, MW-4, MW-5, MW-10, MW-15, MW-16, MW-17,

MW-18, EW-1, and 9 new characterization wells as discussed in Section 7.3).
• Sampling for VOCs and apparent groundwater gradient.
• One baseline sample from each well.
• Quarterly sampling of all wells in the first year.
• Semi-annual sampling of all wells after the first year, until completion of remedial action.
• Annual compliance sampling of wells for 3 years after completion of remedial action. 
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10.3.1.2 Alternative 3: Extraction / GAC / In Situ Chemical Oxidation

This alternative comprises the use of two new extraction wells (PEW-3 and PEW-4), one injection well (e.g.,
PIW-3), a GAC treatment system, and application of sodium permanganate for in situ chemical oxidation
of VOCs in groundwater.  The conceptual design for this alternative is summarized in Table 10-7 and
depicted in Figure 10-5.

Pending the outcome of a pilot-scale treatability study, it is expected that in situ oxidation would significantly
reduce the concentrations of several prominent VOCs (i.e., TCE, PCE, cis-1,2-DCE, and VC) in
groundwater.  With the expected reduction in VOC concentrations, the objectives of the extraction/GAC
system would be to:

• Contain further plume migration at low extraction rates, so as to minimize commingling of on-
and off-site plumes;

• Provide hydraulic control of the injected sodium permanganate solution; and

• Remediate residual VOC concentrations down to remedial action goal levels.

Operation of two new extraction wells at extraction rates of 15 to 20 gpm is expected to provide sufficient
hydraulic control of the plume and the injected permanganate solution.  Furthermore, because of the expected
lower VOC concentrations, it is assumed that the extracted water from the downgradient extraction well
(PEW-3) could be sent directly to a POTW discharge point located along Atlantic Avenue, just north of
Southern Avenue (see Figure 10-5).  However, since the other extraction well (PEW-2) is to be located in
a higher concentration area of the plume, the water extracted from this well would be pumped to the GAC
treatment system.  A GAC capacity of 25 gpm was assumed for treating the extracted water from this well.
(The GAC treatment system used for dual phase extraction could be readily designed to handle this hydraulic
load, thus providing significant cost savings between the soil and groundwater alternatives.)

With regards to the duration of remedial action, determined based on the number of pore volume exchanges
that would be needed to treat the defined groundwater plume under the Site, a conservative scenario would
consist of the following:

• Plume length = 800 feet; width = 250 feet; depth = 45 feet;

• Average initial TCE concentration = 500 µg/L; and

• Total extraction rate = 40 gpm.

Compared to Alternative 2 (Extraction/GAC), the initial concentration was halved and the extraction rate
was reduced from 99 to 40 gpm.  With these assumptions, the estimated duration of pump-and-treat is
approximately 20 years.  This is similar to the estimated time for Alternative 2.  If the average initial
concentration is significantly lower than 500 µg/L, the duration of remedial action could be much shorter
when compared to Alternative 2.  A sample spreadsheet used to calculate the estimated number of years
required for plume remediation is presented in Appendix O. 
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TABLE 10-7

Conceptual Design Summary for Groundwater Alternative 3 
(Extraction/GAC/In Situ Chemical Oxidation)

Cooper Drum Company Site
Extraction/GAC/In Situ Chemical Oxidation 
Site Characteristics
• Site located in the South Gate, CA.
• Area is covered by pavement and buildings.
• Located in an active area of the Site and adjacent streets.
• Maximum level of TCE detected in the Gaspur Aquifer is approximately 2,000 :g/L, cis-1,2-DCE at 200  :g/L, and VC

at 2 :g/L.
• Depth to groundwater 55 feet; saturated interval of interest approximately 50 feet.
• Direction of groundwater flow: south and southeast.

Extraction/GAC Design Assumptions
• 2 new vertical extraction wells, 100 feet total depth, screened between 55 and 95 feet bgs.
• Extraction rate 40 gpm total, 20 gpm from each well - 0.5 hp submersible pumps.
• 310 feet of buried untreated water piping to treatment system – 2 inch, sch 80 PVC.
• Metal canopy cover.
• Electrical service and remote monitoring communication tied to existing local services.
• 2 hp transfer/discharge pump from 2,000 gallon equalization water storage tank.
• 25 gpm, dual vessel, 330-pound GAC system with dual-particulate filter pre-treatment.
• Fenced/covered treatment compound with concrete containment foundation and metal enclosure, site lighting,

containment sump and pump.
• 400 Sq foot treatment compound; 100 feet of chainlink fence.
• 1 vertical injection wells, 12" borehole, 110 feet total depth, screened between 55 and 105 feet bgs.
• 150 feet of buried injection well piping to injection well – 2 inch, Sch 80  PVC.
• 540 feet of buried discharge piping to buried sewer discharge along Atlantic Avenue – 2 inch, Sch 80 PVC.
• $73,000 POTW connection fee.

In Situ Chemical Oxidation Design Assumptions
• Treatment area of  92,000 Sq ft and thickness of 45 feet in saturated soil. 
• Injection points to be placed within the 100 Fg/L TCE isoconcentration contour in Gaspur Aquifer.
• 162 injection points, 1 to 2 inches in diameter.
• 4 direct pushes per day, to be completed over 8 weeks.
• 15-foot radius of influence per injection point, with 25% overlap between consecutive points.
• 1750 pounds of 40% sodium permanganate at $4.00 per pound (plus shipping and tax).
• One additional application, at all injection points, within one year (same assumptions as original application).

GAC System Sampling Assumptions
• Bi-weekly sampling of liquid GAC system.
• 1 influent and 2 effluent samples.
• Sample for VOCs and metals.

Extraction Well Sampling Assumptions
• Monthly sampling of extraction wells.
• Sample for VOCs.
• Project Duration of 20 years.
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For cost estimation purposes, it was assumed that sodium permanganate would be used as the oxidizing
reagent.  However, the use of potassium permanganate will also be considered during the remedial design
phase.

Sodium permanganate would be applied in the general area of the 100 µg/L isoconcentration contour, as
shown in Figure 10-5.  Based on a vendor’s estimates (as presented in Appendix N), in situ chemical
oxidation of the plume would require approximately 340 pounds of 40% sodium permanganate solution
(with a sodium permanganate concentration of 4%) to be injected into 118 geoprobe locations, over a 30-day
period.  Each injection point would be 1 to 2 inches in diameter.  A truck-mounted drilling rig would be used
to implement the injection points.  To account for uncertainties in the hydrogeologic assumptions (including
the extent of the 100 µg/L isoconcentration contour), it was assumed that 1,750 pounds of 40% sodium
permanganate solution (i.e., five times the estimated value) would be injected into 162 injection  points.  The
number of injection points was determined based on a 15-foot ROI for the injection and a 25% overlap
between consecutive points.  At approximately 4 injection points  per day, the application of the
permanganate solution would be completed in 41 days, or 8 weeks.  Samples would be taken during the
application to monitor the concentrations of sodium permanganate and other components of the injected
solution in groundwater. 

It was also assumed that the same amount of sodium permanganate would be injected into the same number
of injection points , one year after the initial application.  This is a conservative estimate but it represents
real-life possibilities, especially if there is contamination rebound after the initial application.

Prior to full-scale implementation, a pilot-scale treatability study for effectiveness of in situ chemical
oxidation is highly recommended.  The pilot-scale test can represent the first phase of technology
implementation, for example in a 50-foot by 50-foot area of the 100 µg/L TCE isoconcentration contour. 
The treatability study would indicate if oxidation is effective for the Site COCs and under Site conditions.

The advantages of Alternative 3 (Extraction/GAC/In situ chemical oxidation) over Alternative 2
(Extraction/GAC) include lower O&M costs over the long term, and a potentially shorter duration for
remedial action.  The combination of lower O&M costs and shorter duration could actually reduce the overall
implementation cost for Alternative 3 to below that projected for Alternative 2.

The disadvantages include higher capital costs and the need for a treatability study to establish the
effectiveness of in situ oxidation.  Additionally, implementation of Alternative 3 would entail injecting the
sodium permanganate into numerous injection points located in active areas inside and outside the Site.  This
frequency of injection points would cause disruption of Site activities and traffic, and impact surface
structures, assuming access is possible to all locations necessary for effective emplacement.  Permits may
be required to allow for injection of sodium permanganate into the subsurface and for disruption of traffic
and surface structures. 

RACER™ was used to estimate the cost of implementing this alternative.  The RACER™ cost estimates were
augmented to account for bid and scope contingencies, engineering design, construction reporting, labor
insurance, and other miscellaneous items.  The relevant cost summary spreadsheets are included in Appendix
O.  The total present worth cost for this alternative based on a 20-year duration, including the groundwater
monitoring costs, is approximately $4,950,600.  The present worth capital and O&M costs are approximately
$4,426,000 and $524,600, respectively.



Cooper Drum Remedial Investigation Feasibility Study Report Section 10.0
RAC EPA Region IX 05/15/02
URS Group, Inc. Page 10 - 28
Contract No. 68-W98-225/WA No. 047-RICO-091N

K:\04700\RI\by section\l_section 10.wpd

10.3.1.3 Alternative 4: Extraction / GAC/ In Situ Chemical Treatment - 
Reductive Dechlorination and Oxidation

The conceptual design for this alternative is summarized in Table 10-8.  The major difference between
Alternatives 3 and 4 is that in the latter scenario, in addition to in situ chemical oxidation, an electron donor
compound may also be injected into the groundwater, so as to enhance the reductive dechlorination (i.e.,
breakdown) of the chlorinated VOCs.  

For cost estimation purposes, it was assumed that HRC® would be used as the electron donor compound.
One advantage of the use of HRC® , a polyactate ester gel formulated for slow release of lactic acid as a
source of hydrogen, is that it remains in the subsurface over long periods of time and can be highly effective
in shortening the required time for natural attenuation of chlorinated VOCs.  However, HRC® is a patented
product, and costly. 

Prior to full-scale implementation, bench-scale, and if needed, pilot-scale treatability studies may be
conducted to evaluate the effectiveness of the electron donor compound in enhancing reductive
dechlorination, especially in view of competing reactions, such as reduction of sulfate which is abundant in
the subsurface.  During the RD phase, other less costly electron donor compounds (e.g., molasses, vegetable
oil) may also be considered for evaluation. A pilot-scale treatability test would also be required if sodium
permanganate is to be used for in situ chemical oxidation.  The results of the treatability tests would be used
to determine which in situ technology (i.e., reductive dechlorination or oxidation) is most effective under Site
conditions.  It is likely that only the more effective of the two technologies will actually be used.  However,
for cost estimation purposes, and to represent a “worst case scenario,” it was assumed that both technologies
would be used to enhance the extraction / GAC remedial action.

A model provided by Regenesis, the supplier of HRC®, was used to calculate the amount of HRC® and the
number of injection points required for reducing a given volume and concentration of contamination.  The
model output is provided in Appendix O.  Based on this model, a total of 240 injection points and 124,230
pounds of HRC®, at $5 per pound, would be required to remediate an area of the groundwater plume
equivalent to 52,500 square feet, from 55 feet to 100 feet bgs.  This surface area represents the top portion
of the 100 µg/L isoconcentration contour, underneath the HWA, and the approximate area of the 1,000 µg/L
isoconcentration contour.  Therefore, the highest concentration areas of the plume and the portion under the
potential source area (HWA) could be treated with this amount of HRC®.  However, implementation of the
estimated 240 injection points would significantly disturb traffic and other activities on- and off-site, and
would require special permits and coordination with the City.  Each injection point would be 1 to 2 inches
in diameter.  A truck-mounted drilling rig would be used to implement the injection points.  

If in situ chemical oxidation is to be used, as with Alternative 3 (Extraction/GAC/In situ chemical oxidation),
it was assumed that 1,750 pounds of sodium permanganate would also be injected into 162 injection points
within one to two years after the HRC® injection.  It is important to stagger the application of HRC® and
sodium (or potassium) permanganate, both spatially and over time, because HRC® is a hydrogen donor,
whereas permanganate is an oxidizing chemical.  Additionally, oxidation may destroy native anaerobic
bacteria, leading to temporary inhibition of natural biodegradation.  Staggered applications should also be
used if pilot-scale treatability tests are conducted for HRC® and sodium permanganate.
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TABLE 10-8
Conceptual Design Summary for Groundwater Alternative 4 

(Extraction / GAC / In Situ Chemical Treatment - Reductive Dechlorination and Oxidation)

Site Characteristics
• Site located in the South Gate, CA.
• Area is covered by pavement and buildings.
• Located in an active area of the Site and adjacent streets.
• Maximum level of TCE detected in the Gaspur Aquifer is approximately 2,000 :g/L, cis-1,2-DCE at 200  :g/L, and VC at 2 :g/L.
• Depth to groundwater 55 feet; saturated interval of interest approximately 50 feet.
• Direction of groundwater flow: south and southeast.
Extraction/GAC Design Assumptions
• 2 new vertical extraction wells, 100 feet total depth, screened between 55 and 95 feet bgs.
• Extraction rate 40 gpm total, 20 gpm from each well - 0.5 hp submersible pumps.
• 310 feet of buried untreated water piping to treatment system – 2 inch, sch 80 PVC.
• Metal canopy cover.
• Electrical service and remote monitoring communication tied to existing local services.
• 2 hp transfer/discharge pump from 2,000 gallon equalization water storage tank.
• 25 gpm, dual vessel, 330-pound GAC system with dual-particulate filter pre-treatment.
• Fenced/covered treatment compound with concrete containment foundation and metal enclosure, site lighting, containment sump and pump.
• 400 Sq foot treatment compound; 100 feet of chainlink fence.
• 1 vertical injection wells, 12" borehole, 110 feet total depth, screened between 55 and 105 feet bgs.
• 150 feet of buried injection well piping to injection well – 2 inch, Sch 80  PVC.
• 540 feet of buried discharge piping to buried sewer discharge along Atlantic Avenue – 2 inch, Sch 80 PVC.
• $73,000 POTW connection fee.
In Situ Reductive Dechlorination
• Potential manganese reduction demand < 100 mg/L.
• Potential ferric iron reduction demand < 25 mg/L.
• Potential sulfate reduction demand < 200 mg/L.
• Generally anaerobic groundwater geochemistry with oxygen < 5 mg/L and nitrate < 2 mg/L.
• 1 to 2 inch diameter injection points.
• HRC® dose rate of 11.5 lbs per vertical foot. 
• Treatment area of 52,500 Sq ft and thickness of 45 feet in saturated soil. 
• Injection points to be placed within under the HWA and in the 1,000 Fg/L TCE isoconcentration contour in Gaspur Aquifer.
• 240 injection points.
• 4 direct pushes per day, to be completed in 12 weeks.
• 10 to 15-foot radius of influence per injection point.
• 124,230 pounds of HRC® at $5.00 per pound (plus shipping and tax).
In Situ Chemical Oxidation
• Treatment area of  92,000 Sq ft and thickness of 45 feet in saturated soil. 
• Injection points to be placed within the 100 Fg/L TCE isoconcentration contour in Gaspur Aquifer.
• 162 injection points; 1 to 2 inches in diameter.
• 4 direct pushes per day, to be completed in 8 weeks.
• 15-foot radius of influence per injection point, with 25% overlap between consecutive points.
• 1750 pounds of 40% sodium permanganate at $4.00 per pound (plus shipping and tax).
GAC System Sampling Assumptions
• Bi-weekly sampling of liquid GAC system.
• 1 influent and 2 effluent samples.
• Sample for VOCs and metals.
Extraction Well Sampling Assumptions
• Monthly sampling of extraction wells.
• Sample for VOCs.
• Project Duration of 20 years.
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There are situations when use of both in situ reductive dechlorination and chemical oxidation may be
warranted.  The reasons for combining these in situ technologies can be summarized as follows:

• In situ chemical oxidation can be used to treat TCE and PCE breakdown components, such as
cis-1,2-DCE and vinyl chloride, if in situ reductive dechlorination does not progress to ethene
formation in a timely fashion;

• In situ chemical oxidation can be used in parts of the 100 µg/L isoconcentration contour that
were not treated with HRC®; and

• In situ chemical oxidation and reductive dechlorination can significantly reduce the amount of
residual VOCs that would require GAC treatment.

As with Alternative 3, the purpose of the extraction/GAC system would be to contain further plume
migration and commingling of on- and off-site plumes, provide hydraulic control of the injected HRC® and
sodium permanganate solution; and remediate residual VOC concentrations down to remedial action goal
levels.  

The conceptual design for Alternative 4 is similar to that depicted in Figure 10-5, with the same layout  and
number of extraction and injection wells.  The monitoring well layout and sampling schedule would be
identical to other groundwater alternatives, as described in Table 10-6.  Similar to Alternative 3, and based
on the same initial concentrations and extraction rates, the duration of remedial action was conservatively
set to 20 years.

RACER™ was used to estimate the cost of implementing this alternative.  The RACER™ cost estimates were
augmented to account for bid and scope contingencies, engineering design, construction reporting, and other
miscellaneous items.  All monitoring and reporting costs were included in the capital cost estimate.  The
relevant cost summary spreadsheets are included in Appendix O.  

The present worth capital and O&M costs for Alternative 4 are estimated to be approximately $5,735,200
and $524,500, respectively.  The total present worth cost for this alternative, including the groundwater
monitoring costs, is approximately $6,259,700 which is $1,280,000 more than use of in situ chemical
oxidation alone.  However, the use of enhanced reductive dechlorination is expected to reduce the levels of
all the COCs in groundwater, whereas use of chemical oxidation alone is expected to reduce the levels of
certain contaminants only (i.e., PCE, TCE, cis-1,2-DCE, and vinyl chloride).  Using these two in situ process
options in combination with limited extraction/treatment would provide hydraulic control of the plume, while
possibly reducing the time required for meeting remedial action goals.  The costs calculated for the purposes
of this feasibility study do not take this potential time and cost savings into account.

10.3.1.4 Alternative 5: Extraction / GAC / In Situ Reductive Dechlorination

The conceptual design for this alternative is summarized in Table 10-9.  The design is similar to that for
Alternatives 3 and 4; however, Alternative 5 comprises the use of limited extraction/treatment action
combined with in situ application of an electron donor compound to enhance reductive dechlorination of the
groundwater COCs.  In situ chemical oxidation would not be used under this scenario.

For cost estimation purposes, it was assumed that HRC® would be used as the electron/hydrogen donor
compound.  During the RD phase, less costly electron donor compounds (e.g., molasses, vegetable oil) may
also be considered for evaluation.  Both bench-scale, and if needed, pilot-scale treatability studies may be
required to evaluate the effectiveness of the selected electron donor compound.  
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As in Alternative 4, and based on the Regenesis model output, a total of 124,230 pounds of HRC® injected
into 240 direct push points would be used to remediate the top portion of the 100 µg/L isoconcentration
contour, underneath the HWA, as well as the area covered by the 1,000 µg/L isoconcentration contour.  To
account for real life possibilities, it was assumed that HRC® would be applied a second time, one to two years
after the initial application.  The second injection of HRC® would be applied in areas that were either not
targeted by the first application, or where HRC® was not sufficiently effective in reducing the COC
concentrations.  It was assumed that HRC® would be applied in half as many injection points (i.e., 120
points) during the second application.  Regardless, the implementation of so many injection points is
expected to interfere with traffic and other activities on- and off-site.  Permits and coordination with the City
would be required for successful implementation.

An advantage of Alternative 5 (Extraction / GAC / In situ reductive dechlorination) over Alternatives 3 and
4 is that, if effective, the electron donor compound would expedite naturally occurring contaminant
breakdown reactions, without the addition of chemical oxidants such as permanganate.  However, exactly
because of the reliance on natural attenuation processes, the time required for complete remediation may be
longer, leading to higher O&M costs for the extraction/treatment action.  This is especially true if reductive
dechlorination leads to higher concentrations of breakdown compounds, such as vinyl chloride, and does not
advance to ethene/ethane formation in an equally expedited time frame.  If HRC® is used at the levels
projected, capital costs would also be higher than Alternatives 2 through 4.

As with Alternatives 3 and 4, the purpose of the extraction/GAC system would be to contain further plume
migration and commingling of on- and off-site plumes, provide hydraulic control of the injected HRC®; and
remediate residual VOC concentrations down to remedial action goal levels.  

The conceptual design for Alternative 5 is similar to that depicted in Figure 10-5, with the same layout  and
number of extraction and injection wells.  However, it is likely that the electron donor compound would only
be injected in selective portions of the 100 µg/L isoconcentration contour, as described above.  The
monitoring well layout and sampling schedule would be identical to other groundwater alternatives, as
described in Table 10-6.  The duration of remedial action was again set to 20 years to allow for capture of
the entire plume with the reduced extraction/treatment rates.

RACER™ was used to estimate the cost of implementing Alternative 5.  The RACER™ cost estimates were
augmented to account for bid and scope contingencies, engineering design, construction reporting, and other
miscellaneous items.  All monitoring and reporting costs were included in the capital cost estimate.  The
relevant cost summary spreadsheets are included in Appendix O.  

The present worth capital and O&M costs for Alternative 5 are estimated to be approximately $6,156,100
and $524,600, respectively.  The total present worth cost for this alternative, including the groundwater
monitoring costs, is approximately $6,670,700 which is $421,000 more than use of HRC® and in situ
chemical oxidation combined. 



Cooper Drum Remedial Investigation Feasibility Study Report Section 10.0
RAC EPA Region IX 05/15/02
URS Group, Inc. Page 10 - 32
Contract No. 68-W98-225/WA No. 047-RICO-091N

K:\04700\RI\by section\l_section 10.wpd

TABLE 10-9
Conceptual Design Summary for Groundwater Alternative 5 

(Extraction / GAC / In Situ Reductive Dechlorination)

Site Characteristics
• Site located in the South Gate, CA.
• Area is covered by pavement and buildings.
• Located in an active area of the Site and adjacent streets.
• Maximum level of TCE detected in the Gaspur Aquifer is approximately 2,000 :g/L, cis-1,2-DCE at 200  :g/L, and VC at 2 :g/L.
• Depth to groundwater 55 feet; saturated interval of interest approximately 50 feet.
• Direction of groundwater flow: south and southeast.
Extraction/GAC Design Assumptions
• 2 new vertical extraction wells, 100 feet total depth, screened between 55 and 95 feet bgs.
• Extraction rate 40 gpm total, 20 gpm from each well - 0.5 hp submersible pumps.
• 310 feet of buried untreated water piping to treatment system – 2 inch, sch 80 PVC.
• Metal canopy cover.
• Electrical service and remote monitoring communication tied to existing local services.
• 2 hp transfer/discharge pump from 2,000 gallon equalization water storage tank.
• 25 gpm, dual vessel, 330-pound GAC system with dual-particulate filter pre-treatment.
• Fenced/covered treatment compound with concrete containment foundation and metal enclosure, site lighting, containment sump and

pump.
• 400 Sq foot treatment compound; 100 feet of chainlink fence.
• 1 vertical injection wells, 12" borehole, 110 feet total depth, screened between 55 and 105 feet bgs.
• 150 feet of buried injection well piping to injection well – 2 inch, Sch 80  PVC.
• 540 feet of buried discharge piping to buried sewer discharge along Atlantic Avenue – 2 inch, Sch 80 PVC.
• $73,000 POTW connection fee.
In Situ Reductive Dechlorination
• Potential manganese reduction demand < 100 mg/L.
• Potential ferric iron reduction demand < 25 mg/L.
• Potential sulfate reduction demand < 200 mg/L.
• Generally anaerobic groundwater geochemistry with oxygen < 5 mg/L and nitrate < 2 mg/L.
• Injection points with minimum of 0.625-inch inner diameter.
• HRC® dose rate of 11.5 lbs per vertical foot. 
Initial Application
• Treatment area of 52,500 Sq ft and thickness of 45 feet in saturated soil. 
• Injection points to be placed within under the HWA and in the 1,000 Fg/L TCE isoconcentration contour in Gaspur Aquifer.
• 240 injection points.
• 4 direct pushes per day, to be completed in 12 weeks.
• 10 to 15-foot radius of influence per injection point.
• 124,230 pounds of HRC® at $5.00 per pound (plus shipping and tax).
Second Application
• Treatment area of 26,250 Sq ft and thickness of 45 feet in saturated soil. 
• Injection points to be placed within under the HWA and in the 1,000 Fg/L TCE isoconcentration contour in Gaspur Aquifer.
• 120 injection points.
• 4 direct pushes per day, to be completed in 6 weeks.
• 10 to 15-foot radius of influence per injection point.
• 62,115 pounds of HRC® at $5.00 per pound (plus shipping and tax).
GAC System Sampling Assumptions
• Bi-weekly sampling of liquid GAC system.
• 1 influent and 2 effluent samples.
• Sample for VOCs and metals.
Extraction Well Sampling Assumptions
• Monthly sampling of extraction wells.
• Sample for VOCs.
• Project Duration of 20 years.
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10.3.1.5 Alternative 6: In-Well Air Stripping with Groundwater Circulation Wells

This alternative comprises installation of 34 groundwater circulation wells (GCWs) within the definable area
of the 5 µg/L isoconcentration contour.  The conceptual design for Alternative 6 is depicted in Figure 10-6.
As shown in the figure, the outline of the 5 µg/L isoconcentration contour was encircled to delineate the
portion of the contamination plume that may have resulted from Site activities.  

As described in Section 9.3.5, the success of in-well air stripping with GCWs is dependent upon the saturated
zone having a reasonably high permeability and some level of anisotropy in the hydraulic conductivity.  The
Gaspur aquifer is largely comprised of sand, sandy silt, and silty sand within the interval from approximately
58 to 103 feet bgs.  There are some lower conductivity lenses (sandy silt and silt) beginning at approximately
78 feet bgs in the HWA.  These intervals can range from approximately 2 to 5 feet in thickness and transition
with depth (down to approximately 103 feet bgs) into higher conductivity materials.  Downgradient of the
HWA, beginning at the location of EW-1, the interbedded low conductivity lenses transition to sandy units.
For example, at the location of MW-15 which has shown the highest off-site concentration of TCE, a
continuous high conductivity sand unit is observed from approximately 59 to 103 feet bgs.  

To ensure adequate groundwater circulation in the aquifer zones with low conductivity lenses, the GCWs
can be placed closer together.  Therefore, as shown in Figure 10-6, the conceptual design for Alternative 6
was set up such that the GCWs were placed 50 to 60 feet apart in the HWA, but were placed farther apart
downgradient of the HWA.  A rough rule-of-thumb is to assume a minimum ROI of 1.5 times the saturated
thickness, which for the Gaspur Aquifer would be approximately 70 feet.  However, the ROI is expected to
be larger in high conductivity zones.  The GCW placement was also designed so as to avoid well installation
in high traffic areas (i.e., in the streets and avenues).

The proposed locations of the GCWs and the above-grade, closed-loop, GAC treatment plant are shown in
Figure 10-6.  (Below-grade piping is not shown in the figure.)  The design details are provided in Table 10-
10.

The assumed water flow rates per well, and the required air flow rates to supply an adequate air-to-water
ratio for efficient stripping, were based on a model obtained from a technology vendor (Wasatch
Environmental). The theoretical basis for estimating the groundwater flow rate and ROI of a GCW is
provided in the article “Design and Application of an Alternative Groundwater Sparging Technology” by
Schrauf and Pennington, which is included in the Appendix N section on in-well air stripping. 

As long as a sufficiently large air-to-water ratio is maintained inside the well, it is possible to obtain stripping
efficiencies of 90% or more each time a “cell” of water is circulated within a well.  The number of times the
water circulates within the well depends on, among other things, the groundwater flow velocity, the hydraulic
conductivity, and the existence of confining or semi-confining layers above and below the well.
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TABLE 10-10

Conceptual Design Summary for Groundwater Alternative 6
(In-Well Air Stripping with Groundwater Circulation Wells)

Site Characteristics
• Site located in the city of South Gate, in Los Angeles County, CA.
• Area is covered by pavement and buildings.
• Located in an active area of the site and adjacent streets.
• Maximum level of TCE detected in the Gaspur Aquifer is approximately 2,000 µg/L, cis-1,2-DCE at 200 µg/L, and VC at 2 µg/L.
• Depth to groundwater 55 feet; saturated interval of interest approximately 40 feet.
• Direction of groundwater flow: south and southeast.

Design Assumptions
Well Array in 5 µg/L TCE Isoconcentration Contour Area
• PVC wells with 6-inch inner diameter, 12-inch borehole.
• Radius of influence of 83 to 96 feet per well.
• Center-to-center well spacing of 50 feet in the HWA; up to 120 feet spacing in other areas.
• Flow rate of 31 to 44 gpm per well.
• Stripping efficiency of 90% for air-to-water ratios greater than 9.
• 34 GCWs.
• GAC and GAC/PIA blend emission controls.
• Two, 5,700 lbs vessels of vapor-phase activated carbon.
• Six 500 cfm, 5 hp blowers.
• Fenced/covered treatment compound with concrete containment foundation and metal enclosure, site lighting, containment sump and

pump.
• 425 Sq. feet treatment pad for GAC vessels, with 200 feet of chainlink fencing.
• Two 8-foot by 15-foot, lined, insulated, skid-mounted portable buildings with exhaust fans to house blowers.
• 2,900 feet of piping, 8-inch, sch.-80 PVC 
• Project duration of 20 years.
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If Alternative 6 is to be implemented, it is recommended that a treatability study or pilot-scale test be
performed to establish the optimal operating parameters for the system and to verify the effectiveness of this
technology in reducing COC concentrations in groundwater.  Under this approach, installation of the GCWs
could be performed in phases.  For example, the treatment plant and a cluster of 2 to 3 wells could be
installed and tested initially for a period of six months to a year. Then, the results of well monitoring could
be used to evaluate the effectiveness of the remedial action.  A pilot-scale test would provide information
on the optimal plant operating conditions and the range of possible stripping efficiencies for specific COCs.
Additionally, using the pilot-scale test results, it would be possible to better define the ROI and water flow
rate of each well.  This information could then be used to refine the GCW placements. 

In order to be conservative, and in line with the other alternatives, a 20-year duration was assumed for
completion of remedial action under Alternative 6.  

RACER™ was used to estimate the cost of implementing Alternative 6.  The installation cost for each GCW
was assumed to be equal to that for an extraction well (without the submersible pump), or approximately
$30,000.  According to literature sources, the cost of groundwater circulation wells can range anywhere from
$10,000 to $50,000. 

The RACER™ cost estimates were augmented to account for bid and scope contingencies, engineering
design, construction reporting, and other miscellaneous items.  All monitoring and reporting costs were
included in the capital cost estimate.  The relevant cost summary spreadsheets are included in Appendix O.

The present worth capital and O&M costs for Alternative 6 are estimated to be approximately $5,534,700
and $1,817,500, respectively.  The total present worth cost for this alternative, including the groundwater
monitoring costs, is approximately $7,352,200.  These costs could be substantially lower if a pilot-scale test
indicates that fewer wells would be needed to reach remedial action goals.

Advantages and Disadvantages

The advantages of in-well air stripping include the following:

• Though innovative, the technology is commercially available and has been proven effective in
field applications;

• The technology is expected to be effective for all COCs in groundwater; and

• Groundwater would not be transferred aboveground for treatment and would not require
discharge.

The disadvantages include the following:

• A pilot-scale treatability test would be required;

• Effectiveness of the technology under Site conditions is not guaranteed;

• Remedial action may take longer than the estimated 20 years;
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• Implementation would require the permanent installation of an estimated 34 permanent GCWs
and associated piping.  The GCWs would  require a large 12-inch borehole down to 100 feet bgs
which would result in the need to dispose of a large amount of soil excavated during drilling.
Some of this soil  may be contaminated with hazardous substances which would require special
handling and disposal; and

• There is a high potential for scaling and biofouling inside the GCWs.  Even with a closed-loop
design and acid/CO2 injection, a higher O&M effort may be required to prevent scaling.
Removal of scale (if it is formed) from wells at depths of up to 100 feet bgs would be labor-
intensive and costly.

10.3.2  Evaluation of Groundwater Remedial Action 
Alternatives Against the CERCLA Criteria

The no action and the action alternatives were evaluated with respect to the CERCLA criteria.  For
alternatives where pilot-scale treatability studies are recommended, the evaluation results are contingent on
having positive test results, indicating the technology would be effective.  

The evaluation results are summarized in Table 10-11 and discussed below.  Present worth costs developed
based on RACER™ software output are also listed in the table.  In all cases, the estimated costs were
increased to account for contingencies and other miscellaneous items.  All “action” alternatives include the
present worth cost of groundwater monitoring for the duration of the remedial action, as estimated by
RACER™.  Cost summary spreadsheets and backup materials are presented in Appendix O.

10.3.2.1 Overall Protection of Human Health and the Environment

Alternative 1 (no action) would not be protective.

Alternatives 2 through 6 would be protective.  Groundwater VOC contamination above remedial action goal
levels would be treated.  The health risk from remaining contamination would be negligible.  The
contamination plume would be contained.

10.3.2.2 Compliance with Applicable or Relevant and Appropriate Requirements

Chemical-specific ARARs would not be met with Alternative 1 (no action).

Alternatives 2 through 6 would be designed to comply with all ARARs (chemical, action, and location).

10.3.2.3 Long-term Effectiveness and Performance

Alternative 1 (no action) would not be effective over the long-term. 
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TABLE 10-11

Evaluation Summary of Groundwater Remedial Action Alternatives 
With Respect to CERCLA Criteria

Evaluation
Criterion

Alternative 1
No Action

Alternative 2
(Extraction / GAC)

Alternative 3
Extraction/ GAC / In

Situ Chemical Oxidation

Alternative 4
Extraction / GAC / In

Situ Chemical
Treatment - Reductive

Dechlorination and
Oxidation

Alternative 5
Extraction/ GAC / In

Situ Reductive
Dechlorination

Alternative 6
In-Well Air

Stripping with
GCWs

Protective of human
health and the
environment

Not protective Protective Protective Protective Protective Protective provided
pilot-scale test results
are positive

Compliance with
ARARs

Does not comply;
remedial action goals
would not be met

Complies with ARARs Complies with ARARs Complies with ARARs
provided pilot-scale test
results are positive

Complies with ARARs
provided pilot-scale test
results are positive

Complies with
ARARs provided
pilot-scale test results
are positive

Long-term
effectiveness and
permanence

Not effective Effective; groundwater with
COC levels above action
levels would be treated.

Effective; groundwater  with
COC levels above action
levels would be treated.
Treatability study is
recommended to establish
degree of effectiveness of
chemical oxidation.

Effective; groundwater  with
COC levels above action
levels would be treated.
Treatability study is
recommended to establish
degree of effectiveness of
chemical oxidation and
enhanced reductive
dechlorination.

Effective; groundwater 
with COC levels above
action levels would be
treated. Treatability study
is recommended to
establish degree of
effectiveness of  enhanced
reductive dechlorination.

Innovative
technology. May be
effective for all COCs.
Treatability study is
recommended to
establish degree of
effectiveness at the
Site

Implementability Not applicable Implementable and feasible.
Compliance with anti-
degradation policies may
delay/hamper
implementation if treated
water is reinjected. Permits
may be required for
discharge of water.
Construction of extraction
and injection wells,
pipelines, and above-ground
treatment plant would
temporarily disturb surface
structures and some Site
activities

Implementation of numerous
(temporary) injection points,
as well as extraction and
injection wells, pipelines, and
above-ground treatment plant
would temporarily disturb
surface structures, activities,
and traffic on- and off-site .
Compliance with anti-
degradation policies may
delay/hamper implementation
if treated water is reinjected.

Implementation of numerous
(temporary) injection points,
as well as extraction and
injection wells, pipelines,
and above-ground treatment
plant would temporarily
disturb surface structures,
activities, and traffic on- and
off-site . Compliance with
anti-degradation policies
may delay/hamper
implementation if treated
water is reinjected.

Implementation of
numerous (temporary)
injection points, as well as
extraction and injection
wells, pipelines, and
above-ground treatment
plant would temporarily
disturb surface structures,
activities, and traffic on-
and off-site. Compliance
with anti-degradation
policies may
delay/hamper

Implementation
requires installation of
as many as 34
(permanent) GCWs
and associated piping
in active areas on- and
off-site, although
installation on
avenues and streets
would be avoided. An
above-ground
treatment plant with
sound-proof enclosure
would be required.
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TABLE 10-11 (Cont’d)

Evaluation Summary of Groundwater Remedial Action Alternatives 
With Respect to CERCLA Criteria

Evaluation
Criterion

Alternative 1
No Action

Alternative 2
(Extraction / GAC)

Alternative 3
Extraction/ GAC / In

Situ Chemical Oxidation

Alternative 4
Extraction / GAC / In

Situ Chemical
Treatment - Reductive

Dechlorination and
Oxidation

Alternative 5
Extraction/ GAC / In

Situ Reductive
Dechlorination

Alternative 6
In-Well Air

Stripping with
GCWs

 Permits may be required for
injection of chemicals and
treated water

 Permits may be required for
injection of chemicals and
treated water

 implementation if treated
water is reinjected.
Permits may be required
for injection of chemicals
and treated water

 Implementation
would temporarily
disturb surface
structures and Site
activities.  Permits
would be required

Short-term
effectiveness

Not applicable Technology is not
considered effective in the
short-term. Remedial action
may be completed in 20
years. Well and pipeline
construction must be done
so as to avoid creating
conduits for vertical 
migration of contaminants in
the subsurface

Use of in situ chemical
oxidation may expedite short-
term effectiveness for some
COCs. Skin contact and vapor
inhalation must be avoided
during oxidant application.
Well and pipeline
construction must be done so
as to avoid creating conduits
for vertical migration of
contaminants in the
subsurface

Use of in situ chemical
oxidation and reductive
dechlorination may expedite
short-term effectiveness.
Skin contact and vapor
inhalation must be avoided
during oxidant application.
Well and pipeline
construction must be done
so as to avoid creating
conduits for vertical
migration of contaminants in
the subsurface

Use of reductive
dechlorination may
expedite short-term
effectiveness. Initially,
some increase in the
concentration of
breakdown compounds
may be observed.  Well
and pipeline construction
must be done so as to
avoid creating conduits for
vertical migration of
contaminants in the
subsurface

Some increase in
VOC levels may be
observed initially.
Well and pipeline
construction must be
done so as to avoid
vertical migration of
contaminants in the
subsurface

Reduction in toxicity,
mobility, and volume
through treatment

By definition, no
reduction by
treatment would
occur

Reduces toxicity, mobility,
and volume of
contamination at the Site

Reduces toxicity, mobility,
and volume of contamination
at the Site

Reduces toxicity, mobility,
and volume of
contamination

Reduces toxicity,
mobility, and volume of
contamination

Reduces toxicity,
mobility, and volume
of contamination
(provided pilot-scale
test results are
positive)
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TABLE 10-11 (Cont’d)

Evaluation Summary of Groundwater Remedial Action Alternatives 
With Respect to CERCLA Criteria

Evaluation
Criterion

Alternative 1
No Action

Alternative 2
(Extraction / GAC)

Alternative 3
Extraction/ GAC / In

Situ Chemical Oxidation

Alternative 4
Extraction / GAC / In

Situ Chemical
Treatment - Reductive

Dechlorination and
Oxidation

Alternative 5
Extraction/ GAC / In

Situ Reductive
Dechlorination

Alternative 6
In-Well Air

Stripping with
GCWs

Present worth capital
cost ($1,000)

$0 $3,321 (a)

$2,981 (b)
$4,426 $5,735 $6,156 $5,535

Present worth O&M
cost ($1,000)

$0 $993 (a)

$1,735 (b)
$525 $525 $525 $1,818

Total present worth
cost ($1,000) (c)

$0 $4,314 (a)

$4,716 (b)
$4,951 $6,260 $6,681 $7,353

(a) Treated water discharged to POTW.
(b) Treated water reinjected into aquifer.
(c) Present worth cost estimates are based on 2001 dollars and were calculated using a 7% discount rate.  Remedial action start year was assumed to be 2003, and the duration of

remedial action was set to 20 years.  The cost of 3 years of post-remedial action compliance monitoring was included for all action alternatives.

GAC granular activated carbon (liquid-phase only)
GCW groundwater circulation well
O&M operation and maintenance
POTW publicly owned treatment works
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Over the long-term, Alternatives 2 through 5 would provide an effective means of controlling the migration
of the existing contaminant plume in the Gaspur aquifer.  Additionally, the contamination in the groundwater
would be permanently reduced because remedial action would continue until remedial action objectives were
met.  Care must be taken to prevent fouling and scaling of the injection wells over time.

If shown to be effective under Site conditions, Alternative 6 (in-well air stripping with GCWs) would provide
long-term effectiveness because the remedial action would continue until VOC levels in the groundwater fall
below remedial action goal levels.  Once remedial action goals are achieved, compliance monitoring would
provide an early warning if contamination rebound were observed.  Plume control will be possible if
recirculation cells are established.  Additional wells may be required downgradient of the plume for added
plume control. 

10.3.2.4 Implementability

This criterion is not applicable to Alternative 1 (no action) because a technology would not be implemented.

Implementation of the “action” alternatives is technically feasible but some difficulties must be addressed,
as discussed below.

Alternative 2 (extraction / GAC ), would result in the installation of wells and related conveyance piping,
and the construction of an aboveground treatment plant.  Permits would be required because implementation
would result in disruption of roads and surface structures both on-and off-site to accommodate the
aboveground and buried systems.  Additionally, because non-COCs would not be treated to below MCLs,
reinjection of treated water may not have full regulatory support in view of anti-degradation policies.  EPA’s
position is that reinjection of water with non-COCs at background levels would be acceptable, so long as the
treated water is reinjected back into the same aquifer, not too far from where it was extracted.  Discharge to
POTW is discouraged by the LACSD but may be acceptable if reinjection is not opposed by the LARWQCB.
Discharge limits would have to comply with permit requirements in either case.

In addition to the items noted above for Alternative 2, implementation of Alteratives 3 through 5 would entail
injecting a reagent into hundreds of temporary injection points located in active areas inside and outside the
Site.  For technical feasibility, care must be taken to inject the reagent such that there is adequate overlap of
the radii of influence between consecutive injection points.  This frequency of injection points would cause
disruption of Site activities and traffic, and impact surface structures, assuming access is possible to all
locations necessary for effective emplacement.  Permits would be required to allow for injection of the
reagentsand water  into the subsurface and for disruption of traffic and surface structures.  Coordination with
City officials would be required.

Some interference with Site activities is expected with implementation of Alternative 6 (In-well air stripping
with GCWs) because it would result in the installation of numerous permanent GCWs and related
conveyance piping, and the construction of an aboveground treatment plant.  Permits would be required
because implementation would result in disruption of roads and surface structures to accommodate the
aboveground and buried systems.  A permit may also be required for discharge of water from the knock-out
pot.  A soundproof building would be required to house the blowers.
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10.3.2.5 Short-term Effectiveness

This criterion is not applicable to Alternative 1 because no action would be taken in the short term.

Appreciable short-term results (e.g., in less than a year) are generally not expected with Alternative 2
(extraction / GAC), however, some reduction in mass and mobility of contamination would occur as
groundwater is removed and treated.  With regards to negative short-term effects, well construction must be
completed so as not to create a “conduit” through which contamination can migrate vertically.

If Alternatives 3 (extraction / GAC / in situ chemical oxidation) is successfully implemented, reaction of
sodium permanganate with the COCs (except DCA) is expected to be rapid and effective.  Permanganate is
to be applied during an 8-week period, in two consecutive years.  During application, skin contact with the
oxidizing solution, and inhalation of any dust or vapors should be avoided.  In some cases, oxidation may
temporarily inhibit growth of anaerobic bacteria in the groundwater, which in turn may adversely affect
biodegredation of the contaminants.  Also, in the short-term, because of increased mobility, the
concentrations of some metals may increase.  The concentrations would eventually return to background
concentrations.  Well construction must be completed so as not to create a “conduit” through which
contamination can migrate vertically.

In comparison to Alternative 3, the short-term effectiveness of Alternatives 4 and 5 may be less immediate
but still considerably more so than Alternative 2.  In situ reductive dechlorination, by definition, relies on
biodegradation processes for breakdown of the COCs.  In the short-term, some increase in concentrations
of TCE breakdown byproducts (e.g., cis, 1-2, DCE and VC) may be noticed, although in the case of
Alternative 4, these compounds should be oxidized fairly quickly if sodium permanganate is applied.
Application of the HRC® may be completed over a 12-week period.  Application of the permanganate would
occur over an 8-week period.

Provided the results of a treatability study at the Site show that recirculation zones would form effectively,
some short-term effectiveness may be expected with implementation of Alternative 6.  Initially, some
increase in COC concentrations may be noticed, as VOCs volatilize and desorb from the soil formation.
Additionally, well construction must be completed so as not to create a conduit through which contamination
can migrate vertically.

10.3.2.6 Reduction of Toxicity, Mobility, and Volume through Treatment

By definition, Alternative 1 (no action) would not reduce toxicity, mobility, and volume of contamination
through treatment because active treatment would not be used. 

Alternatives 2 through 5 would reduce the toxicity, mobility, and volume of COCs through active treatment.
If the treated groundwater is reinjected back into the aquifer, the volume of non-COCs would not be reduced,
however, discharge to POTW would also remove non-COCs from the Site subsurface.

Alternative 6 (in-well air stripping with GCWs) would reduce the toxicity, mobility, and volume of COCs,
provided the results of a treatability study at the Site show that recirculation zones would form effectively.
All the groundwater COCs are amenable to removal by air stripping.
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10.3.2.7 Cost

An explanation of the basis for estimating capital and O&M costs was given in Section 10.2.2.7. The present
worth capital, operation and maintenance, and total costs for all alternatives are presented in Table 10-11.

The costs of groundwater monitoring were included as part of all “action” alternatives.  The duration of
remedial action was set to 20 years for all action alternatives.  The cost of three years of additional
compliance monitoring was also included for all alternatives. 

Implementation of the extraction / GAC only alternative (Alternative 2) is estimated to be the least costly.
The estimated costs increase as enhancements are added to the extraction / GAC action in Alternatives 3
through 5.  However, the associated costs may be considerably lower if the time for remedial action action
is reduced as a result of the enhancements.  Currently, the highest esitmated cost is associated with
implementation of Alternative 6.  However, these costs would also be significantly  lower if well installation
costs are less than projected.  The assumptions on the duration of remedial action directly affect all cost
estimates and are subject to change as additional information becomes available (e.g., as a result of
conducting a treatability study).

The cost estimates have an accuracy of +50/-30%.  This means the actual cost could be 30% less or 50%
more than the estimated cost.

10.4 CONCLUSIONS

This feasibility study (FS) has been prepared to present the results of an evaluation of potential remedial
action alternatives for treating the subsurface contamination at the Cooper Drum Site.  The alternatives
presented in Sections 10.1 through 10.3 were selected because it is believed that they could satisfy the
remedial action objectives provided in Section 9.2 of this FS.  Per EPA guidance, these alternatives were
evaluated against CERCLA criteria.

The selected alternatives are expected to provide an effective method for control and reduction of
contamination levels in the subsurface. It is recommended that pilot-scale testing of the in situ remedial
process options be performed prior to full-scale implementation. 

Once a preferred alternative (or combination of alternatives) is designed and eventually implemented
following the record of decision, it will be necessary to evaluate the effectiveness of that alternative in
meeting the remedial action objectives.  If the remedial action objectives are not met, a contingency plan
needs to be set in place to address the steps that need to be taken to ensure those objectives are met.  These
steps may include:

• Characterization/confirmation of observed ineffectiveness;
• Further characterization of the extent of impacted soil or groundwater;
• Preparation of supplemental feasibility study and selection of preferred alternative(s);
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• Design and implementation of selected alternatives; 
• Operation and maintenance of selected remedial technology; and
• Continued monitoring of contamination extent.
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