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1 INTRODUCTION

On behalf of AVX Corporation (AVX), Arcadis U.S., Inc. (Arcadis) has prepared this Feasibility Study for
Operable Unit 1 (FS-OU1) to document the evaluation of remedial alternatives for soil and groundwater
within the footprint of the AVX facility (sometimes referred to as AVX MB1 or the “site”), located at 2200
AVX (formerly 801 17" Avenue South) located in Myrtle Beach, South Carolina (Figures 1-1 and 1-2).
Following October 2010 discussions with representatives from the South Carolina Department of Health
and Environmental Control (SCDHEC), the onsite and offsite areas were split into two operable units,
including Operable Unit 1 (OU-1) for onsite media and Operable Unit 2 (OU-2) for offsite media. The
onsite area specifically included the older portion of the operations and surrounding land, which has
historically been referred to as the “site”. OU-2 represents the offsite areas northeast of 17" Avenue
South between OU-1 and Withers Swash. This split into two operable units was performed because:

e Anticipated changes in the OU-1 building use/configuration was expected to allow for evaluation and
potential selection of other remedial alternatives that were not feasible in 2010. Demolition of buildings
over the past 8 years has provided an opportunity evaluate additional remediation options.

e Evaluation, selection, and implementation of remedial alternatives for OU-2 were able to proceed
without delay. Remediation of groundwater in OU-2 has proceeded with great success since, as
documented in numerous progress reports submitted to the SCDHEC, with pilot testing being initiated in
OU-2 in 2009 and remediation in OU-2 initiated in August 2012 in accordance with the June 2012
Record of Decision.

The Feasibility Study (FS) for OU-1 was performed in accordance with the July 2015 Feasibility Study
Work Plan (FSWP; Arcadis 2015b) approved by the SCDHEC on October 20, 2015, and designed to
evaluate remedial technologies, that when implemented, will address the constituents of potential concern
(COPCs) in soil and groundwater within OU-1. This FS-OU1 builds on information developed from
completion of a Feasibility Study Investigation (FSI) following demolition of key buildings in 2014 and
2015 that made key areas of OU-1 accessible to critical investigations. The FSI data and results were
provided in the Feasibility Study Investigation Report — Operable Unit 1 (FSIR; Arcadis 2016b), submitted
on December 1, 2016. All data collected during implementation of the FSI was used to update the existing
conceptual site model (CSM), as presented in the FSIR. The updated CSM provides the key underpinning
for evaluating remedial technologies included in this FS-OU1.

In addition to the above, a human health risk assessment (HHRA) was also performed to characterize
potential risks to human health based on existing conditions and presumed future land-use conditions
using reasonable assumptions, including that groundwater will not be used as a potable water supply,
given that city water is available. The results of the HHRA calculated risks are below or within the
conservative federal and state risk-based levels. Therefore, there is no expectation of harm to public
health with respect to the COPCs present in soil, soil gas, surface water, groundwater, and irrigation
water.

As a measure of onsite control, the existing onsite groundwater extraction and treatment system has
continued to operate and provide proven capture for chlorinated volatile organic compounds (CVOCs) in
groundwater beneath the area of OU-1, while remediation efforts were focused primarily on OU-2.

arcadis.com
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1.1

Purpose

This FS-OU1 evaluates remedial alternatives for the groundwater and soil within OU-1 that are
appropriately protective of human health and the environment.

1.2 Report Organization

This FS-OU1 follows the Guidance for Conducting RIs and FSs Under Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) (EPA/540/G-89/004, Office of Solid Waste and
Emergency Response [OSWER] Directive 9355.3-01, October 1988).

Together with this introductory section, this FS-OU1 is organized as follows:

Section 2 — Current Conditions: Provides some historical perspective, current conditions, and
provides a summary of the nature and extent of contamination and the baseline risk assessment.

Section 3 — Basis for Remediation: Includes descriptions of applicable or relevant and appropriate
requirements (ARARs) and operable unit-specific remedial action objectives (RAOs).

Section 4 — Identification and Screening of Applicable Technologies: Identifies the potentially
applicable technology types and process options for each impacted medium within OU-1.

Section 5 — Development of Remedial Action Alternatives: Provides an evaluation of the potential
technologies for remediating groundwater and surface water within OU-1 that were retained from the
initial screening.

Section 6 — Remedial Action Alternatives Screening Process: Describes the screening of the entire
assembled alternatives on the basis of effectiveness, implementability, and cost.

Section 7 — Detailed Evaluation of Remedial Action Alternatives: Describes the detailed evaluation of
the remedial action alternatives that passed the alternatives screening process described in Section
6. The detailed evaluation includes evaluation of two threshold criteria and five primary balancing
criteria.

Section 8 — Comparative Analysis of Operable Unit 1 Alternatives: This section compares each
alternative against the others based on the two threshold criteria and five primary balancing criteria.

Section 9 — References: This section lists the sources of information cited in this FS-OU1.

arcadis.com
OU-1 Feasibility Study - revised
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2 CURRENT CONDITIONS

This section describes the current conditions, including relevant background and history, the current CSM
that provides the setting upon which the FS is based, and a baseline risk assessment.

2.1 Background

211 Operable Unit 1 Description

As referenced above, the onsite and offsite portions of the AVX facility have been separated into two
adjacent operable units, as shown on Figures 1-1 and 1-2. The operable units are defined as follows:

o QU-1 is the older manufacturing portion of the facility that contained several buildings, most which
have been demolished (Figure 1-3), including the main manufacturing building (referred to as the
MB-1 Building), which was approximately 300,000 square feet.

e QU-2 comprises an area of undeveloped, residential, and commercial properties located immediately
northeast of OU-1 and extending to the stormwater control pond on Withers Swash. The largest
single property in OU-2 is an undeveloped and partially wooded parcel located on 17" Avenue South
owned by AVX. A portion of the AVX property is open space, formerly used as a parking lot. The
remaining land in OU-2 comprises residential properties and a few undeveloped parcels.

The areas north and south of OU-1 are primarily residential or commercial properties, with a few
undeveloped properties intermixed. A parcel immediately south of OU-1 belongs to the City of Myrtle
Beach and contains an unused deep water supply well and large water storage tank. AVX owns
additional property to the south and west, including a parcel referred to as AVX-2 or MB-2 (currently
active manufacturing operations) and a vacant parcel formerly occupied by a Carmike Theater. OU-1 is
bordered directly to the west by a golf course and directly to the east by primarily vacant land, most of
which is part of OU-2 and much of that owned by AVX.

21.2 Environmental History

The Aerovox Corporation, predecessor to AVX, began operations at the site in 1953 on land formerly part
of the Myrtle Beach Air Force Base. CVOCs were used at the facility up until 1993 in the manufacturing of
ceramic capacitors. In 1981, AVX discovered that shallow groundwater beneath the site contained
CVOCs, notably the solvents trichloroethene (TCE) and 1,1,1-trichloroethane (1,1,1-TCA).

Virgin and spent TCE had been stored in underground storage tanks (USTs) on the western side of the
facility until 1983 (Figure 1-2). Removal of the USTs occurred in 1983 prior to construction of an addition
to the main building that covered that area. After the USTs were removed, TCE was stored in
aboveground storage tanks (ASTs) adjacent to the western side of the building (Figure 1-2). In 1986,
AVX transitioned from using TCE to 1,1,1-TCA, continuing to use the former ASTs for storage of 1,1,1-
TCA. Use of 1,1,1-TCA was discontinued in 1993.

In 1981, AVX began investigation and remediation of what later became designated as the OU-1 portion
of the site (Figures 1-1 and 1-2). The following provides details for some of the activities:

arcadis.com
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Installation and regular sampling of groundwater monitoring wells, from 1981 to present. This was
initiated on the OU-1 portion of the site and expanded to the OU-2 portion of the site in 2007.

Removal of USTs in 1983.

In 1985, installed pumping wells to provide water for use as non-contact cooling water, and soon
after, began operating these pumping wells to remediate groundwater.

Discontinuation of TCE use in 1986.

Installed nine pumping and production wells (identified with a prefix of PW or DPW) from 1985
through 1987 (Figure 1-2). Six pumping wells (PW-1S, PW-2S, PW-3S, PW-4S, PW-5S, and PW-6S)
were screened in the Upper Terrace Deposits aquifer, one production well (DPW-1D) was screened
in the Lower Terrace Deposits aquifer, and two pumping wells (DPW-2SD and DPW-3SD) were
screened in the Upper and Lower Terrace Deposits aquifer.

Completed soil sampling and analysis on the western side of the main building in 1984 and 1989.

Completed an enhanced in-situ bioremediation pilot study in 1989 that focused on the western side of
the main building.

Found volatile organic compound- (VOC-) containing soils during excavation for the building
expansion in 1992. Two abandoned pipes were found to contain a viscous liquid with elevated
concentrations of TCE, 1,1,1-TCA, tetrachloroethene, methylene chloride, and toluene. Approximately
66 cubic yards of soils were removed from the excavation. Soil analyses indicated that TCE
concentrations in the soil were between 500 milligrams per kilogram (mg/kg) and 10,000 mg/kg.
These soils were removed from the site and transported to an offsite treatment, storage, and disposal
facility for final disposal.

Completed a soil-gas investigation in 1992.
Discontinued 1,1,1-TCA use in 1993.

AVX and the SCDHEC entered into an agreement [Consent Order (96-43-HW and 96-71-DWP)] in
1996.

Installed a soil vapor extraction (SVE) well (SVE-1) in June 1997 as part of a pilot test to evaluate the
feasibility of remediation by a dual-phase extraction system. Due to high groundwater levels in the
area, high groundwater recovery rates, and limited vadose zone soils available for the system, a dual-
phase extraction system was not installed (Geraghty & Miller, Inc. 1997b). SVE well SVE-1 is
presently used as a monitoring well.

Sampled direct-push boring and temporary well groundwater throughout the site in 1997.

Installed two induced draft air stripper systems in 1997 for the treatment of groundwater produced by
pumping wells PW-1 and PW-7 (Area 1) and DPW-4 (Area 2). Both air stripping units were designed
to achieve removal efficiencies for all constituents of 99% prior to discharge via gravity to the City of
Myrtle Beach Water Treatment Facility, a publicly owned treatment works. This discharge was
permitted under National Pollutant Discharge Elimination System (NPDES) Permit No. SC0039039
(Geraghty & Miller, Inc. 1997a).

arcadis.com
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e Performed an analysis in 1998 to assess the zone of capture for pumping well DPW-4. Conclusions
of that analysis indicated that capture likely extended at least to 17" Avenue South and likely across
17" Avenue South (to the northeast).

e Completed direct-push boring and temporary well groundwater sampling within the southern portion
of the site in 1999.

o Directed discharge of treated groundwater from the DPW-4 system to a surface-water outfall in
accordance with a NPDES permit issued in September 1999.

e Completed five phases of offsite investigation in 2007, including investigation of groundwater, surface
water, and soil vapor.

e Performed ongoing evaluation and reporting of field investigations in late 2007 and developed plans
for additional field investigations in 2008.

e Demolished the drum storage pad adjacent to the Reclaim Building in 2008. Following demolition, the
soil was screened using a photoionization detector (PID) and sampled to evaluate soil quality beneath
the former slab (Arcadis 2008a). No impacts were observed that warranted further actions.

¢ Met with the SCDHEC in September 2010 to have a pre-submission discussion regarding the draft
FS for the entire AVX site (both onsite and offsite portions). During that meeting, it was discussed that
there were tentative plans for demolition of additional onsite buildings. At that time, the SCDHEC and
AVX agreed to split the FS into an offsite groundwater portion (OU-2) that would be finalized soon
after that meeting, and delay preparation of the FS for the onsite portion of the site (OU-1) until after
additional onsite buildings were demolished. This would allow access to investigate beneath the
footprint of demolished buildings, which, in turn, would provide for improved information in the
preparation of an FS for OU-1.

e Completed a data gap investigation within OU-1 and OU-2 that included using a membrane interface
probe, cone penetrometer testing (CPT), soil borings, and groundwater sampling to evaluate the
current conditions. Results from this investigation were summarized in the data Feasibility Study Data
Gap Investigation Report (Arcadis 2010a). The OU-1 portion of this investigation only included areas
outside the footprint of buildings still standing and operational.

¢ Demolished the PDG Building and removed the concrete slab in 2010. Following demolition, the soil
was screened using a PID and sampled to evaluate soil quality beneath the former building (Arcadis
2010b). No impacts were observed that warranted further actions.

e Demolished the eastern portion of the primary manufacturing building and removed the slab within
OU-1 (commonly referred to as the MB-1 Building) in 2012 (Figure 1-3). Following demolition, the soil
was screened using a PID and sampled to evaluate soil quality beneath the building (Arcadis 2012a).
Based on this soil characterization work, two small areas containing VOCs were identified. As a
result, these areas were removed and confirmation samples were collected (Arcadis 2012b).

e Brought pumping well DPW-5SD online in February 2013, as part of an expansion of the OU-1
groundwater containment system. Similar to existing pumping well DPW-4SD, this well was screened
across both the Upper and Lower Terrace Deposits and was designed to expand the area of
hydraulic capture within OU-1. Currently, groundwater is being pumped from the Upper and Lower

arcadis.com
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Terrace Deposits at DPW-4SD and DPW-5SD. The operation of these wells is maintaining
groundwater capture across OU-1, operating at a combined pumping rate of approximately 43 gallons
per minute.

¢ Initiated demolition activities to remove four buildings in OU-1, including the corporate building, M&E,
MIS, and the remainder of the MB-1 Building (Figure 1-3) in late 2014. Demolition activities continued
through June 2015 and included removal of all aboveground structures and concrete pads.

¢ Following removal of the pads, completed post-demolition subslab sampling in accordance with the
February 24, 2015 Post-Demolition Soil Sampling Work Plan (Arcadis 2015a), which was patterned
after similar assessment activities performed in 2012 beneath previously demolished buildings. The
more recent post-demolition sampling work was performed in May through July 2015 as reported in
the August 8, 2015 Post-Demolition Soil Investigation Report and Vadose Zone Subsurface Soll
Sampling Work Plan (Arcadis 2015c). Subsequent deeper vadose zone soil sampling, soil excavation
and offsite disposal, and post-excavation sampling are reported in the April 6, 2016 Soil Removal
Report — Trimethylbenzene Area (Arcadis 2016a).

e Completed the FSI in 2016, as the fundamental supporting investigation for this FS-OU1. The FSIR
was submitted to the SCDHEC on December 1, 2016 as approved by SCDHEC on April 21, 2017.

o Completed demolition activities in 2018 to remove the Reclaim and RMM Buildings (Figure 1-3).
Demolition included removal of all aboveground structures and concrete pads. After the building slabs
were removed, a round of subslab sampling was completed in August 2018 to characterize the newly
exposed soil. Additional follow-up sampling was performed at the Reclaim Building in October 2018.
The results are reported in the Post Demolition Soil Investigation Report — Reclaim and RMM
Buildings (Arcadis 2019)

2.2 Current Conceptual Site Model

The data collected as part of the FSI provided a robust dataset that was used to supplement the existing
dataset available for OU-1. This data provided the basis for updating the CSM, which in turn, provides the
fundamental basis for evaluating the remedial technologies that are included in this FS-OU1. Details on
the CSM provided in the FSIR (Arcadis 2016b) are summarized in the following sections, with new data
from the recent post-demolition characterization activities incorporated, where appropriate. In addition,
figures from the FSIR are reproduced in Appendix A for reference.

221 Topography and Drainage

The OU-1 and OU-2 area is relatively flat, with a grade elevation of approximately 20 feet above mean
sea level (Figure 1-1), with a gentle slope to the northeast. A small stream (Withers Swash) lies adjacent
to the northern end of OU-1 (Figure 1-2). Withers Swash flows northeast, approximately parallel to the
beach, passing through several flood control ponds before ultimately discharging to the ocean.

A golf course to the west includes several artificial ponds as water hazards. The nearest is immediately
west of OU-1 in an upgradient direction. Construction and surface elevation of this pond is unknown.

arcadis.com
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222 Hydrostratigraphic Framework

Myrtle Beach is within the Atlantic Coastal Plain physiographic province. Bedrock is approximately 1,400 to
1,500 feet below sea level (Zack 1977). Most overlying thickness of unconsolidated sediments is
Cretaceous age and older marine deposits, typically alternating beds of sand and clay. Thin beds of calcite-
cemented siltstone of fine-grained sandstone are common throughout the section, interbedded with the
unconsolidated sediments. The two uppermost units relevant to OU-1 are:

* Terrace Deposits (0 to 45 feet below ground surface [bgs]) — A Quaternary-aged sequence of marine
terraces consisting of stratified sand, silt, and clay beds reflecting a beach and lagoon depositional
environment.

* Peedee Formation (45 to 300 feet bgs) — A Cretaceous-aged marginal marine unit formed generally
of stratified sand and clay (similar to the terrace deposits but much older), with thin beds of calcite-
cemented siltstone or fine-grained sandstone.

The uppermost Peedee Formation has historically been encountered in borings in OU-1 and is described
as a calcite-cemented siltstone. The depth to the top of the Peedee Formation varies from 40 to 45 feet
from west to east in OU-1. This lithified zone is interpreted to strongly inhibit vertical flow of groundwater
between the Peedee Formation and the terrace deposits. Therefore, site investigations in OU-1 have
largely focused on the terrace deposits.

The sequence of sand, silt, and clay beds within the terrace deposits is complex. The cross-sections
generated from the hydraulic profiling tool (HPT) results included within the Section 3 figures of the FSIR
(reproduced in Appendix A) (Arcadis 2016b) and the Environmental Visualization Software (EVS) model
included in the FSIR that illustrate the current understanding of the hydrostratigraphic framework. The
surficial soil in OU-1 includes a mix of sand and silt that transition into a lower-permeability unit composed
of clay at approximately 10 feet bgs. This unit is largely unsaturated and acts to confine the water present
in the more permeable layers beneath the clay. The surficial unit is truncated on the cross-sections (see
Appendix A) because no HPT data were collected in the vadose zone. As a result, the composition of
the surficial unit was largely verified by soil borings.

Beneath the surficial clay unit, the soil grades from silt and sand at approximately 10 feet bgs, to a
coarser, highly permeable sand. The thickness of the sand increases from west to east. The HPT data in
the FSIR (Arcadis 2016b) indicates the presence of lower-permeability intervals (i.e., having a higher
percentage of silt) throughout this section, but the higher-permeability sands are commonly present in the
lower portion of the interval.

A clay unit is present across OU-1 beneath the shallow sand unit. The thickness of this unit is highly
variable and varies from approximately 1 to 8 feet thick. While the clay unit appears to be present at all
locations, the highly variable nature of this unit suggests it may not be providing a connection between
the Upper and Lower Terrace Deposits.

The lithology below the clay is composed of an interbedded sequence of sands and clay that varies in all
directions across OU-1. The sand units present beneath the clay are commonly lower in permeability
compared to the shallower sands; however, localized zones have hydraulic conductivity values in the
100-foot per day range. These more permeable zones will act as groundwater transport pathways and
ultimately control the mass flux through the system.
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The terrace deposits have previously been divided into an upper and lower section for purposes of
defining vertical resolution for the monitoring well network. The Upper Terrace Deposits have been
defined as the shallow permeable zone to approximately 25 feet bgs. Based on the data collected as part
of the FSI, this unit is found to be present across the investigated portions of OU-1. The base of the unit
varies from approximately 23 to 30 feet bgs, which is consistent with historical observations. Contact
between the Upper and Lower Terrace Deposits is marked by the presence of the clay unit. Historically,
the Lower Terrace Deposits have been depicted as a more uniform sand unit beneath the clay, which
changes in composition from the interbedded sand silt and clay historically observed in OU-1, to the more
uniform sand present in OU-2. The data collected during the investigation has provided additional
resolution on the composition and permeability of this unit in OU-1. These data have helped focus the FS
evaluation of potential remedial technologies that are applicable in this unit. The Lower Terrace Deposits
in OU-1 are highly variable in lithology across OU-1.

2.2.3 Groundwater Flow

Within OU-1, the water table is commonly encountered at an average depth of approximately 5 feet bgs.
Potentiometric surfaces for the Upper Terrace Deposits (Appendix A, Figure 5-1) and Lower Terrace
Deposits (Appendix A, Figure 5-2) indicate a predominantly easterly groundwater flow direction
converging into the capture zone created by the groundwater extraction system that includes pumping
wells DPW-4SD and DPW-5SD. This pair of pumping wells exerts a strong hydraulic influence on water
levels in OU-1. In combination, these two pumping wells are interpreted to capture all groundwater
flowing through VOC-containing areas of OU-1. Groundwater extraction has operated at the site since
1985; however, prior to that, the flow from OU-1 was to the east towards OU-2.

Groundwater flow in the terrace deposits is influenced by local-scale heterogeneity and anisotropy. The
dominant flow paths are in the intervals of highest permeability (i.e., medium- to coarse-grained sand),
which are interbedded throughout the stratigraphic section. Under ambient flow conditions, the alignment
of the flow paths is parallel to the coast following the long axis of individual beds, but the current operation
of pumping wells DPW-4SD and DPW-5SD has altered these flow paths as groundwater is captured
within OU-1 and the western portion of OU-2. Interbedded fines are interpreted to inhibit vertical migration
of VOCs to a varying degree depending on the continuity and percentage of fines in such beds. The
upper contact of the Peedee Formation is the uppermost laterally continuous confining layer below the
terrace deposits.

224 Mass Distribution

The identified constituents in soil and groundwater are primarily TCE and its breakdown products. The
data collected historically provide a high-resolution picture of the mass present within OU-1. A summary
of the identified sources present in the vadose zone and in groundwater and the dissolved-phase area
are summarized below and depicted on Figures 2-1 and 2-2. For the purposes of this FS-OU1, Arcadis
has defined the targeted areas, including sources and downgradient areas, as follows:

e Source Area Vadose Zone — The vadose zone source areas are those areas containing distinctly
elevated concentrations of VOCs in the upper 10 feet of soil (approximate depth to soil saturation).
More specifically, these areas are defined as those that, if removed, would decrease the estimated site-
wide human health excess lifetime cancer risk (ELCR) to 1x10 and total hazard quotient (HQ) to less
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than 1 for a non-residential exposure scenario. These areas commonly align with areas of past
operations where solvents were known to be handled, including in former storage tanks and along
conveyance piping that connected those tanks with other areas along the western side of the former
MB-1 Building and former Reclaim Building.

o Source Area Saturated Zone Source — The saturated zone source area is defined as a broader area
that underlies the identified vadose zone sources, defined above, but broadened to the north and south
to cover the area most likely sourcing VOCs to the downgradient dissolved-phase area. This area also
closely coincides with a broader area of vadose zone soil if considering soil cleanup to meet a site-wide
average estimated ECLR of 1x10® and an HQ of 1 based on a residential exposure scenario.

o Dissolved-Phase Area (Downgradient) — The dissolved-phase area is that which is defined by the
approximate extent of dissolved VOCs that are at concentrations that exceed the maximum
contaminant levels (MCLs) in OU-1.

Additional detail about these areas are discussed in the following sections.

2241 Source Area — Vadose Zone

Over the past 10 years, AVX has continued to consolidate operations, which has, in turn, led to the
termination of activities within and eventual demolition of several buildings within OU-1. After each
building demolition phase within OU-1, subslab soil characterization was completed across the footprint of
the respective demolition areas. The initial demolition of the eastern portion of the former MB-1 Building
provided access to two areas, where post-demolition investigation activities identified elevated
concentrations of TCE and other CVOCs in soil. These two areas containing elevated concentrations of
VOCs in the vadose zone were excavated and disposed offsite following completion of characterization. A
summary of the analytical results and excavation extents are provided in the Soil Removal Report —
Operable Unit 1 (Arcadis 2012b).

Investigations following demolition of the western portion of the former MB-1 Building identified additional
areas containing relatively elevated concentrations of CVOCs along the western side of the western
portion of the former MB-1 Building. In addition, relatively high concentrations of trimethylbenzene near to
and apparently associated with relatively lower concentrations of CVOCs were also identified nearer to
the eastern side of the western portion of the former MB-1 Building footprint. These areas of impacted soil
near the western portion of the former MB-1 Building were further investigated, and the area containing
trimethylbenzene was targeted for excavation-based remediation. Details regarding the soil remediation
activities within the trimethylbenzene area are included in the Soil Removal Report — Trimethylbenzene
Area (Arcadis 2016a). No immediate actions were proposed or taken to remediate the areas of CVOCs in
soil because additional investigation of those areas was planned as part of the FSI.

The whole core soil sampling (WCSS) portion of the FSI improved Arcadis’ understanding of the locations
of vadose zone source areas as described in the FSIR (2016b). In addition, more recent post-demolition
soil investigation in the area of the former Reclaim Building (2018) have identified and delineated another
vadose zone source area. Figure 2-1 shows the locations of the former and current sources of CVOCs in
soil, including:

e The two areas beneath the eastern portion of the former MB-1 Building that were remediated in 2012
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e The area of relatively low CVOC concentrations beneath the western portion of the former MB-1
Building near the former trimethylbenzene area

e East of the former TCE UST

e Near the former TCE AST

e Near the former Cold Storage Building

¢ Near the former southwestern building addition to the MB-1 Building
o Near the southwestern corner of the former MB-1 Building

¢ Near the northeastern corner of the former Reclaim Building

The HHRA (Appendix B, Figure 5-3 and Table 1) summarizes historical soil sampling conducted during
several prior investigations (spanning 1989 to 2010). These data reflect soil conditions outside the
footprint of the former MB-1 Building prior to demolition. Note that the displayed data include some
samples collected below where saturated conditions are first encountered within a sandier and more
permeable unit. These data indicate:

e Soil samples collected from locations outside the vicinity of the western area of the former MB-1 and
associated buildings and the Reclaim Building most commonly show there are no detectable VOCs in
the vadose zone, with obvious exceptions to this broad observation, which are discussed in further
detail herein and in the HHRA (Appendix B). Moreover, no samples collected from the vadose zone
outside these areas contained TCE at concentrations above the United States Environmental
Protection Agency (USEPA) Industrial Soil Regional Screening Level (RSL).

e Samples containing the highest concentrations of TCE were commonly collected at the water table or
deeper. These sample results (i.e., CPT-02 and CPT-08) confirm the presence of elevated VOC
concentrations near the bottom of the vadose zone soil column and extending into shallow
groundwater on the western side of the former MB-1 Building footprint.

2242 Source Area — Saturated Zone

The distribution of VOCs in groundwater in OU-1 had historically been interpreted through the data
collected from sampling groundwater from the monitoring wells. A summary of the VOC distribution in
groundwater within OU-1 is provided below, and a summary of tabulated groundwater data is provided in
the HHRA (Appendix B, Table 2).

Only a limited amount of groundwater data has been collected near the historical sources during FSIR
vertical aquifer profile (VAP) sampling because WCSS was instead used as the predominant investigation
method to define the extent of the potential sources. While the WCSS data collected represents the total
mass present in the mobile and immobile fractions in the Upper Terrace Deposits, the concentrations with
respect to lithology can be used to infer groundwater quality conditions. The elevated concentrations
observed in the WCSS results in the higher-permeability units, which are more representative of the
mobile mass of VOCs (Appendix A, Figures 3-1 through 3-6), as these VOCs migrate from the clay into
the groundwater system. The observed concentrations of VOCs in the saturated soil matrix within the clay
unit at the base of the Upper Terrace Deposits represents VOC mass stored in the system that will, if not
remediated, continue to diffuse back into groundwater. Additional VAP samples collected along Transect

arcadis.com
OU-1 Feasibility Study - revised 10



FEASIBILTY STUDY FOR OPERABLE UNIT 1

4 (Appendix A, Figure 3-10) show that the mass of VOCs in groundwater is present primarily in the
Upper Terrace Deposits; however, the VAP sampling was limited along Transect 4 to reduce the potential
interconnection between the Upper and Lower Terrace Deposits that could be caused by drilling. As a
result, only select locations were evaluated with HPT and VAP after the WCSS had been completed.
Based on all sources of information described above, the approximate location of the saturated source
zone is depicted on Figures 2-1 and 2-2.

2243 Dissolved-Phase Area (Downgradient)

The dissolved-phase area within OU-1 is well defined through sampling of existing groundwater
monitoring wells and from the FSI VAP sampling along Transects 1, 2, and 3. Along the most
downgradient transect, Transect 1 (Appendix A, Figure 3-7), the highest TCE concentrations are
observed along the central portion of the transect, consistent with the identified source zones discussed
in the previous section. The highest concentrations are found in the lower portion of the Upper Terrace
Deposits in the intervals with higher-permeability. In the Lower Terrace Deposits, elevated concentrations
are present, but are commonly one to two orders of magnitude lower than those observed in the Upper
Terrace Deposits. Laterally, the extent of dissolved TCE is bounded by the extent of Transect 1 in the
Upper Terrace Deposits. In the Lower Terrace Deposits, the lateral extent is defined to the south. To the
north, elevated concentrations are still present at the northern edge of Transect 1; however, this extent
was previously defined during the 2008 data gap investigation and does not represent an additional data
gap (Arcadis 2010a). Additional lateral delineation is discussed in the description of subsequent
transects.

Along Transect 2 (Appendix A, Figure 3-8), the dissolved VOCs in groundwater are present throughout
the terrace deposits, but most of the mass observed has migrated deeper and is present in the Lower
Terrace Deposits. The transect defines the lateral extent in both the Upper and Lower Terrace Deposits.

Along downgradient Transect 3 (Appendix A, Figure 3-9), the distribution of VOCs between the Upper
and Lower Terrace Deposits are noticeably different compared with the VOC distribution in Transects 1
and 2. While elevated concentrations of VOCs and associated mass are still present in the Lower Terrace
Deposits (HPT-23 and HTP-24), elevated concentrations are present in the Upper Terrace Deposits
(HPT-21 to HPT-24). These concentrations in groundwater are likely derived from the previously
excavated source zones removed following demolition of the eastern portion of MB-1, but within the
capture zone of DPW-4SD. Near the northern end of Transect 3, the concentrations of TCE are below
detection at most locations. This portion of the transect is downgradient of DPW-5SD, but within the
capture zone. While TCE is not present, the total VOCs included in the EVS model of the FSIR (Arcadis
2016b) indicate elevated concentrations of daughter products along the transect. This distribution
suggests that the enhanced reductive dechlorination (ERD) implementation in OU-2 is potentially
influencing OU-1, as water treated by the ERD system is captured and pulled back to OU-1. Based on all
sources of information described above, the approximate location of the dissolved-phase area is depicted
on Figures 2-2 and 2-3.

2.3 Summary of Human Health Risk Assessment

An HHRA was performed to evaluate whether constituent concentrations in soil and groundwater and
predicted concentrations in vapors pose a risk and/or hazard to human health that exceeds regulatory
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thresholds based on existing conditions and hypothetical future redevelopment. The data were compared
to USEPA RSLs and USEPA vapor intrusion screening levels to identify COPCs. The potential exposure
scenarios quantitatively evaluated included the following (by medium):

e Surface and Combined Surface and Subsurface Soil: Exposure of current and hypothetical future site
workers, hypothetical future construction workers, and hypothetical future residents.

e Groundwater: Exposure of hypothetical future construction workers.

e Vapors: Hypothetical exposure, within buildings, of current and hypothetical future site workers and
hypothetical future residents.

Site-specific exposure assumptions were used in conjunction with agency-derived toxicity values to
characterize ELCRs and non-cancer hazards. For cancer endpoints, the USEPA target risk range, which
is protective of health, is 1x10 to 1x10*. For non-cancer endpoints, the USEPA uses a benchmark of 1.

For each receptor, the risks and hazards from each of the exposure scenarios were calculated. The
exposure scenarios and results are summarized below by potential receptor:

e Current and Hypothetical Future Site Worker: Site workers were assumed to contact surface and
combined surface and subsurface soil and inhale COPCs migrating from the subsurface into
buildings. Direct contact with either surface or combined surface and subsurface soil resulted in an
ELCR calculated to be within the USEPA target risk range. The non-cancer hazard was above the
USEPA benchmark of 1. The presence of TCE in soil was the main risk and hazard driver.

e Hypothetical Future Construction Worker: Hypothetical future construction workers were assumed to
contact surface and combined surface and subsurface soil and/or inhale vapors migrating from
groundwater during excavation activities. The groundwater at the site is first encountered at
approximately 10 feet bgs. Direct contact with either surface or combined surface and subsurface soil
resulted in an ELCR calculated to be within the USEPA target risk range, while the non-cancer
hazard was above the USEPA benchmark of 1. Incidental inhalation of vapors from groundwater
beneath a utility trench resulted in an ELCR below the USEPA target risk range, while the non-cancer
hazard was above the regulatory benchmark. The presence of TCE in soil and groundwater was the
main risk and hazard driver.

e Hypothetical Future Resident: A future resident could contact surface soil if the redevelopment project
did not redistribute the soil. In this case, the risks and hazards were at the high end of the target risk
range or above the non-cancer benchmark. If the soil is redistributed or a building is constructed and
vapors migrate from the subsurface into a building, the risks and hazards were above the regulatory
benchmarks. This was due to the presence of TCE in soil and TCE and vinyl chloride in groundwater.

Note that if redevelopment were to occur, protective measures could be undertaken to reduce the
potential for exposure during construction activities or following redevelopment. To assist in the remedial
activities at the site, health-based goals were calculated for each potential receptor for COPCs with an
ELCR above 1x10 or an HQ above 1 in combined surface and subsurface soil and groundwater. These
goals can be used to support remedial decision-making for the site.

A few additional assumptions have been made in preparing the HHRA, including:

e Groundwater will not be used as a potable water supply.
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e Leaching of residual concentrations of COPCs in soil, following vadose source remediation, are
expected to be inconsequential in light of all the other aggressive remedial components that ultimately
will be included in the final comprehensive remedy. These measures will include:

o Significant volume of soil that will be remediated in those areas containing the highest
concentrations of COPCs

0 Long-term flushing and natural attenuation of the relatively low residual concentration of VOCs
within the soil column in and adjacent to the vadose zone source area.

0 Aggressive saturated zone source and downgradient dissolved-phase area remediation that will be
performed, regardless of the remedial alternative selected. The comprehensive remedy will further
promote COPC removal/destruction of residual COPCs that may migrate from the vadose zone
source area to the saturated zone.

0 Long-term natural attenuation within a large area beneath and downgradient of the vadose zone
source area. This natural attenuation is already being enhanced by relatively high carbon influx
through the soil column and into groundwater due to all the seeding, sodding, mulching, and
fertilizing of acres of land that was once covered by buildings. This has led to elevated organic
carbon concentrations in the groundwater shortly after demolition and land restoration activities
began starting with the demolition of the PDG Building in 2009.

Furthermore, groundwater performance monitoring will also be implemented as part of the final remedy to
provide information regarding the need for any other source zone remedy enhancements.

arcadis.com
OU-1 Feasibility Study - revised 13



FEASIBILTY STUDY FOR OPERABLE UNIT 1

3 BASIS FOR REMEDIATION

3.1 Applicable or Relevant and Appropriate Requirements

This section describes the ARARs and to be considered (TBC) guidance that may be applied to actions at
OU-1. ARARs are defined as cleanup standards; standards of control; and other substantive
environmental protection requirements, criteria, or limitations promulgated under federal or state law that
specifically address a hazardous substance, pollutant, contaminant, removal action, location, or
circumstance at a site. The ARARs are used to develop quantitative RAOs, determine the appropriate
extent of site cleanup, and govern the implementation and operation of the selected remedial action. The
TBC guidance is composed of non-promulgated advisories or guidance issued by federal or state
governments that are not legally binding (USEPA 1988).

Because of their site-specific nature, identification of ARARSs requires evaluation of federal, state, and
local environmental and health regulations regarding COPCs, characteristics of a site, and proposed
remedial alternatives. The USEPA provides guidance on three categories, or ARARs, specific to the
COPCs, location, or action. ARARs are classified as follows:

e Chemical-specific requirements are usually health- or risk-based numerical values or methods that,
when applied to site-specific conditions, result in the establishment of numerical values for the
acceptable loading or concentration of a hazardous substance that may be found in, or discharged to,
the environment.

e Location-specific requirements are restrictions placed on the concentrations of hazardous substance
or the conduct of activities solely because they occur in specific locations.

e Action- (or remedy-) specific are usually technology- or activity-based and may include limitations on
actions taken with respect to hazardous constituents.

ARARSs apply to activities that include the geographical area of the COPCs to be remediated and all
suitable areas in close proximity that are necessary for implementation of the remedial action. For offsite
activities, no analysis of ARARs is required under CERCLA, but these activities are still subject to
applicable laws.

Tables 3-1 through 3-3 identify potential ARARs and TBCs, including the regulatory citation and a brief
description.

3.11 Chemical-Specific Applicable or Relevant and Appropriate
Requirements

Chemical-specific ARARs have been organized by relevant media for OU-1. These include soil and
groundwater. Table 3-1 summarizes the chemical-specific ARARs for OU-1.
3.1.2 Location-Specific Applicable or Relevant and Appropriate Requirements

Location-specific ARARSs are those that commonly restrict certain activities or limit concentrations of
hazardous substances solely because of geographical or land use concerns. The primary location-
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specific ARARs are related to the location of portions of OU-1 within a coastal zone, the 100-year
floodplain, and areas that may be designated as wetlands. Table 3-2 summarizes the location-specific
ARARs for OU-1.

3.1.3 Action-Specific Applicable or Relevant and Appropriate Requirements

Action-specific ARARSs are those that may place restrictions on the performance of remediation activities
or the use of certain technologies. Action-specific ARARs for OU-1 would primarily be related to air
emissions from remedial actions, waste disposal, and groundwater treatment or discharge. Table 3-3
summarizes the action-specific ARARs for OU-1.

3.2 Development of Remedial Action Objectives

RAOs are site-specific cleanup objectives established for protecting human health and the environment.
RAOs specify contaminants and media of concern, potential exposure pathways and receptors, and RSLs
[40 Code of Federal Regulations (CFR) 300.430 (e)(2)(i)]. RAOs indicate a contaminant level and an
exposure route, rather than a contaminant level alone, because protection of human and ecological
receptors may be achieved by reducing or eliminating exposure pathways, as well as by reducing COPC
concentrations (USEPA 1988). RAOs may be qualitative (e.g., to prevent exposure to contaminated
groundwater) or quantitative (e.g., to specify the maximum contaminant concentration in groundwater).

CERCLA Section 121(d)(2)(A) requires that remedial actions meet any federal standards, requirements,
criteria, or limitations that are determined to be legally applicable or relevant and appropriate. CERCLA
Section 121(d)(2)(A)(ii) requires that state ARARs be met if they are more stringent than federal
requirements. In addition, the National Contingency Plan (NCP), published in 40 CFR Part 300, requires
that local ordinances, unpromulgated criteria, advisories, or guidance that do not meet the definition of
ARARs but that may assist in the development of remedial objectives be listed as TBC. The key ARARs
are presented in Section 3.1.

RAOs were developed based on a review of the characterization data, conclusions of the HHRA,
applicable ARARs, and the FSWP (Arcadis 2015b) and are discussed in the following sections. Numerical
remediation goals are a subset of the RAOs and provide the measurable goals that drive remedial actions
for each medium.

For each COPC in soil and groundwater, the overall remediation goal was selected after a comparison of
risk-based RSLs (based on the USEPA RSLs) and applicable ARARs. ARARSs dictated the determination
of the remediation goal, and in the absence of ARARs, the lowest of the risk-based RSLs was selected as
the overall remediation goal. The resultant remediation goals for soil and groundwater are presented in
Table 3-4.

3.21 Soil (Source Area Vadose Zone)

The identified source area for soil is presented on Figure 2-1. The soil RAOs for OU-1 include:

e Minimize, contain, and/or eliminate site-related COPCs from soils at OU-1 that may be leaching into
the groundwater and creating a human health risk.
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e Minimize and/or eliminate the potential for human exposure to site-related COPCs via direct contact
with soil containing COPCs.

Remediation goals for soil are presented in Table 3-4.

3.2.2 Groundwater (Source Area Saturated Zone and Dissolved-Phase Area)

Groundwater sampling data for OU-1 is presented in the HHRA (Appendix B). The risk assessment
performed on potential residential exposure to volatile COPCs in groundwater migrating to indoor air via
soil vapor resulted in a conclusion by Arcadis and the SCDHEC that there is no unacceptable human
health risk via the indoor air pathway (Arcadis 2008b, 2009). Should future construction occur on OU-1,
the potential for vapor migration and the need, if any, for mitigation will be considered on a case-by-case
basis.

The identified source area for groundwater and the downgradient dissolved-phase area are presented on
Figures 2-1 and 2-2. The RAOs for groundwater within OU-1 include the following:

e Preventingestion and dermal contact with groundwater containing COPCs above MCLs for drinking
water, unless the SCDHEC Water Standards (drinking water standards) are more restrictive.

e Minimize, contain, and/or eliminate the potential for COPCs in groundwater to migrate offsite.

Remediation goals for groundwater are presented in Table 3-4.

3.3 General Response Actions

General response actions have been developed for each medium of interest to define the actions that
may be taken, either individually or in combination, to achieve the RAOs.

3.31 Source Area Vadose Zone

The extent of COPC historical soil source areas is defined in Section 2.2.4.1 and shown on Figure 2-1.
Potential general response actions for remediation of COPCs in the source area vadose zone include:

¢ No Action

e |Institutional Controls
e Containment

¢ Removal

e Ex-Situ Treatment

e |n-Situ Treatment

3.3.2 Source Area Saturated Zone

The source area saturated zone is defined in Section 2.2.4.2 and shown on Figures 2-1 and 2-2.
Potential general response actions for remediation of COPCs in the source area saturated zone include:

e No Action
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e Institutional Controls
e Containment
e Ex-Situ Treatment

e In-Situ Treatment

3.3.3 Dissolved-Phase Area (Downgradient)

The extent of COPCs in groundwater at OU-1 follows a northeasterly groundwater flow direction (during
non-pumping conditions) from OU-1 to the surface-water discharge point of Withers Swash. The
dissolved-phase area within OU-1 is contained within the property with the extent shown on Figures 2-2
and 2-3. Potential general response actions for remediation of COPCs in groundwater within OU-1
include:

e No Action

e Institutional Controls
e Containment

e Ex-Situ Treatment

e In-Situ Treatment
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4 IDENTIFICATION AND SCREENING OF APPLICABLE
TECHNOLOGIES

This section identifies the potentially applicable technology types and process options for each impacted
medium within OU-1. Potentially applicable technology types and process options were developed for soll
and groundwater. These technologies and options were derived from professional experience with the
COPCs, technologies identified in other Records of Decision, and the Federal Remediation Technologies
Roundtable Remediation Technologies Screening Matrix (www.frtr.gov).

An initial screening of the technical implementability of each process option and technology type was
performed to reduce the number of technologies potentially applicable to a manageable number before
performing a more rigorous screening and evaluation process. Technical implementability refers to the
ability of a remedial action or process to meet an RAO or RSL. The initial screening process also
eliminates those technologies or process options that are not applicable based on the COPCs and site-
specific characteristics. Consequently, remedial technology types and process options that cannot be
effectively implemented were eliminated from further consideration.

The potential remedial technology types and process options are described in Tables 4-1 to 4-3 for the
source area vadose zone, source area saturated zone, and dissolved-phase area (downgradient),
respectively. The potential remedial technology type is a general category of technologies, while the
process options are specific methods within each remedial technology type. Technologies and process
options that were eliminated from further consideration based on implementability are shaded within the
tables for clarity.
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5 DEVELOPMENT OF REMEDIAL ACTION ALTERNATIVES

This section evaluates the potential remedial technology types/process options retained from the initial
screening process referenced above for remediating specific targeted zones, including the following:

e Source area vadose zone
e Source area saturated zone
e Downgradient dissolved-phase area

These technologies are evaluated based on effectiveness, implementability, and cost. The remaining
technologies are then assembled into remedial alternatives for specific target zones. Those target zone
alternatives are then assembled into a set of comprehensive site-wide remedial alternatives for
subsequent evaluation in later sections of this FS-OU1.

5.1 Source Area Vadose Zone

511 Remedial Action Alternative Process Options/Technologies

Table 5-1 summarizes and compares the source area vadose zone remedial action process
options/technologies retained in Section 4 for secondary screening. Soil remedial action process
options/technologies were compared based on relative effectiveness, implementability, and cost. Process
options/technologies that were retained after this comparison were assembled into remedial alternatives
that are discussed in Section 5.1.2.

51.2 Remedial Action Alternatives for Source Area Vadose Zone

Source area vadose zone remedial alternatives were developed based on those process
options/technologies that were carried forward from Section 4. In assembling source area vadose zone
alternatives, the general response actions and technologies chosen to represent the various process
options for the source area vadose zone were combined to form alternatives for this zone within OU-1.
The following source area vadose zone alternatives have been assembled and will be discussed further
in Section 6.

Remedial Action Process Options/Technologies and Alternatives for Source Area Vadose Zone

Alternatives

In-Situ Thermal
Process Options/Technologies Excavation Treatment

No Further Action (NFA) X

Deed Restrictions/Environmental Covenant X

Excavation with Offsite Disposal X

In-Situ Thermal Treatment X X
arcadis.com

OU-1 Feasibility Study - revised 19



FEASIBILTY STUDY FOR OPERABLE UNIT 1

5.2 Source Area Saturated Zone

5.21 Remedial Action Process Options/Technologies

Table 5-2 summarizes and compares the source area saturated zone remedial action process
options/technologies retained in Section 4 for secondary screening. Groundwater remedial action process
options/technologies were compared based on relative effectiveness, implementability, and cost. Process
options/technologies that were retained after this comparison were assembled into remedial alternatives

that are discussed in Section 5.2.2.

5.2.2 Remedial Action Alternatives for Source Area Saturated Zone

Source area saturated zone remedial alternatives were developed based on those remedial action
process options/technologies that were carried forward from Section 4. In assembling source area
saturated zone alternatives, the general response actions and the process options/technologies chosen
to represent the various process options for the source area saturated zone were combined to form
alternatives for this zone within OU-1. The following source area saturated zone alternatives have been

assembled and will be discussed further in Section 6.

Remedial Action Process Options/Technologies and Alternatives for Source Area Saturated Zone

Alternatives

Dynamic
Process Pumping and Groundwater | In-Situ Thermal
Options/Technologies Treatment Recirculation Treatment
NFA X
Deed Notifications/Restrictions X X X X
Monitored Natural Attenuation
(MNA) X X X X
In-Situ Heating X
Off-Gas Collection/Treatment X
Enhanced Anaerobic X
Bioremediation
Groundwater Pumping-Based X
Flushing and Containment
Air Stripping/Treatment X X
Treated Groundwater
Reinjection X
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5.3 Downgradient Dissolved-Phase Area

5.31 Remedial Action Process Options/Technologies

Table 5-3 summarizes and compares the downgradient dissolved-phase area remedial action process
options/technologies retained in Section 4 for secondary screening. Groundwater remedial action process
options/technologies were compared based on relative effectiveness, implementability, and cost. Process
options/technologies that were retained after this comparison were assembled into remedial alternatives
that are discussed in Section 5.3.2.

5.3.2 Remedial Action Alternatives for Downgradient Dissolved-Phase Area

Downgradient dissolved-phase area remedial alternatives were developed based on those remedial
action process options/technologies that were carried forward from Section 4. In assembling the
downgradient dissolved-phase area alternatives, the remedial action process options/technologies for the
downgradient dissolved-phase area were combined to form alternatives for this zone within OU-1. The
following downgradient dissolved-phase area alternatives have been assembled and will be discussed
further in Section 6.

Remedial Action Process Options/Technologies and Alternatives for Dissolved-Phase Area (Downgradient)

Dynamic

Pumping and Groundwater
Process Options/Technologi Treatment Recirculation
NFA X
Deed Notifications/Restrictions X X X
MNA X X X
Groundwater Pumping-Based X X
Flushing and Containment
Air Stripping/Treatment X X
Treated Groundwater Reinjection X
Enhanced Anaerobic Bioremediation X
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6 REMEDIAL ACTION ALTERNATIVES SCREENING
PROCESS

This section screens the remedial action alternatives that were assembled in Section 5. The entire
assembled alternatives were screened based on effectiveness, implementability, and cost. The
comparison between alternatives in this screening step is generally made between similar alternatives.
Each alternative includes a description and incorporates information regarding the different remedial
components, as appropriate. The screening criteria are defined as follows.

Overall protectiveness of human health

and the environment Technical feasibility Equipment/construction

Compliance with remediation goals Demonstrated performance Operation and maintenance (O&M)

Reduction of toxicity, mobility, or volume of | Availability of equipment,
contaminants space, and services

Adverse short- and long-term effects

caused by implementation Administrative feasibility

Alternative screening for soil and groundwater are included below.

6.1 Additional Screening of Remedial Action Alternatives

The remedial action process options/technologies specific to each of the three target zones have been
assembled into a set of remedial alternatives designed to comprehensively remediate the site. A
summary of the alternatives applicable to each target zone are listed below:

e Vadose Zone
0 Excavation
0 In-Situ Thermal Treatment
e Source Area Saturated Zone
0 In-Situ Thermal Treatment
o ERD
0 Pumping and Treatment
0 Dynamic Groundwater Recirculation
o Dissolved-Phase Area — Downgradient
o ERD

0 Pumping and Treatment
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o Dynamic Groundwater Recirculation

Figure 6-1 depicts the remedial action process options/technologies for each of the three targeted zones

assembled into a matrix of all the possible theoretical site-wide comprehensive remedial alternative
combinations. The matrix presented on Figure 6-1 provides the rationale for focusing down the
alternatives to the No Further Action Alternative, plus a set of five additional alternatives that are logical

combinations applicable to site conditions.

The remedial alternatives that come out of the screening matrix depicted on Figure 6-1 are listed below:

Alternative 1 — No Further Action

Alternative 2 — Excavation + ERD

0 Vadose Zone — Excavation

0 Saturated Zone Source — ERD

o Dissolved-Phase Area (Downgradient) — ERD

Alternative 3 — Excavation + Pumping and Treatment

0 Vadose Zone — Excavation

0 Saturated Zone Source — Hydraulic Control

o Dissolved-Phase Area (Downgradient) — Pumping and Treatment
Alternative 4 — Excavation + Dynamic Groundwater Recirculation

0 Vadose Zone — Excavation

0 Saturated Zone Source — Dynamic Groundwater Recirculation

o Dissolved-Phase Area (Downgradient) — Dynamic Groundwater Recirculation
Alternative 5 — In-Situ Thermal Treatment + ERD

0 Vadose Zone — In-Situ Thermal Treatment

0 Saturated Zone Source — In-Situ Thermal Treatment

0 Dissolved-Phase Area (Downgradient) — ERD

Alternative 6 — In-Situ Thermal Treatment + Dynamic Groundwater Recirculation
0 Vadose Zone — In-Situ Thermal Treatment

o0 Saturated Zone Source — In-Situ Thermal Treatment

0 Dissolved-Phase Area (Downgradient) — Dynamic Groundwater Recirculation

6.2 Remedial Alternative Descriptions

Each of these remedial alternatives are described in greater detail below.
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6.2.1 Alternative 1: No Further Action

This alternative consists of no remedial activities beyond those that have already been conducted within
OU-1. It is the minimum proposed remedial action.

Table 6-1 presents the evaluation of the effectiveness, implementability, and cost associated with the No
Further Action Alternative. The evaluation concludes that the No Further Action Alternative would not be
acceptable. However, this alternative is retained for detailed analysis as required by the NCP as a
baseline for evaluating the remaining alternatives.

6.2.2 Alternative 2: Excavation + Enhanced Reductive Dechlorination
This alternative would include the following:

e Excavation of targeted vadose zone soils and offsite disposal at a permitted facility that would reduce
the site-wide non-residential potential excess lifetime cancer risk (PELCR) to less than or equal to
1x10 and the hazard index (HI) to less than or equal to 1.

e Destruction of COPCs by ERD in the saturated source and in the downgradient dissolved-phase area,
within the bounds of OU-1, to meet groundwater cleanup goals.

The soil excavation and disposal component of this alternative would provide protection to human health
by preventing or controlling potential exposure to COPCs in vadose zone soil through removal of targeted
soil containing elevated concentrations of COPCs and offsite disposal of that soil at a permitted facility.
After removing the targeted vadose zone soil, the site-wide upper confidence level concentration would
be reduced to less than 6.93 mg/kg, which in turn, would reduce the estimated risk to below the targeted
levels outlined above. The ERD component of this alternative would destroy COPCs via enhanced
anaerobic bioremediation, accelerating the groundwater remediation process, and preventing the
potential future offsite migration of dissolved COPCs in groundwater at concentrations above their
cleanup goals. Natural attenuation, by natural subsurface processes, would also reduce remaining COPC
concentrations in groundwater after the active portion of the enhanced anaerobic bioremediation phase of
this remedial alternative is complete. Monitoring would be performed to evaluate the performance of the
remedy and to track the reduction in COPC concentrations within groundwater. Potential receptor
exposure would be further limited through deed notifications/restrictions on soil and groundwater,
including: 1) implementation of a material management plan to address remaining residual COPCs in soil
and 2) implementation of groundwater use restrictions to prevent potential future site groundwater
withdrawal, except for the purposes of the remedy.

Table 6-2 presents the evaluation of the effectiveness, implementability, and cost associated with the
excavation for the source area vadose zone and ERD for the saturated source area and downgradient
dissolved-phase area. The evaluation concludes that this alternative would be protective of receptors by
limiting exposure and is, therefore, retained for detailed analysis.

6.2.3 Alternative 3: Excavation + Pumping and Treatment

This alternative would include the following:
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e Excavation of targeted vadose zone soils and offsite disposal at a permitted facility that would reduce
the site-wide non-residential PELCR to less than or equal to 1x10¢ and the Hl to less than or equal to 1.

e Groundwater pumping-based hydraulic control, via pumping, that would provide both onsite
containment and flushing of COPCs in the saturated source and the downgradient dissolved-phase
area. Extracted groundwater would then be treated, removing recovered COPC mass, and discharged
to a permitted outfall.

The soil excavation and disposal component of this alternative would provide protection to human health
by preventing or controlling potential exposure to COPCs in vadose zone soil through removal of targeted
soil containing elevated concentrations of COPCs and offsite disposal of that soil at a permitted facility.
After removing the targeted vadose zone soil, the site-wide upper confidence level concentration would
be reduced to less than 6.93 mg/kg, which in turn, would reduce the estimated risk to below the targeted
levels outlined above. The pumping-based hydraulic control component of this remedial alternative would
rely on a long-term containment and flushing strategy for the saturated source and downgradient
dissolved-phase area. The COPC mass, dissolved in groundwater, would travel to the pumping wells
where that water would be captured and treated, thereby removing this mass. Potential receptor exposure
would be further limited through deed notifications/restrictions on soil and groundwater, including: 1)
implementation of a material management plan to address remaining residual COPCs in soil and 2)
implementation of groundwater use restrictions to prevent potential future site groundwater withdrawal,
except for the purposes of the remedy.

Table 6-3 presents the evaluation of the effectiveness, implementability, and cost associated with
excavation for the vadose zone source area and pumping and treatment for the saturated source and
downgradient dissolved-phase area groundwater. This evaluation concludes that this alternative would be
protective of receptors by limiting exposure and is, therefore, retained for detailed analysis.

6.24 Alternative 4: Excavation + Dynamic Groundwater Recirculation
This alternative would include the following:

e Excavation of targeted vadose zone soils and offsite disposal at a permitted facility that would reduce
the site-wide non-residential PELCR to less than or equal to 1x10¢ and the Hl to less than or equal to 1.

¢ Dynamic groundwater recirculation that would provide enhanced containment and flushing of COPCs in
the saturated source and the downgradient dissolved-phase area by groundwater extraction and
treatment with the treated water reinjected and strategic locations to enhance flushing.

The soil excavation and disposal component of this alternative would provide protection to human health
by preventing or controlling potential exposure to COPCs in vadose zone soil through removal of targeted
soil containing elevated concentrations of COPCs and offsite disposal of that soil at a permitted facility.
After removing the targeted vadose zone soil, the site-wide upper confidence level concentration would
be reduced to less than 6.93 mg/kg, which in turn, would reduce the estimated risk to below the targeted
levels outlined above. The COPC concentrations in groundwater would be reduced through dynamically
enhancing advective flushing through the impacted portions of the aquifer, focusing that flushing through
both preferential and less preferential flow paths. This method would be designed to consider the
complexity of flow in natural aquifer systems and would be better tailored to those complexities than more
conventional purely groundwater extraction methods only. As with the pumping and treatment alternative,

arcadis.com
OU-1 Feasibility Study - revised 25



FEASIBILTY STUDY FOR OPERABLE UNIT 1

the COPCs in captured groundwater would be removed to reduce the mass in the targeted areas. Also,
after extraction and treatment, the groundwater would be strategically reinjected to increase the amount
of flushing of COPCs, subsequently leading to a faster rate of removal of COPCs from the saturated
source and downgradient dissolved-phase area. The injection and pumping would be dynamically
modified during the lifespan of the remedy to optimize mass flushing and removal.

As with the other potential remedial alternatives, natural attenuation from natural subsurface processes
would further reduce remaining COPC concentrations in groundwater after eventual shutdown of the
dynamic groundwater recirculation system. Monitoring would also be performed to evaluate/document the
performance of the systems. Also, similar to the other potential remedial alternatives, potential receptor
exposure would be further limited through deed notifications/restrictions.

Table 6-4 presents the evaluation of the effectiveness, implementability, and cost associated with
excavation for the vadose zone source area and dynamic groundwater recirculation of the saturated
source area and the downgradient dissolved-phase area. This evaluation concludes that this alternative
would be protective of receptors by limiting exposure and is, therefore, retained for detailed analysis.

6.2.5 Alternative 5: In-Situ Thermal Treatment + Enhanced Reductive
Dechlorination

This alternative would include the following:

e Destruction of COPCs by in-situ thermal heating and capture of COPCs liberated from the vadose zone
and saturated zone sources.

e Destruction of COPCs by ERD in the saturated source and in the downgradient dissolved-phase area
within the bounds of OU-1.

The in-situ thermal portion of this remedy in the vadose zone of this alternative would provide protection
to human health by reducing COPC concentrations via volatilization and capture. After removing the
targeted vadose zone soil, implementing the in-situ thermal remedy, the site-wide upper confidence level
concentration would be reduced to less than 6.93 mg/kg, which in turn, would reduce the estimated risk to
below the targeted levels outlined above. The in-situ thermal approach at this site would employ a
combination of electrical resistance heating (ERH) and steam enhanced extraction (SEE). The ERH
component of the method would deliver an electrical current between metal rods installed in the ground.
The heat generated as movement of the current meets resistance from soil would convert COPCs and
water/groundwater into steam, vaporizing contaminants. The SEE component would rely on injecting
steam underground by pumping it through wells drilled within the footprint of the vadose and saturated
zone source areas. The steam would heat the area, evaporating the COPCs to increase their mobility so
that they could be captured by a series of vapor and multiphase extraction wells. The ERD component of
this alternative would destroy COPCs via enhanced anaerobic bioremediation, accelerating the
groundwater remediation process, and preventing the potential future offsite migration of dissolved
COPCs in groundwater at concentrations above their cleanup goals. Natural attenuation, by natural
subsurface processes, would also reduce remaining COPC concentrations in groundwater after the active
portion of the enhanced anaerobic bioremediation phase of this remedial alternative is complete.
Monitoring would be performed to evaluate the performance of the remedy and to track the reduction in
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COPC concentrations within groundwater. Also, similar to the other potential remedial alternatives,
potential receptor exposure would be further limited through deed notifications/restrictions.

Table 6-5 presents the evaluation of the effectiveness, implementability, and cost associated with in-situ
thermal treatment of the vadose and saturated zone sources and ERD of the downgradient dissolved-
phase area. This evaluation concludes that this alternative would be protective of receptors by limiting
exposure and is, therefore, retained for detailed analysis.

6.2.6 Alternative 6: In-Situ Thermal Treatment + Dynamic Groundwater
Recirculation

This alternative would include the following:

¢ Mobilization of COPCs by in-situ thermal heating and capture by vapor and multiphase extraction of
those COPCs that would be liberated from the vadose and saturated zone sources through
volatilization.

e Dynamic groundwater recirculation that would provide enhanced containment and flushing of COPCs in
the downgradient dissolved-phase area by groundwater extraction and treatment. The treated water
would be reinjected to promote enhanced flushing of COPCs toward the extraction wells.

The in-situ thermal portion of this remedial alternative would provide protection to human health by
reducing COPC concentrations in the vadose zone soil via volatilization and capture. After implementing
the in-situ thermal remedy, the site-wide upper confidence level concentration in the vadose zone would
be reduced to less than 6.93 mg/kg, which in turn, would reduce the estimated risk to below the targeted
levels outlined above. The saturated zone in-situ thermal component of this remedy would also remove
COPCs as a component of the remedial alternative designed to achieve the groundwater cleanup goals.

The in-situ thermal approach at this site would employ a combination of ERH and SEE. The ERH
component of the method would deliver an electrical current between metal rods installed in the ground.
The heat generated as movement of the current meets resistance from soil would convert COPCs and
water/groundwater into steam, vaporizing contaminants. The SEE component would rely on injecting
steam underground by pumping it through wells drilled within the footprint of the vadose and saturated
zone source areas. The steam would heat the area, evaporating the COPCs to increase their mobility so
that they could be captured by a series of vapor and multiphase extraction wells.

The COPC concentrations in groundwater would be reduced through dynamically enhancing advective
flushing through the impacted portions of the aquifer focusing that flushing through both preferential and
less preferential flow paths. This method would be designed to consider the complexity of flow in natural
aquifer systems and would be better tailored to those complexities than more conventional purely
groundwater extraction methods only. Similar to the other potential remedial alternatives, natural
attenuation from natural subsurface processes would reduce remaining COPC concentrations in
groundwater after eventual shutdown of the dynamic groundwater recirculation system. Monitoring would
also be performed to evaluate/document the performance of the systems. Also, similar to the other
potential remedial alternatives, potential receptor exposure would be further limited through deed
notifications/restrictions.
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Table 6-6 presents the evaluation of the effectiveness, implementability, and cost associated with in-situ
thermal treatment of the vadose and saturated zone sources and dynamic groundwater recirculation of
the downgradient dissolved-phase area. This evaluation concludes that this alternative would be
protective of receptors by limiting exposure and is, therefore, retained for detailed analysis.

arcadis.com
OU-1 Feasibility Study - revised

28



FEASIBILTY STUDY FOR OPERABLE UNIT 1

7 DETAILED EVALUATION OF ASSEMBLED REMEDIAL
ACTION ALTERNATIVES

This section and Table 7-1 present a detailed analysis of each remedial action alternative developed in
Section 6 based on the standard criteria specified in the NCP (USEPA 1990). These analyses are
intended to aid in selection of an alternative that satisfies the RAOs; complies with the ARARSs; provides a
permanent solution; and reduces toxicity, mobility, and/or volume of area-specific COPCs for groundwater
and surface water.

In accordance with CERCLA Section 121, the NCP (USEPA 1990), and USEPA Remedial
Investigation/FS guidance (USEPA 1988, 2000), each alternative will undergo a detailed analysis based
on nine criteria that are commonly viewed as three groups of criteria: threshold, balancing, and modifying
criteria. Criteria 1 and 2 are considered to be threshold criteria, Criteria 3 through 7 are considered
primary balancing criteria, and Criteria 8 and 9 are considered modifying criteria. A description of the
criteria groups is presented below, with further definition of each individual criteria presented thereafter:

e Threshold Criteria — The selected remedial action alternative must be protective of human health and
the environment and comply with ARARs. Therefore, the USEPA has designated overall protection of
human health and the environment and compliance with ARARs as the two threshold criteria. Absent
an appropriate case for a waiver of some ARARs, an alternative must meet both criteria to be eligible
for selection as the remedial action alternative.

e Balancing Criteria — The five primary balancing criteria are long-term effectiveness and permanence;
reduction of toxicity, mobility, or volume through treatment; short-term effectiveness; implementability;
and cost. This balancing provides a preliminary assessment of the maximum extent to which
permanent solutions and treatment can be used practicably in a cost-effective manner. The
alternative that is protective of human health and the environment, complies with ARARs, and affords
the most favorable balancing criteria is identified as the preferred remedial action alternative.

e Modifying Criteria — State and community acceptance are factored into a final evaluation that
determines which remedial action alternatives are acceptable. State and community acceptance will
be addressed after comments on the FS have been received.

Further detail regarding all the nine criteria, that are within the above three referenced groups of criteria,
is presented below:

1. Overall Protection of Human Health and the Environment — Addresses how the alternative protects
human health and the environment. This assessment focuses on how an alternative achieves
protection over time and indicates how each source of COPCs would be minimized; reduced; or
controlled through treatment, engineering, or institutional controls. The evaluation of the degree of
overall protection associated with each alternative is based largely on the exposure pathways and
scenarios set forth in the risk assessment.

2. Compliance with ARARs — Addresses whether the alternative complies with ARARs developed in
Section 3.

3. Long-Term Effectiveness and Permanence — Addresses the results of an alternative in terms of the
residual risk remaining after the RAOs have been met. The primary focus of this evaluation is the
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extent and effectiveness of the controls that will be applied to manage the risk posed by the residual
COPCs of the treatment process and/or untreated COPCs.

4. Reduction of Mobility, Toxicity, or Volume — Addresses the statutory preference for selecting remedial
actions that include treatment technologies that permanently and significantly reduce the mobility,
toxicity, or volume of the COPCs. Factors of this criterion to be evaluated include the treatment
process employed; the amount of COPCs destroyed or treated; the degree of reduction in toxicity,
mobility, or volume expected; the degree to which the treatment will be irreversible; and the type and
quantity of residual COPCs.

5. Short-Term Effectiveness — Addresses potential human health and environmental risks of the
alternative during the construction and implementation phase until remedial response objectives are
met.

6. Implementability — Addresses the technical and administrative feasibility of implementing an
alternative and the availability of services and materials required during implementation.
Implementability is further categorized into technical feasibility, administrative feasibility, and
availability criteria.

7. Cost — Addresses the capital and O&M costs and includes a present worth analysis of all costs. The
capital costs consist of direct costs (construction) and indirect costs (non-construction and overhead).
Direct capital costs include construction costs, equipment costs, land and development costs,
relocation expenses, and disposal costs. Indirect capital costs include engineering expenses, legal
fees and license or permit costs, startup costs, and contingency allowances.

O&M costs are post-construction costs necessary to confirm the continued effectiveness of a
remedial action. These costs include operating labor costs, maintenance materials and labor costs,
auxiliary materials and energy, treatment residue disposal costs, purchased services, administrative
cost, insurance, taxes, licensing costs, maintenance reserve and contingency funds, rehabilitation
costs, and costs of periodic site reviews, if required.

The cost estimates presented in this FS-OU1 were developed utilizing USEPA guidance, professional
engineering judgment, and quotations from appropriate vendors. In accordance with USEPA
guidance, the cost estimates in this FS-OU1 have been prepared to provide accuracy in the range of
-30 to +50% (USEPA 2000). All capital and O&M cost estimates are expressed in 2019 dollars.

After development of the capital and O&M costs, a present-worth analysis of the overall remedial
action costs associated with each alternative was completed. A present-worth analysis relates costs
that occur over different time periods to present costs by discounting all future costs to the present
value. This allows the cost of alternatives to be compared based on a single figure that represents the
capital required in 2019 dollars to construct, operate, and maintain the alternative throughout its
planned life. The present-worth calculations are based on a discount rate of 7%. Life-cycle costs are
calculated for each alternative

8. State Acceptance — Addresses the technical and administrative issues and concerns of the state (or
support agency) regarding the alternative. This input is limited to formal comments made by the state
following the FS submittal.
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9. Community Acceptance — Addresses public issues and concerns regarding the alternative. This input
is limited to comments made during the public comment period following the FS submittal.

The selected remediation alternatives developed in Section 6 are summarized in Table 7-1. Detailed
backup to the cost shown in Table 7-1 are provided in Appendix C.
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8 COMPARATIVE ANALYSIS OF OPERABLE UNIT 1-
ASSEMBLED REMEDIAL ACTION ALTERNATIVES

The development of remedial action alternatives has followed the process below:
e |dentification of RAOs and requirements for remediation (Section 3)

¢ Identification and screening of applicable technologies and formulation of remedial action alternatives
for groundwater and surface water (Sections 4 through 6)

¢ Individual analysis of soil and groundwater remedial action alternatives (Section 7)

The formulation of the operable unit alternatives for this FS-OU1 is developed using a comparative
analysis of the alternatives relative to one another. The identification of and selection of the preferred
remedial action alternative are based on consideration of the major trade-offs among the alternatives in
terms of the nine evaluation criteria within the three groups of criteria, including threshold, balancing, and
modifying criteria.

A comparative analysis of the assembled remedial action alternatives based on the threshold and
balancing evaluation criteria is presented herein. This comparative analysis includes an evaluation of the
expected performance of each alternative relative to the other alternatives to identify their respective
advantages and disadvantages.

The assembled remedial action alternatives are summarized again as follows:

o Alternative 1 — No Further Action

o Alternative 2 — Excavation, ERD, MNA, Institutional Controls, and Long-Term Monitoring

e Alternative 3 — Excavation, Pumping and Treatment, Institutional Controls, and Long-Term Monitoring

o Alternative 4 — Excavation, Dynamic Groundwater Recirculation, MNA, Institutional Controls, and
Long-Term Monitoring

e Alternative 5 — In-Situ Thermal Treatment, ERD, MNA, Institutional Controls, and Long-Term
Monitoring

o Alternative 6 — In-Situ Thermal Treatment, Dynamic Groundwater Recirculation, MNA, Institutional
Controls, and Long-Term Monitoring

The summary of remedial component options, targets of remediation, and remedial alternative
combinations is provided on Figure 6-1 and presented again in the following table.
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Summary of Remedial Component Options, Targets of Remediation, and Remedial Alternative Combinations

Vadose Source Zone Component Options Remedial Alternative Combinations
Excavation (EXC) Targets of Remediation 1 2 3 4 5 6
Insitu Thermal Vadose Zone (ISTVZ) Source Vadose Zone No Action [EXC|EXC | EXC|ISTVZ|ISTVZ
Source Saturated Zone No Action | ERD | P&T |DGR| ISTSZ(|ISTSZ
Saturated Source Zone Component Options Down Gradient Dissolved Phase Area | No Action|ERD | P&T |[DGR| ERD | DGR

Insitu Thermal Saturated Zone (ISTSZ)
Enhanced Reductive Dechlorination (ERD)
Pumping and Treatment (P&T)

Dynamic Groundwater Recirculation (DGR)

Downgradient Dissolved Phase Area
Component Options

Enhanced Reductive Dechlorination (ERD)
Pumping and Treatment (P&T)

Dynamic Groundwater Recirculation (DGR)

8.1 Overall Protection of Human Health and the Environment

The No Further Action Alternative (Alternative 1) is not protective of human health and the environment.

Alternatives 2 through 6 are protective of human health and the environment through a combination mass

removal or destruction of COPCs by both active remediation and natural attenuation, by further limiting

potential exposure through administrative institutional controls (land/groundwater use restrictions) and by

implementing a long-term monitoring program to measure the performance of the remedy components
and the overall remedy.

8.2 Compliance with Applicable or Relevant and Appropriate
Requirements

Alternative 1 does not comply with chemical-specific ARARs. Each of the alternatives would attain
remediation goals in the long-term, although some (Alternatives 3 and 4) will take much longer (possibly
30 or more years for Alternative 3 and possibly up to 30 years for Alternative 4). Monitoring would be

used to verify that natural attenuation continues to make progress toward reduction of COPCs remaining

in groundwater, eventually toward achievement of RAOs.

8.3 Long-Term Effectiveness and Permanence

Although groundwater monitoring indicates that some destruction of COPCs has been occurring through
natural processes under Alternative 1, No Further Action is deemed as not effective or permanent.
Furthermore, potential exposure risks associated with COPCs in soil and groundwater would remain
given that there would be no controls or long-term management plan. Alternatives 2 and 5 would be
considered highly effective, with remedial components like excavation (vadose zone source), in-situ
thermal (vadose and saturated zone sources), and ERD (saturated zone source and downgradient

dissolved-phase area) being particularly effective and permanent. Alternatives 3, 4, and 6 are considered
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moderately to moderately/highly effective given that they include dynamic groundwater recirculation or
pumping and treatment as remedial components in the saturated zone source and downgradient
dissolved-phase area, although the length of time to achieve this state with these components of the
remedy is much longer and has some higher degree of uncertainty compared with ERD or in-situ thermal.

8.4 Reduction of Mobility, Toxicity, or Volume

Alternative 1 (No Further Action) would have a relatively small effect on limiting the mobility, toxicity, or
volume of COPCs through natural attenuation processes that we know are ongoing currently. Alternatives
2 through 6 would all be moderately to highly effective in reducing mobility, toxicity, or volume of COPCs
in soil and groundwater. The most highly effective of the alternatives in this regard are Alternatives 2, 5,
and 6 through aggressive methods for the vadose zone source area (excavation or in-situ thermal), the
saturated zone source area (in-situ thermal and ERD), and the downgradient dissolved-phase area (ERD
and dynamic groundwater recirculation). Alternative 4 would be somewhat less effective given it counts
on dynamic groundwater recirculation to address the saturated zone source area, and Alternative 3 would
be even less effective because it counts on pumping and treatment throughout the saturated zone source
and dissolved-phase areas.

8.5 Short-Term Effectiveness

All alternatives would have at least moderate short-term effectiveness in that excavation or installation of

remedial component infrastructure could potentially increase the short-term risks due to potentially higher
exposure to COPCs during the construction. The No Further Action Alternative (Alternative 1) would have
the smallest potential for potential short-term exposure risks to human health or the environment because
it includes no construction or operation activities that could potentially increase exposure to COPCs.

8.6 Implementability

Alternative 1 (No Further Action) has low to moderate implementability; however, this alternative is not
expected to be administratively viable as there would be no controls on the migration of COPCs. The
most highly effective alternatives are Alternatives 2, 3, and 4, which include components that have
precedent of success of implementation at either OU-1 or OU-2, including excavation, ERD, and pumping
and treatment. Dynamic groundwater recirculation is viewed as having moderately high implementability,
similar to that for pumping and treatment given that dynamic groundwater recirculation is essentially a
modified pumping and treatment remedial technique that adds an injection component. Because
Alternatives 5 and 6 include in-situ thermal, these two alternatives would be considered slightly less
implementable relative to the other alternatives that have precedent of implementation at OU-1 and OU-2.
Furthermore, in-situ thermal requires the installation of a high complex and dense network of heating
elements (steam and electrically conductive probes), extraction wells, and treatment that makes this
alternative more difficult to successfully implement.

8.7 Cost

Based on net present value costs, Alternative 1 (No Further Action) has the lowest cost of implementation
given that no construction, operation, or monitoring is required. Alternative 3 has the lowest cost given
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that the pumping and treatment component of the alternative is already in place and operating (therefore,
little or no capital costs for that part of the remedy), and the annual costs to operate that system are
relatively low and spread out over time. Alternatives 2 and 4 have moderate costs, with Alternative 2
costs being incurred over a shorter period of time and Alternative 4 costs being spread out over a longer
period of time, with the 20 years of active dynamic groundwater recirculation and 10 additional years of
MNA. Alternatives 5 and 6 are by far the highest cost alternatives to implement being nearly triple the

next most expensive alternative.

8.8 Comparative Analysis Summary

The comparative analysis scoring is presented in Table 7-1, with a summary of the scoring, costs, and
durations presented below. A bar chart is also provided that shows a graphic of the remedial timeframes
and costs for each of the six remedial alternatives.

Alternative 1

No Action

Total Present Value Costs: $0

Alternative 2
Excavation, ERD, MNA,

Institutional Controls, Long-Term

Monitoring
Total Net Present Value Costs:
$5,009,611

Alternative 3
Excavation, Pumping and
Treatment, Institutional Controls,

Long-Term Monitoring
Total Net Present Value Costs:
$2,777,047

Rating = 13

Rating = 30

Rating = 28

Duration — Not Applicable

Duration — 5 Years, Active
Remediation and 10 Years, MNA

Duration — 30 Years, Active
Remediation and Performance
Monitoring

Alternative 4

Excavation, Dynamic

Groundwater Recirculation, MNA,
Institutional Controls, Long-Term

Alternative 5

In-Situ Thermal Treatment, ERD,
MNA, Institutional Controls,
Long-Term Monitoring

Alternative 6

In-Situ Thermal Treatment,
Dynamic Groundwater
Recirculation, MNA, Institutional

Monitoring

Total Net Present Value Costs:
$4,640,170

Total Net Present Value Costs:
$13,197,583

Controls, Long-Term Monitoring

Total Net Present Value Costs:
$13,841,112

Rating = 28

Rating = 26

Rating = 25

Duration — 20 Years, Active
Remediation and 10 Years, MNA

Duration — 5 Years, Active
Remediation and 10 Years, MNA

Duration — 20 Years, Active
Remediation and 10 Years, MNA
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Table 3-1

Chemical-Specific ARARs, Criteria, Advisories, and Guidance

Feasibility Study
AVX Corporation
Myrtle Beach, South Carolina

Status

A ARCADIS

Requirement Synopsis

Design & Consullancy
for nartural and
buill assets

Anticipated Actions to Attain ARARs

Media/Authority |

Requirements
Groundwater

South Carolina (SC) Water
Quality Standards (SC Code
Ann. Regs. 61-68), pursuant
to the SC Pollution Control
Act (SC Code of Laws Title

State Regulatory 48, Chapter 1 et seq.)

Requirements

South Carolina Safe Drinking
Water Regulations (SC Code
Ann. Regs. 61-58), pursuant
to the SC Safe Drinking
Water Act (SC Code of Laws
Title 44, Chapter 58)

Title XIV of Public Health
Service Act - Safety of Public
Water System (Safe Drinking
Water Act)

Federal Regulatory
Requirements

Table 3-1 OU1

Applicable

Relevant and
Appropriate

Relevant and
Appropriate

Establishes the state's official classified water
uses for all waters of the state, establishes
general rules and specific numeric and
narrative criteria for protecting classified and
existing water uses, and establishes
procedures for classifying waters of the state.
The water quality standards include uses of the
waters, numeric and narrative criteria, and
antidegradation rules.

State water quality standards with respect to
drinking water. Provides maximum contaminant
levels for constituents in public drinking water
supplies. The SC Safe Drinking Water Act
applies to all public water systems in the state.

The Safe Drinking Water Act authorizes the
USEPA to set MCLs and MCLGs and a
process for developing them. The Safe
Drinking Water Act applies to all public water
systems in the US.

Groundwater beneath the site (which is
currently not used as drinking water source) is
currently classified as GB (potential
underground source of drinking water).

Groundwater beneath the site (which is
currently not used as drinking water) is
currently classified as a potential underground
source of drinking water even though public
water is available and used as the local
potable water source.

These requirements are relevant and
appropriate if exposure studies performed for
the site indicate a risk level higher than
acceptable levels using MCLs or MCLGs.
Groundwater is not currently used as a
drinking water source because a public water
supply is available.
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Table 3-1

Chemical-Specific ARARs, Criteria, Advisories, and Guidance
Feasibility Study

AVX Corporation

Myrtle Beach, South Carolina

Status

A ARCADIS |

. onsul Ay
TD" l‘ﬂlurﬂ and
built assets

Media/Authority

Requirements

USEPA Groundwater

Protection Strategy To be considered

USEPA Regional Screening
Levels (RSLs) for Chemical
Contaminants at Superfund
Sites

To be Considered

Use of Monitored Natural

Attenuation at Superfund

RCRA Corrective Action and .

UST Sites (OSWER To be Considered
Directive 9200.4-17P)

(1999).

USEPA Carcinogen
Assessment Group Potency
Factors

Federal Criteria,
Advisories, and
Guidance

To be Considered

USEPA Human Health
Assessment Cancer Slope
Factors (CSFs)

To be Considered

USEPA Risk Reference

Dose (RfDs) To be Considered

Table 3-1 OU1

Requirement Synopsis

The Groundwater Protection Strategy provides
a common reference for preserving clean
groundwater and protecting the public health
against the effects of past contamination.
Guidelines for consistency in groundwater
protection programs focus on the highest
beneficial use of a groundwater aquifer and
defines three classes of groundwater.

Provide non-enforceable, generic, risk-based
contaminant concentrations to be used for site
"screening."

Provides guidance for proposing, evaluating,
and approving MNA remedies

Carcinogenic effects present the most up-to-
date information on cancer risk potency derived
from the USEPA's cancer assessment group.

CSFs are developed by USEPA for health
effects assessments or evaluation by the
Human Health Assessment Group.

RfDs are considered to be levels unlikely to
cause significant adverse health effects
associated with a threshold mechanism of
action in human exposure for a lifetime.

Anticipated Actions to Attain ARARs

Groundwater beneath the site (which is
currently not used as drinking water) is
classified as Class Il (potential source of
drinking water), which is protected at levels
consistent with that for current sources of
drinking water.

Provides screening levels for constituents in
tap water. Even though groundwater is not
used as a drinking water source in the area,
groundwater is nonetheless considered as a
potential source of drinking water; therefore,
these screening levels will be considered.

Decisions on use and efficacy of MNA will be
consistent with guidance.

Carcinogen potency factors are used to
compute the individual incremental cancer risk
resulting from exposure to certain compounds.

The values present the most up-to-date
cancer risk potency information. CSFs will be
used to compute the individual cancer risk
resulting from exposure to constituents of
potential concern.

USEPA RfDs are used to characterize risks
due to noncarcinogens in various media. They
are considered when developing target
cleanup levels.
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Table 3-1 ﬁ R DI Design & Consullancy
Chemical-Specific ARARs, Criteria, Advisories, and Guidance A Eﬂt'm“ e

Feasibility Study
AVX Corporation
Myrtle Beach, South Carolina

Media/Authority | Requirements Status Requirement Synopsis Anticipated Actions to Attain ARARs
Federal Criteria, USEPA RSLs for Chemical Provide non-enforceable, generic, risk-based |Provide screening levels for constituents in
Advisories, and Contaminants at Superfund | To be considered |contaminant concentrations to be used for site |soil based on potential exposure to the site
Guidance Sites "screening." worker.

Notes:

ARAR = applicable or relevant and appropriate requirement
MCL = Maximum Contaminant Level

MNA = monitored natural attenuation

OSWER = Office of Solid Waste and Emergency Response
RCRA = Resource Conservation and Recovery Act

USEPA = United States Environmental Protection Agency
UST = underground storage tank
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Table 3-2

Location-Specific ARARSs, Criteria, Advisories, and Guidance

Feasibility Study
AVX Corporation
Myrtle Beach, South Carolina

Site Feature/ .
Requirements

Status/System

Requirement Synopsis

A ARCADIS |

Lion & A
In-r naluriand
built assets

Consideration in the RI/FS

Authority
Coastal Zones

South Carolina Coastal
Zone Management Act (SC
Code of Laws Title 48,
Chapter 39).

Applicable

State Regulatory
Requirements SC Water Quality
Standards (SC Code Ann.
Regs. 61-68), pursuant to
the SC Pollution Control Act
(SC Code of Laws Title 48,

Chapter 1 et seq.)

Applicable

Wetlands and Floodplains

Horry County Code of
Ordinances Chapter 9
Flood Damage Prevention

and Control
SC Department of Health

and Environmental Control
Coastal Division
Regulations (SC Code Ann.
Regq 30-1 et seq.)

Local Regulatory

Requirements Applicable

State Regulatory

Requirements Applicable

Table 3-2 OU1

Provides for the protection and enhancement of
the state's coastal resources.

Establishes the state's official classified water
uses for all waters of the state, establishes
general rules and specific numeric and
narrative criteria for protecting classified and
existing water uses, and establishes
procedures for classifying waters of the state.
The water quality standards include uses of the
waters, numeric and narrative criteria, and
antidegradation rules.

Regulations related to actions conducted at
sites with the 100-year floodplain.

Regulations to ensure the preservation and
wise utilization of coastal resources. Regulates
activities that may adversely affect wetlands.

All land and waters in Horry County are part of
the "coastal zone" as defined in the law, and
as such, are subject to its provision. Remedial
measures will be designed to mitigate adverse
impacts on the protected areas.

Withers Swash is classified as SFH - tidal
saltwaters protected for shellfish harvesting.
Suitable for primary and secondary contact
recreation, crabbing, and fishing. Also suitable
for the survival and propagation of a balanced
indigenous aquatic community of marine fauna
and flora. Surface water cannot be impacted to
concentrations above levels that would be
harmful to humans, fish, or wildlife of the most
sensitive populations. Contaminant source
areas are not likely to cause these
exceedances in surface water quality.

The site is located within a 100-year floodplain.
Remedial measures will be designed to
comply with local regulations.

Remedial measures will be designed to
mitigate adverse impacts on protected
functions and achieve no net loss.
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Table 3-2

Location-Specific ARARSs, Criteria, Advisories, and Guidance a a RmD IS Lmﬁmm tancy
Feasibility Study built assets

AVX Corporation

Myrtle Beach, South Carolina

Site Feature/
Authority

Requirements Status/System Requirement Synopsis Consideration in the RI/FS

Clean Water Act, Section
404(b)(1) Guidelines for
Specification of Disposal
Sites for Dredged or Fill
Material (40 CFR Part
230.231)

Executive Order 11990;
Statement of Procedures on
Wetlands Protection (40
CFR Part 6, Appendix A)

Under this requirement, no activity that

adversely affects a wetland shall be permitted if |Remedial measures will be designed to
Applicable | a practicable alternative with lesser effects is mitigate adverse impacts on protected

available. Controls discharges of dredged or fill |functions and achieve no net loss.

material to protect aquatic ecosystems.

Action to avoid, whenever possible, the long-

and short-term impacts on wetlands and to
Applicable | preserve and enhance wetlands. Plans for

action in wetlands must be submitted for public

All practicable means will be used to minimize
harm to the wetlands. Wetlands disturbed by
remedial activities will be mitigated in
accordance with requirements.

review.
To protect the Nations' coastal zone and is
;ede:al implemented through state-federal
egulatory i i ihi
Requirements Coastal Zone Management part.nersh|ps. Section 307(c) (.)f CZMA pr.o-h|b|ts Remedial measures will be designed to
. the issuance of NPDES permits for activities o .
Act (CZMA) 16 U.S.C. 1451 Applicable . . mitigate adverse impacts on protected
affecting land or water use in coastal zones . .
et seq. functions and achieve no net loss.

unless the permit applicant certifies that the
proposed activity complies with the state
coastal zone management program.

Action to avoid, whenever possible, the long-

Executive Order 11988, and short-term impacts associated with the

occupancy and modifications of floodplains Floodplains disturbed during remediation
Statement of Procedures on . . . o , L
) Applicable | development wherever there is a practical activities will be restored to their original or an
Floodplain Management (40 . . . i .
alternative. Promotes the preservation and improved condition and function.

CFR Part 6, Appendix A) restoration of floodplains so that their natural

and beneficial value can be realized.
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Table 3-2

Location-Specific ARARSs, Criteria, Advisories, and Guidance a AR@D IS ign'a'.:m"“ tancy
Feasibility Study built assets

AVX Corporation
Myrtle Beach, South Carolina

Site Feature/
Authority
Endangered Species

Requirements Status/System Requirement Synopsis Consideration in the RI/FS

No endangered species have been identified
at the site, though several are listed for Horry

Nongame and Endangered County. Consultation with South Carolina

State Regulatory Species Conservation Act Requires actions to ensure the continued

Requirements (SC Code of Laws Title 50, Applicable existence of endangered or threatened species. Department of Natural Resources 'S .
recommended to ensure that remedial actions
Chapter 15) . . . :
do not jeopardize the continued existence of
endangered or threatened species.
No endangered species have been identified
. . . at the site, though several are listed for Horry
. Requires actions to ensure the continued . , L
Federal Endangered Species Act existence of anv endangered or threatened County. Consultation with federal agencies is
Regulatory (50 CFR 402, 16 USC 1531 Applicable y 9 recommended to ensure that remedial actions

species. Also requires that their habitats will not

Requirements et seq., 50 CFR 200) be jeopardized by a site action.

do not jeopardize the continued existence of
endangered or threatened species or

adversely modify or destroy critical habitat.

Notes:

ARAR = applicable or relevant and appropriate requirement
CFR = Code of Federal Regulations

NPDES = National Pollutant Discharge Elimination System
RI/FS = remedial investigation/feasibility study

SC = South Carolina

USC = United States Code
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Table 3-3

Action-Specific ARARs, Criteria, Advisories, and Guidance

Feasibility Study
AVX Corporation
Myrtle Beach, South Carolina

Design & Consultan
for natural and '
buitt assets

A ARCADIS

Media/Authority

Regulation
Air

South Carolina Air
Pollution Control

Regulations and Standards
(SC Code Ann Reg 61-62)

National Emissions
Standards for Hazardous
Air Pollutants (40 CFR Part
61

US)EPA Regional
Screening Levels (RSLs)
for Chemical Contaminants
at Superfund Sites

State Regulatory
Requirements

Federal Regulatory
Requirements

Federal Criteria,
Advisories, and
Guidance

Groundwater

SC Water Quality
Standards (SC Code Ann
Reg 61-68), pursuant to
the SC Pollution Control
Act (SC Code of Laws Title
48, Chapter 1 et seq.)

State Regulatory

. Groundwater Use and
Requirements

Reporting Regulation (SC
Code Ann Reg 61-113, et
seq.), promulgated
pursuant to the
Groundwater Use and
Reporting Act (SC Code
Ann. Sections 49-5-10 et
sea.)

RCRA Groundwater
Protection (40 CFR 264)

Federal Regulatory
Requirements

Table 3-3 OU1

Status

To be
Considered

To be
Considered

To be
Considered

Applicable

To be
Considered

Applicable

Requirement

Prohibits emissions of any contaminant that may
become injurious to human, plant, or animal life.

Establishes air emissions limits for hazardous air
pollutants.

Provide non-enforceable, generic, risk-based
contaminant concentrations to be used for site
"screening."

Establishes the state's official classified water uses
for surface waters of the state, establishes general
rules and specific numeric and narrative criteria for
protecting classified and existing water uses, and
establishes procedures for classifying waters of the
state. The water quality standards include uses of
the waters, numeric and narrative criteria, and
antidegradation rules.

Regulations to maintain, conserve, and protect the
groundwater resources of the state.

Action to be Taken to Attain ARARs

Air emissions from remedial actions will meet
the regulatory limits.

Air emissions will meet all applicable
standards.

Provides screening levels for constituents in
industrial and residential air. Screening levels
will be considered for remedial actions
involving treatment with air stripping.

All alternatives will comply with regulations
that apply to groundwater.

Applicable if combined pumping volume of
groundwater extraction wells is greater than 3
million gallons per month.

Regulations include groundwater protection standard All alternatives will comply with the portions of

requirements for groundwater monitoring, detection
monitoring, and compliance monitoring and the
corrective action program.

the regulations that apply to installing
groundwater monitoring wells and compliance
monitoring.
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Table 3-3

Action-Specific ARARs, Criteria, Advisories, and Guidance

Feasibility Study
AVX Corporation
Myrtle Beach, South Carolina

A ARCADIS

buitt assets

Media/Authority
Waste

Regulation

RCRA-Hazardous Waste
Identification (40 CFR, Part
261)

Federal Regulatory
Requirements

Surface Water

South Carolina NPDES
Permit Regulations (SC
Code Ann Reg 61-9),
pursuant to SC Pollution
Control Act (SC Code of

Law, Title 48, Chapter 1)
R.61-119 Surface Water

Withdrawal, Permitting,
and Reporting Sec.49-4-10
et seq.

State Regulatory
Requirements

SC Water Quality
Standards (SC Code Ann
Reg 61-68), pursuant to
the SC Pollution Control
Act (SC Code of Laws Title
48, Chapter 1 et seq.)

State Regulatory
Requirements

Table 3-3 OU1

Status

Applicable

Applicable

Applicable

To be
Considered

Requirement

Defines wastes that are subject to regulation as
hazardous waste under 40 CFR Parts 262-264.

State-mandated water quality standards with respect
to state-wide surface waters and pollutant effluent
discharge standards.

Establishes a system and rules for permitting and
registering the withdrawal and use of surface water.

Establishes the state's official classified water uses
for groundwaters of the state, establishes general
rules and specific numeric and narrative criteria for
protecting classified and existing water uses, and
establishes procedures for classifying waters of the
state. The water quality standards include uses of
the waters, numeric and narrative criteria, and
antidegradation rules.

Action to be Taken to Attain ARARs

If remedial alternatives require excavation of
waste, management approaches for listed
and characteristic waste, if encountered, will
be met.

Water discharged to surface water during
remedial activities will meet the substantive
requirements of these rules.

Applies to any person withdrawing surface
waters at volumes in excess of 3 million
gallons during any one month.

Treated water discharged to surface water
during remedial activities will meet the
substantive requirements of these
regulations.

Design & Consy
for natural and
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£ ARCADIS &

Action-Specific ARARs, Criteria, Advisories, and Guidance

Feasibility Study
AVX Corporation
Myrtle Beach, South Carolina

Media/Authority Regulation Status Requirement Action to be Taken to Attain ARARs

Federal NPDES _ Tre_ated water dlscha_r_ged tc_) surface water

. To be Federal water quality standards/pollutant effluent during remedial activities will meet the
Regulations (40 CFR Part . . . -
122) Considered | discharge standards. substantive requirements of these
regulations.
Non-enforceable guidance used by states in Applicable to any point-source discharges of

Federal Regulatory conjunction with a designated use for a stream wastewaters to waters of the United States.
Requirements CWA Ambient Water effluent to establish water quality standards. AWQC | At this site, it is applicable to discharge of

Quality Criteria (AWQC), To be levels for protection of human health from treated waters from the groundwater

40 CFR Part 122, 125, Considered | consuming fish and aquatic organisms have been  |treatment system to any surface water body.

129, 133 and 136 developed for several contaminants. The standards |Treated water will be the requirements of the

are relevant and appropriate if state standards are regulation.
no more stringent.
General

These regulations set forth the specific requirements
for controlling underground injection in the state and
include provisions for: the classification and
regulation of injection wells; prohibiting unauthorized
To be injection; protecting underground sources of All underground injection actions will comply
Considered drinking water from injection; classifying with the regulations.
underground sources of drinking water; and
requirements for abandonment, monitoring, and
reporting for existing injection wells used to inject
wastes or contaminants.

SC Underground Injection
Control Regulations (SC
Code Ann Reg 61-87)

State Regulatory
Requirements

These regulations establish minimum standards for
the construction, maintenance, and operation of the
State Regulatory  |SC Well Standards (SC To be following wells: individual residential, irrigation, All wells will be constructed adhering to the
Requirements Code Ann Reg 61-71) Considered |monitoring, and boreholes to ensure that standards listed in this regulation.
underground sources of drinking water are not
contaminated and public health is protected.

Federal Regulatory Federal UIC Regulations To be These regulations set forth the federal requirements |All underground injection actions will comply
Requirements (40 CFR Parts 144 -148) Considered for controlling underground injections. with the regulations.
Notes:

ARAR = applicable and relevant or appropriate requirement
CFR = Code of Federal Regulations

CWA = Clean Water Act

NPDES = National Pollutant Discharge Elimination System
RCRA = Resource Conservation and Recovery Act

SC = South Carolina

USEPA = United States Environmental Protection Agency
WQC = Water Quality Criteria
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A ARCADIS | i
Table 3-4 builtassets
Remediation Goals Summary

Feasibility Study

AVX Corporation

Myrtle Beach, South Carolina

Groundwater - USEPA MCLs or SCDHEC Drinking Water Standards, unless otherwise noted
Detected Above MCL in

Risk-Based Remedial Goal®

Groundwater COPC MCL (pg/L) HHRA Groundwater
(glL) Dataset? (Yes/No)
Benzene® NA 5.0 No
1,1-Dichloroethane’ NA 5.0 Yes
1,1-Dichloroethene” NA 7.0 Yes
cis-1,2-Dichloroethene” NA 70 Yes
trans-1,2-Dichloroethene® NA 100 Yes
Ethylbenzene® NA 700 No
Trichloroethene” NA 5.0 Yes
Vinyl chloride” NA 2.0 Yes

Soil and Groundwater - Health-Based Goals for Non-Residential Use

Soil HBG (mg/kg) Minimum Groundwater HBG ( Vapor Intrusion from Groundwater HBG (mg/L)

Constituent Site Construction Construction Site
Resident Worker Worker Worker Resident Worker
Trichloroethene 1.1E+00 6.9E+00 1.3E+01 1.3E+01 1.9E+01 1.9E+01 2.9E-01 2.0E+00 2.0E+00
Vinyl Chloride - - - - - - 2.6E-02 - -
Notes:

2 For these COPCs, the constituent has an MCL but the calculated site-specific risk was less than or equal to 1 x 18 ELCR and less than or equal to an HI of 1.

° For trichloroethene, the most conservative site-related risk-based remedial goal for soil is based on a Site Worker exposure. Trichloroethene is present in groundwater and has a published groundwater MCL.

There is no calculated soil remediation goal for vinyl chloride because it does not contribute to more than 1% of the total risk to soil exposure and therefore was dropped from further consideration in soil. Vinyl chloride is present in groundwater and has
a published groundwater MCL.
4 The site-specific risk-based remedial goals were established in the HHRA (Appendix B). Only trichloroethene and vinyl chloride contribute to more than 1% of the total risk. Each has one or more exposure scenarios with calculated ELCR of > 10r
> Hlof > 1.
* The "FINAL" soil and groundwater risk-risk based concentrations are based on non-residential future use. If residential use is ever considered in the future, the more stringent health based goal for a resident exposure will apply.
COPC = constituent of potential concern
ELCR = Excess Lifetime Cancer Risk
HBG = Health-Based Goal
HHRA = Human Health Risk Assessment
HI = hazard index
MCL = Maximum Contaminant Levels
mg/L = milligram per liter
mg/kg = milligram per kilogram
RSL = Risk Screening Level
SCDHEC = South Carolina Department of Health and Environmental Control
Hg/L = microgram per liter
USEPA = United States Environmental Protection Agency

Table 3-4 AVX MB - OU-1 Remediation Goals n



Table 4-1 ‘5 Desin s Ca
Initial Screening of Potentially Applicable Technologies and Process Options for the Source Area Vadose Zone ARmDIS Bt
Feasibility Study

AVX Corporation

Myrtle Beach, South Carolina

General Response Technology Retained?

Action Type Process Option Description (Yes/No) Initial Screening

No Further Action None None Not Applicable Yes Used as a baseline for comparison to other process options.

Using legal actions to prevent excavation, control land

Deed Notification/ use, and prohibit or restrict trenching in soil that contain Yes

Potentially implementable. Access restrictions are usually used

o » Restrictions constituents of potential concern (COPC). in conjunction with other technology types for remedial actions.
Institutional Controls Access Restrictions
Fencing Fencing will minimize access to soils containing COPCs. Yes -Potentllally !mplgmentable. Access restrictions are u§ua|ly .USEd
in conjunction with other technology types for remedial actions.
. . An impermeable cap will prevent physical contact with the o
Containment Capping Impermeable Cap soils and prevent surface water infiltration and leaching. Yes Potentially implementable.
Removal Excavation Excavation Physical removal of soil containing COPCs with treatment Yes Potentially implementable.

or off-site disposal

Pilot testing conducted in 1997 (Geraghty & Miller, Inc. 1997)
Soil Vapor Extraction Extract COPCs from subsurface in vapor form. No indicated that groundwater recovery rate was high and radius
of influence was low.

Involves injecting a solvent mixture (e.g., water plus a
miscible organic solvent, such as alcohol) into either
vadose zone, saturated zone, or both to extract organic

constituents. Flushing can be applied to soils to dissolve Site conditions (shallow groundwater, stratified lithology) may
In-Situ Soil Flushing  either the source of the organic constituents or the plume No be difficult to treat. Aboveground separation and treatment
emanating from it. The cosolvent mixture is normally costs for recovered fluids can be costly and complicated.

injected upgradient of the source area, and the solvent
with dissolved COPCs is extracted downgradient and

Physical Treatment
treated above ground.

In-Situ Treatment " Steg m/hot air injection or lele'ctncal . . Potentially implementable; pilot testing conducted in 1997
In-Situ Thermal resistance/electromagnetic/fiber optic/radio frequency . Lo
L X S Yes (Geraghty & Miller, Inc. 1997) indicated shallow groundwater,
Treatment heating is used to increase the volatilization rate of

semivolatiles and facilitate extraction. limited vacuum influence, and that the lithology is stratified.

Soils containing COPCs are mixed with a reactive media
(i.e., zero valent iron) and stabilizing agents (i.e., Portland
cement) to decrease concentrations of COPCs and
reduce the hydraulic conductivity of the treatment zone.

Likely not viable based on field conditions and presence of
No permeable layer. Geotechnical stability following in-situ soil
stabilization can be a concern depending on future land use.

In-Situ Stabilization

For some oxidants, gas generation is possible, and
management of that gas would be difficult due to the shallow
depth to water. Oxidant-specific secondary water quality may
be a concern.

Use of chemical oxidant (ozone, hydrogen peroxide,
Chemical Treatment =~ Chemical Oxidation persulfate, and permanganate) to oxidize organic COPCs No
in situ.

OU-1 FS Section 4 tables 05192017
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Table 4-1 a s | Design s Conautancy
Initial Screening of Potentially Applicable Technologies and Process Options for the Source Area Vadose Zone ARmDI ﬁm“
Feasibility Study

AVX Corporation

Myrtle Beach, South Carolina

General Response Technology Retained?

Action Type Process Option Description (Yes/No) Initial Screening

Use of chemical oxidant (ozone, hydrogen peroxide,

Chemical Oxidation |persulfate, and permanganate) to oxidize organic COPCs Yes Potentially implementable.
ex-situ.
Ex-Situ Treatment Physical Treatmer\t of
Excavated Soil
Soil Flushing Use of a solvent m.|xture to extract the organic COPCs Yes Potentially implementable.
from excavated soil.

Note:
Shading indicates that the process option was eliminated during the initial screening stage.

Reference:
Geraghty & Miller, Inc. 1997. Remedial Investigation and Pilot Testing Report. AVX Corporation Facility, Myrtle Beach, South Carolina. September.
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Table 4-2
Initial Screening of Potentially Applicable Technologies and Process Options for the Source Area Saturated Zone

£ ARCADIS g5

Feasibility Study
AVX Corporation
Myrtle Beach, South Carolina

General Response Technology

Action Type

No Further Action None

Institutional Controls Access Restrictions

Hydraulic Control

Containment

Vertical Subsurface
Barrier

Attenuation

In-Situ Treatment

Chemical/ Biological
Treatment

OU-1 FS Section 4 tables 05192017

Process Option

None

Deed Notification/
Restrictions

Groundwater Extraction

Slurry Wall

Sheet Piling

Grout Curtain

Monitored Natural
Attenuation

Enhanced Anaerobic
Bioremediation

Retained?
Description (Yes/No)

Not Applicable Yes

Uses legal actions to prevent excavation, control land use,

and prohibit or restrict use of groundwater. Yes

Use extraction wells to pump large volumes of water.
Typically requires ex-situ treatment to meet discharge Yes
criteria.

Using a bentonite slurry to form an impermeable wall that
prevents the migration of constituents of potential concern
(COPCs) in groundwater.

Using steel sheet piles to form an impermeable wall that

prevents the migration of COPCs in groundwater. R

Injecting cement grout to create an impermeable wall that
prevents the migration COPCs in groundwater.

Natural subsurface processes are allowed to reduce

concentrations of COPCs to acceptable levels. Yes

The injection of a substrate to stimulate native

microorganisms and degrade COPCs. Yes

Initial Screening

Used as a baseline for comparison to other process options.

Potentially implementable. Access restrictions are usually used
in conjunction with other technology types for remedial actions.

Implementable. Although an effective hydraulic control system
could be installed in the source area saturated zone, such a
system would not necessarily effectively contain the
downgradient dissolved phase area (DPA) on its own.
Conversely, a downgradient DPA containment system is
currently containing and would, in the future, contain both the
downgradient DPA and the source area saturated zone.
Therefore, some set of extraction wells, either as currently
configured or with a modified configuration, could address the
source area saturated zone.

Site groundwater contains trichloroethene, making other
(removal) technologies feasible. In addition, an impermeable
barrier wall may create unpredictable effects on vertical
groundwater flow and create undesirable vertical flow paths.

Potentially implementable. Monitored natural attenuation is
usually used in conjunction with other technology types for
remedial actions.

Potentially implementable. In-situ bioremediation has been
applied successfully at a variety of sites with similar
characteristics. In addition, an in-situ bioremediation pilot test
was completed with encouraging results.
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Table 4-2

Initial Screening of Potentially Applicable Technologies and Process Options for the Source Area Saturated Zone

Feasibility Study
AVX Corporation
Myrtle Beach, South Carolina

General Response
Action

Technology
Type

In-Situ Treatment Chemical Treatment

Physical/Chemical
Treatment

In-Situ Treatment

Physical Treatment

OU-1 FS Section 4 tables 05192017

Process Option

Chemical Oxidation

Co-solvent Flooding

Permeable Reactive
Barrier (PRB)

Air Sparging/Soil Vapor
Extraction

Multi-phase Extraction

In-Situ Thermal
Treatment

In Situ Stabilization

Dynamic Groundwater
Recirculation

Description

Use of chemical oxidant (ozone, hydrogen peroxide,
persulfate, and permanganate) to oxidize contaminants in-
situ.

The addition of a surfactant, a cosolvent, or a surfactant-
cosolvent mixture (typically alcohols, often methanol,
ethanol, isopropanol, or tert-butanol) to mobilize and
solubilize NAPL phases and effectively remove the NAPL
via groundwater extraction.

Consists of a wall built below ground to intercept and treat
groundwater containing COPCs. A PRB is built by
excavating a narrow trench perpendicular to the path of the
COPC plume in groundwater. The PRB is filled with a
reactive material, such as zero valent iron, that can destroy
or mitigate the transport of COPCs while allowing the
passage of water.

Injection of air below the groundwater table to physically
strip volatile COPCs from groundwater. A low to moderate
vacuum is applied to vadose zone extraction wells to
capture volatilized COPCs for treatment. Depth of source
COPCs and specific site geology must be considered. The
resulting increase in oxygen concentration promotes
aerobic biodegradation of aromatic hydrocarbons.

Uses vacuum pressure to physically remove separate
phase COPCs and physically strip the volatile COPCs from
the subsurface.

Steam/hot air injection or electrical
resistance/electromagnetic/fiber optic/radio frequency
heating is used to increase the volatilization rate of
semivolatiles and facilitate extraction.

Soils containing COPCs are mixed with a reactive media
(i.e., zero valent iron) and stabilizing agents (i.e., Portland
cement) to decrease concentrations of COPCs and reduce
the hydraulic conductivity of the treatment zone.

Uses extraction and injection wells including aboveground
treatment of extracted groundwater. Reinjection of treated
groundwater can enhance the existing natural attenuation
processes and significantly reduce the treatment
timeframe.

Retained?
(Yes/No)

No

No

No

No

No

Yes

No

Yes

A ARCADIS

Initial Screening

Most effective in focused high concentration areas due to the
short reaction kinetics. The existing reducing conditions will limit
the effectiveness of this technology.  Oxidant-specific
secondary water quality may be a concern. In addition,
hydrostratigraphic complexities make it exceedingly difficult to
deliver chemical oxidants to all areas that should be targeted.

Cosolvent flooding is most applicable in highly permeable and
relatively homogenous sand or gravel aquifers.

Likely not implementable. The depth (40 to 45 feet below ground
surface) and location where the PRB would need to be installed
would be beyond what could be practicably and safely installed.

Pilot testing conducted in 1997 (Geraghty & Miller, Inc. 1997)
indicated shallow groundwater, limited vacuum influence, and
that the lithology is stratified. The parent VOC COPCs have
limited aerobic biodegradation, and naturally occurring reductive
dechlorination would be disrupted by the increase in oxygen
concentrations.

Pilot testing conducted in 1997 (Geraghty & Miller, Inc. 1997)
indicated that groundwater recovery rate was high and radius of
influence was low.

Potentially implementable; pilot testing conducted in 1997
(Geraghty & Miller, Inc. 1997) indicated shallow groundwater,
limited vacuum influence, and that the lithology is stratified.

Likely not viable based on field conditions and presence of
permeable layer. Geotechnical stability following in-situ soil
stabilization can be a concern depending on future land use.

Potentially implementable. Groundwater extraction wells are in
use on site, and testing completed as part of the FSIR indicate
that injections are feasible in Upper and Lower Terrace Deposits
in Operable Unit 1.

Design & Consutancy
for natural and

bkt assets
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Table 4-2 a S Desan & Constancy
Initial Screening of Potentially Applicable Technologies and Process Options for the Source Area Saturated Zone ARMD'

Feasibility Study
AVX Corporation
Myrtle Beach, South Carolina

General Response Technology Retained?

Action Type Process Option Description (Yes/No) Initial Screening

Implementable. Groundwater extraction wells are currently being
used onsite. If Dynamic Groundwater Recirculation (In-Situ
COPCs in extracted groundwater are removed with an air Yes Treatment) or Groundwater Extraction (Containment) are part of
stripping treatment unit. the final remedy, ex-situ treatment of groundwater will still be
necessary, and air stripping is already successfully being used
with the existing hydraulic control system.

Air Stripping

Physical Treatment of

Ex-Situ Treatment | i o cted groundwater

Implementable. Groundwater extraction wells are currently
being used on site. If Dynamic Groundwater Recirculation (In-
Situ Treatment) or Groundwater Extraction (Containment) are
Yes part of the final remedy, ex-situ treatment of groundwater will still
be necessary. Use of granular activated carbon is one proven
method for groundwater treatment, although air stripping has
been historically deemed as the more applicable technology.

COPCs in extracted groundwater are treated by pumping
Granular-Activated  |through a series of vessels containing activated carbon, to
Carbon Adsorption  |which the dissolved COPCs adsorb. Periodic replacement
or regeneration of the carbon is required.

Notes:

Shading indicates that the process option was eliminated during the initial screening stage.
DPA = dissolved-phase area

FSIR = Feasibility Study Investigation Report

NAPL = non-aqueous phase liquid

VOC = volatile organic compound

Reference:
Geraghty & Miller, Inc. 1997. Remedial Investigation and Pilot Testing Report. AVX Corporation Facility, Myrtle Beach, South Carolina. September.
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Table 4-3

Initial Screening of Potentially Applicable Technologies and Process Options for Dissolved-Phase Area (Downgradient)

Feasibility Study
AVX Corporation
Myrtle Beach, South Carolina

General Response Technology

Retained?

A ARCADIS gz

Action Type

Process Option

No Further Action None None

Deed Notification/

Access Restrictions .
Restrictions

Institutional Controls

Hydraulic Control | Groundwater Extraction

Slurry Wall
Containment
Vertical Subsurface »
Barrier Sheet Piling
Grout Curtain
Attenuation Monitored Natural

Attenuation

Enhanced Anaerobic
Bioremediation

Chemical/ Biological
Treatment

In-Situ Treatment

Chemical Oxidation

Chemical Treatment

Cosolvent Flooding

OU-1 FS Section 4 tables 05192017

Description

Not Applicable

Uses legal actions to prevent groundwater use, control
land use, and prohibit potable use of groundwater.

Use extraction wells to pump large volumes of water.
Typically requires ex-situ treatment to meet discharge
criteria.

Using a bentonite slurry to form an impermeable wall that
prevents the migration of COPCs in groundwater.

Using steel sheet piles to form an impermeable wall that
prevents the migration of COPCs in groundwater.

Injecting cement grout to create an impermeable wall that
prevents the migration COPCs in groundwater.

Natural subsurface processes are allowed to reduce
concentrations of COPCs to acceptable levels.

The injection of a substrate to stimulate native
microorganisms and degrade COPCs.

Use of chemical oxidant (ozone, hydrogen peroxide,
persulfate, and permanganate) to oxidize contaminants in-
situ.

The addition of a surfactant, a cosolvent, or a surfactant-
cosolvent mixture (typically alcohols, often methanol,
ethanol, isopropanol, or tert-butanol) to mobilize and
solubilize NAPL phases and effectively remove the NAPL
via groundwater extraction.

(Yes/No)

Yes

Yes

Yes

No

Yes

Yes

No

No

Initial Screening

Used as a baseline for comparison to other process options.

Implementable. Access restrictions are usually used in
conjunction with other technology types for remedial actions.

Implementable and currently being used onsite. Due to the
extent of constituents of potential concern (COPCs) in
groundwater, groundwater extraction will potentially be used in
conjunction with other technology types for remedial actions.

Site groundwater contains trichloroethene, making other
(removal) technologies feasible. In addition, an impermeable
barrier wall may create unpredictable effects on vertical
groundwater flow and create undesirable vertical flow paths.

Implementable. Monitored natural attenuation is usually used in
conjunction with other technology types for remedial actions.

Implementable. In-situ bioremediation has been applied
successfully at a variety of sites with similar characteristics
including in adjacent Operable Unit 2. In addition, an injection
pilot test was completed with encouraging results.

Most effective in focused high concentration areas due to the
short reaction kinetics. The extent of COPCs and the existing
reducing conditions will limit the effectiveness of this
technology. For some oxidants, gas generation is possible, and
management of that gas could be difficult due to the shallow
depth to water. Oxidant-specific secondary water quality may
be a concern.

Cosolvent flooding is most applicable in highly permeable and
relatively homogenous sand or gravel aquifers.
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Table 4-3 a Desin & Consatancy
Initial Screening of Potentially Applicable Technologies and Process Options for Dissolved-Phase Area (Downgradient) ARMDI otz
Feasibility Study

AVX Corporation

Myrtle Beach, South Carolina

General Response Technology Retained?

Action Type Process Option Description (Yes/No) Initial Screening

Consists of a wall built below ground to intercept and treat

groundwater containing COPCs. A PRB is built by

excavating a narrow trench perpendicular to the path of

the COPC plume in groundwater. The PRB is filled with a No
reactive material, such as zero valent iron, that can

destroy or mitigate the transport of COPCs while allowing

the passage of water.

Likely not implementable. The depth (40 to 45 feet below
ground surface) and location where the PRB would need to be
installed would be beyond what could be practicably and safely
installed.

Physical/Chemical Permeable Reactive
Treatment Barrier (PRB)

Injection of air below the groundwater table to physically

strip volatile COPCs from groundwater. A low to moderate

vacuum is applied to vadose zone extraction wells to

capture volatilized COPCs for treatment. Depth of source No

Pilot testing conducted in 1997 (Geraghty & Miller, Inc. 1997)
indicated shallow groundwater, limited vacuum influence, and

Air Sparging/Soil Vapor that the lithology is stratified. The parent VOC COPCs have

Extraction . . limited aerobic biodegradation, and naturally occurring
. COPCs and specific site geology must be considered. . o . . .

In-Situ Treatment o i . reductive dechlorination would be disrupted by the increase in

The resulting increase in oxygen concentration promotes .

S X . oxygen concentrations.
aerobic biodegradation of aromatic hydrocarbons.

Physical Treatment Uses vacuum pressure to physically remove separate Pilot testing conducted in 1997 (Geraghty & Miller, Inc. 1997)
Multi-Phase Extraction phase COPCs and physically strip the volatile COPCs No indicated that groundwater recovery rate was high, and radius

from the subsurface. of influence was low.

Uses extraction and injection wells, including aboveground

treatment of extracted groundwater. Reinjection of treated Potentially implementable. Groundwater extraction wells are in

Dynamic Groundwater use on site, and testing completed as part of the FSIR

; . groundwater can enhance the existing natural attenuation Yes - L o
Recirculation rocesses and significantly reduce the treatment indicates that injections are feasible in Upper and Lower
Emeframe 9 v Terrace Deposits in Operable Unit 1.

COPCs in extracted groundwater are removed with an air

Air Stripping stripping treatment unit, Yes Potentially implementable.
Physical Treatment of
Ex-Situ Treatment extracted
groundwater COPCs in extracted groundwater are treated by pumping
Granular-Activated it through a series of vessels containing activated carbon, Yes Potentially implementable
Carbon Adsorption |to which the dissolved COPCs adsorb. Periodic v imp :
replacement or regeneration of the carbon is required.
Notes:

Shading indicates that the process option was eliminated during the initial screening stage.
NAPL = non-aqueous phase liquid
VOC = volatile organic compound

Reference:
Geraghty & Miller, Inc. 1997. Remedial Investigation and Pilot Testing Report. AVX Corporation Facility, Myrtle Beach, South Carolina. September.
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Table 5-1

Secondary Screening of Potentially Applicable Technologies and Process Options for the Source Area Vadose Zone

Feasibility Study
AVX Corporation
Myrtle Beach, South Carolina

Remedial
Technology

General Response
Action

Remedial Technology

Process Option

Effectiveness

Implementability

Design & Consultan
for natural and
built assets

/A ARCADIS

Comments

No Further Action None

Institutional Controls | Access Restrictions

Containment Capping

Removal Excavation

MB OU-1 FS Tables 5-1 through 5-3 05192017

None

Deed Notification/
Restrictions

Fencing

Impermeable Cap

Excavation with Offsite

Disposal

Excavation with Ex-Situ

Chemical Oxidation

Excavation with Ex-Situ

Soil Flushing

NA

Low to moderate. Effective for protection
of potential onsite receptors by reducing
potential for exposure, but does not
reduce COPC concentrations or prevent
leaching.

Low to moderate. Effective for protection
of potential onsite receptors by reducing
potential for exposure, but does not
reduce COPC concentrations or prevent
leaching.

Low to moderate. An impermeable cap
will prevent physical contact with the
soils and reduce surface-water infiltration
and leaching, but does not reduce COPC
concentrations.

High. Would provide immediate
protection of potential onsite receptors by
removing the potential for exposure and
would also reduce COPC mass.

High. Would provide immediate
protection of potential onsite receptors by
removing the potential for exposure and
would also reduce COPC mass.

High. Would provide immediate
protection of potential onsite receptors by
removing the potential for exposure and
would also reduce COPC mass.

High

High

High

High

Highly
implementable,
conventional
technology

Implementable,
conventional
technology. Would
require bench
testing to confirm
correct application
rates.

Implementable,
conventional
technology. Would
require bench
testing to confirm
correct application
rates.

NA

Low

Low to moderate, will

require long-term
maintenance if not
combined with
another remedial
technology

Moderate, will require

long-term
maintenance

Moderate to high
depending on the
volume to be
excavated. Would
have no operations
and maintenance
costs.

High depending on
the volume to be
excavated. Would
have no operations
and maintenance
costs.

High depending on
the volume to be
excavated. Would
have no operations
and maintenance
costs.

Retain. Required by NCP and USEPA
guidance as a baseline for comparison to
other process options.

Retain. Typically useful in combination with
other technologies

Retain. Typically useful in combination with
other technologies

Due to shallow depth to groundwater,
capping will provided limited effectiveness
in reducing the potential migration of
CVOC:s in soil or groundwater.

Retain

Not Retained. Does not provide
advantages over offsite disposal due to
higher costs, bench testing, application,
and confirmation that disposal
requirements are met.

Not Retained. Does not provide
advantages over offsite disposal due to
higher costs, bench testing, application,
and confirmation that disposal
requirements are met.
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Table 5-1

ﬁ Design & Consultansy
t ‘ ‘ ‘ ‘ for natural and

Secondary Screening of Potentially Applicable Technologies and Process Options for the Source Area Vadose Zone R DIS SR

Feasibility Study

AVX Corporation

Myrtle Beach, South Carolina

General Response Remedial Remedial Technology

Action Technology Process Option Effectiveness Implementability Comments

High depending on
the area and depths
o Wouldprove rotectencr | impemriae, |30 o0 Bl Tl ety coud s
In-Situ Treatment Physical Treatment In-Situ Thermal Treatment | potential onsite receptors in a short conventional

} . complete, would have source area saturated zone
timeframe by reducing COPC mass. technology. no fErther operations |simultaneously.
and maintenance
costs.

Notes:

Shading indicates that the process option was eliminated during the screening stage.
COPC = constituent of potential concern

CVOC = chlorinated volatile organic compound

NA = not applicable

NCP = National Contingency Plan

USEPA = United States Environmental Protection Agency

MB OU-1 FS Tables 5-1 through 5-3 05192017
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A ARCADIS &

Secondary Screening of Potentially Applicable Technologies and Process Options for the Source Area Saturated Zone
Feasibility Study

AVX Corporation

Myrtle Beach, South Carolina

General Response Technology

Action Type Process Option Effectiveness Implementability Comments

Retain. Required by NCP and USEPA
No Further Action None None NA High NA guidance as a baseline for comparison
to other process options.

Moderate to high. Effective for protection of
T potential onsite receptors by reducing
Institutional Controls Access Restrictions Deed Notification/ potential for exposure, but does not reduce High Low Retain.

Restrictions COPC concentrations or prevent offsite
migration of those COPCs.
Retained. The downgradient DPA
containment system would also
Moderate. Extraction and treatment system capture/contain COCs from satu_rated
. . source area although removal will be
currently in place and effectively o . )
LT ) Low to Moderate. Costs rate limited by desorption from fine
maintaining capture of dissolved COPCs, . . . .
L . ) . . associated with O&M of 40 to  grained materials and transport to
although it is far less effective for quick High. Extraction wells and j ;
. . . L .60 gpm system. Pumping rates | pumping wells where COCs would be
Containment Hydraulic Control | Groundwater Extraction mass removal/destruction in the source treatment system currently in ) ) . -
) L . may be reduced in conjunction | captured and treated. Additional wells
area because it counts on rate limiting place and operating. s . ) )
) ) ) ) with implementation of other could and possibly would be installed to
desorption from finer grained materials and . ) .
) remedial technologies improve overall performance of the
transport to pumping wells for removal and P
system, although rate limiting
treatment . o N
desorption will still be the primary
control the time necessary to meet
corrective action objectives.
. . Retain. Limited efficacy for source
. . - Low. Installation of additional - :
. Monitored Natural Limited for source areas. Effective in . X - areas, but at a minimum, will serve as a
Attenuation ) . e . . High wells for attenuation monitoring L . s .
Attenuation identifying changing conditions. polishing technology in combination with
may be needed. .
other technologies.
High. Conventional
Chemical/Biological Enha_mced Ar_lagroblc Moderate to high. tec_hno_logy and_already_ Moderate to High. Retain.
. Treatment Bioremediation effective in remediation with
In-Situ Treatment Operable Unit 2.

Not Retained. Likely less effective and
higher cost compared to other in-situ
technologies due to existing reducing
conditions at the site and difficulty with
delivering oxidants to targeted mass.

Moderate. Highly dependent on the ability to
Chemical Chemical Oxidation  deliver chemical oxidants to targeted mass
in a complex hydrostratigraphic setting.

High. Conventional High due to existing reducing
technology. conditions.
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Table 5-2

Secondary Screening of Potentially Applicable Technologies and Process Options for the Source Area Saturated Zone

Feasibility Study
AVX Corporation
Myrtle Beach, South Carolina

General Response Technology
Action Type Process Option
In-Situ Thermal
Treatment
Physical

Dynamic Groundwater
Recirculation

Air Stripping

Physical Treatment of

BxSitu Treatment | o cted groundwater

Granular Activated
Carbon Adsorption

Notes:

Effectiveness Implementability

High. Would meet remedial goals in a short  Implementable. Conventional
timeframe by reducing COPC mass. technology.

High. Conventional

Moderate to high. technology

High. Extraction and treatment system
currently in place in conjunction with
groundwater extraction system and
effectively treating water containing COPCs.

High. Currently operating.

Moderate. Treatment efficiency is lower
relative to air stripping at current rates. Air
stripping treatment alternative currently in
place.

Moderate. Additional
infrastructure needed.

Shading indicates that the process option was eliminated during the screening stage.

COPC = constituent of potential concern

DPA = dissolved phase area

gpm = gallons per minute

NA = not applicable

NCP = National Contingency Plan

O&M = operation and maintenance

USEPA = United States Environmental Protection Agency
VOC = volatile organic compound

MB OU-1 FS Tables 5-1 through 5-3 05192017

Cost

High depending on the area and

depths to be remediated. After

treatment is complete, would

have no further operations and
maintenance costs.

Moderate. Would require
installation of extraction and
injection wells, potential for re-
use of existing treatment
system.

Low to Moderate. Costs
associated with O&M of the air
stripper and treatment system.

Moderate to High. Additional
infrastructure costs compared
to air stripping. O&M costs
higher for carbon at current
extraction rates and COPC
loading.

for natural and
Builz assets

/A ARCADIS

Comments

Retain. This technology could address
both the source area vadose zone and
the source area saturated zone
simultaneously.

Retain

Retain. Current system is operating
effectively.

Not Retained. Currently effective
operation of air stripping system. Higher
installation and O&M costs associated
with implementing carbon treatment at
current extraction rates and VOC
concentrations.

Desig & Consuttancy
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A ARCADIS g

Secondary Screening of Potentially Applicable Technologies and Process Options for Dissolved-Phase Area (Downgradient)
Feasibility Study

AVX Corporation

Myrtle Beach, South Carolina

General Response Technology
Action Type Process Option Effectiveness Implementability Cost Comments

Retain. Required by NCP and USEPA
No Further Action None None Not Effective High No costs guidance as a baseline for comparison
to other process options.

Moderate to high. Effective for protection of
I potential onsite receptors by reducing
Institutional Controls Access Restrictions Deed No_tlfl_catlon/ potential for exposure, but does not reduce High Low Retain.
Restrictions . N
COPCs or prevent offsite migration of those
COPCs.

High. Extraction and treatment system

) ) . . Low to Moderate. Costs Retain. Capture analysis concluded that
currently in place and effectively High. Extraction wells and . . . . .
L R . |associated with O&M of 40 to  |current extraction system is effective,
maintaining capture of dissolved COPCs, | treatment system currently in j ) L .
. . . . - . ) 60 gpm system. Pumping rates although not necessarily efficient given
Containment Hydraulic Control | Groundwater Extraction although possibly not efficient given our place and operating, although . ) . .
. AP ) may be reduced in conjunction | FSIR that better delineates the mass of
updated understanding of the distribution of | refinements to that system o . R
. . with implementation of other COPCs in the source area saturated
COPCs in the source area saturated zone may be advisable. . )
remedial technologies. zone.
based on the FSIR.
. Monitored Natural ~ Moderate. Effective at identifying changing . Low to Moderate. Installation of Retain. Typically useful in combination
Attenuation . . High " . :
Attenuation conditions. additional wells may be needed. with other technologies.
Chemical/Biological | Enhanced Anaerobic . High. Conventional . .
In-Situ Treatment Treatment Bioremediation Moderate to high. technology Moderate to High. Retain

Moderate. Would require

installation of extraction and

injection wells, potential for Retain
reuse of existing treatment

system.

Dynamic Groundwater
Recirculation

High. Conventional

Physical Treatment technology

Moderate to high.
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Table 5-3

Secondary Screening of Potentially Applicable Technologies and Process Options for Dissolved-Phase Area (Downgradient)

Feasibility Study
AVX Corporation
Myrtle Beach, South Carolina

General Response Technology
Action Type Process Option Effectiveness

High. Extraction and treatment system
currently in place in conjunction with
groundwater extraction system and
effectively treating water containing COPCs.

Air Stripping

Physical Treatment of

Ex-Situ Treatment | acted groundwater

Moderate. Treatment efficiency is lower
Granular-Activated  relative to air stripping at current rates. Air
Carbon Adsorption  stripping treatment alternative currently in
place.

Notes:

Shading indicates that the process option was eliminated during the screening stage.
COPC = constituent of potential concern

FSIR = Feasibility Study Investigation Report

gpm = gallons per minute

NCP = National Contingency Plan

O&M = operation and maintenance

USEPA = United States Environmental Protection Agency

VOC = volatile organic compound

MB OU-1 FS Tables 5-1 through 5-3 05192017

Implementability

High. Currently operating.

Moderate. Additional
infrastructure needed.

Cost

Low to Moderate. Costs
associated with O&M of the air
stripper and treatment system.

Moderate to High. Additional
infrastructure costs compared
to air stripping. O&M costs
higher for carbon at current
extraction rates and COPC
loading.

£ ARCADIS &

Comments

Retain. Current system is operating
effectively.

Not Retained. Currently effective
operation of air stripping system that
has already been deemed more
appropriate that using granular activated
carbon. Higher installation and O&M
costs associated with implementing
carbon treatment COPC/VOC
concentrations.

2/2
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Screening of Remedial Alternative 1: No Further Action
Feasibility Study

AVX Corporation

Myrtle Beach, South Carolina

Synopsis: Under this alternative, no further action would be taken to address constituents of potential concern (COPCs) in the vadose or saturated
zone source areas or the downgradient groundwater dissolved phase area.

Effectiveness | Implementability | Cost
Advantages

No capital or operation and maintenance (O&M)
costs would be required.

Natural attenuation processes would continue to Easilv imolemented
reduce concentrations of COPCs in soil. yimp '

Disadvantages

Little to no measurable relative reduction in
COPC mobility, toxicity, or volume in the short
term. COPCs in the vadose zone would continue
to leach to the saturated zone and then migrate
with groundwater.

Because this alternative does not meet the
Remedial Action Objectives (RAOs) for soil or
groundwater, future remedial action would likely
be required.

May defer and increase eventual future capital
and O&M expenditures if future remediation is
required.

Limits future land use.

It is not further protective of human receptors.

No monitoring would be performed to evaluate
changes in risks or determine when remedial
goals are met.

Conclusion: Alternative 1 - No Further Action Alternative would not achieve the Remedial Action Objectives for soil or groundwater. Nonetheless, this
alternative is retained as a baseline for comparison to the remaining alternatives as is required by the National Contingency Plan.

AVX MB OU1 Section 6 Tables 11
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Screening of Remedial Alternative 2: Excavation + Enhanced Reductive Dechlorination
Feasibility Study

AVX Corporation

Myrtle Beach, South Carolina

Synopsis: Under this alternative, excavation and off-site disposal of source area vadose zone soils would be performed to reduce constituent of
potential concern (COPC) concentrations, minimizing potential for future direct contact exposure to COPCs, minimizing leaching of COPCs to
groundwater, and meeting Remedial Action Objectives (RAOs) for soil. In addition, in-situ enhanced reductive dechlorination (ERD) via anaerobic
bioremediation would be used to remediate the COPCs in the groundwater source and downgradient dissolved phase areas to reduce the overall time
to achieve RAOs for groundwater. For the ERD alternative, injection wells would be installed in transects across the source area saturated zone and
the downgradient dissolved phase area into which an electron donor (such as molasses or emulsified vegetable oil) would be injected to create an
anaerobic reactive zone. Monitored natural attenuation (MNA) would be implemented following completion of the active phase of the enhanced
anaerobic biroremediation to remediate residual low-level concentrations of COPCs. Deed notifications/restrictive covenants would further reduce the
potential for receptor exposure to residual COPCs in soil and groundwater.

Effectiveness [ Implementability [ Cost

Advantages

Excavation and off-site disposal of vadose zone

soil containing elevated concentrations of COPCs |Excavation and off-site disposal is a conventional
would aggressively reduce COPC mass and easily implementable technology that has been
toxicity in soil over a short timeframe and thereby 'used at many sites. Historically, excavation has
reduce the potential for COPCs in soil to leach to ' been successfully implemented at two other

Predictable and relatively low annual
maintenance and monitoring costs for the
performance monitoring and MNA component of

groundwater. It would decrease the overall locations within Operable Unit 1. the remedy.
timeframe to achieve remedial goals.
ERD is also a commonly and easily
Excavation of soil containing COPCs would implementable technology that has been Some components of the Operable Unit 2 ERD
represent permanent protection. successfully implemented to remediate system could be used on the Operable Unit 1 site.

groundwater in Operable Unit 2.

With time, natural attenuation processes would
reduce any remaining residual COPC
concentrations over time in the vadose zone that
lie outside the targeted excavation area.

Relatively lower costs for excavation and off-site
disposal of soil versus in situ thermal treatment
(IST).

ERD has been highly effective at achieving RAOs

in groundwater over much of the Operable Unit 2

area, and similar effectiveness is anticipated in

Operable Unit 1 based on simlar hydrogeologic

and geochemical conditions.

Would reduce the potential for future receptor

access by greatly reducing COPC mass in soil

and and groundwater and by futher restricting

potential future exposure to residual COPCs by

potentially implementing deed

notifications/restrictive covenants.

This remedy would take substantially less overall

time to achieve RAOs versus the No Action

Alternative. This method would have the shortest

time to achieve RAOs in the vadose zone source

area.

Disadvantages

Although this alternative should sucessfully meet
groundwater RAOs in a relatively short
remediation timeframe, ERD infrastructure could
inhibit near-term redevelopment unless

Will eliminate most but not all of the COPCs in
vadose zone soil; therefore, future minimal
leaching of COPCs from the vadose zone to

Moderate to high costs for excavation and off-site
disposal depending on the volume of soil to be
excavated and concentration of COPCs in the

groundwater is possible. substantially reconfigured. soil.

Although very successful in remediating Some recalcitrant areas that are slower in
groundwater in Operable Unit 2, as with Operable responding to the remedy could require some
Unit 2, some areas of fine-grained materials may longer periods (and additional costs) for

be slower to achieve the groundwater RAOs. monitoring until meeting groundwater RAOs.

Conclusion: This alternative would achieve the RAO of minimizing the potential for human exposure to site-related COPCs via contact with soil and
would also achieve the RAO of minimizing, containing, or eliminating site-related COPCs from most soils at OU-1 that may be leaching to groundwater.
Furthermore, the ERD portion of this remedial alternative has a proven track record in Operable Unit 2 of achieving RAOs for groundwater quickly in
most locations. Therefore, this alternative is retained for detailed analysis.

AVX MB OU1 Section 6 Tables mnm
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Screening of Remedial Alternative 3: Excavation + Pumping and Treatment
Feasibility Study

AVX Corporation

Myrtle Beach, South Carolina

Synopsis: Under this alternative, excavation and off-site disposal of source area vadose zone soils would be performed to reduce constituent of potential
concern (COPC) concentrations, minimizing potential for future direct contact exposure to COPCs, minimizing leaching of COPCs to groundwater, and meeting
Remedial Action Objectives (RAOs) for soil. Furthermore, groundwater pumping and treatment would be used to hydraulically control the dissolved phase
COPCs and would remove the mass of COPCs captured by the pumping wells. Extracted groundwater would be treated with an air stripper and discharged
pursuant to a National Pollutant Discharge Elimination System permit. Monitored natural attenuation (MNA) would also be implemented in parallel and
subsequent to the other active remedial components to remove residual COPC mass. Deed notifications/restrictive covenants would reduce the potential for
future receptor exposure to COPCs in soil and groundwater.

Effectiveness | Implementability | Cost
Advantages

Excavation and off-site disposal of vadose zone
soil containing elevated concentrations of COPCs | Excavation and off-site disposal is a conventional

would aggressively reduce COPC mass and easily implementable technology that has been  |Predictable and low annual maintenance and monitoring
toxicity in soil over a short timeframe and thereby implemented at many sites and has been costs for the pumping and treatment component of the
reduce the potential for COPCs in soil to leach to |successfully implemented historically at two other 'remedy.

groundwater. It would decrease the overall locations within Operable Unit 1.

timeframe to achieve remedial goals.
Excavation of soil containing COPCs would

. Pumping and treatment is also hgihly The existing pumping and treatment system infrastructure

represent permanent protection and would . . . . - )

. . L implementable, as it has been a remedial method |could be used to continue the groundwater portion of this
achieve RAOs in the shortest time in the vadose . .
Zone used at the site for many years. remedy, thereby reducing costs.
Over time, natural attenuation processes would
reduce any remaining residual COPC The pumping and treatment component would Relatively lower costs for excavation and off-site disposal of
concentrations in the vadose zone that lie outside implemented as currently configured. soil versus in situ thermal treatment (IST).

the targeted excavation area.

Would reduce the potential for future potential
receptor exposure by reducing COPC mass in soil
and by implementing deed notifications/restrictive
covenants.

Pumping and treatment is extremely effective at
control of migration of COPCs in groundwater and
has been operating successfully this way at the
site for many years. This remedy would take less
overall time to achieve RAOs versus the No
Action Alternative.

Disadvantages

Groundwater pumping and treatment timeframes could
exceed the estimated 30 years to achieve RAOs, as the
rate of cleanup is difficult to estimate. The uncertainty in
timeframes to reach RAOs also has an impact on total cost
certainty.

Will eliminate most but not all of the COPCs in

vadose zone soil; therefore, future minimal This alternative would take the longest to achieve
leaching of COPCs from the vadose zone to RAOs.

groundwater is possible.

Although pumping and treatment is extremely
effective at controlling migration of COPCs in
groundwater, it is slow at achieving RAOs
because the rate of cleanup is based on the rate
of diffusion of COPCs from fine-grained into
solution and is further limited by the rate of solute
transport to the point of capture by the pumping
wells. It is difficult to predict the time it will take to
achieve groundwater RAOs.

The estimate timeframe to reach RAOs is set at

30 years for the purposes of this FS, but it is Longer-term costs to maintain deed notifications/restrictive
conceivable that the actual timeframe could be covenants than for other remedial alternatives.
substantially longer.

Conclusion: This alternative would achieve the soil RAO of minimizing the potential for human exposure to site-related COPCs via contact with soil and would
also achieve the soil RAO of minimizing, containing, or eliminating site-related COPCs from most soils at OU-1 that may be leaching to groundwater. This
alternative would also be expected to achieve groundwater RAOs after a long period of operation and maintenance of the pumping and treatment system in
parallel with and as complimented by MNA. Therefore, this alternative is retained for detailed analysis.
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Table 6-4

Screening of Remedial Alternative 4: Excavatio
Feasibility Study

AVX Corporation

Myrtle Beach, South Carolina

n + Dynamic Groundwater Recirculation

A ARCADIS | &z

Synopsis: Under this alternative, excavation and off-site disposal of source area vadose zone soils would be performed to reduce constituent of potential concern
(COPC) concentrations, minimizing potential for future direct contact exposure to COPCs, minimizing leaching of COPCs to groundwater, and meeting Remedial

Action Objectives (RAOs) for soil.

Furthermore, dynamic groundwater recirculation (DGR), which uses a combination of groundwater pumping and treatment

(P&T) and directed groundwater reinjection, would be used to hydraulically control the dissolved phase COPCs and would remove the mass of COPCs captured by
the pumping wells. Dynamic reinjection of treated groundwater would also improve flushing of COPCs from aquifer materials. Monitored natural attenuation (MNA)
would also be used as a parallel and polishing step of the remedy to remove residual COPC mass. Deed notifications/restrictive covenants would reduce the

potential for future receptor exposure to COPCs in

Effectiveness |
Advantages

Excavation and off-site disposal of vadose zone
soil containing elevated concentrations of COPCs
would aggressively reduce COPC mass and
toxicity in soil over a short timeframe and thereby
reduce the potential for COPCs in soil to leach to
groundwater. It would decrease the overall
timeframe to achieve remedial goals.

Excavation of soil containing COPCs would
represent permanent protection.

With time, natural attenuation processes would
reduce any remaining residual COPC
concentrations over time in the vadose zone that
lie outside the targeted excavation area.

Would reduce the potential for future receptor
access by reducing COPC mass in soil and by
implementing deed notifications/restrictive
covenants.

The pumping portion of the DGR system would
employ the existing pumping system, which has
been extremely effective at controlling migration
of COPCs in groundwater and has been operating
successfully this way at the site for many years.

This remedy would take less overall time to
achieve RAOs versus the No Action Alternative
and the excavation + P&T alternative. This
method would have the shortest time to achieve
RAOs in the vadose zone source area.
Disadvantages

Will eliminate most but not all of the COPCs in
vadose zone soil; therefore, future minimal
leaching of COPCs from the vadose zone to
groundwater is possible.

Although DGR is extremely effective at controlling
migration of COPCs in groundwater and is better
than P&T for source flushing and removal, the
method will still be relatively slow at achieving
RAOs because the rate of cleanup is based on
the rate of diffusion of COPCs from fine grained
into solution and is further limited by the rate of
solute transport to the point of capture by the
pumping wells. It is difficult to predict the time it
will take to achieve groundwater RAOs.

soil and groundwater.

Implementability

Excavation and off-site disposal is a conventional
easily implementable technology that has been
implemented at many sites and has been
successfully implemented historically at two other
locations within Operable Unit 1.

The pumping and treatment component would be
implemented largely as currently configured,
although with the addition of another pumping
wells as well as injection wells. The existing
treatment system would be used to treat
groundwater.

This alternative would take longer than any other
alternatives to reach RAOs except for excavation
+ P&T.

The estimate timeframe to reach RAOs is set at
30 years (20 years of active remediation plus 10
years of MNA) for the purposes of this Feasibility
Study, but it is conceivable that the actual
timeframe could be longer.

DGR infrastructure in the downgradient dissolved
phase area would likely have to be reconfigured
substantially to allow for redevelopment in the
central area of the site.

Cost

Moderate costs for excavation and off-site disposal of soil.

Predictable and relatively low annual maintenance and
monitoring costs for the DGR component of the remedy.

The existing pumping and treatment system infrastructure
would be used as part of the DGR remedy thereby reducing
costs.

Relatively lower costs for excavation and off-site disposal of
soil versus in situ thermal treatment (IST).

DGR timeframes could exceed the estimated 20 years to
achieve RAOs, as the rate of cleanup is difficult to estimate.
The uncertainty in timeframes to reach RAOs also has an
impact on total cost certainty.

Longer-term costs to maintain deed notifications/restrictive
covenants than for other remedial alternatives except for
excavation + P&T.

Conclusion: This alternative would achieve the RAO of minimizing the potential for human exposure to site-related COPCs via contact with soil and would also

achieve the RAO of minimizing, containing, or eliminating site-related COPCs from most soils at OU-1 that may be leaching to groundwater. This alternative would
also be expected to achieve groundwater RAOs after a long period of operation and maintenance of the DGR system in parallel with and as complimented by MNA
with timeframes to meet these RAOs less than that for excavation + P&T. Therefore, this alternative is retained for detailed analysis.
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Table 6-5

Screening of Remedial Alternative 5: In-Situ Thermal Treatment + Enhanced Reductive Dechlorination
Feasibility Study

AVX Corporation

Myrtle Beach, South Carolina

Synopsis: Under this alternative, in-situ thermal (IST) remediation would be conducted to remediate the constituents of potential concern (COPCs) in
soil and to reduce the overall time needed to achieve Remedial Action Objectives (RAOs). The in-situ thermal approach at this site would employ a
combination of electrical resistance heating (ERH) and steam enhanced extraction (SEE). The ERH component of the method would deliver an
electrical current between metal rods installed in the ground. The heat generated as movement of the current meets resistance from soil would convert
COPCs and water/groundwater into steam, vaporizing COPCs. The SEE component would rely on injecting steam underground by pumping it through
wells drilled within the footprint of the vadose and saturated zone source areas. The steam would heat the area, evaporating the COPCs to increase
their mobility so that they could be captured by a series of vapor and multiphase extraction wells. In addition, in-situ enhanced reductive dechlorination
(ERD) via anaerobic bioremediation would be used to remediate the COPCs in the downgradient dissolved phase areas to reduce the overall time to
achieve RAOs. For the ERD alternative, injection wells would be installed in transects across the downgradient dissolved phase area into which an
electron donor (such as molasses or emulsified vegetable oil) would be injected to create an anaerobic reactive zone. Monitored natural attenuation
(MNA) would be implemented following completion of the active phase of the enhanced anaerobic biroremediation to remediate residual low-level
concentrations of COPCs. Deed notifications/restrictive covenants would further reduce the potential for receptor exposure to residual COPCs in soil
and groundwater.

Effectiveness | Implementability | Cost
Advantages

IST is expected to be highly effective at removing | Access will be restricted in the source area for

COPCs in both the vadose and saturated zone  |only a short time, as duration of the thermal Low long-term operation and maintenance (O&M)

costs for the source areas.

source areas including from clay-rich strata. method is only approximately 6 months.

Over time, natural attenuation processes would

reduce any remaining residual COPC Some components of the Operable Unit 2 ERD
concentrations in the vadose zone that lie outside system could be used on the Operable Unit 1 site.

the targeted IST area.

ERD has been highly effective at achieving RAOs
in groundwater over much of the Operable Unit 2
area.

This remedy would take the least overall time to
achieve RAOs compared to all the other retained
alternatives. This method would also have the
shortest time to achieve RAOs in the saturated
zone source area.

Disadvantages

Will eliminate most but not all of the COPCs in
vadose zone soil; therefore, future minimal
leaching of COPCs from the vadose zone to
groundwater is possible.

As the in-situ thermal treatment remedy is the
most complex of the retained alternatives, it is
also the most difficult to implement.

IST + ERD capital and total costs are by far the
highest of all three remedial alternatives.

Although this alternative should sucessfully meet
Although very successful at remediating groundwater RAOs in a relatively short
groundwater in Operable Unit 2, like in Operable |remediation timeframe, ERD infrastructure in the |IST capital costs and O&M costs will increase if
Unit 2, some areas of fine grained materials may |downgradient dissolved phase area could inhibit |volatilized vapors cannot be captured effectively.
be slower to achieve the groundwater RAOs. near-term redevelopment unless it is substantially

reconfigured.

Conclusion: This alternative would achieve the RAO of minimizing the potential for human exposure to site-related COPCs via contact with soil and
would also achieve the RAO of minimizing, containing, or eliminating site-related COPCs from most soils at Operable Unit 1 that may be leaching to

groundwater. This alternative would also be expected to achieve groundwater RAOs in the shortest period of all the remedial alternatives. Therefore,
this alternative is retained for detailed analysis.
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Screening of Remedial Alternative 6: In-Situ Thermal Treatment + Dynamic Groundwater Recirculation
Feasibility Study

AVX Corporation

Myrtle Beach, South Carolina

Synopsis: Under this alternative, in-situ thermal remediation would be conducted to remediate the constituents of potential concern (COPCs) in soil
and to reduce the overall time needed to achieve Remedial Action Objectives (RAOs). The in-situ thermal approach at this site would employ a
combination of electrical resistance heating (ERH) and steam enhanced extraction (SEE). The ERH component of the method would deliver an
electrical current between metal rods installed in the ground. The heat generated as movement of the current meets resistance from soil would convert
COPCs and water/groundwater into steam, vaporizing contaminants. The SEE component would rely on injecting steam underground by pumping it
through wells drilled within the footprint of the vadose and saturated zone source areas. The steam would heat the area, evaporating the COPCs to
increase their mobility so that they could be captured by a series of vapor and multiphase extraction wells. Furthermore, dynamic groundwater
recirculation (DGR), which uses a combination of groundwater pumping and treatment (P&T) and directed groundwater reinjection, would be used to
hydraulically control the dissolved phase COPCs and would remove the mass of COPCs captured by the pumping wells. Dynamic reinjection of treated
groundwater would also be employed to improve flushing of COPCs from aquifer materials. Monitored natural attenuation (MNA) would also be used
as a parallel and polishing step of the remedy to remove residual COPC mass. Deed notifications/restrictive covenants would reduce the potential for
future receptor exposure to COPCs in soil and groundwater.

Effectiveness [ Implementability [ Cost
Advantages
Natural attenuation processes would reduce Access will be restricted in the source area for Predictable and relatively low annual
COPC concentrations over time to achieve only a short time, as duration of the thermal maintenance and monitoring costs for the DGR
remedial goals. method is only approximately 6 months. component of the remedy.

The P&T component would be implemented

largely as currently configured, although with the |The existing P&T system infrastructure would be
addition of another pumping well as well as used as part of the DGR remedy, thereby
injection wells. The existing treatment system reducing costs.

would be used to treat groundwater.

Would reduce the potential for receptor exposure

to COPCs in groundwater through deed

notifications/restrictive covenants.

This remedy would take less overall time to

achieve RAOs than the No Action or the

excavation + P&T alternatives. This method

would have the shortest time to achieve RAOs in

the saturated zone source area.

Disadvantages

Groundwater monitoring would determine when
remedial goals are met.

The estimate timeframe to reach RAOs in the
Will eliminate most but not all of the COPCs in downgradient dissolved phase area is set at 30

vadose zone soil; therefore, future minimal years (20 years of active remediation plus 10 IST + DGR capital costs and total costs are
leaching of COPCs from the vadose zone to years of MNA) for the purposes of this FS, butit |extremely high.
groundwater is possible. is conceivable that the actual timeframe could be

longer.

Although DGR is extremely effective at controlling

migration of COPCs in groundwater and is better

than P&T for source flushing and removal, the

method will still be relatively slow at achieving DGR infrastructure in the downgradient dissolved

RAOs because the rate of cleanup is based on phase area would likely have to be reconfigured |IST capital costs and O&M costs will increase if
the rate of diffusion of COPCs from fine grained | substantially to allow for redevelopment in the volatilized vapors cannot be captured effectively.
into solution and is further limited by the rate of  |central area of the site.

solute transport to the point of capture by the

pumping wells. It is difficult to predict the time it

will take to achieve groundwater RAOs.

Longer-term costs to maintain deed
notifications/restrictive covenants than for other
remedial alternatives except for excavation + P&T
or excavation + DGR.

Conclusion: This alternative would achieve the RAO of minimizing the potential for human exposure to site-related COPCs via contact with soil and
would also achieve the RAO of minimizing, containing, or eliminating site-related COPCs from most soils at OU-1 that may be leaching to groundwater.
This alternative would also be expected to achieve groundwater RAOs after a long period of operation and maintenance of the DGR system, in parallel
with and as complimented by MNA, with timeframes to meet these RAO greater than that for IST + ERD. Therefore, this alternative is retained for
detailed analysis.
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Table 7-1

Summary of Detailed and Comparative Analysis of Remedial Alternatives

Feasibility Study
AVX Corporation
Myrtle Beach, South Carolina

Evaluation Criteria

Threshold Criteria

Overall protection of human
health and the environment

1)

2) Compliance with ARARs
Balancing Criteria

Long-term effectiveness and

3)
permanence
4) Reduction of mobility, toxicity,
or volume
5) Short-term effectiveness
6) Implementability
7) Cost

Screening Totals

Table 7-1

13

Alternative 1

No Further Action

Does not further minimize, reduce, or control COPCs
in source soil areas or groundwater or provide
measures to control potential leaching or migration.
Soil and groundwater RAOs may be met by natural
processes after a very long and indeterminant time,
but specific monitoring to document the achievement
of RAOs would not be performed.

Does not comply with ARARs.

Not effective or permanent. Groundwater monitoring
indicates that some destruction of COPCs through
natural processes has been occurring. Potential
exposure risks associated with COPCs in soil and
groundwater would remain with no controls or long-
term management plan.

Natural attenuation processes would have little effect
on limiting the mobility, toxicity, or volume of COPCs in
the soil, which in turn, would lead to continued
leaching to groundwater. Natural attenuation is known
to have had some positive effect on degrading some
COPCs in groundwater, but the rate of that attenuation
is exceedingly slow.

No activities would be implemented that would present
potential short-term exposure risks to human health or
the environment.

Technically feasible because no technical components
are necessary. However, this alternative is not
expected to be administratively viable, as there would
be no controls on the migration of COPCs.

Capital Costs: $0
Total O&M Costs:$0

Total Present Value Costs: $0

No Remedy - Not Applicable

Rating Moni

30

Alternative 2

Excavation, Enhanced Reductive Dechlorination,
tored Natural Attenuation, Institutional Controls, Long
Term Monitoring

Protective of human health and the environment. The remedy
is expected to meet RAOs through aggressively addressing
both the vadose zone and saturated zone source masses and
downgradient dissolved-phase area with remedies (excavation
and ERD) that have been successfully applied to other areas
of OU-1 and OU-2. Furthermore, removal of vadose zone
source mass will be documented, and performance monitoring
will be undertaken to document the removal/destruction of the
COPCs in the saturated zone and downgradient dissolved-
phase area. Natural processes will also be expected to
address residual concentrations after the active part of the
remedy has run its course. ICs will also restrict exposure to
residual COPCs in soil and groundwater. Soil and groundwater
RAOs would be met.

Complies with ARARs. 5

Highly effective and permanent for removal of COPCs from soil

and groundwater and eliminating human health risks.

Remediation goals for groundwater expected to be met 3
following active ERD for 5 years and 10 additional years of

MNA. ICs may be lifted after drinking water standards are met.

Permanently removes COPC mass from soil via excavation.
Reduces mobility, toxicity, and volume of COPCs in 3
groundwater where these COPCs will be destroyed in-situ.

Construction and treatment activities (soil excavation and

installation of additional monitoring and injection wells followed

by periodic injection activities, vapor monitoring, and

mitigation) will create potential short-term exposure risks to 3
workers, adjacent populations, or the environment that would

be managed through monitoring and engineering controls if

controls are deemed necessary.

Technically and administratively feasible. Remediation

activities performed entirely within bounds of owner's property
(except for transportation and disposal of excavated soil). A 4
successful precedent for both excavation (within OU-1) and

ERD (within OU-2) have been established.

Capital Costs: $2,618,961
Total Operating Costs (not discounted): $2,618,560

Total Net Present Value Costs: $5,009,611 5

5 Yrs. Active Remediation and 10 Yrs. MNA

28

Alternative 3

Excavation, Pumping and Treatment, Institutional
Controls, Long-Term Monitoring

Protective of human health and the environment. The remedy
is expected to quickly meet soil RAOs by removing and
documenting vadose zone source mass via excavation, which
has precedent elsewhere within OU-1. P&T is also effective at
controlling migration of COPCs and minimizing risk of
exposure to human and ecological receptors, although this
groundwater remedy will have to be operated/maintained for an
estimated 30 years with significant uncertainty associated with
that duration estimate. Compliance/performance monitoring
will be performed to document the removal of the COPCs in
the saturated zone source and downgradient dissolved-phase
area. Natural processes will also be expected to address
residual concentrations after the active part of the remedy has
run its course. ICs will limit exposure to residual COPCs in soil
and groundwater. Soil and groundwater RAOs would be met.

Complies with ARARs.

Moderately effective and permanent for removing COPCs in
vadose zone soil. Expected to eventually permanently remove
COPCs from groundwater, thereby eliminating any potential for
human exposure. Until then, ICs will be in place to minimize
potential human exposure.

Quickly reduces mass of COPCs in soil via excavation and
offsite disposal. P&T system immediately reduces mobility of
COPCs, although has little effect on constituent toxicity. The
mass of COPCs in groundwater will slowly be reduced with
time.

Soil removal during excavation and groundwater treatment
activities could create limited potential short-term exposure
risks to workers, adjacent populations, or the environment.
These risks would be managed through monitoring,
engineering controls, and worker training or some combination
thereof.

Technically and administratively feasible. There is precedent
for both technologies being implementable with excavation
being successfully implemented during past onsite surgical soil
removal activities and the P&T system being successfully
operated for decades to control dissolved-phase COPCs within
the OU-1 site boundaries.

Capital Costs: $1,483,299

Total Operating Costs (not discounted): $2,894,400

Total Net Present Value Costs: $2,777,047

30 Yrs. of Active Remediation and Performance Monitoring

A ARCADIS
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Table 7-1

Summary of Detailed and Comparative Analysis of Remedial Alternatives

Feasibility Study
AVX Corporation

Myrtle Beach, South Carolina

Evaluation Criteria

Threshold Criteria

2)
Balancing Criteria

4)

6)

7)

Screening Totals

Table 7-1

Overall protection of human
health and the environment

Compliance with ARARs

Long-term effectiveness and

permanence

Reduction of mobility, toxicity,

or volume

Short-term effectiveness

Implementability

Cost

(3,

3
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Alternative 4

Excavation, Dynamic Groundwater Recirculation, Monitored

Natural Attenuation, Institutional Controls, Long-Term
Monitoring

Protective of human health and the environment. The remedy is
expected to quickly meet soil RAOs by removing and
documenting vadose zone source mass via excavation, which
has precedent elsewhere within OU-1. DGR will also be effective
at controlling migration of COPCs and minimizing risk of
exposure to human and ecological receptors, and will do so
faster than P&T alone. Compliance/performance monitoring will
be performed to document the removal of the COPCs in the
saturated zone source and downgradient dissolved-phase area.
Natural processes will also be expected to address residual
concentrations after the active part of the remedy has run its
course. ICs will restrict exposure to residual COPCs in soil and
groundwater. Soil and groundwater RAOs would be met.

Complies with ARARs.

Moderately/highly effective and permanent for removing COPCs
in vadose zone soil. Anticipated to be somewhat more effective
than P&T of groundwater due to improved flushing through
saturated areas. Expected to eventually permanently remove
COPCs from groundwater, thereby eliminating any potential for
human exposure. Until then, ICs will be in place to minimize
ootential human exposure.

Quickly reduces mass of COPCs in soil via excavation and
offsite disposal. Pumping portion of DGR system immediately
reduces mobility of COPCs, although has little effect on
constituent toxicity. The mass of COPCs in groundwater will be
reduced with time, with improved mass removal (compared with
pumping and treatment) via directed and dynamic flushing with
clean/treated water.

Soil removal during excavation, pumping/injection well
installation, and groundwater treatment activities could create
limited potential short-term exposure risks to workers, adjacent
populations, or the environment. These risks would be managed
through monitoring, engineering controls, and worker training or
some combination thereof.

Technically and administratively feasible. There is precedent for
excavation being successfully implemented during past onsite
surgical soil removal activities. Furthermore, the proposed DGR
system is in many ways similar to the currently operating and
successful P&T system in that it will make use of the existing
pumping wells and treatment system, but will add extraction and
reinjection wells to improve flushing and reduce remediation
time.

Capital Costs: $2,796,065
Total Operating Costs (not discounted): $3,272,000

Total Net Present Value Costs: $4,640,170

20 Yrs. Active Remediation and 10 Yrs. MNA

26

Alternative 5

In-Situ Thermal Treatment, Enhanced Reductive
Dechlorination, Monitored Natural Attenuation,
Institutional Controls, Long-Term Monitoring

Protective of human health and the environment. The remedy
is expected to quickly meet soil RAOs by heating, mobilizing,
and capturing COPCs from the vadose and saturated source
zones. The remedy is also expected to meet groundwater
RAOs through aggressively addressing the saturated zone
source masses and downgradient dissolved-phase area with
ERD, which has been successfully applied to groundwater in
OU-2. Compliance/performance monitoring will be performed
to document the removal of the COPCs in the saturated zone
source and downgradient dissolved-phase area. Natural
processes will also be expected to address residual
concentrations after the active part of the remedy has run its
course. ICs will restrict exposure to residual COPCs in soil and
groundwater. Soil and groundwater RAOs would be met.

3]

Complies with ARARs. 5

Highly effective and permanent for removing COPCs in vadose
zone soil. Remediation goals for groundwater expected to be

met following active ERD for 5 years and 10 additional years of
MNA. ICs may be lifted after drinking water standards are met.

Relatively quickly reduces mass of COPCs in soil via thermal
treatment and capture of volatilized COPCs. Reduces mobility,
toxicity, and volume of COPCs in groundwater where these
COPCs will be destroyed in-situ.

Construction and treatment activities (installation of electrodes,
steam injection wells, vapor and multiphase extraction wells,
ERD injection wells, as well as periodic vapor monitoring, liquid
treatment, and discharge monitoring activities) could create
limited short-term exposure risks and impacts to workers,
adjacent populations, or the environment that would be
managed through engineering controls, vapor monitoring, and
worker training. Additional electric and thermal working
hazards would also be managed through engineering controls
and worker training.

Technically and administratively feasible with proven success
of in-situ thermal treatment at other sites and proven success
of ERD in OU-2. Requires installation of many electrodes,
steam injection wells, and vapor and multiphase extraction
wells and TOC injection wells. Capture of volatilized vapors
may be challenging given limited thickness of the vadose zone.

Capital Costs: $11,423,491
Total Operating Costs (not discounted): $1,918,060

Total Net Present Value Costs: $13,197,583 0

5 Yrs. Active Remediation and 10 Yrs. MNA
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Alternative 6

In-Situ Thermal Treatment, Dynamic Groundwater
Recirculation, Monitored Natural Attenuation, Institutional
Controls, Long-Term Monitoring

Protective of human health and the environment. The remedy
is expected to quickly meet soil RAOs by heating, mobilizing,
and capturing COPCs from the vadose and saturated source
zones. DGR will also be effective at controlling migration of
COPCs and minimizing risk of exposure to human and
ecological receptors, and will do so faster than P&T alone.
Compliance/performance monitoring will be performed to
document the removal of the COPCs in the saturated zone
source and downgradient dissolved-phase area. Natural
processes will also be expected to address residual
concentrations after the active part of the remedy has run its
course. ICs will restrict exposure to residual COPCs in soil and
groundwater. Soil and groundwater RAOs would be met.

Complies with ARARs.

Moderately/highly effective and permanent for removing
COPCs in vadose zone soil. Anticipated to be somewhat more
effective than P&T of groundwater due to improved flushing
through saturated areas. Expected to eventually permanently
remove COPCs from groundwater, thereby eliminating any
potential for human exposure. Until then, ICs will be in place to

minimize potential human exoosure. . .
Relatively quickly reduces mass of COPCs in soil via thermal

treatment and capture of volatilized COPCs. Pumping portion
of DGR system immediately reduces mobility of COPCs,
although has little effect on constituent toxicity. The mass of
COPCs in groundwater will be reduced with time, with
improved mass removal (compared with pumping and
treatment) via directed and dynamic flushing with clean/treated
water.

Construction and treatment activities (installation of electrodes,
steam injection wells, vapor and multiphase extraction wells,
DGR pumping/injection well installation, as well as periodic
vapor monitoring, liquid treatment, and discharge monitoring
activities) could create limited short-term exposure risks and
impacts to workers, adjacent populations, or the environment
that would be managed through engineering controls, vapor
monitoring, and worker training. Additional electric and thermal
working hazards would also be managed through engineering
controls and worker training.

Technically and administratively feasible with proven success
of in-situ thermal treatment at other sites. Furthermore, the
proposed DGR system is in many ways similar to the currently
operating and successful P&T system in that it will make use of
the existing pumping wells and treatment system but will add
extraction and reinjection wells to improve flushing and reduce
remediation time.

Capital Costs: $11,997,007
Total Operating Costs (not discounted): $3,272,000

Total Net Present Value Costs: $13,841,112

20 Yrs. Active Remediation and 10 Yrs. MNA
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£ ARCADIS |
Summary of Detailed and Comparative Analysis of Remedial Alternatives Built assets

Feasibility Study
AVX Corporation
Myrtle Beach, South Carolina

Notes:

All costs are estimated to an accuracy of +50% to -30% (USEPA 2000). Cost estimates were prepared in 2019 Ratings Categories for Threshold and

and are expressed in 2019 dollars. Balancing Criteria (Excluding Costs): Ratings Categories for Cost
ARAR = applicable or relevant and appropriate requirement (0) None (5) None

COPC = constituent of potential concern (1) Low (4) Low

DGR = dynamic groundwater recirculation (2) Low to moderate (3) Low to moderate

ERD = enhanced reductive dechlorination (3) Moderate (2) Moderate

IC = Institutional Control (4) Moderate to high (1) Moderate to high

(5) High (0) High
MNA = monitored natural attenuation
O&M = operation and maintenance
OU-1 = Operable Unit 1
OU-2 = Operable Unit 2
P&T = pumping and treatment
RAO = remedial action objective
TOC = total organic carbon
USEPA = United States Environmental Protection Agency
Yrs. = years

Reference:
USEPA. 2000. A Guide to Developing and Documenting Cost Estimates During the Feasibility Study. EPA 540-R-00-002, OSWER 9355.0-75. July 2000.
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Vadose Source Zone Component Options Remedial Alternative Combinations

Excavation (EXC) Targets of Remediation 1 2 3 4 5 6 7 8 | 9 10 11 12 13 14 15 16

Insitu Thermal Vadose Zone (ISTVZ) Source Vadose Zone (SVZ) EXC EXC | EXC | EXC | EXC | EXC| EXC [EXC|ISTVZISTVZ|ISTVZ |ISTVZ|ISTVZ|ISTVZ|ISTVZ|ISTVZ
Source Saturated Zone (SSZ) ISTSZ |ISTSZ|ISTSZ| ERD |ERD|ERD| P&T [DGR|ISTSZ|ISTSZ|ISTSZ| ERD | ERD | ERD | P&T | DGR

Saturated Source Zone Component Options Down Gradient Groundwater (DGGW) ERD P&T | DGR | ERD | P&T |DGR| P&T |DGR| ERD| P&T | DGR | ERD | P&T | DGR | P&T | DGR

Insitu Thermal Saturated Zone (ISTSZ) X X X OK X X [ OK | OK | OK X OK X X X X X

Enhanced Reductive Dechlorination (ERD) OK Combination of components into a comprehensive alternative that is carried through the FS

Pumping and Treatment (P&T) X Combination of components into a comprehensive alternative that is not carried through the FS

Dynamic Groundwater Recirculation (DGR)

Downgradient GW Component Options

Enhanced Reductive Dechlorination (ERD)

Pumping and Treatment (P&T)

Dynamic Groundwater Recirculation (DGR)

Rationale for Elimination of Alternative Combinations

Remedial Alternative Combinations 1 through 3 do not represent a logical combination of component options as IST is best suited only when applied to both the both the
vadose and saturated zone source areas.

Remedial Alternative Combination 5 and 6 do not represent a logical combination of components because ERD is not compatible with closely located P&T or DGR because
of the increased potential for water treatment system fouling due to the high organic carbon loading that will eventually enter the groundwater pumping wells and air stripper.
Nonetheless, an ERD remedy may count on the current P&T system for a time to increase hydraulic gradients which will help to widen the ERD reactive zone during the early
stages of implementation of ERD. The P&T system would eventually be taken offline when ERD wells, more closely located to the pumping wells, are installed and placed on
line.

For Remedial Alternative Combination 10, applying the most aggressive option of IST in the source area vadose and saturated zones is considered mismatched if combined
with the least aggressive option of P&T for the downgradient dissolved phase area. Would only be logical to apply a more aggressive option in the downgradient dissolved
phase area (like ERD or DGR) if committing the very high funding for IST in the source area.

Remedial Alternative Combinations 12 through 16 do not represent a logical assembly of components because IST is best suited for application only when used in both
vadose and saturated zones.

AVX Corporation
Myrtle Beach Facility
Myrtle Beach, South Carolina

REMEDIAL COMPONENT OPTIONS AND
ASSEMBLY OF OPTIONS INTO REMEDIAL
ALTERNATIVES

Figure
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Figure 6-1 - Remedial Options - rev
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Figure Set from 2016 Feasibility Study Investigation Report
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Trichloroethene in Soil
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Source: USGS 7.5-minute Series Topographic
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Source Area Section C-C’
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Figure 3-10
Cross-Section D-D’
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