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PREFACE

This Revised Focused Feasibility Study for Solid Waste Management Units 1, 211A, and 211B Volatile
Organic Compound Sources for the Southwest Groundwater Plume at the Paducah Gaseous Diffusion
Plant, Paducah, Kentucky, DOE/LX/07-0362&D2, was prepared to develop and evaluate remedial
alternatives for potential application at the U.S. Department of Energy’s (DOE’s) Paducah Gaseous
Diffusion Plant. This document has been developed as a revision to the Focused Feasibility Study for the
Southwest Groundwater Plume Volatile Organic Compound Sources (Oil Landfarm and C-720 Northeast
and Southeast Sites) at the Paducah Gaseous Diffusion Plant, Paducah, Kentucky (DOE 2010a).
Revisions include the presentation of additional alternatives, which were developed and evaluated as a
result of performance data, actual project cost, and implementation information being generated from
Phase I of the C-400 Interim Remedial Action.

This work was prepared in accordance with the requirements of the Federal Facility Agreement for the
Paducah Gaseous Diffusion Plant (FFA) (EPA 1998), the “Resolution of the Environmental Protection
Agency Letter of Non-Concurrence for the Site Investigation Report for the Southwest Plume at the
Paducah Gaseous Diffusion Plant, Paducah, Kentucky, DOE/OR/07-2180&D2/R1, and Notice of
Informal Dispute Dated November 30, 2007, McCracken County, Kentucky KY 8-890-008-982”
(referred to as the Resolution) (EPA 2008a), and the Memorandum of Agreement for Resolution of
Informal Dispute for the Focused Feasibility Study for the Southwest Plume Volatile Organic Compound
Sources Oil Landfarm and C-720 Northeast and Southeast Sites) at the Paducah Gaseous Diffusion
Plant, Paducah, KY (EPA 2010).

In accordance with Section IV of the FFA, this integrated technical document was developed to satisfy
applicable requirements of the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) (42 USC 9601 et seq. 1980) and the Resource Conservation and Recovery Act (42 USC 6901
et seq. 1976). As such, the phases of the investigation process are referenced by CERCLA terminology
within this document to reduce the potential for confusion.
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EXECUTIVE SUMMARY

This Revised Focused Feasibility Study for Solid Waste Management Units 1, 211A, and 211B Volatile
Organic Compound Sources for the Southwest Groundwater Plume at the Paducah Gaseous Diffusion
Plant, Paducah, Kentucky, DOE/LX/07-0362&D1, (FFS) was prepared to develop and evaluate remedial
alternatives for potential application at the U.S. Department of Energy’s (DOE’s) Paducah Gaseous
Diffusion Plant (PGDP). This work was prepared in accordance with the requirements of the Federal
Facility Agreement for the Paducah Gaseous Diffusion Plant (FFA) (EPA 1998a); the “Resolution of the
Environmental Protection Agency Letter of Non-Concurrence for the Site Investigation Report for the
Southwest Plume at the Paducah  Gaseous Diffusion Plant, Paducah, Kentucky
(DOE/OR/07-2180&D2/R1) and Notice of Informal Dispute Dated November 30, 2007, McCracken
County, Kentucky, KY 8-890-008-982” (referred to as the Resolution) (EPA 2008a); and the
Memorandum of Agreement for Resolution of Informal Dispute for the Focused Feasibility Study for the
Southwest Plume Volatile Organic Compound Sources Oil Landfarm and C-720 Northeast and Southeast
Sites) at the Paducah Gaseous Diffusion Plant, Paducah, KY (EPA 2010). This FFS has been developed
as a revision to the Focused Feasibility Study for the Southwest Groundwater Plume Volatile Organic
Compound Sources (Oil Landfarm and C-720 Northeast and Southeast Sites) at the Paducah Gaseous
Diffusion Plant, Paducah, Kentucky (DOE 2010a). In addition to the U.S. Environmental Protection
Agency (EPA) requirements, National Environmental Policy Act of 1969 (NEPA) values, consistent with
the DOE’s Secretarial Policy Statement on NEPA in June 1994 (DOE 1994), are evaluated and
documented in this FS. This FFS will be provided to trustee agencies for their review. It is DOE’s policy
to integrate natural resource concerns early into the investigation and remedy selection process to
minimize unnecessary resource injury.

The Southwest Groundwater Plume refers to an area of groundwater contamination at PGDP in the
Regional Gravel Aquifer (RGA), which is south of the Northwest Groundwater Plume and west of the
C-400 Building. The plume was identified during the Waste Area Grouping (WAG) 27 Remedial
Investigation (RI) in 1998. Additional work to characterize the plume [Solid Waste Management Unit
(SWMU) 210] was performed as part of the WAG 3 RI and Data Gaps Investigations, both in 1999. As
discussed in these reports, the primary groundwater contaminant of concern (COC) for the Southwest
Groundwater Plume (hereinafter referred to as the Southwest Plume) is trichloroethene (TCE). Other
contaminants found in the plume include additional volatile organic compounds (VOCs), metals, and the
radionuclide, technetium-99. The PGDP is posted government property and trespassing is prohibited.
Access to PGDP is controlled by guarded checkpoints, a perimeter fence, and vehicle barriers and is
subject to routine patrol and visual inspection by plant protective forces.

DOE conducted a Site Investigation (SI) in 2004 to address the uncertainties with potential source areas to
the Southwest Plume that remained after previous investigations. The SI further profiled the current level
and distribution of VOCs in the dissolved-phase plume along the west plant boundary. Results of the SI
were reported in the Site Investigation Report for the Southwest Groundwater Plume at the Paducah
Gaseous Diffusion Plant, Paducah, Kentucky, DOE/OR/07-2180&D2/R1 (DOE 2007). This FFS is based
on the SI as well as previous investigations identified below.

The potential source areas investigated in the SI (DOE 2007) included the C-747-C Oil Landfarm (Oil
Landfarm); C-720 Building Area near the northeast and southeast corners of the building (C-720
Northeast Site and C-720 Southeast Site); and the storm sewer system between the south side of the
C-400 Building and Outfall 008 (Storm Sewer). As a result of the Southwest Plume SI, the storm sewer
subsequently was excluded as a potential VOC source to the Southwest Plume. Respective SWMU
numbers for each potential source area investigated in the SI are provided in Table ES.1.
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Table ES.1. Summary of Potential Source Areas and SWMU Numbers

Description SWMU No.
C-747-C Oil Landfarm 1
Plant Storm Sewer Part of 102
C-720 TCE Spill Sites Northeast and Southeast 211 A&B

In November 2007, the EPA invoked an informal dispute on the Southwest Plume SI. In March 2008,
DOE signed the Resolution which required, among other things, that DOE conduct an FFS for addressing
source areas to the Southwest Plume, in view of developing remedial alternatives and undertaking a
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) (42 USC 9601 et
sed. 1980) remedial action and Record of Decision (ROD). The source areas subject to the FFS included
the Oil Landfarm, C-720 Northeast and Southeast Sites, and Storm Sewer. The FFS was to address
contamination in the shallow groundwater and could be based upon the Southwest Plume SI data,
previous documents, and additional information, as necessary. The FFS was required to contain, among
other information, a remedial action objective (RAQO) for addressing source areas, including treatment
and/or removal of principal threat waste (PTW) consistent with CERCLA, the National Oil and
Hazardous Substances Pollution Contingency Plan (NCP) (including the preamble) and pertinent EPA
guidance. The Southwest dissolved-phase plume in the Groundwater Operable Unit (OU) Dissolved-
Phase Plumes would include the RAO of returning contaminated groundwater to beneficial use(s) and
attaining chemical-specific applicable or relevant and appropriate requirements (ARARs), and/or
attaining risk-based concentrations for all identified COCs throughout the plume (or at the edge of the
waste management area depending on whether the waste source was removed), consistent with CERCLA,
the NCP (including the preamble), and pertinent EPA guidance.

In April 2010, DOE invoked an informal dispute on the Focused Feasibility Study for the Southwest
Groundwater Plume Volatile Organic Compound Sources (Qil Landfarm and C-720 Northeast and
Southeast Sites) at the Paducah Gaseous Diffusion Plant, Paducah, Kentucky (DOE 2010a). In May
2010, EPA, DOE, and the Kentucky Department for Environmental Protection entered into an agreement
resolving the dispute.

EPA typically describes sources as material that includes hazardous substances, pollutants, or
contaminants that act as a reservoir for the groundwater, surface water, or air or act as a source of direct
exposure. EPA considers sources or source materials to be principal threats when they are highly toxic or
highly mobile and generally cannot be reliably contained or would present a significant risk to human
health or the environment should exposure occur (EPA 2004a). Previous investigations of FFS source
areas to a depth of 55 ft below ground surface (bgs) identified the potential presence of TCE dense
nonaqueous-phase liquid (DNAPL), which would constitute PTW.

SCOPE OF THE SOUTHWEST PLUME FFS IN THE SITEWIDE GROUNDWATER OU

This FFS will support a final action to mitigate the migration of VOCs from the Oil Landfarm and the
C-720 Building Area to the Southwest Plume and to treat or remove PTW. Based on results from the
Southwest Plume SI, the Storm Sewer no longer is considered a source of VOC contamination to the
Southwest Plume. Risks posed by direct contact with contaminated surface soil or sediment at the Oil
Landfarm and C-720 Building Area or remaining risks from potential use of contaminated groundwater
from VOC and non-VOC contaminants will be addressed later as part of the decisions for the Surface
Water, Soils, or Groundwater OUs.

ES-2



These VOC source areas are assigned to the Groundwater OU at PGDP, which is one of five media-
specific sitewide OUs being used to evaluate and implement remedial actions. Consistent with EPA
guidance (EPA 2004a), the Groundwater OU is being implemented in a phased approach consisting of
sequenced remedial and removal actions designed to accomplish the following goals:

(1) Prevent human exposure to contaminated groundwater;

(2) Prevent or minimize further migration of contaminant plumes;

(3) Prevent, reduce, or control contaminant sources contributing to groundwater contamination; and
(4) Restore the groundwater to its beneficial uses, wherever practicable.

This FFS and ensuing final VOC remedial action will support the phased groundwater goals represented
in goals 3 and 4 above by controlling VOC migration (including DNAPL) that contribute to groundwater
contamination, thereby promoting the restoration of groundwater to beneficial use, as practicable. The
remedial action also is anticipated to substantially reduce the risk and hazard from hypothetical
groundwater use associated with releases from these source areas.

Evaluation of a final remedial action for additional COCs (non-VOCs) associated with direct contact
exposure risks will be addressed by the Soils Operable Unit, as described in the 2010 Site Management

Plan. Groundwater contamination will be addressed through the Dissolved-Phase Plumes Remedial
Action.

PREVIOUS INVESTIGATIONS
This FFS is based on findings from the multiple investigations summarized in Table ES.2.

Table ES.2. Summary of Investigations and Areas Investigated

C-720
Southwest Qil Building  Storm SWMU

Date Title Plume Landfarm Area Sewer 4*
1989-1990 Phase I SI v v v
1990-1991  Phase II SI 4 4 4 4
1996 Site-specific sampling 4
1997 WAG 6 Remedial Investigation 4
1998 WAG 23 Removal Action 4
1998 WAG 27 Remedial Investigation v v v
1999 Sitewide Data Gaps Investigation v
1999 WAG 3 Remedial Investigation v v
2001 Groundwater OU Feasibility Study v v 4 v
2007 Southwest Plume Site Investigation v v v 4 v

* SWMU 4 is a component of the Burial Ground Operable Unit and will be remediated as necessary under that operable unit.
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SOURCE AREAS AND NATURE AND EXTENT OF CONTAMINATION
C-747-C Oil Landfarm (SWMU 1)

Between 1973 and 1979 the Oil Landfarm was used for landfarming waste oils contaminated with TCE,
uranium, polychlorinated biphenyls (PCBs), and 1,1,1-trichloroethane (TCA). These waste oils are
believed to have been derived from a variety of PGDP processes. The landfarm consisted of two 104.5-m?
(1,125- ft*) plots that were plowed to a depth of 0.305 to 0.61 m (1 to 2 ft). Waste oils were spread on the
surface every 3 to 4 months; then the area was limed and fertilized.

Investigations of the Oil Landfarm include the Phase I and Phase II SI (CH2M HILL 1991; CH2M HILL
1992), additional sampling performed to support the Feasibility Study for the Waste Area Group 23 and
Solid Waste Management Unit 1 of Waste Area Group 27 at the Paducah Gaseous Diffusion Plant,
Paducah, Kentucky (DOE 1996a) and resulting Removal Action (DOE 1998a), and the Remedial
Investigation Report for Waste Area Grouping 27 at the Paducah Gaseous Diffusion Plant, Paducah,
Kentucky (DOE 1999a). These investigations and actions identified VOCs, PCBs, dioxins, semivolatile
organic compounds, heavy metals, and radionuclides as COCs. As part of the Waste Area Group (WAG)
23 Removal Action, 17.58 m® (23 yd®) of dioxin-contaminated soil was excavated and removed from the
unit. Samples collected in a WAG 23 focused sampling event in February of 1996 from SWMU 1
indicated the presence of cis-1,2-dichloroethene (cis-1,2-DCE) concentrations as high as 2,400 milligrams
per kilogram (mg/kg). Results of the WAG 23 focused sampling were published in the WAG 23 FS (DOE
1996a). During the WAG 27 RI, the maximum detected TCE concentration was 439 mg/kg at 4.6 m (15
ft) bgs with most TCE concentrations less than 100 mg/kg.

During the Southwest Plume SI, five soil borings were placed within and adjacent to the contaminated
area defined in the WAG 27 RI. No RGA groundwater samples were collected at this unit. The highest
levels of total VOCs detected in a single sample collected during the SI sampling event included TCE (3.5
mg/kg) and degradation products cis-1,2-DCE (1.5 mg/kg) and vinyl chloride (VC) (0.02 mg/kg), TCA
(0.05 mg/kg), and 1,1-DCE (0.07 mg/kg). Some or all of these products were detected in samples from all
sample intervals at the location collected down to a total depth of 18.1 m (59.5 ft). The high TCE
concentration (3.5 mg/kg) was detected at 14.3 m (47 ft) bgs. Significant levels of TCE (1.8 mg/kg) and
cis-1,2-DCE (0.086 mg/kg) were detected in a second location from all intervals collected to a depth of
17.07 m (56 ft), with the highest level of TCE detected at 17.07 m (56 ft) bgs. A third location exhibited
lower levels of TCE and its degradation products, with the highest level of TCE (0.98 mg/kg) detected at 9.1
m (30 ft) bgs together with TCA (0.0034 mg/kg). Low-levels of TCE (0.37 mg/kg) and cis-1,2-DCE (0.2
mg/kg) were detected at 13.8 m (45.5 ft) in a fourth sample location. The fifth location did not contain any
detectable concentrations of TCE or its degradation products, but had a slight detection of carbon disulfide
(0.014 mg/kg) at 10.1 m (33 ft), which was the only contaminant present at concentrations above the
method detection limit (MDL).

C-720 Building Area

The WAG 27 RI identified areas of TCE contamination at the C-720 Building Area. This FFS addresses
two areas that were identified in the Resolution. One area was underneath the parking lot and equipment
storage area at the northeast corner of the building. The second area was located underneath the parking
lot adjacent to the loading docks at the southeast corner of the building.

C-720 Northeast Site (SWMU 211A). Contamination found to the northeast of the C-720 Building is
believed to have been released during routine equipment cleaning and rinsing performed in the area.
Solvents were used to clean parts, and the excess solvent may have been discharged on the ground. Spills
and leaks from the cleaning process also may have contaminated surface soils in the area. Solvents may
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have migrated as dissolved contamination, leached by rainfall or facility water percolating through the
soils and migrating to deeper soils and the shallow groundwater, or as DNAPL, migrating to adjacent and
underlying soils. Soils and groundwater containing TCE will be considered a Resource Conservation and
Recovery Act listed hazardous waste until the materials can be further characterized. In the WAG 27 RI,
the maximum TCE concentration detected (8.1 mg/kg) was in a sample located immediately north of the
parking lot at 9.1 m (30 ft) bgs.

During the Southwest Plume SI, six borings were placed between the north edge of the parking lot and a
storm sewer to which all surface runoff for the parking lot flows. Results indicated that soils containing
very low-levels of VOC contamination were detectable in the subsurface of the northeast corner of the
C-720 Building Area. The highest level of TCE (0.98 mg/kg) detected during the SI sampling event was
at 15.1 m (49.5 ft) bgs, with low-levels of cis-1,2 DCE (0.05 mg/kg) and 1,1-DCE (0.02 mg/kg) detected.
Carbon disulfide (0.005 mg/kg) was detected at this location as well, but not detected at any other
location during investigation of the northeast corner source area. The second highest sample identified a
maximum TCE concentration of 0.63 mg/kg at 17.2 m (56.5 ft), with no degradation products detected
above the MDLs. A third location had a similar maximum detected TCE level of 0.6 mg/kg at 14 m (46 ft)
and included cis-1,2-DCE (0.019 mg/kg). The remaining three locations had low-levels of TCE (0.01 to
0.06 mg/kg) and degradation products and other VOCs including tetrachloroethene, 1,2-dichloroethane,
1,1-DCE, carbon tetrachloride, and chloroform detected. The results confirmed that contamination had
migrated to the area’s deeper soil.

Samples from a well cluster completed in the Upper Continental Recharge System (UCRS) and the RGA
were the only groundwater samples collected during the investigation of this unit. The TCE levels
declined from the UCRS to the RGA wells (280 to 99 pg/L).

C-720 Southeast Site (SWMU 211B). The source of VOC contamination found southeast of the C-720
Building is not certain. The VOCs found in this area may have originated from spills that occurred within the
building, with subsequent discharge to storm drains leading to the southeast corner of the building or from
spills or leaks on the loading dock or parking lot located to the southeast of the building. The area of concern
discovered during the WAG 27 Rl is near the outlet to one of the storm drains for the east end of the building.
A storm sewer inlet for the southeast parking lot also is located in the vicinity. The north edge of the parking
lot, where the contamination occurs, is the location of one of the loading docks for the C-720 Building, an
area where chemicals, including solvents, may have been loaded or unloaded. In the WAG 27 RI, the
maximum TCE concentration detected was 68 mg/kg at 6.4 m (21 ft) bgs.

During the Southwest Plume SI, two borings were placed through the parking lot adjacent to the C-720
Building loading dock. No groundwater samples were collected during investigation of this unit. Samples
had low-levels of TCE [maximum 0.20 mg/kg at 8.84 m (29 ft) bgs] with no associated degradation
products. The results indicated that the locations sampled were at the periphery of the source area defined
in the WAG 27 RL

Plant Storm Sewer (SWMU 102)

During the WAG 6 RI (DOE 1999b), VOC contamination of subsurface soils was identified near two of
the lateral lines that feed into the main storm sewer that runs south of the C-400 Building to Outfall 008
on the west side of PGDP. At one time, the eastern lateral appears to have been connected to the TCE
degreaser sump inside the C-400 Building. The TCE that leaked from the sump/storm sewer connection
to the surrounding soils had been identified as a potential source of groundwater contamination. There
was a possibility that TCE was transported down the lateral to the main storm sewer line running to
Outfall 008, encountered an undetermined breach in the storm sewer, and leaked to the surrounding soils
to become a source of TCE to the Southwest Plume.
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Soil sample results from the Southwest Plume SI indicated that low-levels of VOCs were present in the
backfill at the Storm Sewer (DOE 2007). No groundwater samples were taken during the investigation of
this unit. A video survey that confirmed the integrity of the Storm Sewer, combined with the soil sampling
results, demonstrated that the Storm Sewer was not a source of contamination to the Southwest Plume;
therefore, the Storm Sewer was not carried forward in the FFS for alternative evaluation.

PREVIOUS BASELINE RISK ASSESSMENT

The Southwest Plume SI (DOE 2007) used historical information and newly collected data to develop a
site model for each source area and presented a baseline human health risk assessment (BHHRA) and a
screening ecological risk assessment (SERA). In the BHHRA, information collected during the Southwest
Plume SI and results from previous risk assessments were used to characterize the baseline risks posed to
human health and the environment resulting from contact with contaminants in groundwater drawn from
the Southwest Plume in the RGA at the source areas. In addition, fate and transport modeling of selected
VOCs (TCE, cis-1,2-DCE, trans-1,2-DCE, and VC) in subsurface soils to RGA groundwater was
conducted. These results were used to estimate the future baseline risks that might be posed to human
health and the environment through contact with groundwater impacted by contaminants migrating from
the Oil Landfarm and C-720 Building Area to four points of exposure (POEs). The POEs assessed were at
the source, the plant boundary, DOE property boundary, and near the Ohio River. The modeling was
initiated after it was observed that cleanup levels determined to be protective of a rural resident using
groundwater drawn from a well at a PGDP property boundary were similar to or less than the average
concentrations of TCE in the Oil Landfarm and C-720 Building Area sources (DOE 2007). EPA
disagreed with the use of multiple POEs (especially the Plant and Facility boundaries) for purposes of
determining unacceptable risk to hypothetical residential users due to contaminated groundwater and that
widespread exceedances of maximum contaminant levels (MCLs) and/or risk-based concentrations in the
groundwater warranted a response action for the Southwest Plume.

Inhalation of vapor released from the groundwater into home basements was modeled quantitatively for
hypothetical rural residents based on measured TCE, cis-1,2-DCE, trans-1,2-DCE, and VC concentration
at the Oil Landfarm and the C-720 Building Area, as well as modeled TCE concentrations at the plant and
property boundaries. The potential air concentrations also were used for estimating excess lifetime cancer
risk (ELCR) and hazard for the hypothetical future on- and off-site rural resident.

Because data collected during the SI focused on the collection of subsurface soil and groundwater data to
delimit the potential sources of contamination to the Southwest Plume, the new material developed in the
BHHRA and SERA was limited to risks posed by contaminants migrating from potential source areas to
RGA groundwater and with direct contact with contaminated groundwater in the source areas.

BASELINE RISK ASSESSMENT CONCLUSIONS

For both the Oil Landfarm and the C-720 Building Area, the cumulative human health ELCR and hazard
index (HI) exceeded de minimis levels [i.e., a cumulative ELCR of 1 x 10 or a cumulative HI of 1] in the
PGDP Risk Methods Document for one or more scenarios (DOE 2001a). Additionally, risks from
household use of groundwater by a hypothetical on-site rural resident also exceeded those standards. The
land uses and media assessed for ELCR and HI to human health for each potential source area were taken
from earlier assessments with the exception of groundwater use and vapor intrusion by the hypothetical
future on- and off-site rural resident. These were newly derived in the BHHRA from measured and
modeled data collected during the Southwest Plume SI and previous investigations.
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In the BHHRA, it was determined that the hypothetical rural residential use of groundwater scenario and
vapor intrusion is of concern for both ELCR and HI at each source area, except the Storm Sewer, which is
of concern for ELCR only. The exposure routes of ingestion of groundwater, inhalation of gases emitted
while using groundwater in the home, and vapor intrusion from the groundwater into basements account
for about 90% of the total ELCR and HI.

For groundwater use by the hypothetical adult resident at the Oil Landfarm, VOC COCs include TCE;
cis-1,2-DCE; chloroform; and 1,1-DCE; all of which are “Priority COCs” (i.e., chemical-specific HI or
ELCR greater than or equal to 1 or 1 x 10-4, respectively), except for 1,1-DCE. The VOCs make up 78%
of a cumulative ELCR of 6.8 x 10-4 and 76% of a cumulative HI of 26. For groundwater use by the
hypothetical child resident, VOC COCs include TCE; cis-1,2-DCE, and chloroform, all of which are
“Priority COCs.” These VOCs make up 85% of a cumulative HI of 99.

At the C-720 Building Area, the VOC COCs for groundwater use by the hypothetical adult resident
include TCE; cis-1,2-DCE; VC; and 1,1-DCE, with all except VC being “Priority COCs.” The VOCs
make up 93% of a cumulative ELCR of 1.8 x 10-3 and 57% of the cumulative HI of 23. For groundwater
use by the hypothetical child resident, VOC COCs include TCE; cis-1,2-DCE; trans-1,2-DCE; and
1,1-DCE, all of which are “Priority COCs,” except for trans-1,2-DCE. The VOCs make up 76% of a
cumulative HI of 102.

At the Storm Sewer, the hypothetical adult residential COCs include TCE and 1,1-DCE, neither of which
is a “Priority COC.” The VOCs make up 100% of a cumulative ELCR of 7.9 % 10-6. The HI for the storm
sewer was less than 1 and, therefore, not of concern. For groundwater use by the hypothetical child
resident at the Storm Sewer, COCs include TCE and 1,1-DCE, neither of which is a “Priority COC.” The
VOCs make up 100% of a cumulative HI of 0.6 for the child hypothetical resident.

At the property boundary for the hypothetical adult resident, the migrating COCs from the Oil Landfarm
are TCE and VC with no “Priority COCs.” The VOCs make up 100% of the total ELCR of 1.4 x 10® and
the HI is less than 0.1. For the hypothetical child resident at the property boundary the COCs are TCE and
cis-1,2-DCE with no “Priority COCs.” The VOCs make up 85% of a cumulative HI of 0.4 for the child
hypothetical resident.

The COC migrating from the C-720 Building Area to the hypothetical adult resident at the property
boundary is VC, which is not a “Priority COC.” The VC makes up greater than 95% of the total ELCR of
1.1 x 10 and the HI is less than 0.1. For the hypothetical child resident at the property boundary, the HI
is less than 1. Based on results of previous and current modeling reported in the SI BHHRA, neither
metals nor radionuclides are COCs for contaminant migration from the Oil Landfarm or C-720 Building
Area.

The SERA, which used results taken from the Baseline Ecological Risk Assessment completed as part of the
WAG 27 RI, concluded that a lack of suitable habitat in the industrial setting at the Oil Landfarm and the
C-720 Building Area precluded exposures of ecological receptors under current conditions; therefore, it
was determined during problem formulation that an assessment of potential risks under current conditions
was unnecessary.

REMEDIAL ACTION OBJECTIVES
The Resolution (EPA 2008a) required that the FFS include an RAO for addressing source areas, including

treatment and/or removal of PTW consistent with CERCLA, the NCP (including the preamble), and
pertinent EPA guidance. RAOs were developed collaboratively with the EPA and Kentucky and are
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focused on VOCs in soils. The resulting RAOs were used in screening technologies and developing and
evaluating alternatives for the Oil Landfarm and C-720 Northeast and Southeast Sites:

(1) Treat and/or remove PTW consistent with the NCP.

(2a) Prevent exposure to VOC contamination in the source areas that will cause an unacceptable risk to
excavation workers (< 10 ft).

(2b) Prevent exposure to non-VOC contamination and residual VOC contamination through interim land
use controls (LUCs) within the Southwest Plume source areas (i.e., SWMU 1, SWMU 211-A and
SWMU 211-B), pending remedy selection as part of the Soils OU and the Groundwater OU.

(3) Reduce VOC migration from contaminated subsurface soils in the treatment areas at the Oil
Landfarm and C-720 Northeast and Southeast Sites so that contaminants migrating from the
treatment areas do not result in the exceedance of MCLs in the underlying groundwater.

Two types of RGs were developed to support the RAOs. Worker protection remediation goals (RGs) are
VOC concentrations in soils present at depths of 0-10 ft that would meet RAO #2a with no other controls
necessary. Groundwater protection RGs are VOC concentrations in subsurface soils that would meet
RAO #3 with no other controls necessary.

For purposes of the FFS, the treatment zone encompasses the soils directly below and within the
boundaries of the Oil Landfarm and C-720 Northeast and Southeast Sites. Soil RGs calculated for the
purposes of this document are based on VOC contaminant concentrations in soil that would not result in
exceedance of the MCLs in the RGA groundwater.

Alternatives were evaluated with respect to their effectiveness at attaining RGs and meeting the RAOs
based on previous source removal demonstrations at PGDP; literature reports of previous actions at other
sites; modeling of VOCs to determine exceedances of MCLs; and engineering judgment. After final
remedy selection, further definition for completion criteria will be stated in the ROD and quantified as
appropriate in the Remedial Action Work Plan.

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

CERCLA Section 121(d) and the NCP require compliance with ARARs as one of the threshold criteria.
Also, per the NCP at 40 CFR § 300.430(e)(9)(iii)(B), remedial alternatives shall be assessed to determine
whether they attain ARARs under federal environmental laws and state environmental or facility siting
laws or provide grounds for invoking a CERCLA waiver. ARARs do not include occupational safety or
worker protection requirements. Additionally, per 40 CFR § 300.405(g)(3), other advisories, criteria, or
guidance may be considered in determining remedies [to be considered (TBC) category]. The CERCLA
121(d)(4) provides several ARAR waiver options that may be invoked, provided that human health and
the environment are protected.

ARARSs typically are divided into three categories: (1) chemical-specific, (2) location-specific, and
(3) action-specific. Chemical-specific ARARs provide health- or risk-based concentration limits or
discharge limitations in various environmental media (i.e., surface water, groundwater, soil, or air) for
specific hazardous substances, pollutants, or contaminants. Location-specific ARARs establish
restrictions on permissible concentrations of hazardous substances or establish requirements for how
activities will be conducted because they are in special locations (e.g., floodplains or historic districts).
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Action-specific ARARs include operation, performance, and design of the preferred alternative based on
waste types and/or media to be addressed and removal/remedial activities to be implemented.

There are no chemical-specific ARARs for remediation of the contaminated subsurface soils at the source
areas; however, Kentucky drinking water standard MCLs at 401 KAR 8:420 for VOCs were used for
calculation of soil RGs. Location- and action-specific ARARs have been identified and evaluated for each
alternative in Section 4.

ALTERNATIVES

A primary objective of the FFS is to identify remedial technologies and process options that potentially
meet the RAOs and then combine them into a range of remedial alternatives. CERCLA requires
development and evaluation of a range of responses, including a no-action alternative, to ensure that an
appropriate remedy is selected. The selected final remedy must comply with ARARs and must protect
human health and the environment. The technology screening process consists of a series of steps that
include the following:

o Identifying general response actions (GRAs) that may meet RAOs, either individually or in
combination with other GRAs;

e Identifying, screening, and evaluating remedial technology types for each GRA; and
e Selecting one or more representative process options (RPOs) for each technology type.

DOE identified GRAs potentially applicable to the Southwest Plume source areas. These GRAs include
LUCs, monitoring, monitored natural attenuation, containment, removal, treatment, and disposal.
Technology types and process options representative of the GRAs then were identified, screened, and
evaluated. The criteria for identifying, screening, and evaluating technologies are provided in EPA’s
Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA (EPA 1983)
and the NCP. The initial technology screening eliminated some technologies on the basis of technical
impracticability.

Following the technology screening, RPOs were identified for each technology type. RPOs were selected
on the basis of effectiveness, technical and administrative implementability, and cost, relative to other
technologies in the same technology type. Alternatives then were developed by combining RPOs into a
range of comprehensive strategies to meet the RAOs.

The following alternatives were developed:

Alternative 1: No further action

Alternative 2: Long-term monitoring with interim LUCs

Alternative 3: In situ source treatment using deep soil mixing with interim LUCs

Alternative 4: Source removal and in Situ chemical source treatment with interim LUCs

Alternative 5: In situ thermal treatment and interim LUCs

Alternative 6: In situ source treatment using liquid atomized injection with interim LUCs
Alternative 7: In situ soil flushing and source treatment via multiphase extraction with interim LUCs
Alternative 8: In situ source treatment using enhanced in Situ bioremediation with interim LUCs
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Alternatives 6 and 7 were screened out of further evaluation at the Oil Landfarm due to the high relative
cost and difficulty in implementation due to the lower permeability soils. Alternatives 3 and 4 were
screened out of further evaluation at the C-720 Northeast and Southeast Sites on the basis of low technical
implementability, respectively, in comparison to other alternatives. Alternative 8 relies heavily on the
introduction of a bioamendment through the use of a horizontal infiltration gallery at the original location
of VOC contamination release into the subsurface. The original VOC migration pathways are well known
in the case of the Oil Landfarm, but not necessarily at the C-720 sites. In addition, due to the presence of
subsurface utilities and concrete surface cover, horizontal infiltration galleries are not considered
technically implementable at the C-720 Sites. For these reasons, Alternative 8 was screened out of further
evaluation at the C-720 Northeast and Southeast Sites. Alternatives 1, 2, 3, 4, 5, and 8 were advanced to
detailed analysis at the Oil Landfarm. Alternatives 1, 2, 5, 6, and 7 were advanced to detailed analysis at
the C-720 Northeast and Southeast Sites.

Alternatives are analyzed in detail and compared based on the CERCLA evaluation criteria. Overall
protection of human health and the environment and compliance with ARARs are categorized as
threshold criteria that any viable alternative must meet. Long-term effectiveness and permanence;
reduction of toxicity, mobility, and volume through treatment; short-term effectiveness; implementability;
and cost are considered balancing criteria upon which the detailed analysis is primarily based. Modifying
criteria (i.e., state and community acceptance) are evaluated following comment on the FFS and the
Proposed Plan and are addressed as a final decision is made and the ROD is prepared.

The comparative analysis identifies the relative advantages and disadvantages of each alternative, so that
the key tradeoffs that risk managers must balance can be identified. Alternatives are ranked with respect
to the evaluation criteria, and the overall detailed and comparative evaluations are summarized. Results of
the detailed and comparative analysis form the basis for preparing the Proposed Plan. Table ES.3
summarizes the results of the comparative analysis where a ranking of 1 least meets the criteria, and 9
best meets the criteria.
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Table ES.3. Summary of the Comparative Analysis of Alternatives*

Preliminary Ranking of Alternatives for the Oil Landfarm Site

Alternative | Alternative | Alternative Alternative Alternative 5 | Alternative Alternative Alternative
1 2 3 4 6 7 8
Evaluation Criteria | No Further Long-term In situ Source In situ In situ In situ Soil In situ
Action Monitoring Source Removal and Thermal Source Flushing and Source
Treatment In situ Source Treatment Source Treatment Treatment
Using Deep Chemical Treatment Using LAI | Using Multiphase | Using EISB
Soil Mixing Source Extraction
Treatment
Overall Protection of Does not Meets the Meets the Meets the Meets the NA NA Meets the
Human Health and meet the threshold threshold threshold threshold threshold
the Environment threshold criterion criterion criterion criterion criterion
criterion
Compliance with Does not Meets the Meets the Meets the Meets the NA NA Meets the
ARARs meet the threshold threshold threshold threshold threshold
threshold criterion criterion criterion criterion criterion
criterion
Long-term Low (1) Moderate to | Moderate to Moderate to Moderate to NA NA Moderate (5)
effectiveness Low (3) High (7) High (7) High (7)
Reduction in toxicity, Low (1) Low (1) Moderate to High (9) High (9) NA NA Moderate to
mobility, or volume High (7) High (7)
through treatment
Short-term Low (1) Moderate to | Moderate to | Moderate (5) Moderate (5) NA NA Moderate to
effectiveness Low (3) High (7) Low (3)
Implementability High (9) High (9) Moderate Moderate to Moderate to NA NA Moderate to
(6] Low (3) Low (3) High (7)
Overall cost rating** High (9) High (9) Moderate to Low (1) Low (1) NA NA High (9)
Low (3)
Average Balancing 4.2 5 5.8 5 5 NA NA 6.2
Criteria Rating
Total Project Cost $0 $2.9M $11.9M $28.3M $19.8M NA NA $6.1M
(Escalated)
Total Project Cost $0 $2.1M $10.6M $26.1M $18.1M NA NA $5.0M
(Unescalated)
Total Project Cost $0 $1.8M $10.3M $25.8M $17.8M NA NA $4.7M

(Present Worth)
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Table ES.3. Summary of the Comparative Analysis of Alternatives* (Continued)

Preliminary Ranking of Alternatives for the C-720 Northeast Site

Alternative | Alternative Alternative Alternative Alternative | Alternative Alternative Alternative
1 2 3 4 5 6 7 8
Evaluation Criteria No Further Long-term | In situ Chemical Source In situ In situ In situ Soil In situ
Action Monitoring Source Removal and Thermal Source Flushing and Source
Treatment Using In situ Source Treatment Source Treatment
Deep Soil Chemical Treatment Using LAI | Treatment Using | Using EISB
Mixing Source Multiphase
Treatment Extraction

Overall Protection of Does not Meets the NA NA Meets the Meets the Meets the NA
Human Health and the meet the threshold threshold threshold threshold
Environment threshold criterion criterion criterion criterion

criterion
Compliance with Does not Meets the NA NA Meets the Meets the Meets the NA
ARARs meet the threshold threshold threshold threshold

threshold criterion criterion criterion criterion

criterion
Long-term Low (1) Moderate to NA NA Moderate to Moderate Moderate to NA
effectiveness Low (3) High (7) (5) High (7)
Reduction in toxicity, Low (1) Low (1) NA NA High (9) Moderate to High (9) NA
mobility, or volume High (7)
through treatment
Short-term Low (1) Low (3) NA NA Moderate to Moderate Moderate to NA
effectiveness High (7) (5) High (7)
Implementability High (9) High (9) NA NA Low (1) Moderate Moderate to Low NA

&) (©)
Overall cost rating™** High (9) High (9) NA NA Low (1) Moderate to | Moderate to Low NA
Low (3) 3)

Average Balancing 4.2 5 NA NA 5 5 5.8 NA
Criteria Rating
Total Project Cost $0 $3.2M NA NA $15.6M $5.8M $5.4M NA
(Escalated)
Total Project Cost $0 $2.3M NA NA $14.0M $4.7M $4.3M NA
(Unescalated)
Total Project Cost $0 $1.9M NA NA $13.7M $4.3M $3.9M NA

(Present Worth)
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Table ES.3. Summary of the Comparative Analysis of Alternatives* (Continued)

Preliminary Ranking of Alternatives for the C-720 Southeast Site

Alternative | Alternative Alternative Alternative Alternative | Alternative Alternative Alternative
1 2 3 4 5 6 7 8
Evaluation No Further Long-term | In situ Chemical Source In situ In situ In situ Soil In situ Source
Criteria Action Monitoring Source Removal and Thermal Source Flushing and Treatment
Treatment Using In situ Source Treatment Source Using Enhanced
Deep Soil Chemical Treatment Using LAI | Treatment Using In situ
Mixing Source Multiphase Bioremediation
Treatment Extraction (EISB)

Overall Protection Does not Meets the NA NA Meets the Meets the Meets the NA
of Human Health meet the threshold threshold threshold threshold
and the threshold criterion criterion criterion criterion
Environment criterion
Compliance with Does not Meets the NA NA Meets the Meets the Meets the NA
ARARs meet the threshold threshold threshold threshold

threshold criterion criterion criterion criterion

criterion
Long-term Low (1) Moderate to NA NA Moderate to Moderate Moderate to NA
effectiveness Low (3) High (7) (5) High (7)
Reduction in Low (1) Low (1) NA NA High (9) Moderate to High (9) NA
toxicity, mobility, High (7)
or volume
through treatment
Short-term Low (1) Moderate to NA NA Moderate to Moderate Moderate to NA
effectiveness Low (3) High (7) (5) High (7)
Implementability High (9) High (9) NA NA Low (1) Moderate to Low (1) NA

Low (3)

Overall cost High (9) High (9) NA NA Low (1) Moderate to | Moderate to Low NA
rating** Low (3) 3)
Average 4.2 5 NA NA 5 4.6 54 NA

Balancing Criteria
Rating




¥1-S3

Table ES.3. Summary of the Comparative Analysis of Alternatives* (Continued)

Preliminary Ranking of Alternatives for the C-720 Southeast Site

(Present Worth)

Alternative | Alternative Alternative Alternative Alternative | Alternative Alternative Alternative
1 2 3 4 5 6 7 8
Evaluation No Further Long-term | In situ Chemical Source In situ In situ In situ Soil In situ Source
Criteria Action Monitoring Source Removal and Thermal Source Flushing and Treatment
Treatment Using In situ Source Treatment Source Using Enhanced
Deep Soil Chemical Treatment Using LAI | Treatment Using In situ
Mixing Source Multiphase Bioremediation
Treatment Extraction (EISB)
Total Project Cost $0 $3.2M NA NA $9.2M $5.3M $5.1M NA
(Escalated)
Total Project Cost $0 $2.3M NA NA $8.0M $4.2M $4.1M NA
(Unescalated)
Total Project Cost $0 $1.9M NA NA $7.6M $3.9M $3.7M NA

* Alternatives 2 through 8 include use of interim LUCs.

** A high overall cost rating corresponds to a low project cost relative to the site evaluated.

NA — Not Applicable. Alternative not retained for further analysis at the associated site due to reasons described in Section 3.5.
LAI - liquid atomization injection
EISB - enhanced in situ bioremediation

Alternative Rating Guide:

Balancing criteria are scored from 1 (worst) to 9 (best) for each alternative. The qualitative and numerical ratings correspond as follows:

9 — High

7 — Moderate to High
5 — Moderate

3 — Moderate to Low
1-Low




1. INTRODUCTION

This section provides a brief introduction to the Paducah Gaseous Diffusion Plant (PGDP) and an
explanation of the purpose and organization of the report. Background information, including the site
background and regulatory setting, is summarized. Site and area-specific descriptions including land use,
demographics, climate, air quality, noise, ecological resources, and cultural resources are summarized. An
overview is provided of the topography, surface water hydrology, geology, and hydrogeology of the
region and the study area. A conceptual site model summarizing the nature and extent of contamination
and fate and transport modeling of volatile organic compound (VOC) contaminants of concern (COCs)
are discussed.

1.1 PURPOSE AND ORGANIZATION

This Revised Focused Feasibility Study for Solid Waste Management Units 1, 211A, and 211B Volatile
Organic Compound Sources to the Southwest Groundwater Plume at the Paducah Gaseous Diffusion
Plant, Paducah, Kentucky, DOE/LX/07-0362&D1 (FFS), was prepared to evaluate remedial alternatives
for potential application at the U.S. Department of Energy’s (DOE’s) PGDP. This document has been
developed as a revision to the Focused Feasibility Study for the Southwest Groundwater Plume Volatile
Organic Compound Sources (Oil Landfarm and C-720 Northeast and Southeast Sites) at the Paducah
Gaseous Diffusion Plant, Paducah, Kentucky (DOE 2010a). Revisions include the presentation of
additional alternatives, which were developed and evaluated as a result of performance data, actual
project cost, and implementation information being generated from Phase I of the C-400 Interim
Remedial Action.

This work was prepared in accordance with the requirements of the Federal Facility Agreement for the
Paducah Gaseous Diffusion Plant (FFA) (EPA 1998a); the “Resolution of the Environmental Protection
Agency Letter of Non-Concurrence for the Site Investigation Report for the Southwest Plume at the
Paducah Gaseous Diffusion Plant, Paducah, Kentucky (DOE/OR/07-2180&D2/R1) and Notice of
Informal Dispute Dated November 30, 2007, McCracken County, Kentucky, KY 8-890-008-982"
(referred to as the Resolution) (EPA 2008a); and the Memorandum of Agreement for Resolution of
Informal Dispute for the Focused Feasibility Study for the Southwest Plume Volatile