






 DOE/LX/07-0335&D1 
Primary Document 

 
 
 
 

Engineering Evaluation/Cost Analysis  
for a Removal Action at the C-747 Contaminated Burial 

Yard and C-748-B Burial Area (SWMU 4) 
 at the Paducah Gaseous Diffusion Plant, 

Paducah, Kentucky 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CLEARED FOR PUBLIC RELEASE 





DOE/LX/07-0335&D1 
Primary Document 

 
 
 
 

Engineering Evaluation/Cost Analysis  
for a Removal Action at the C-747 Contaminated Burial Yard  

and C-748-B Burial Area (SWMU 4) 
 at the Paducah Gaseous Diffusion Plant, 

Paducah, Kentucky 
 
 
 
 
 
 
 

Date Issued—March 2010 
 
  
 
 
 
 
 
 
 
 
 

Prepared for the 
U.S. DEPARTMENT OF ENERGY 

Office of Environmental Management 
 
 
 

Prepared by 
PADUCAH REMEDIATION SERVICES, LLC 

managing the 
Environmental Remediation Activities at the 

Paducah Gaseous Diffusion Plant 
under contract DE-AC30-06EW05001 

 

 

CLEARED FOR PUBLIC RELEASE 



 

 

THIS PAGE INTENTIONALLY LEFT BLANK



 

iii 

CONTENTS 

FIGURES……….......................................................................................................................................... v 

TABLES  ……….. ....................................................................................................................................... v  

ACRONYMS ….. .......................................................................................................................................vii 

EXECUTIVE SUMMARY ......................................................................................................................... ix 

1. INTRODUCTION ................................................................................................................................ 1 
1.1  SITE DESCRIPTION ................................................................................................................. 1 
1.2  SITE HISTORY.......................................................................................................................... 6 
1.3  ENVIRONMENTAL SETTING ................................................................................................ 6 

1.3.1  Land Use ......................................................................................................................... 6 
1.3.2  Climate ............................................................................................................................ 7 
1.3.3  Geology........................................................................................................................... 7 
1.3.4  Hydrogeology.................................................................................................................. 8 
1.3.5  Threatened and Endangered Species............................................................................... 8 
1.3.6  Cultural, Archaeological, and Historic Resources .......................................................... 8 

1.4  PREVIOUS REMEDIAL ACTIONS AND INVESTIGATIONS ............................................. 9 
1.5  SOURCE, NATURE, AND EXTENT OF CONTAMINATION .............................................. 9 

 1.5.1 Ecological Risk ............................................................................................................. 11 
1.6  JUSTIFICATION FOR ACTION............................................................................................. 16 
1.7  COMMUNITY PARTICIPATION .......................................................................................... 16 

2.  REMOVAL SCOPE AND OBJECTIVES ......................................................................................... 17 
2.1  RESPONSE AUTHORITY ...................................................................................................... 17 
2.2  REMOVAL ACTION OBJECTIVES ...................................................................................... 17 

2.2.1 Remediation Goals for Soil.............................................................................................. 17 
2.3  APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS......................... 20 
2.4  SCOPE OF THE REMOVAL ACTION .................................................................................. 22 
2.5  INTEGRATION WITH RI/FS PROCESS FOR SWMU 4 ...................................................... 24 

3.  IDENTIFICATION OF REMOVAL ACTION ALTERNATIVES.................................................. 25 
3.1  ALTERNATIVE 1: NO ACTION............................................................................................ 25 
3.2  ALTERNATIVE 2: EXCAVATION AND DISPOSAL OF BURIED WASTE 

MATERIAL AND CONTAMINATED SOILS ....................................................................... 25 
3.2.1  Waste Generation and Management.............................................................................. 26 
3.2.2  Disposal ......................................................................................................................... 28 
3.2.3  Sequence of Excavation Activities ................................................................................ 28 

4.  ANALYSIS OF ALTERNATIVES.................................................................................................... 31 
4.1  EFFECTIVENESS.................................................................................................................... 31 

4.1.1  Alternative 1: No Action ............................................................................................... 31 
4.1.2  Alternative 2: Excavation and Disposal of Buried Waste Material and 

Contaminated Soils...................................................................................................... 343 
4.2  IMPLEMENTABILITY ........................................................................................................... 35 

4.2.1  Alternative 1: No Action ............................................................................................... 35 
4.2.2  Alternative 2: Excavation and Disposal of Buried Waste Material and 

Contaminated Soils........................................................................................................ 35 



 

iv 

4.3  COST ........................................................................................................................................ 37 
4.3.1  Alternative 1: No Action ............................................................................................... 37 
4.3.2  Alternative 2: Excavation and Disposal of Buried Waste Material and 

Contaminated Soils........................................................................................................ 37 
4.4 COMPARATIVE ANALYSIS OF ALTERNATIVES ............................................................ 37 

5.  RECOMMENDED REMOVAL ACTION ALTERNATIVE............................................................ 39 

6.  REFERENCES ................................................................................................................................... 41 

APPENDIX A:  APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS...........A-1 

APPENDIX B:  SUMMARY OF RISK CHARACTERIZATION FOR SWMU 4 AND  
REMEDIATION GOALS FOR THE SWMU 4 REMOVAL ACTION.................... B-1 

APPENDIX C:  COST ESTIMATE SUPPORTING INFORMATION FOR ALTERNATIVE 2....... C-1 



 

v 

FIGURES 

1.  SWMU 4 Location at PGDP................................................................................................................... 2 
2.  SWMU 4 Aerial Photograph (SWMU Administrative Boundary Shown in Red).................................. 3 
3.  Geophysical Survey Results for SWMU 4 ............................................................................................. 4 
4.  Expected Layout of SWMU 4 Burial Cells Based on Geophysical Results ........................................... 5 
5.  Sampling Locations for SWMU 4 ........................................................................................................ 10 
6.  SWMU 4 Conceptual Physical Illustration ........................................................................................... 13 
7.  Conceptual Model of SWMU 4 ............................................................................................................ 14 
8.  TCE Trends in Groundwater Surrounding SWMU 4 (June-July 2004)................................................ 15 
9.  SWMU 4 Excavation Physical Extent and Applicable RAOs .............................................................. 21 
10. Scope of SWMU 4 Removal Action Relative to Conceptual Site Model............................................. 23 
11. Anticipated Extent of Excavation for SWMU 4 Burial Cells ............................................................... 29 
12. Regional Poverty Level Surrounding PGDP (Source DOE 2004)........................................................ 32 

 
 
 

TABLES 

 
1.  Summary of SWMU 4 Potential Threats to Human Health and Environment Derived from the  

BGOU RI .............................................................................................................................................. 12 
2.  Example Remediation Goals for the SWMU 4 Removal Action.......................................................... 19 
3.  Size and Volume Estimates for the Four SWMU 4 Burial Cells and Potential Waste within  

SWMU 4 .............................................................................................................................................. 22 
4.  Estimated Approximate Waste Disposal Quantities, On-Site vs. Off-Site ........................................... 28 
5.  Comparative Analysis of Removal Action Alternatives....................................................................... 38 



 

 

THIS PAGE INTENTIONALLY LEFT BLANK



 

vii 

ACRONYMS 

 
AOC area of contamination 
ARAR applicable or relevant and appropriate requirement 
BGOU Burial Grounds Operable Unit 
bgs below ground surface 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 
CFR Code of Federal Regulations 
COC contaminant of concern 
DCE dichloroethene 
DNAPL dense nonaqueous-phase liquid 
DOE U.S. Department of Energy 
EE/CA engineering evaluation/cost analysis 
ELCR excess lifetime cancer risk 
EPA U.S. Environmental Protection Agency 
FFA Federal Facility Agreement 
FS feasibility study 
GAC granular activated carbon 
HI Hazard Index 
HQ hazard quotient 
KPDES Kentucky Pollutant Discharge Elimination System 
LDR land disposal restrictions 
LLW low-level waste 
MCL maximum contaminant level 
MLLW mixed low-level waste 
NCP National Oil and Hazardous Substances Pollution Contingency Plan 
NEPA National Environmental Policy Act 
NHPA National Historic Preservation Act 
NTCRA non-time-critical removal action 
NTS Nevada Test Site 
PCB polychlorinated biphenyl 
PGDP Paducah Gaseous Diffusion Plant 
PPE personal protection equipment 
PTW principal threat waste 
RAO removal action objective 
RAWP removal action work plan 
RCRA Resource Conservation and Recovery Act 
RG remediation goal 
RGA Regional Gravel Aquifer 
RI remedial investigation 
SAR SWMU assessment report 
SI site investigation 
SVOC semivolatile 
SWMU solid waste management unit 
SWOU Surface Water Operable Unit 
TBC to be considered 
TCE trichloroethene 
T&E threatened and endangered 



 

viii 

UCRS Upper Continental Recharge System 
UF6 uranium hexafluoride 
USFWS U.S. Fish and Wildlife Service 
VC vinyl chloride 
VOC volatile organic compound 
WAC waste area criteria 
WAG waste area group 
WKWMA West Kentucky Wildlife Management Area 



 

ix 

EXECUTIVE SUMMARY 

 
The U.S. Department of Energy (DOE) has prepared this Engineering Evaluation/Cost Analysis (EE/CA) 
to evaluate alternatives that will address the potential threat to human health and the environment 
resulting from the release or potential release of contaminants of concern (COCs) from buried waste 
materials at Solid Waste Management Unit (SWMU) 4 within the Burial Grounds Operable Unit (BGOU) 
at the Paducah Gaseous Diffusion Plant (PGDP) in Paducah, Kentucky.  
 
SWMU 4 consists of the C-747 Contaminated Burial Yard and C-748-B Burial Area, which were 
historically utilized for disposal of radiologically contaminated and uncontaminated debris originating 
from the C-410 uranium hexafluoride (UF6) feed plant. It also may have received sludges designated for 
disposal in the C-404 Burial Ground, which may have included uranium-contaminated solid waste and 
technetium-99-contaminated magnesium fluoride and waste associated with the work for others program. 
Four subsurface buried waste cells are expected to exist within SWMU 4 based on site geophysical 
investigations conducted as part of the Waste Area Group (WAG) 3 Remedial Investigation (RI) (DOE 
2001a). 
 
The BGOU RI documented the release of hazardous substances in surface soils, subsurface soils, and 
groundwater at SWMU 4 (DOE 2010). The BGOU RI also indentified SWMU 4 as a significant source to 
the Southwest Plume at PGDP. The contaminants in SWMU 4 include trichloroethene (TCE) and its 
degradation products (vinyl chloride and cis 1,2-dichloroethene); polychlorinated biphenyls (PCBs); 
radionuclides (cesium-137, plutonium-239, technetium-99, thorium-230, isotopic uranium); and metals 
(arsenic, manganese, beryllium, vanadium, lead and iron). Based on the conclusions of the BGOU RI, 
SWMU 4 presents current and potential future threats to human health and the environment. Risks to 
human health from SWMU 4 for some receptors exceed the upper limit of the U.S. Environmental 
Protection Agency’s (EPA’s) acceptable risk range [i.e., excess lifetime cancer risk (ELCR) 1E-06 to 1E-
04], and contaminants of potential ecological concern were identified. Conditions at SWMU 4 make a 
removal action consistent with the National Oil and Hazardous Substances Pollution Contingency Plan, 
40 CFR § 300.415 (b)(2). 
 
DOE has determined that a non-time-critical removal action (NTCRA), under the Comprehensive 
Environmental Response, Compensation and Liability Act and the Federal Facility Agreement, is 
warranted to address the risks associated with SWMU 4. Any remaining threats following the NTCRA, 
including dense nonaqueous-phase liquid (DNAPL) sources and contaminants in groundwater, will be 
addressed as part of the final remedial action for SWMU 4 under the BGOU. An NTCRA will provide the 
most appropriate level of analysis, oversight, public participation, and flexibility to conduct cleanup in a 
cost-effective manner that achieves risk reduction and protects human health and the environment in a 
timely manner. 
 
This EE/CA evaluated two alternatives: (1) No Action and (2) Excavation and Disposal of Buried Waste 
Material and Contaminated Soils. The recommended removal action alternative based on the analysis in 
this EE/CA is Alternative 2: Excavation and Disposal of Buried Waste Material and Contaminated Soils. 
The Remedial Action Objectives for this action include the following: 
 
• Prevent future contaminant migration from buried waste to the environment such that it does not 

present unacceptable direct exposure risks to future receptors or migration to groundwater above 
acceptable levels. 

 



 

x 

• Prevent exposure from surface soil metals and radionuclides that would cause an unacceptable 
cumulative risk to future industrial workers. 
 

• Prevent exposure to subsurface soil metals, radionuclides, and semivolatile organic compounds within 
the SWMU administrative boundary (as illustrated in Figure 4 of this EE/CA) to 16 ft bgs that would 
cause an unacceptable cumulative risk to future outdoor worker/gardeners.1 

 
• Prevent migration of metals, radionuclides, and volatile organic compounds (VOCs) in the top 16 ft of 

soil such that they will not contribute contamination to the Regional Gravel Aquifer (RGA) 
groundwater exceeding maximum contaminant levels (MCLs), or in the absence of an MCL, a risk-
based concentration. 

 
The scope of Alternative 2 includes the following: 
 
• Removal of all visible metals, disposed materials, and incidental soils (i.e., soils removed as a by-

product of exhuming buried waste materials) from the area of SWMU 4 burial cells; 

• Ensure that at completion of excavation, residual risk within the administrative boundary of SWMU 4 
to a depth of 16 ft bgs would achieve removal action objectives;  

• Disposal of excavated materials and contaminated soils in an appropriate disposal facility; and 

• Backfill of excavation areas with clean soil and site restoration. 

Alternative 2 would remove buried waste materials and contaminated soil in SWMU 4. The soil 
remediation goals (RGs) used to direct the removal would reduce cumulative direct contact risks and 
hazards to future industrial and excavation workers to within EPA’s acceptable cancer risk range (i.e., 
ELCR = 1E-06 to 1E-04) and below EPA’s hazard limit (i.e., hazard index = 1), respectively. 
Additionally, the soil RGs would reduce contaminant migration at SWMU 4 to the underlying RGA to a 
level that is protective of safe drinking water standards (i.e., MCLs or suitable risk-based concentrations 
for contaminants without MCLs.). The estimated maximum volume of waste generated for disposal upon 
implementation of this alternative is approximately 116,000 yd3. Applicable or relevant and appropriate 
requirements defined for Alternative 2 are expected to be met.  
 
Early removal of the metallic debris in the burial cells also would leave SWMU 4 in a state more 
conducive to effective implementation of a groundwater remedy because the subsurface physical 
interferences to groundwater treatment technologies no longer would be present.   
 
This removal action will be implemented in parallel with the ongoing BGOU RI/Feasibility Study 
process. The proposed NTCRA would not address all problems warranting action identified in the BGOU 
RI associated with SWMU 4. Following the removal action, the scope of the final action pertaining to 
SWMU 4 would include the following residual threats to human health and the environment:  
 
• Potential risks to ecological receptors associated with remaining constituents in surface and 

subsurface soil not excavated as part of the removal action; 
 
• Residual contamination in the Upper Continental Recharge System (UCRS) with the potential for 

unacceptable impact to the RGA; and 
                                                      
1 This exposure scenario correlates to the “excavation worker” scenario in the BGOU RI (DOE 2010). 
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• VOC DNAPL in the UCRS and RGA. 
 
The BGOU final remedial action would address remaining risks to human health and the environment 
associated with SWMU 4.  
 
The public is encouraged to comment on the alternatives presented in this EE/CA. Following the public 
comment period, an Action Memorandum will be prepared by DOE and added to the PGDP 
Administrative Record, which is accessible to the public. All responses to the public comments will be 
included in the Responsiveness Summary of the Action Memorandum.  
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1. INTRODUCTION 
 
 
Pursuant to Section X of the Federal Facility Agreement for the Paducah Gaseous Diffusion Plant (FFA) 
(EPA 1998) and the Removal Notification approved by U.S. Environmental Protection Agency (EPA) 
and Kentucky Department for Environmental Protection, the U.S. Department of Energy (DOE) is 
performing a non-time-critical removal action (NTCRA) to address the potential threat to human health 
and the environment resulting from the release or potential release of buried waste materials and 
contaminants of concern (COCs) at Solid Waste Management Unit (SWMU) 4 within the Burial Grounds 
Operable Unit (BGOU) at the Paducah Gaseous Diffusion Plant (PGDP) in Paducah, Kentucky.  
 
This Engineering Evaluation/Cost Analysis (EE/CA) defines conditions warranting a removal action, 
identifies the objectives of the removal action, evaluates alternatives that address the current and potential 
threats from release of contaminants to the environment, and provides a vehicle for public comment per 
the National Oil and Hazardous Substances Pollution Contingency Plan (NCP), 40 CFR § 300.415. 

1.1 SITE DESCRIPTION  
 
SWMU 4 consists of two former waste burial grounds located in the western section of the PGDP plant 
within the plant security controlled area (Figure 1). SWMU 4 covers an area of approximately 286,700 
ft2. The SWMU is an open field, bounded on the north, east, and west by plant roads and on the south by 
an active railroad spur, with a short, narrow gravel road that enters from the west, and is nearly 
completely grass covered (Figure 2). A 2 to 3 ft cover of soil material and a 6-inch clay cap cover the 
entire SWMU 4 area (DOE 2010), though it is uncertain whether the grasses on-site grow through the cap 
or if additional soil exists over the clay cap.  
 
Shallow drainage swales on three sides (north, east, and west) of SWMU 4 direct surface runoff to the 
northwest corner of the site and beneath Virginia Avenue through a drainage culvert where it discharges 
into the main drainage ditch to Kentucky Pollutant Discharge Elimination System (KPDES) Outfall 015 
(Figure 1). The Surface Water Operable Unit (SWOU) Site Investigation (SI) will assess the nature and 
extent of any contamination, and remediation of these swales will occur as part of the SWOU. There is an 
elevation difference of approximately 10 ft from the highest point within the SWMU boundary to the 
adjacent drainage swales.  
 
Four subsurface buried waste cells are expected to exist within SWMU 4 based on site geophysical 
investigations conducted as part of the Waste Area Group (WAG) 3 Remedial Investigation (RI) (DOE 
2001a) (Figure 3). Figure 4 presents the estimated areas of the burial cells based on these geophysical 
interpretations and delineates the administrative boundary of SWMU 4 in red. The burial cells are 
expected to exist to a depth of 15-18 ft bgs. Additionally, an active raw water pipe cuts across the 
southeastern portion of the SWMU, approximately 30 ft from the nearest delineated burial cell with its 
base at a depth of approximately 367 ft above mean sea level (amsl), which is approximately 8-10 ft 
below the current grade in this area (DOE 2010). This pipe serves as one of two main conveyances of 
untreated Ohio River water into the PGDP, which is necessary for current operations. 
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Figure 1. SWMU 4 Location at PGDP 
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1.2 SITE HISTORY 
 
SWMU 4 consists of the C-747 Contaminated Burial Yard and C-748-B Burial Area. The C-747 
Contaminated Burial Yard was in operation from 1951 to 1958 for the disposal of radiologically 
contaminated and uncontaminated debris originating from the C-410 uranium hexafluoride (UF6) feed 
plant. The area originally consisted of two pits covering an area of approximately 8,300 ft2 (50 ft by 15 ft 
and 50 ft by 150 ft) (Union Carbide 1978). 
 
According to employee interviews, a majority of the contaminated metal was buried in the northern part 
of the yard. Some of the trash was burned before burial. Scrapped equipment with surface contamination 
from the enrichment process also was buried. When the yard was closed, a smaller pit was reported to 
have been created for the disposal of radiologically contaminated scrap metal that could not be sold 
(Union Carbide 1973). 
 
The original SWMU Assessment Report (SAR) for SWMU 4, dated August 24, 1987, included only the 
C-747 Contaminated Burial Yard; however, the C-748-B Burial Area, located on the west side of C-747, 
is identified as a Proposed Chemical Landfill Site in the 1973 Union Carbide document on waste disposal 
(Union Carbide 1973). The C-748-B Burial Area was incorporated into various descriptions of SWMU 4 
starting in the mid-1990s based on geophysical surveys. As a result of this addition, the area of the 
SWMU was changed from 8,300 ft2 to 286,700 ft2 and documented in the revised SAR (DOE 2007a).  
 
In the fall of 1999, employee interviews led to the designation the C-747 Contaminated Burial Yard as a 
classified area, and appropriate access restrictions were implemented. 
  
SWMU 4 also may have received sludges designated for disposal at the C-404 Burial Ground (BGOU 
SWMU 3). The source of these sludges is unknown, but the WAG 3 RI Work Plan (DOE 1998) indicated 
that the sludges potentially included uranium-contaminated solid waste and technetium-99 (99Tc)-
contaminated magnesium fluoride. The total volume of waste material disposed at SWMU 4 is unknown.  
 
 
1.3 ENVIRONMENTAL SETTING 
 
1.3.1 Land Use 

The PGDP limited area (i.e., inside the security fence) is heavily industrialized; however, the area 
surrounding the plant is mostly agricultural and open land, with some forested areas. The reasonably 
anticipated future land use of the PGDP Limited Area (where SWMU 4 is located) is industrial; however, 
final decisions associated with future land use at SWMU 4 will be made in conjunction with the BGOU 
remedial action process under the Comprehensive Environmental Response, Compensation and Liability 
Act (CERCLA). The PGDP is posted government property and trespassing is prohibited. Access to the 
PGDP Limited Area is controlled by guarded checkpoints, a perimeter fence, and vehicle barriers and is 
subject to routine patrol and visual inspection by plant protective forces. The DOE Reservation 
surrounding the PGDP limited area includes 1,986 acres licensed to the Commonwealth of Kentucky 
Department of Fish and Wildlife Resources. This area is part of the Western Kentucky Wildlife 
Management Area (WKWMA) and borders PGDP to the north, west, and south. The WKWMA is an 
important recreational resource for western Kentucky and is used by more than 10,000 people each year. 
Major recreational activities include hunting, field trials for dogs and horses, trail riding, fishing, and 
skeet shooting. The Tennessee Valley Authority Shawnee Steam Plant, adjacent to the northeast border of 
the DOE Reservation, is the only other major industrial facility in the immediate area. 
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1.3.2  Climate  

Current and historical meteorological information regarding temperature, precipitation, and wind 
speed/direction was obtained from the National Oceanic and Atmospheric Administration’s National 
Climatic Data Center. Additional data were obtained from the National Weather Service office at Barkley 
Regional Airport. 
 
The climate of the PGDP region is humid-continental. Summers are warm (July averages 79 °F) and 
winters are moderately cold (January averages 35 °F). PGDP experiences a yearly surplus of precipitation 
versus evapotranspiration. The 30-year average monthly precipitation for the period 1961 through 1990 is 
4.11 inches,2 varying from an average of 3.00 inches in October (the monthly average low) to an average 
of 5.01 inches in April (the monthly average high). Monthly estimates of evapotranspiration using the 
Thornthwaite method (Thornthwaite and Mather 1957) equal or exceed average rainfall for the period 
May through September (season of no net infiltration). 
 
The prevailing wind is from the south-southwest at approximately 10 miles per hour. Historically, 
stronger winds are recorded when the winds are from the southwest. 
 
1.3.3 Geology 

PGDP is located in the Jackson Purchase Region of Western Kentucky, which represents the northern tip 
of the Mississippi Embayment portion of the Coastal Plain. The Jackson Purchase Region is an area of 
land that includes all of Kentucky west of the Tennessee River. The stratigraphic sequence in the region 
consists of Cretaceous, Tertiary, and Quaternary sediments unconformably overlying Paleozoic bedrock.  
 
Within the Jackson Purchase Region, strata deposited above the Precambrian basement rock attain a 
maximum thickness of 3,659 m to 4,573 m (12,000 ft to 15,000 ft). Exposed strata in the region range in 
age from Devonian to Holocene. The Devonian stratum crops out along the western shore of Kentucky 
Lake. 
 
Mississippian carbonates form the nearest outcrop of bedrock and underlie the entire PGDP area at an 
approximate depth of 300 to 340 ft. The Coastal Plain deposits unconformably overlie Mississippian 
carbonate bedrock and consist of the following: the Tuscaloosa Formation; the sand and clays of the 
Clayton/McNairy Formations; the Porters Creek Clay; and the Eocene sand and clay deposits (undivided 
Jackson, Claiborne, and Wilcox Formations). Continental deposits unconformably overlie the Coastal 
Plain deposits, which are, in turn, covered by loess and/or alluvium.  
 
Relative to the shallow groundwater flow system in the vicinity of the PGDP, the continental deposits and 
the overlying loess and alluvium are of key importance. The continental deposits locally consist of an 
upper silt member, with lesser sand and gravel interbeds, and a thick, basal sand and gravel member, 
which fills a buried river channel. A subcrop of the Porters Creek Clay, located beneath and immediately 
south of PGDP, marks the southern extent of the buried river channel. Fine sand and clay of the McNairy 
Formation directly underlie the continental deposits. These continental deposits are continuous from 
beneath the PGDP to beyond the present course of the Ohio River. 
 
The general soil map for Ballard and McCracken counties indicates that three soil associations are found 
within the vicinity of PGDP (USDA 1976): the Rosebloom-Wheeling-Dubbs association, the Grenada- 
Calloway association, and the Calloway-Henry association. The predominant soil association in the 

                                                      
2 For the recent five-year period June 2002 through May 2007, average monthly precipitation was slightly less (3.90 inches), 
ranging from 3.25 inches in October (monthly average low) to 4.94 inches in September (monthly average high). 
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vicinity of PGDP is the Calloway-Henry association, which consists of nearly level, somewhat poorly 
drained to poorly drained, medium-textured soils on upland positions. Several other soil groups also occur 
in limited areas of the region, including the Grenada, Falaya-Collins, Waverly, Vicksburg, and Loring. 
 
Although the soil over most of PGDP may be Henry silt loam with a transition to Calloway, Falaya-
Collins, and Vicksburg away from the site, many of the characteristics of the original soil have been lost 
due to industrial activity that has occurred over the past 45 years. Activities that have disrupted the 
original soil stratification include excavation, filling, mixing, and grading. 
 
1.3.4  Hydrogeology 

There are no direct measurements of the depth of the water table beneath SWMU 4; however, the 
stratigraphy is expected to be comparable to that of SWMUs 2 and 3, and groundwater is expected to be 
approximately 10 to 15 ft bgs, likely extending up into the burial cells. The Upper Continental Recharge 
System (UCRS) is saturated from the water table down. Groundwater flow through the UCRS is primarily 
downward to the top of the Regional Gravel Aquifer (RGA), which is approximately 60 ft bgs. Limited 
lateral dispersion results as groundwater and contaminants migrate vertically through the UCRS.  
 
Once groundwater reaches the RGA, the predominant flow is horizontal. The RGA serves as the primary 
exit pathway for groundwater from within the PGDP property boundary (DOE 2001a). The dominant 
flow paths in the RGA beneath SWMU 4 are expected to be north to northwest, based on the northwest 
flow direction observed in the immediate area south of SWMU 3 and the general west-northwest trend of 
the Southwest Plume. It is anticipated that the hydraulic conductivity of the RGA is similar to that of 
other on-site areas containing the main contaminant plumes, 1,200 to 1,300 ft/day. Average RGA 
groundwater flow velocity in the areas of the contaminant plumes is commonly 1 to 3 ft/day. 

1.3.5 Threatened and Endangered Species 

Potential habitat for federally listed threatened and endangered (T&E) species was evaluated for the area 
surrounding PGDP during the 1994 U.S. Army Corps of Engineers environmental investigation of the 
PGDP (COE 1994) and inside the fence of PGDP during the 1994 investigation of sensitive resources at 
PGDP (CDM 1994). Investigation inside PGDP security fence did not detect any T&E species or their 
preferred habitats, and the U.S. Fish and Wildlife Service (USFWS) has not designated critical habitat for 
any species within DOE property; however, a 2007 USFWS investigation determined that most of PGDP 
is within a maternity circle for Indiana Bat (listed endangered). Subsequently, the USFWS has conducted 
a biological assessment of Indiana bat in support of the draft Indiana Bat Recovery Plan (USFWS 2007). 
The assessment indicates that PGDP is within 5 miles of a maternity capture for Indiana bat; therefore, 
PGDP is designated within the Mississippi River Recovery and Mitigation Focus Area where Indiana bat 
minimization and mitigation efforts will be undertaken or attempted. 
 
1.3.6 Cultural, Archaeological, and Historic Resources 

In accordance with the National Historic Preservation Act (NHPA), a Programmatic Agreement among 
the DOE Paducah Site Office, the Kentucky State Historic Preservation Officer, and the Advisory Council 
on Historic Preservation Concerning Management of Historical Properties, was signed in January 2004. 
DOE developed the Cultural Resources Management Plan for the Paducah Gaseous Diffusion Plant, 
Paducah Gaseous Diffusion Plant, McCracken County, Kentucky (BJC 2006) to define the preservation 
strategy for PGDP and direct efficient compliance with the NHPA and federal archaeological protection 
legislation at PGDP. PGDP facilities are documented with survey forms and photographs in the Cultural 
Resources Survey for the Paducah Gaseous Diffusion Plant, Paducah, Kentucky, BJC/PAD–688/R1. No 
cultural, archaeological, and historical resources have been identified within the vicinity of SWMU 4. 
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1.4 PREVIOUS REMEDIAL ACTIONS AND INVESTIGATIONS 
 
There have been no previous CERCLA response actions for SWMU 4; however, in 1982 the entire 
SWMU was covered with 2 to 3 ft of soil material and a 6-inch clay cap (DOE 1998). During the summer 
of 1999, a small sinkhole (approximately 3 ft across and 3 ft deep) developed in the southern burial cell, 
apparently from settling of material within the SWMU. The sinkhole was backfilled with soil.  
 
Previous source investigation work in and near SWMU 4 included sampling of soils and groundwater, a 
geophysical survey, document research, and personnel interviews. These investigations include the Phase 
II SI (CH2M HILL 1992), the WAG 3 RI (DOE 2001a), the Data Gaps Investigation (DOE 2001b), and 
the Southwest Plume SI (DOE 2007b). During the most recent RI, the BGOU RI (DOE 2010), results 
from the previous investigations were summarized, and sampling results were used to complete additional 
modeling of contaminant migration to the RGA. 
 
In addition to the reports of previous investigations, the following documents provide historical context to 
plant operations and practices as they relate to on-site disposal of waste:  
 
• The Discard of Scrap Materials by Burial at the PGDP (Union Carbide 1973);  
 
• The Disposal of Solid Waste at the PGDP (Union Carbide 1978); and 
 
• Remedial Investigation Report for the Burial Grounds Operable Unit at the Paducah Gaseous 

Diffusion Plant, Paducah, Kentucky (DOE 2010).  
 
The data and conclusions from these reports provide the basis for the site conditions and nature and extent 
of contamination used for the evaluation of removal action alternatives in this EE/CA. In addition, a 
Feasibility Study (FS) for the BGOU is currently in progress and provided information to support the 
description and evaluation of removal action alternatives and analysis in this EE/CA. These documents 
may be obtained from the Administrative Record for the BGOU.  

 
1.5 SOURCE, NATURE, AND EXTENT OF CONTAMINATION 
 
Sampling information for SWMU 4 was collected from a number of locations at depths ranging from 3 to 
60 ft bgs for the WAG 3 RI (DOE 2001a) and is further evaluated in the BGOU RI (DOE 2010). During 
scoping for the BGOU RI Work Plan, it was determined that sufficient data existed to move forward to 
the FS for SWMU 4; therefore, no additional data for SWMU 4 was collected. A map of sampling 
locations at SWMU 4 is presented in Figure 5. 
 
The BGOU RI documented the release of hazardous substances to surface soils, subsurface soils, and 
groundwater at SWMU 4. The environmental media include surface soil, subsurface soil, the shallow 
groundwater of the UCRS, and samples of groundwater drawn from the RGA and McNairy Formation.  
 
The BGOU RI Appendix F contains a baseline risk assessment that documents risks posed to human 
health and the environment. To determine COCs for direct contact to human receptors in soil, the BGOU 
RI compared quantitative risk and hazard results over all pathways relative to hazard benchmarks for land  
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use scenarios of concern.3 The benchmarks used for this comparison were a) 0.1 for hazard index (HI); 
and b) 1 × 10-6 for excess lifetime cancer risk (ELCR). Contaminants with chemical-specific HIs or 
ELCRs within a land use scenario of concern exceeding these benchmarks are deemed COCs.  
 
Additionally, fate and transport modeling was performed to determine whether constituents in surface and 
subsurface soil had the potential to migrate to RGA groundwater underlying SWMU 4. Contaminants 
predicted to impact RGA groundwater above protective levels are also deemed COCs. 
 
Table 1 provides a summary of the COCs and conditions at SWMU 4 warranting further evaluation 
derived from the results of the BGOU RI report (DOE 2010). The baseline risk assessment summary that 
supports this table is presented in Appendix B of this EE/CA.  
 
Figure 6 shows a representative cross-sectional illustration of SWMU 4 delineating COCs at varying 
depths within the SWMU boundary based on the sampling information from the locations illustrated in 
Figure 5. It should be noted that the Figure 6 representation does not account for uncertainty regarding the 
contents of the buried waste cells or the presence of many metals that may qualify as within a reasonable 
range of background. Figure 7 presents a conceptual model of SWMU 4 and all expected current or future 
pathways to potential receptors. Figure 8 presents trichloroethene (TCE) trends in groundwater in the 
vicinity of SWMU 4, which supports the determination of a dense nonaqueous-phase liquid (DNAPL) 
source beneath the SWMU.  
 
1.5.1 Ecological Risk 

The BGOU RI included a Screening Ecological Risk Assessment for SWMU 4. Comparison of site 
characterization data against No Further Action screening levels determined that SWMU 4 metals and 
organic compounds (in surface soil) are chemicals of potential ecological concern.  
 

                                                      
3 Land use scenarios of concern evaluated in the BGOU RI included: current and future industrial workers; future outdoor 
worker/gardeners; future residents within the SWMU 4 boundary; and future residents using groundwater drawn from the PGDP 
or DOE property boundary. 
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Table 1. Summary of SWMU 4 Potential Threats to Human Health and Environment Derived from the 
BGOU RI 

POTENTIAL THREATS TO HUMAN HEALTH AND THE 
ENVIRONMENT 

PHYSICAL SCOPE 

Buried waste materials present a risk to future outdoor 
worker/gardeners and a potential future contribution to RGA 
groundwater and subsurface soils.  

Four burial cells extend to a depth of 15-18 
ft; however, maximum depth of visible 
wastes is not known. Burial cells are 
expected to encompass an area of 
approximately 86,375 ft2. 

Radionuclides and metals in surface soil present a cumulative 
ELCR=5.4E-04 and HI=3.62E+00 to future industrial workers, 
exceeding an ELCR=1E-06 and HI=1 (without Be, cumulative 
ELCR is 1.62E-05). 
 
COCs are beryllium, 238U, chromium, iron, vanadium, and barium. 

Area of SWMU administrative boundary to a 
depth of 1 ft bgs. 

Constituents in surface soil present a cumulative risk to hypothetical 
future on-site residents (ELCR=4.3E-03; HI=9.82E+01) if the land 
use conditions at PGDP were to change in the future, exceeding 
ELCR=1E-06 and HI=1 (without Be, cumulative ELCR is 1.24E-
03). 
 
COCs are beryllium, uranium, PCBs, iron, chromium, vanadium, 
barium, cadmium, and nickel. 

Area of SWMU administrative boundary to a 
depth of 1 ft bgs. 

Constituents in subsurface soil present a cumulative ELCR=2.7E-03 
and HI=2.61E+00 to future outdoor worker/gardeners, exceeding an 
ELCR=1E-06 and an HI=1.  
 
COCs are uranium, beryllium, dioxins/furans, PCBs, 226Ra, arsenic, 
chromium, iron, vanadium, manganese, aluminum, barium, and 
cadmium. 

Area of SWMU administrative boundary to a 
depth of 16 ft bgs. 

VOCs in the subsurface constitute a DNAPL continuing source to 
groundwater, which represents a PTW.* COCs are TCE, VC, and 
cis-1,2-DCE. 

TCE and degradation products underlie the 
southern burial area and the western 
boundary of the SWMU to a depth of 20 ft- 
~90 ft bgs. 

Metals, radionuclides, and VOCs in subsurface soil exceed 
concentration criteria for cumulative risk (ELCR= 5.41E-02; 
HI=5.82E+02) to a potential future residential groundwater user.  
 
COCs are TCE, VC, arsenic, 99Tc, manganese, cis-1,2-DCE, and 
VC. All of these COCs, with the exception of manganese, are also 
expected based on modeling to migrate to RGA groundwater at 
concentrations exceeding MCLs.  

• Arsenic from 0-6 ft bgs. 

• Source of 99Tc detected in soil from 3-6 ft 
bgs but may extend throughout the area of 
the waste cells. 

• TCE and degradation products in southern 
area of SWMU to a depth of 100 ft bgs. 

 
* PTW is defined by EPA as “source materials considered to be highly toxic or highly mobile that generally cannot be reliably contained or 
would present a significant risk to human health or the environment should exposure occur” (EPA 1991). EPA also recognizes that “although no 
threshold level of risk has been established to identify principal threat waste, a general rule of thumb is to consider as a principal threat those 
source materials with toxicity and mobility characteristics that combine to pose a potential risk several orders of magnitude greater than the risk 
level that is acceptable for the current or reasonably anticipated future land use, given realistic exposure scenarios” (EPA 1997). 

 
COC = contaminant of concern    PGDP = Paducah Gaseous Diffusion Plant 
DCE = dichloroethene    PTW = principal threat waste 
DNAPL = dense nonaqueous-phase liquid   RGA = Regional Gravel Aquifer 
ELCR = excess lifetime cancer risk   SWMU = solid waste management unit 
HI = hazard index     99TC = technetium-99 
MCL = maximum contaminant level   TCE = trichloroethene 
PCB = polychlorinated biphenyl    VC = vinyl chloride 
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1.6 JUSTIFICATION FOR ACTION 
 
Under Executive Order 12580, Superfund Implementation, DOE, as lead agency, is authorized to take 
action to reduce the adverse effects of contamination at its facilities that pose a threat to human health and 
the environment. Section 300.415(b)(1) of the NCP states, “the lead agency may take any appropriate 
removal action to abate, prevent, minimize, stabilize, mitigate, or eliminate the release or threat of 
release.” This determination should be based on the factors identified in 40 CFR § 300.415(b)(2).  
 
Based on the conclusions of the BGOU RI, conditions at SWMU 4 meet the criteria for a removal action 
as stated in the NCP, 40 CFR § 300.415 (b)(2)(i), (iii), (v), and (viii) for the following reasons: 

CERCLA hazardous substances (e.g., arsenic, TCE, polychlorinated biphenyls, and radionuclides) in 
surface soil, subsurface soil, and buried waste material pose a potential threat to industrial workers and 
excavation workers should they be exposed to these contaminants. The BGOU RI (DOE 2010) presents 
human health hazard and risk calculated for SWMU 4. For current and future on-site industrial workers, 
the cumulative ELCR is within the U.S. Environmental Protection Agency (EPA) risk range (i.e., 1E-06 
to 1E-04); however, cumulative ELCR for the future on-site excavation worker is greater than 1E-04. The 
major contaminant driving the risk to the excavation worker is uranium. Additionally, TCE and its 
degradation products are found at high concentrations through the subsurface soil column and originate 
within the buried waste material. These contaminants continue to leach into the geologic layer underlying 
SWMU 4 and continue to pose a potential threat to RGA groundwater. The COCs driving the hazard 
associated with contaminant migration to groundwater are TCE, vinyl chloride, and cis-1,2 
dichloroethene. 

DOE has determined that a NTCRA under CERCLA and the FFA is warranted to address the potential 
risks associated with SWMU 4. A NTCRA will provide the most appropriate level of analysis, oversight, 
public participation, and flexibility to conduct cleanup that achieves risk reduction and protects human 
health and the environment in a cost-effective and timely manner. 
 
 
1.7 COMMUNITY PARTICIPATION 
 
Community involvement is a necessary aspect of the CERCLA process. DOE is conducting community 
relations activities for this project in compliance with 40 CFR § 300.415(n)(1), (n)(3), and (n)(4), and the 
Community Relations Plan Under the Federal Facility Agreement at the U.S. Department of Energy, 
Paducah Gaseous Diffusion Plant (DOE 2009). 
 
The public is encouraged to comment on the alternatives presented in this EE/CA. Following the public 
comment period, an Action Memorandum will be prepared by DOE and added to the PGDP 
Administrative Record, which is accessible by the public. All responses to the public comments will be 
included in the Responsiveness Summary of the Action Memorandum.  
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2. REMOVAL SCOPE AND OBJECTIVES 
 
 
This section addresses DOE’s response authority under CERCLA for removal actions and identifies the 
scope and Removal Action Objectives (RAOs) for this removal action.  

2.1 RESPONSE AUTHORITY 
 
PGDP was placed on the NPL in 1994. Pursuant to Section 120 of CERCLA, the PGDP FFA was 
negotiated and implemented to provide the framework for CERCLA actions at PGDP. FFA Section X.B 
provides requirements applicable to the planning and implementation of removal actions.  
 
Section 104 of CERCLA addresses the mitigation of releases or threatened releases of hazardous 
substances to the environment through response actions. Executive Order 12580, Superfund 
Implementation, delegates to DOE the authority for response actions at DOE facilities. As lead agency, 
DOE is authorized to conduct response measures (e.g., removal actions) under CERCLA. 
 
The National Environmental Policy Act (NEPA) requires federal agencies to evaluate and document the 
effect of their proposed actions on the quality of the human environment. DOE issued a Secretarial Policy 
Statement on the National Environmental Policy Act in June of 1994 (DOE 1994) stating that DOE 
hereafter will utilize the CERCLA process for review of actions to be taken under CERCLA and 
incorporate NEPA values in CERCLA documents to the extent practicable. Such values may include 
analysis of socioeconomic, cultural, ecological, and cumulative impacts, as well as environmental justice 
and land use issues and the impacts of off-site transportation of wastes. NEPA values have been 
incorporated into the EE/CA in accordance with the DOE Secretarial Policy Statement on NEPA. 

2.2 REMOVAL ACTION OBJECTIVES 
 
(1) Prevent future contaminant migration from buried waste to the environment such that it does not 

present unacceptable direct exposure risks to future receptors or migration to groundwater above 
acceptable levels. 
 

(2) Prevent exposure from surface soil metals and radionuclides that would cause an unacceptable 
cumulative risk to future industrial workers. 
 

(3) Prevent exposure to subsurface soil metals, radionuclides, and semivolatile organic compounds 
(SVOCs) within the SWMU administrative boundary to 16 ft bgs that would cause an unacceptable 
cumulative risk to future outdoor worker/gardeners. 
 

(4) Prevent migration of metals, radionuclides, and volatile organic compounds (VOCs) in the top 16 ft of 
soil so that they will not contribute contamination to the RGA groundwater beneath the SWMU 
exceeding MCLs, or in the absence of an MCL, a risk-based concentration. 

 
2.2.1 Remediation Goals for Soil 

For any excavation activities conducted as part of the proposed removal action at SWMU 4, achievement 
of Remediation Goals (RGs) in soil would ensure that the RAOs have been met. Excavation activities 
would not remove COCs in soil below RG concentrations or background. The following standards 
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provide the basis for RG development and represent the standards of protectiveness that the RGs would 
meet.4 
  
(1) Removal of all visible buried waste material and incidental soils from burial cells at SWMU 4. 
 
(2) Direct contact soil RGs in surface soil (less than 1 ft bgs) for the future industrial worker and 

excavation worker scenarios: 
• Chemical-specific ELCR = 5E-06 
• Chemical-specific Hazard Quotient (HQ) = 0.5 

 
(3) Direct contact soil RGs in subsurface soil (1-16 ft bgs) for the future outdoor worker/gardener 

scenario: 
• Chemical-specific ELCR = 5E-05  
• Chemical-specific HQ = 1 

 
(4) Groundwater-protective soil concentration to a depth of 16 ft bgs back-calculated from the top of the 

RGA.  
• Groundwater-protective soil concentrations would not contribute contamination to RGA 

groundwater exceeding MCLs, or in the absence of an MCL, a risk-based concentration. 
 
The risk targets utilized to develop RGs are based on default exposure parameters in the PGDP Risk 
Methods Document (DOE 2001c). Example RG concentrations are presented in Table 2. The risk targets 
described above apply to the complete list of COCs listed in Table 1 of this EE/CA; however, RGs for a 
subset of the complete COC list are presented in Table 2 to direct excavation activities because it is 
expected that addressing the subset during field implementation also will meet goals for the complete list 
of COCs. Following completion of the removal action, the cumulative residual risk/hazard will be 
calculated and presented in the removal completion letter. The FFA parties will consider these cumulative 
risk values relative to the final remedial decisions for the BGOU. Appendix B further discusses the 
process of developing RGs for the SWMU 4 Removal Action. Final RGs will be established in the Action 
Memorandum. Figure 9 shows an illustrated representation of how RGs would be applied to the SWMU 4 
removal action. 
 
After removing all visible buried waste materials, any additional excavation to achieve direct contact or 
groundwater-protective RGs in soils below 16 ft bgs as part of this removal action will be conducted at 
DOE’s sole discretion considering health and safety, implementability, the relative efficiency achieved, 
and other relevant factors.  
 

                                                      
4 The cancer-risk targets and exposure scenarios were agreed upon during a June 2009 BGOU scoping meeting between DOE, 
EPA, and KY (i.e., the BGOU Project Team). This calculation uses upper-bound exposure assumptions (and may be overly 
health protective). When used as the upper-bound remedial goal for individual sample results, the project team believes that the 
average residual risk for the unit will be markedly lower than this cancer-risk targets and approach the lower end of the EPA 
acceptable risk range. 
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Table 2. Example Remediation Goals for the SWMU 4 Removal Action 

COC1 

Background2 
Surface/ 

Subsurface 
(mg/kg) (pCi/g) 

Direct Contact  
RG for Soil3 

Surface/ 
Subsurface 

(mg/kg) (pCi/g) 

Groundwater
- Protective 
RG for Soil4 

(mg/kg) 
(pCi/g) 

MCL5  
(mg/L) 
(pCi/L) 

RG for Soil6 
(mg/kg) 
(pCi/g) 

2.5 X 2.5 
Technetium-99 

2.8 2.90E+03 
6.30E+004,7 9.00E+027 

2.8 
4.9 X 1.01E+02 Uranium 

(metal)8 4.6 1.13E+02 
No load 3.00E-02 

1.13E+02 
1.2 8.55E+00 8.55E+00 

Uranium-238+D 
1.2 5.85E+01 

No load 2.0E+019 
5.85E+01 

NE X 
Trichloroethene 

NE 1.63E+02 
4.00E-02 5.00E-03 4.00E-02 

X 
Vinyl chloride NA 

7.05E+00 
3.60E-02 2.0E-03 

 
3.60E-02 

X 
cis-1,2-DCE NA 

1.71E+02 
7.70E-01 7.00E-02 

 
7.70E-01 

NE 1.0E+01 
Total PCBs10 

NE 1.0E+01 
1.0E+01 
No load 

5.00E-04 1.0E+01 

COC = contaminant of concern; MCL = maximum contaminant level; RG = remediation goal 
Notes: 
NE Not established in DOE (2001c) Risk Methods Document. 
No load Modeling in the BGOU RI indicates no transport from source to groundwater at SWMU 4 within 1,000 years; therefore, a 

groundwater-protective RG does not apply. 
X Chemical is not identified in the BGOU RI Baseline Human Health Risk Assessment (reproduced in Appendix B of this EE/CA) as 

a COC for direct contact exposure. 
1. COC identified according to the Risk Methods Document: To determine COCs, risk characterization results for chemical hazard (HQi) and 

risk (ELCRi) over all pathways within a use scenario of concern will be compared to benchmarks of 0.1 and 1 × 10-6, respectively. 
Chemicals of potential concern within a use scenario of concern exceeding either of these benchmarks will be deemed COCs for the use 
scenario of concern (DOE 2001, Risk Methods Document, Volume 1, pp. 3-37). 

2. Provisional background concentrations for surface and subsurface soil at PGDP given in Table A.12 (DOE 2001). Organic and inorganic 
chemicals are given in mg/kg units; radionuclides given in pCi/g units. 

3. Direct Contact RG for surface soil is calculated as 5 x the Industrial Worker no action level (NAL) for carcinogenic COCs. The Industrial 
Worker NAL for carcinogenic COCs corresponds to a cancer risk of 1 x 10-6; the resulting RG corresponds to a cancer risk of 5 x 10-6. For 
noncarcinogenic COCs, the RG is calculated as 5 x the Industrial Worker NAL for noncarcinogenic COCs. The NAL for noncarcinogenic 
COCs corresponds to a noncancer hazard quotient of 0.1; the resulting RG corresponds to a noncancer hazard quotient of 0.5. The lower of 
the two values is shown for COCs having both cancer and noncancer health effects. NAL values are presented in Table A.4 of the DOE 
(2001c) document.  

4. RG for soil developed to protect groundwater from COC migration from soil to groundwater and is applied to both surface and subsurface 
soil. The RG is calculated as dilution attenuation factor (DAF) x the MCL. DAF values are given in Table B.1. 

5. Radionuclide concentrations are given in pCi/L units.  
6. The RG for Soil is the lower of the Direct Contact RG and Groundwater-Protective RG for Soil. If the background concentration is greater 

than the lower of the Direct Contact RG and Groundwater-Protective RG, the RG for Soil equals the background concentration. 
7. The MCL concentration for beta and photon emitters corresponding to specified annual radiation dose limit of 4 mrem/yr equals 900 pCi/L 

for 99Tc. EPA Facts About Technetium-99, July 2002. 
8. Uranium metal was not identified as a COC in the risk assessment for SWMU 4; however, isotopic uranium was identified as a COC, so an 

RG for uranium metal is presented here to facilitate field implementation of the action. 
9. The Risk Methods Document gives a groundwater MCL concentration of 20 pCi/L for all uranium isotopes without regard to relative 

radiotoxicity (Table A.20, DOE 2001). 
10. The Direct Contact RG for total PCBs is consistent with the Toxic Substances Control Act concentration as 10 ppm for high occupancy 

areas when covered by a cap as defined in 40 CFR §761.61. This concentration was agreed upon as part of risk management discussions 
during a June 2009 BGOU scoping meeting among DOE, EPA, and KY. At that meeting, the group recognized that, when used as the 
upper-bound goal for individual detections, the average concentration of PCBs for the unit is expected to be significantly lower. 
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2.3 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS  
 
Applicable or relevant and appropriate requirements (ARARs) include the substantive requirements of 
federal or more stringent state environmental or facility siting laws/regulations. In accordance with the 
National Oil and Hazardous Substances Pollution Contingency Plan, 40 CFR § 300.415(j), on-site 
removal actions conducted under the Comprehensive Environmental Response, Compensation, and 
Liability Act of 1980 (CERCLA) are required to attain applicable or relevant and appropriate 
requirements (ARARs) to the extent practicable or provide grounds for invoking a CERCLA waiver. 
Additionally, per 40 CFR § 300.400(g)(3), other advisories, criteria, or guidance may be considered in 
determining remedies [to be considered (TBC) category]. In determining whether compliance with 
ARARs is practicable, the lead agency may consider factors including (1) the urgency of the situation, 
and (2) the scope of the removal action. DOE expects that the proposed removal action will attain or 
exceed all ARARs within the scope of this removal action, as set forth in Appendix A. See Appendix A 
for a preliminary list of ARARs for the proposed SWMU 4 removal action. 
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2.4 SCOPE OF THE REMOVAL ACTION 
 
The scope of the removal action for SWMU 4 includes the following: 
 
• All buried waste materials and incidental soils from the area of burial cells identified within the 

SWMU 4 administrative boundary. 
 
• Potential buried waste material and COCs in soil (surface and subsurface) outside of the identified 

burial cells, but inside the SWMU 4 administrative boundary.  
 
All visible buried waste materials and incidental soils would be removed from burial cells at SWMU 4. 
The areas currently identified as burial cells are based on the geophysical surveys of SWMU 4 (Figure 3) 
and may be modified based on additional site investigation (e.g., limited excavations, soil coring, 
geophysical survey) that would be conducted prior to implementation of the preferred removal action. 
The burial cells are approximately 15 to 18 ft deep, and for evaluation purposes it is assumed that buried 
waste material would not extend beyond 20 ft.  
 
Table 3 provides an estimate of the size of each of the four identified burial cells based on the expected 
layout of SWMU 4 presented in Figure 4, plus a volume estimate for other contaminated soils within the 
SWMU 4 administrative boundary. Figure 10 illustrates the scope of this removal action relative to the 
conceptual site model for SWMU 4. 
 
 Table 3. Size and Volume Estimates for the Four SWMU 4 Burial Cells and Potential Waste within SWMU 4 
 

Cell Perimeter (ft) 
Surface 

Area (ft2) 
Volume1  

(ft3) 
Volume1  

bcy 
Volume1 

lcy 

1 950 18,650 373,000 13,814 16,577 

2 555 10,575 211,500 7,833 9,400 

3 390 6,125 122,500 4,537 5,444 

4 1,325 51,025 1,020,500 37,796 45,355 

Total for Burial Cells 3,220 86,375 1,727,500 63,980 76,776 

Other Potential 
Contaminated Soils in 
SWMU 4  42,625 852,500 31,576 37,891 

Estimated Total for all of 
SWMU 4   129,000 2,580,000 95,556 114,667 
1 

Volume estimates assume that the burial cells are excavated to a depth of 20 ft. 
bcy = banked cubic yard 
lcy = loose cubic yard  
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2.5 INTEGRATION WITH RI/FS PROCESS FOR SWMU 4 
 
The proposed NTCRA would not address all potential threats identified in the BGOU RI associated with 
SWMU 4. Following the removal action, the scope of the final action pertaining to SWMU 4 would 
include the following residual threats to human health and the environment:  
 
• Potential risks to ecological receptors associated with remaining constituents in surface and subsurface 

soil not excavated as part of the removal action; 

• Residual contamination in the UCRS with the potential for unacceptable impact the RGA; and 

• VOC DNAPL in the UCRS and RGA. 

A removal completion letter would document the residual conditions at SWMU 4 for reference in 
subsequent BGOU analyses and remedial decisions. The final remedy selected for the SWMU 4 would 
focus on addressing the residual threats to human health and the environment once the removal action is 
complete. 
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3. IDENTIFICATION OF REMOVAL ACTION ALTERNATIVES 
 
 
Consistent with the requirements of 40 CFR § 300.415 (d), this EE/CA evaluates the effectiveness, 
implementability, and cost of two alternatives: No Action and Excavation and Disposal of Buried Waste 
Material and Contaminated Soils. An additional alternative involving waste containment via a soil cover 
or Resource Conservation and Recovery Act (RCRA)-compliant cap was screened from further 
evaluation at SWMU 4 for the following reasons: 
 
• Data in the BGOU RI Report indicate that buried wastes at SWMU 4 are in contact with the water table 

and construction of a soil cover likely would not prevent the continued leaching of contaminants to 
groundwater. The BGOU RI Report indicates that the water table within the BGOU ranges from 5 to 10 
ft bgs and intrudes into buried wastes at the SWMU. 

 
• SWMU 4 was identified as a significant contributor to the Southwest Plume at PGDP, and isolation of 

the buried wastes in-place would not adequately address the source of contamination. 

This section describes the two alternatives evaluated in this EE/CA. 

3.1 ALTERNATIVE 1: NO ACTION 
 
The No Action Alternative is defined in accordance with CERCLA and provides a baseline to which other 
alternatives can be compared. Under this alternative, no action would be taken to respond to potential 
threats to human health and the environment at SWMU 4. As defined in CERCLA guidance (EPA 1988), 
a No Action Alternative may include environmental monitoring; however, actions taken to reduce 
exposure, such as site fencing, are not included as a component of the No Action Alternative. Alternative 
1 includes no actions and no costs. 
 
 
3.2 ALTERNATIVE 2: EXCAVATION AND DISPOSAL OF BURIED WASTE MATERIAL AND 

CONTAMINATED SOILS 
 
This alternative is comprised of excavation of the burial cells within SWMU 4 to remove buried waste 
material and contaminated soil to satisfy all RAOs within the scope of this NTCRA (i.e., all visible buried 
waste materials and incidental soils, plus removal of contaminated soils within the SWMU that do not 
meet RAOs for soil described in Section 2).  
 
Alternative 2 includes the following actions:  
 
(1) Install engineering controls (e.g., sheet piling) to shore the excavation walls and minimize 

groundwater intrusion into the excavation area. The location of the engineering controls will be 
based on geophysical surveys conducted in support of the BGOU RI, plus any additional pre-
excavation investigations conducted.  

(2) Install temporary localized engineering controls such as small stormwater retention areas, silt 
fencing, or rock check dams during excavation activities, as needed. Installation will control 
sediment migration from the action and will be dependent upon the site conditions at the time of 
excavation. 
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(3) Erect a temporary enclosure over the area being excavated for removal. The excavation enclosure 
will be relocated as necessary. An additional temporary enclosure will be erected for use in waste 
management activities.  

(4) Dewater excavation area and treat or dispose of intruding ground and surface water, if necessary, as 
indicated by sampling results.  

(5) Excavate all visible buried materials, plus any COCs in soil in accordance with RAOs to a depth of 
16 ft bgs. 

(6) Postexcavation, sample the bottom of excavation areas to characterize the remaining conditions for 
reference in the BGOU remedial decision-making process. 

(7) Sample excavated materials to confirm compliance with waste acceptance criteria (WAC) and 
determine any required treatment prior to disposal. 

(8) Treat, segregate, and/or consolidate the waste and soil, if necessary, for transportation and/or 
disposal. 

(9) Transport and dispose of waste to the appropriate disposal facility.  

(10) Backfill with clean soil, segregated and confirmed via sampling during excavation, or import clean 
backfill soil from another location on-site. The method for characterization and verification of 
backfill soils would be further defined in the Removal Action Work Plan (RAWP) for the removal 
action. 

(11) Removal of engineer controls and restore site except as necessary to support BGOU Record of 
Decision actions. 

3.2.1 Waste Generation and Management 

Waste generated during the SWMU 4 removal action would be characterized, packaged, and temporarily 
stored as necessary. On-site waste storage areas would be considered within the area of contamination 
(AOC) for the SWMU 4 removal action and would be operated in compliance with ARARs. Temporary 
on-site physical enclosures would be utilized as appropriate to contain and protect waste characterization 
and packaging activities. During characterization, and until shipment to the appropriate disposal facility 
can be implemented, waste (i.e., excavated soils, personal protective equipment, etc.) containers may be 
managed within alternative PGDP locations, which would be considered part of the AOC for SWMU 4. 
Examples of identified locations are as follows: 
 
• C-746-P-1  
• C-745 C-Yard and  
• C-752 
 
Excavated material would be segregated based on physical, chemical, and radioactive characteristics, as 
determined by field observation, testing, and monitoring. Alternatively, soils and materials may be 
directly packaged and prepared for disposal based on the disposal facility WAC. The existing cap and 
cover soils (expected to extend 2-3 ft bgs) would be scraped to a separate location within the SWMU 
administrative boundary (i.e., within the AOC for SWMU 4) potentially to be used as backfill upon the 
completion of excavation activities or to be used as fill material for waste containers. 
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Waste generated by this removal action alternative is expected to consist of low-level radioactive waste 
(LLW), mixed low-level waste (MLLW), and potential Toxic Substances Control Act-regulated waste 
based on the limited information available regarding the contents of the burial cells. Based on the 
radiological and chemical information available, it appears that there is a population of waste that may be 
disposed of at the EnergySolutions Clive disposal facility in Utah or other permitted facilities. There is an 
additional population of waste that may require disposal at the Nevada Test Site (NTS).  
 
The wastes may require treatment to reduce toxicity, mobility or volume to meet the WAC of the 
appropriate disposal facility. Any necessary treatment would be conducted either on-site or off-site prior 
to transportation to the accepting off-site disposal facility and would be further defined in the RAWP. 
Sampling and analysis would be required to determine waste classifications for treatment and/or disposal 
in compliance with ARARs. Soil identified as suitable for reuse may be used as backfill at SWMU 4.  
 
MLLW must meet RCRA Land Disposal Restrictions (LDRs) prior to disposal. Waste meeting the 
EnergySolutions WAC may be delivered to the EnergySolutions mixed waste treatment facility for RCRA 
treatment prior to disposal. Waste that would require disposal at NTS must be treated to meet LDRs prior 
to delivery. The waste may be treated on-site within the AOC, at a permitted treatment facility at PGDP, 
or at an off-site permitted treatment facility capable of accepting and treating the waste. 
  
If the project encounters scrap materials subject to control for security purposes, the options for 
disposition are further limited. The EnergySolutions disposal facility at Clive, Utah, is not capable of 
disposal of materials requiring control higher than the Export Controlled Information or Unclassified 
Controlled Nuclear Information level. Materials required to be controlled beyond Unclassified Controlled 
Nuclear Information would limit disposal options to the NTS disposal facility for both LLW and MLLW. 
MLLW requiring treatment may be managed at one of several facilities assuming the waste treatment 
activities are authorized in the facility permit. The treatment options include on-site treatment via 
macroencapsulation for hazardous debris, on-site stabilization to meet Universal Treatment Standards, or 
off-site vendors with the appropriate RCRA permits and security programs (e.g., the EnergySolutions Oak 
Ridge Operations facility). 
 
Dewatering likely would be required to conduct excavation activities. A water treatment unit located on-
site would be constructed and utilized to treat wastewater generated from pit dewatering, solid/liquid 
separation in the roll-offs and bins, and waste water associated with waste treatment processes. Water 
would be treated to meet the Kentucky Water Quality standards prior to discharge into an on-site ditch, 
which leads to PGDP Outfall K001. The total estimated volume of water to be managed is 2,354,000 gal, 
and the rate of water extraction is expected to vary between 7.8 and 30 gal per minute. The water 
treatment system may include a large temporary storage tank; filtration for solids removal; air stripping 
for VOC removal (e.g., TCE) with granular activated carbon (GAC) for treatment of off-gas; ion 
exchange for technetium-99 removal; and GAC for PCB removal. Performance specifications for this unit 
would be issued for design-build procurement, but the system is expected to have the capacity to treat the 
following constituents in water:  
 
• Organics 
• Metals 
• PCBs 
• Solids and 
• Radionuclides 
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3.2.2 Disposal 

Consistent with the current Waste Management Plan for the Paducah Environmental Remediation Project 
(PRS 2006), waste generated by this action will be disposed of to the extent possible at the C-746-U 
Landfill, and the remaining waste will be disposed at an appropriate off-site disposal facility in 
accordance with the WAC of the receiving facility (Section 3.2.1). DOE may deem some materials to 
have recycle value and segregate from waste to reclaim. Table 4 displays the waste volume estimate with 
regard to the amount of waste expected to be disposed of on-site at the C-746-U Landfill or at an 
appropriate off-site disposal facility consistent with site-specific WAC. Before shipping hazardous 
remediation waste to an off-site facility, DOE will verify its acceptability in accordance with the 
requirements of the Off-Site Rule in 40 CFR § 300.440(a)(4). 
 

Table 4. Estimated Approximate Waste Disposal Quantities, On-Site vs. Off-Site 

   Excavated Soil Volume Calculation     
Area 
(ft2)  

Beginning 
Depth  
(ft bgs)  

End  
Depth 
(ft bgs)  

Quantity 
(bcy)  

Quantity 
(lcy)  

Quantity 
(lcy) 

w/sorbent  

Percentage 
for Off-Site 

Disposal  

Off-Site 
(yd3)  

DOE Site 
(yd3)  

129,000  0  3  14,333  17,200  17,293  0  0  17,293  
129,000  3  15  57,333  68,800  69,172  70  48,420  20,751  
129,000  15  20  23,889  28,667  28,821  25  7,205  21,616  

    Estimated 
Total 

56,000 
(48%) 

60,000 
(52%) 

bcy = banked cubic yard 
lcy = loose cubic yard  

  
 
3.2.3 Sequence of Excavation Activities 

Implementation of this alternative would occur in multiple segments of excavation activities based on 
available funding, the size and contents of individual burial cells, potential waste volume impacts on the 
Safety Authorization Basis of SWMU 4, the design capacity of a temporary enclosure over excavation 
pits, and the capacity of associated temporary enclosures to manage wastes generated during the action 
(i.e., segregation, treatment, packaging, etc.). The sequence of excavation and waste disposal activities 
will be further described in the RAWP.  
 
It is currently expected that removal of burial cells would encompass a number of separate excavations. 
Figure 11 displays the expected area of excavation for each identified burial cell, though it should be 
noted that excavation of the cells may be further segmented in consideration of the sequencing criteria 
that will be described in the RAWP.  
 
Depending on the results of additional sampling in the previously unsampled areas of the SWMU 4 
administrative boundary (the non-delineated areas in Figure 4), an additional excavation may be 
necessary to remove other surface or subsurface contamination exceeding the risk-based RGs for 
protection of future industrial and excavation workers. The additional sampling would be conducted as 
part of the SWMU 4 removal action, with clear decision rules established in the RAWP to determine the 
scope of additional excavation activities.  
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Figure 11. Anticipated Extent of Excavation for SWMU 4 Burial Cells

CELL 2 

CELL 3 
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Figure 11. Anticipated Extent of Excavation for SWMU 4 Burial Cells (Continued) 
 

CELL 4 

CELL 1 
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4. ANALYSIS OF ALTERNATIVES 
 
 
This section evaluates the alternatives for the SWMU 4 removal action based on their effectiveness, 
implementability, and cost. The NCP, EPA, and DOE guidance documents identify these three criteria for 
the evaluation of removal action alternatives as a basis for decision-makers to compare removal action 
alternatives. 
 
 
4.1 EFFECTIVENESS  
 
Alternatives were evaluated relative to their effectiveness in meeting the RAOs presented in Section 2. 
For this evaluation, the following NCP threshold and balancing criteria were considered: 
 
• Overall protection of human health and environment 
• Compliance with ARARs  
• Ability to achieve removal action objectives 
• Long-term effectiveness and permanence 
• Short-term effectiveness 
• Reduction of toxicity, mobility, or volume of contamination through treatment 
 
4.1.1  Alternative 1: No Action 

The No Action Alternative would leave buried waste material and associated contaminants in the burial 
cells at SWMU 4. No Action would be protective of workers in the short-term since workers would not be 
exposed to excavated waste material and associated contamination. In the long-term, the risk associated 
with on-site worker exposure to contamination in buried waste material would persist. No Action would 
be protective of the public in the short-term since waste would not be transported off-site. 
 
The No Action Alternative would not reduce the toxicity, mobility, or volume of contamination at 
SWMU 4. This alternative would not prevent further migration of contaminants from the buried waste 
material in the burial cells to subsurface soils, UCRS saturated soils, and RGA groundwater. This 
alternative would result in continued releases or the potential for releases to the environment; therefore, 
this alternative is not protective of the human health and the environment and would not comply with 
ARARs. This alternative does not achieve the RAOs and would not result in an effective or permanent 
solution over the long-term. 
 
Executive Order 12898, “Federal Actions to Address Environmental Justice in Minority Populations and 
Low Income Populations,” requires agencies to identify and address disproportionately high and adverse 
human health or environmental effects that their activities may have on minority and low-income 
populations. There is a disproportionately high percentage of minority and low-income populations within 
50 miles of the PGDP site (DOE 2004). Low-income families are those whose annual incomes are below 
the poverty levels, based on the family size and number of minor children. For example, in 1999, the 
poverty level for a family of three with one child under 18 was $13,410, while the poverty threshold for a 
family of five with one child under 18 was $21,024. If a family’s income fell below the poverty level, all 
members of the household are considered to be below the poverty level. Information from the U.S. 
Bureau of Census was used to determine the percentage of households where income was less than the 
poverty level in the area within a 50-mile radius of the PGDP. Figure 12 shows that approximately half of  
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Figure 12. Regional Poverty Level Surrounding PGDP (Source DOE 2004)
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the area within a 50-mile radius of PGDP has a higher percentage of low-income persons than other areas 
in Kentucky, Missouri, Illinois, or Tennessee (DOE 2004). Under this alternative, the continued 
mobilization of contaminants from SWMU 4 to groundwater due to water infiltration has the potential to 
adversely impact off-site minority or low income populations. 
 
NEPA Values. Under the No Action Alternative, short- and long-term impacts may occur to the 
following NEPA values. 
 
• Water resources 
• Ecological resources 
 
Water resources may be impacted as contaminants are mobilized due to continued water infiltration 
through buried waste materials and subsurface soils. Ecological resources, while not commonly present at 
SWMU 4, may be impacted as terrestrial biota is exposed to contaminated media in surface and 
subsurface soils. 
 
4.1.2 Alternative 2: Excavation and Disposal of Buried Waste Material and Contaminated Soils  

Short-Term Effectiveness. Short-term exposures of workers to COCs during implementation of 
Alternative 2 could occur. Potential exposure pathways include direct contact with soil (ingestion, 
inhalation) and exposure to external penetrating radiation. An additional low-likelihood risk is that 
workers could encounter direct exposure to wastes or contaminated soils despite the use of personal 
protection equipment (PPE). Worker risks are not expected to exceed acceptable limits because 
exposure frequency and duration are anticipated to be less than those evaluated in the baseline risk 
assessment. Risks from handling waste/contaminated soils would be minimized through adherence to 
health and safety protocols. To protect workers, PPE, ambient conditions monitoring, and 
decontamination protocols would be used in accordance with an approved, a site-specific health and 
safety plan (HASP). 
 
Excavation and disposal would be conducted by trained personnel in accordance with standard 
radiological, engineering, and operational procedures including review of the as low as reasonably 
achievable principles, Documented Safety Analyses, health and safety plans, and safe work practices to 
maintain a work environment that minimizes injury or exposure to risks to human health or the 
environment. The temporary enclosure over the open excavations would protect against further exposure 
of any exposed DNAPL to rainfall and subsequent direct percolation of PTW to the groundwater. SWMU 
4 is located on a secured site and effects on outlying communities would be negligible because the 
continued groundwater use and access restrictions would manage the residual exposure risks at SWMU 4 
until a final remedial action as part of the BGOU.  
 
Short-term risks to the community resulting from excavation activities at the site would not be expected. 
Potential risks resulting from migration of contaminants to off-site locations would be controlled by the 
localized ventilation, a high efficiency particulate air filtration system, and an on-site wastewater 
treatment system. Other potential short-term risks to the public may occur from transportation of the LLW 
or hazardous wastes/liquids to off-site disposal and/or treatment facilities, in the event of a transportation 
accident. 
 
An additional benefit of implementing this alternative as a NTCRA prior to a BGOU remedial action is 
that an early action mitigates potential implementation concerns associated with a BGOU remedy to 
address VOC contamination in groundwater. Early removal of the metallic debris in the burial cells also 
would leave SWMU 4 in a state more conducive to effective implementation of a groundwater remedy 
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because the subsurface physical interferences to groundwater treatment technologies no longer would be 
present.  
 
Long-Term Effectiveness. Alternative 2 would remove buried waste material and associated 
contaminants in the burial cells at SWMU 4 and achieve the RAOs for radioactive, organic, and inorganic 
contaminants following completion of excavation. 
 
This alternative would reduce the toxicity, mobility, or volume of contamination at SWMU 4 by 
removing the primary source of contamination to the groundwater. This alternative would prevent further 
migration of COCs from burial cells and subsurface soil to a depth of 16 ft bgs into UCRS and RGA 
groundwater; therefore, Alternative 2 allows for a maximum reduction of risks associated with continued 
contributions to the hydrogeologic system. Risks associated with direct contact from human receptors 
would be mitigated since RAOs would be achieved to 16 ft bgs, which is the maximum depth that a future 
outdoor worker/gardener may be anticipated to come into contact with subsurface contaminants.  
 
This alternative is expected to be compliant with ARARs, achieves the RAOs, and would result in an 
effective and permanent solution over the long-term. 
 
NEPA Values. No long-term and minor short-term impacts to land use would occur under Alternative 2. 
Land surrounding SWMU 4 is designated as industrial within the PGDP limited area. 
 
Land use of the immediate area surrounding SWMU 4 is governed by controls that restrict access to these 
areas. It is assumed that these controls would remain in place into the anticipated future; thus, land use 
would remain unchanged. 
 
Short-term impacts may occur to the following NEPA values by implementation of Alternative 2: 
 
• Air quality and noise 
• Soils 
• Water resources 
• Ecological resources 
 
Excavation activities would require heavy construction. There would be minor short-term impacts to air 
quality and noise resulting from Alternative 2 during construction activities. Air quality impacts would 
include emissions from vehicle and equipment exhaust and fugitive dust from vehicle traffic and 
disturbance of soils. Site preparation and construction activities would be short-term, sporadic, and 
localized (except for emissions from vehicles of construction workers and transport of construction 
materials and equipment). Fugitive dust from excavation and earthwork activities would be noticeable on-
site and in the immediate vicinity. Dispersion would decrease concentrations of pollutants in the ambient 
air as distance from the construction site increased. The use of control measures (i.e., covers and water or 
chemical dust suppressants) would minimize fugitive dust emissions. No exceedances of primary or 
secondary National Ambient Air Quality Standards would be expected. Additionally, there may be a 
minor impact to off-site receptors associated with air emissions of TCE during implementation of 
Alternative 2, but such emissions would be below concentrations that would pose a health risk to off-site 
populations. 
 
Increased noise levels from the transport and use of construction equipment in the immediate vicinity of 
construction also would be short-term, sporadic, and localized. Noise levels already are slightly elevated 
in the industrialized PGDP limited area. No sensitive noise receptors (e.g., residences) are located near 
SWMU 4; thus, no noise impacts would occur. Construction or operational activities such as excavation 
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may impact wetlands or regulatory floodways due to soil runoff. If, during the design phase of the 
removal action, it is determined that wetlands and/or floodplains would be impacted, ARARs/to be 
considered (TBC) requirements for floodplain/wetlands would be met the extent practicable, and actions 
would be taken to mitigate short- or long-term impacts. 
 
Alternative 2 would have short-term impacts on soils. Construction would disturb existing topsoils in 
order to access subsurface buried waste materials and other contaminants. Soil erosion impacts during 
construction would be mitigated through the use of control measures (e.g., covers and silt fences). No 
conversion of prime farmland soils is expected to occur. Site restoration would be performed at the 
conclusion of this alternative to minimize the impacts to the areas disturbed during implementation. 
 
Short-term impacts to water resources may result from localized construction activity. These impacts 
typically would occur in the form of stormwater runoff from the construction site resulting in elevated 
levels of suspended solids. Silt fencing and other construction best management practices would be used 
to minimize short-term impacts to water quality. 
 
Short-term negative impacts to ecological resources may occur during construction activities associated 
with Alternative 2, if site preparation activities and excavation cause the direct loss of any less mobile 
wildlife located at the construction site. The degree of these potential impacts would increase with the 
surface area removed.  
 
No archaeological or historical resources have been identified within SWMU 4; therefore, no impacts as a 
result of this alternative are expected. Under this alternative, there will be no disproportionately high and 
adverse off-site impacts to minority and low-income populations. Small short-term off-site impacts to 
these populations may occur associated with the implementation of Alternative 2; however, the long-term 
impacts would be reduced compared to the long-term impacts associated with Alternative 1. 
 
 
4.2 IMPLEMENTABILITY 
 
When evaluating the implementability of the retained alternatives, the following questions were 
considered: 
 
• Is the alternative technically feasible with currently available technology? 
• Is the alternative technically complex or difficult to implement? 
• Is the alternative administratively feasible in terms of administrative or procedural requirements? 
• Are there services and materials readily available for performing the alternative? 
 
4.2.1 Alternative 1: No Action 

The No Action Alternative can be implemented readily. If future remedial action is necessary, this 
alternative would not impede implementation of such action in the future.  
 
The ongoing public awareness program would require regular coordination among DOE, Kentucky, and 
possibly with other governmental agencies.  
 
4.2.2  Alternative 2: Excavation and Disposal of Buried Waste Material and Contaminated Soils 

Alternative 2 is considered to be technically and administratively feasible and implementable. The 
equipment and technologies associated with implementation of this alternative have been proven to be 
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technically feasible and are available from contractors or vendors. Treatability testing may be required for 
waste treatment processes, including ex situ thermal desorption for excavated soils. The implementability 
of construction-related activities during excavation and backfilling at SWMU 4 subject to Alternative 2 is 
very similar to that carried out routinely at other sites. Likewise, sampling, analysis, transportation, and 
disposal at an approved location are routinely performed and, if properly implemented, are proven to be 
safe.  
 
Some excavated waste materials may be radioactive, RCRA hazardous, PCB-contaminated, or a 
combination. Treatment of wastes with multiple regulatory classifications is more complex and may 
require more than one treatment process to make the waste suitable for transportation and/or land 
disposal. On-site treatment processes will comply with the substantive requirements of state and federal 
environmental laws.  
 
Potential excavation interferences, such as the raw water pipe in the southeast corner of SWMU 4, 
adjacent roads, drainage ditches, security fences, and utility lines, would be managed through 
coordination with the appropriate on-site personnel during remedy design and mobilization activities prior 
to the start of the removal action. 
 
Equipment, personnel, and services required to implement this alternative and manage the range of 
potentially applicable health, safety, and security requirements are readily available. No additional 
development of these technologies would be required. Contractors possessing the required skills and 
experience are available.  
 
Uncertainties associated with waste types and forms to be encountered during the removal action would 
result in the following potential implementation risks that would need to be managed:  
 
Potential High Radiological Activity Wastes. The potential exists to encounter high activity 
radiological wastes (i.e., wastes that would cause SWMU 4 to be classified as a Hazard Category 2 or 3 
facility under a radiological safety basis), which would be managed by the following actions: 
 
• Removal activities at SWMU 4 would stop. 

• The DOE Lead Contractor would perform an Unreviewed Safety Question Determination. 

• If the discovered material(s) exceeds a hazard category threshold, corrective action would be 
implemented to place the high activity materials in an existing PGDP facility with appropriate 
safety/security requirements.  

• The activity would be reported to responsible parties and a Price-Anderson Amendments Act review 
would be completed as necessary. 

• Removal activities at SWMU 4 would continue following completion of Corrective Actions as 
necessary. 

• High activity materials placed in an existing PGDP facility with appropriate safety/security 
requirements would be characterized, packaged, and shipped to an appropriate off-site disposal 
facility. 
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4.3 COST 
 
In this section, costs of alternatives are presented for comparison purposes only. In general, cost estimates 
include capital costs, labor costs, transportation and disposal costs, and surveillance and maintenance 
costs. 
 
The estimation standards from EPA guidance (-30% to +50%) will be applied in this EE/CA for the 
purposes of comparative evaluation of alternatives.  
 
4.3.1 Alternative 1: No Action  

There are no capital or operation and maintenance costs associated with Alternative 1. 
 
4.3.2 Alternative 2: Excavation and Disposal of Buried Waste Material and Contaminated Soils 

The estimated cost associated with this alternative is approximately $143.5 million, and supporting 
information for the cost estimate is provided in Appendix C.  
 

 
4.4  COMPARATIVE ANALYSIS OF ALTERNATIVES 

 
Table 5 provides a comparative analysis of the removal action alternatives for SWMU 4 considering 
effectiveness, implementability, and cost based on the previous evaluation in Section 4 of this EE/CA. 
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5. RECOMMENDED REMOVAL ACTION ALTERNATIVE 
 
 
The recommended removal action is Alternative 2: Excavation and Disposal of Buried Waste Material 
and Contaminated Soils. The recommended alternative represents the most effective and permanent 
action that achieves the RAOs. This action will be implemented in accordance with all CERCLA 
requirements. 
 
Alternative 2 meets RAOs by removing waste and contaminated soil from PGDP; eliminating direct 
contact risks to current and future human receptors; and reducing contaminant migration at SWMU 4 to 
the underlying RGA. ARARs defined for Alternative 2 are expected to be met. Additionally, this 
alternative facilitates the implementation of a final remedy for the remaining VOC DNAPL source in 
SWMU 4 as part of the BGOU remedial process. While some risk to current industrial workers and 
surrounding communities would be present as a result of implementing this alternative, these risks would 
be managed via worker protection programs and site controls, and overall the long-term benefits outweigh 
these short-term risks.  
 
Alternative 2 is a higher cost alternative than Alternative 1, but Alternative 2 provides the greatest overall 
long-term effectiveness and permanence.  
 
The RAWP for SWMU 4 will be developed in two phases—a first phase describes the excavation and 
disposal of the contents of the burial cells; and a second phase describes the activities necessary to 
achieve remedial goals in soil across the remainder of the SWMU boundary. The time gap between these 
two document phases would be as small as possible (i.e., within months) and would allow DOE to begin 
field work sooner, plus allow sufficient time to develop a detailed approach to remediating the remainder 
of the SWMU soils. After regulatory review and approval of the RAWP, DOE will initiate fieldwork 
activities as required by the FFA, contingent upon available funding. Upon completion of the activities, 
the postexcavation conditions would be provided to EPA and the Kentucky Department for 
Environmental Protection and incorporated into the final decision making and/or remedy for the BGOU. 
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INTRODUCTION 
 
 
In accordance with the National Oil and Hazardous Substances Pollution Contingency Plan, 40 CFR § 
300.415(j), on-site removal actions conducted under the Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 (CERCLA) are required to attain applicable or relevant and 
appropriate requirements (ARARs) to the extent practicable or provide grounds for invoking a CERCLA 
waiver. ARARs include only federal and state environmental or facility siting laws/regulations; they do 
not include occupational safety or worker radiation protection requirements. Additionally, per 
40 CFR § 300.400(g)(3), other advisories, criteria, or guidance may be considered in determining 
remedies [to be considered (TBC) category]. 

When the U.S. Department of Energy (DOE) proposes a response action, Section XXI of the Federal 
Facility Agreement requires that DOE identify each state and federal permit that otherwise would have 
been required in the absence of CERCLA § 121(e)(1) and the National Contingency Plan. DOE also must 
identify the standards, requirements, criteria, or limitations necessary to obtain such permits and provide 
an explanation of how the proposed action will meet the standards, requirements, criteria, or limitations 
identified. This evaluation determined that the otherwise required permits may include a Kentucky 
Pollutant Discharge Elimination System (KPDES); Resource Conservation and Recovery Act of 1976 
(RCRA) treatment, storage, and disposal facility; and solid waste landfill permits.  

Response actions conducted on-site must comply with the substantive but not administrative requirements 
of ARARs. Administrative requirements include applying for permits, recordkeeping, consultation, and 
reporting. Response actions conducted off-site must comply with both the substantive and administrative 
requirements of applicable laws.  
 
ARARs typically are divided into three categories: (1) chemical-specific, (2) location-specific, and (3) 
action-specific. “Chemical-specific ARARs usually are health- or risk-based numerical values or 
methodologies which, when applied to site-specific conditions, result in the establishment of numerical 
values” [(53 FR 51394, 51437 (December 21, 1988)]. These values establish the acceptable amount or 
concentration of a chemical that may be found in, or discharged to, the ambient environment. In the 
absence of chemical-specific ARARs, cleanup criteria are based upon risk calculations.  
 
Location-specific ARARs generally are restrictions placed upon the concentration of hazardous 
substances or the conduct of activities solely because they are in special locations [53 FR 51394, 51437 
(December 21, 1988)]. The boundary of SWMU 4 corresponds with the area where materials are found in 
the burial grounds and does not impact any area that would trigger a location specific ARAR. 
 
Action-specific ARARs usually are technology- or activity-based requirements or limitations on actions 
taken with respect to hazardous wastes or requirements to conduct certain actions to address particular 
circumstances at a site [53 FR 51394, 51437 (December 21, 1988)]. General site activities to prepare for 
the SWMU 4 removal action are described in Section 3 of the EE/CA and include conducting the 
excavation, managing waste (including water from the excavation as well as dewatering of the excavated 
materials), controlling air emission, controlling radiation exposure, decontamination, transportation, and 
waste disposal. The waste management activities associated with the SWMU 4 removal action would be 
conducted within the AOC consistent with the guidelines defined in Management of Contaminated 
Media, EPA Region 4, September 7, 1999. 
 
The ARARs for SWMU 4 removal action were developed for the preferred alternative to remove all 
buried materials and remove incidental soils from the SWMU 4 disposal cells. The removal action also 
includes remediating the entire administrative boundary of SWMU to 16 ft bgs to achieve  Removal 
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Action Objectives in soil (described in Section 2 of the EE/CA). All excavated materials and soils that do 
not meet the Waste Acceptance Criteria of the C-746-U Landfill will be disposed off-site at DOE 
approved facilities as identified in the Engineering Evaluation/Cost Analysis (EE/CA). The ARARs for 
the SWMU 4 removal action do not apply to groundwater since the removal action does not address 
groundwater contamination. 
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B-3 

APPENDIX B. SUMMARY OF RISK CHARACTERIZATION FOR  
SWMU 4 AND REMEDIATION GOALS FOR THE SWMU 4  

REMOVAL ACTION 

 
BGOU RI Baseline Human Health Risk Assessment. The baseline human health risk assessment 
(BHHRA) for the Burial Grounds Operable Unit (BGOU) Remedial Investigation (RI) characterized the 
baseline risks posed to human health from contact with contaminants in soil and water at the BGOU solid 
waste management units (SWMUs) and at locations to which contaminants may migrate. The BHHRA 
utilized information collected during the RI of the BGOU SWMUs, in addition to information collected 
during previous investigations. Table B-1 provides a summary of the risk characterization for SWMU 4 
presented in the RI BHHRA. The table present land use scenarios, contaminants of concern (COCs), and 
point of contacts (POCs). In addition, each table lists the following: 
 
• Receptor risks for each use scenario of concern 
• Percent contribution by pathway to the total risk 
• Percent contribution each COC contributes to the total risk 
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 Remediation Goals for Direct Exposure to COCs in Soil 

Direct contact remediation goals (RGs) for COCs in soil that are protective of exposures of industrial 
workers to COCs in surface soil and future outdoor worker/gardeners to COCs in subsurface soil were 
based on no action levels (NALs). NAL values are given in Table A.4 of the Paducah Gaseous Diffusion 
Plant (PGDP) Risk Methods Document (DOE 2001). The direct contact RGs for surface soil and 
subsurface soil are shown in Table 2 of the Engineering Evaluation/Cost Analysis (EE/CA). 

Surface Soil The direct contact RGs for COCs in surface soil that are protective of the industrial worker 
from exposure by soil ingestion, inhalation, and dermal contact pathways were calculated as 5 x the 
Industrial Worker NAL for carcinogenic COCs. The NAL for carcinogenic COCs corresponds to a cancer 
risk of 1 x 10-6; the resulting RG corresponds to a cancer risk of 5 x 10-6. For noncarcinogenic COCs, the 
RG is calculated as 5 x the Industrial Worker NAL for noncarcinogenic COCs. The NAL for 
noncarcinogenic COCs corresponds to a noncancer hazard quotient of 0.1; the resulting RG corresponds 
to a noncancer hazard quotient of 0.5. The lower of the two direct contact RGs is shown for COCs having 
either cancer or noncancer health effects. 

Subsurface Soil The direct contact RGs for COCs in subsurface soil that are protective of excavation 
worker exposures were calculated as 50 x the Excavation Worker NAL for carcinogenic COCs. The NAL 
for carcinogenic COCs corresponds to a cancer risk of 1 x 10-6; the resulting RG corresponds to a cancer 
risk of 5 x 10-5. For noncarcinogenic COCs, the RG is calculated as 10 x the NAL for noncarcinogenic 
COCs. The NAL for noncarcinogenic COCs corresponds to a noncancer hazard quotient of 0.1; the 
resulting RG corresponds to a noncancer hazard quotient of 1. The lower of the two direct contact RGs is 
shown for COCs having either cancer or noncancer health effects. The direct contact RG for total 
polychlorinated biphenyls (PCBs) is consistent with the Toxic Substances Control Act concentration as 
10 ppm for high occupancy areas when covered by a cap as defined in 40 CFR §761.61.  

The direct contact RG risk targets were agreed upon as part of risk management discussions during a June 
2009 Burial Grounds Operable Unit (BGOU) scoping meeting among U.S. Department of Energy (DOE), 
U. S. Environmental Protection (EPA), and KY. At that meeting, the group recognized that, when used as 
the upper-bound goal for individual detections at the conclusion of excavation activities, the average 
concentrations of individual COCs for the unit are expected to be lower or even not detected. 

Following completion of the removal action, the cumulative cancer risk and noncancer hazard estimates 
will be calculated and provided. The Federal Facility Agreement (FFA) parties will consider these 
cumulative risk values relative to the final remedial decisions for the final BGOU. Final RGs will be 
established in the Action Memorandum. 

The Preliminary RG for soil is the lower of the direct contact RG and groundwater-protective RG for soil. 
If the background concentration is greater than the lower of the direct contact RG and groundwater-
protective RG, the RG equals the background concentration.  

Remediation goals for COCS in Soil that are Protective of Groundwater 
 
The approach to developing groundwater protective RGs for soil at SWMU 4 was based on data obtained 
from transport modeling used previously during the BGOU RI. The soil RGs developed in this way are 
protective of groundwater in the Regional Gravel Aquifer (RGA) below the SWMU, which is the point of 
attainment for BGOU remedial actions. The period of model performance was 1,000 years. 
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The RGs that would be protective of groundwater are those concentrations that, if left in place at that 
depth, would not result in a contribution to groundwater that would cause the groundwater concentration 
in the RGA at the SWMU to exceed the maximum contaminant level (MCL).  
 
The objective of the modeling conducted for the RI was to determine if, under current conditions, existing 
soil contamination levels at the SWMUs within the BGOU may result in exceeding groundwater 
standards at particular points of exposure. The modeling presented in this EE/CA was conducted to 
establish the acceptable levels of COCs that may not result in contributions to the RGA groundwater that 
would exceed MCLs beneath the waste disposal area within the SWMU. The groundwater target 
concentration (MCL) was used to back-calculate the corresponding maximum allowable soil 
concentration that would not result in groundwater concentrations exceeding the groundwater target 
concentration for the COC. 
 
Modeling for the RI at the PGDP BGOU consisted of the following: 
 
• Geostatistical modeling of the distribution of COCs in soils at each SWMU. The distribution of 

COCs in soil was estimated by numeric interpolation or extrapolation of the known soil 
concentrations at each SWMU, and the resulting geostatistical model was subdivided into seven 
vertical layers (L1 to L7 as shown in Figure B-1) between the surface and the top of the RGA. An 
average concentration for each COC within the model layers was computed, based on the values 
derived from the geostatistical model. 

 
• Vertical transport modeling using Seasonal Soil Compartment Model (SESOIL). The mean layer 

concentrations derived from the geostatistical model were used as the initial concentration in the 
leaching model to determine the potential impact to the RGA groundwater. SESOIL allows for 
variable soil concentrations within in the soil column and for partitioning of the transported 
constituent between the soil water and the soils during transport. The leachate concentration derived 
from the SESOIL modeling was used as the contaminant loading input to the RGA groundwater for 
transport modeling. The soil leaching model provided the peak leachate impact to groundwater for 
contaminants that are mobile, and the time frame in which the peak concentration would reach the 
RGA. The modeling was limited to a 1,000 year period of performance. If a contaminant did not reach 
the RGA within the model period, it is considered “immobile.” 

 
• Groundwater transport modeling using Analytical Transient 1-,2-,3- Dimensional (AT123D). 

This was used to estimate the groundwater concentrations at the Upper Continental Recharge System 
(UCRS)/RGA interface (i.e., the point where constituents would reach groundwater) beneath SWMU 
4 to establish if and when groundwater concentrations will exceed the MCLs. The analytical model 
used assumes a uniform flow gradient and hydraulic properties within the aquifer. Contaminant 
loading is assumed to be uniform across the length of the source area.  

 

The RG for each COC was calculated based the impact of a unit concentration in soils on the RGA 
groundwater underlying SWMU 4. Leaching and transport to the RGA was modeled using SESOIL, and 
the resulting concentration in the RGA was simulated using AT123D. The modeling provides an estimate 
of the dilution and attenuation factor (DAF) for each COC, and the RG is the product of the groundwater 
standard (e.g., the MCL) and the DAF. Based upon the modeling outputs presented in Attachment 1, the 
following calculations were performed for each COC at SWMU 4 to derive a groundwater-protective RG 
for soil: 

Chemical COCs: 
Groundwater-Protective Soil Concentration (mg/kg) = MCL (mg/L) x DAF x 1L/kg. 
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Radionuclides: 
Groundwater-Protective Soil Concentration (pCi/g) = MCL (pCi/L) x DAF x 1E-03L/g. 
 
For metals and radionuclides, the groundwater-protective RG concentration was compared to the 
established background concentration, and the higher of the two was chosen as the preliminary soil RG 
protective of the groundwater exposure pathway. The resulting groundwater-protective RGs for Soil are 
shown in Table B-2. The modeling results for COCs at each SWMU are provided in Attachment B-1 of 
this appendix. 
 
Assumptions and Methods for Developing Soil RGs Protective of Groundwater beneath SWMU 4 
 
The input values for the modeling runs for the vadose zone and saturated zone soils are the same as those 
used in the modeling conducted for the BGOU RI Report (DOE 2010). The following information is 
available for each SWMU model run in Attachment 1 of this appendix: 
 
• A summary of the input data for both SESOIL and AT123D; 
• The minimum initial concentrations for each model; and 
• The maximum concentration at the endpoint (the RGA for the SESOIL and AT123D, respectively). 
 
It is important that these model runs used input data that are identical (or as close as possible) to those 
used in the RI model runs so that the results reflect the same conditions that led to the identification and 
selection of COCs in the BGOU RI Report (DOE 2010). The calculated values represent the soil 
concentration of the COC that will not result in a groundwater concentration beneath the waste 
management unit that exceeds the groundwater target concentration for the COC.  
 
The groundwater-protective RGs do not include any transport or residency below the SWMU because the 
analytical model being employed for lateral transport does not account for lateral heterogeneity in the 
source material or the underlying aquifer. This method of back-calculation is consistent with the modeling 
approach used in the RI and uses the same model parameters developed for the RI (as shown in Table B-
3) (DOE 2010). 
 
Groundwater-protective RG values for Total Dioxins and Furans are described as the 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) toxicity equivalent concentration (TEQ), which is the only 
dibenzodioxin or dibenzofuran species with an MCL.  

Final Determination of Remediation Goals in Soil  

The RGs for each COC in soil for this non-time-critical removal action (NTCRA) at SWMU 4 are the 
lower of the direct contact RG and groundwater-protective RG for soil. If the background concentration is 
greater than the lower of the direct contact RG and groundwater-protective RG for a particular COC, the 
RG equals the background concentration. Table 2 in the EE/CA presents example RGs for this NTCRA at 
SWMU 4. Final RGs will be established in the Action Memorandum. 
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Figure B-1. Conceptualization of the SADA and SESOIL Layers for Contaminant Loading 
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Table B-3. Site-Specific Soil and Aquifer Parameters for the BGOU SWMUs used on Modeling  
COC Transport 
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CONTAMINANT MIGRATION MODELING OUTPUTS  
FOR SWMU 4 COCs 
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APPENDIX C. COST ESTIMATE SUPPORTING INFORMATION FOR 
ALTERNATIVE 2 

 
The estimated cost associated with Alternative 2: Excavation and Disposal of Buried Waste Material and 
Contaminated Soils is approximately $143.5 million. Presented below is additional detail regarding the 
cost estimate for Alternative 2.  
 
 
Task Estimated Cost Notes 
Project Plans $2,000,000 Estimates are for labor.  
Engineering Design $3,000,000 Engineering estimates for labor and 1% factor of construction costs for 

design. 
Work Package 
Preparation/ 
Readiness Review 

$1,000,000   

Training $500,000 Estimates are for labor and vendor quotes for radiation techs, radiation 
supervisor, and health physicist. 

Mobilization $25,000,000 Estimates are for labor, vendor quotes, instrument costs, and equipment 
costs. 

Site Preparation, 
Construction 
Laydown, and 
Staging Areas 

$5,000,000 Includes stormwater measures, geophysical survey of the burial ground, 
a temporary weather enclosure, and a temporary waste management 
building. Estimates are for labor, vendor quotes, instrument costs, and 
equipment costs. 

Excavation $45,000,000 Includes approximately $7M for dewatering. Estimates are for labor, 
vendor quotes, instrument costs, PPE, equipment, and verification 
sampling costs. 

Waste Treatment, 
Transportation, and 
Disposal 

$107,400,000 Assumes that this task is performed concurrent with the excavation. 
Estimates are for labor, vendor quotes, PPE, equipment, disposal 
sampling, transportation, disposal costs, absorbent, rail car mover, and 
decontamination. 

Backfill and 
Equipment 
Decontamination 

$10,000,000 Estimates are for labor, vendor quotes, equipment costs, backfill 
delivery, and backfill sampling. 

Site Restoration $1,000,000 Estimates are for labor, equipment, and hydroseeding. 
Removal 
Completion Letter 

$100,000 Engineering estimate for labor.  

Total for SWMU 
4 Removal Action 

$200,000,000  

PPE = personal protective equipment 
FS = feasibility study 
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