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APRIL 2009 

1. PURPOSE 
 
 
Pursuant to Section X of the Federal Facility Agreement for the Paducah Gaseous Diffusion Plant (FFA) 
(EPA 1998); 40 Code of Federal Regulations (CFR) § 300.415; and Executive Order 12580, the U.S. 
Department of Energy (DOE) is providing this Action Memorandum (AM) for the Surface Water 
Operable Unit (SWOU) (On-Site) at the Paducah Gaseous Diffusion Plant (PGDP) (Identification 
Number KY8-890-008-982). The AM documents DOE’s formal decision to select a removal action for 
contaminated sediment1 associated with the SWOU (On-Site). The AM follows U.S. Environmental 
Protection Agency (EPA) guidance for action memoranda as outlined in Superfund Removal Procedures, 
Action Memorandum Guidance (EPA 1990). 
 
The purpose of this AM is to document selection and approval of the non-time-critical removal action for 
contaminants associated with sediment in Sections 3, 4, and 5 of the North-South Diversion Ditch 
(NSDD) and Kentucky Pollutant Discharge Elimination System (KPDES) Outfalls 001, 008, 010, 011, 
and 015, and associated internal ditches and areas of PGDP, Identification Number KY8-890-008-982. 
These areas receive surface water runoff and wastewater from various sources within PGDP.  
 
The selected removal action is described in Alternative 4 in the Engineering Evaluation/Cost Analysis for 
Contaminated Sediment Associated with the Surface Water Operable Unit (On-Site) at the Paducah 
Gaseous Diffusion Plant, Paducah, Kentucky, DOE/LX/07-0012&D2, (EE/CA) in Attachment 2 and is 
described in this AM. 
 
 

2. SITE CONDITIONS AND BACKGROUND 
 
 
This section provides a summary description of the site; previous investigations and actions; and the 
known or expected hazardous substances, pollutants, and contaminants. A detailed discussion of site 
conditions and background is provided in Section 1 of the attached EE/CA (DOE 2008a). DOE is 
conducting this non-time-critical removal action at PGDP to address the threat posed to human health 
from direct contact with contaminated sediment associated with NSDD Sections 3, 4, and 5 and KPDES 
Outfalls 001, 008, 010, 011, and 015, and their associated internal ditches and areas that resulted from 
past operations. 

                                                      
1 Sediment includes surface soil closely associated with ditches and outfalls. 
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Site Description 
 
PGDP is an active uranium enrichment facility located approximately 10 miles west of Paducah, 
Kentucky and 3.5 miles south of the Ohio River in the western part of McCracken County (Figure 1). The 
plant is on a 3,556-acre DOE site, 748 acres of which are within a fenced security area; 822 acres are 
located outside the security fence (133 acres of which are in acquired easements); and the remaining 
1,986 acres are licensed to the Commonwealth of Kentucky as part of the West Kentucky Wildlife 
Management Area. Bordering the PGDP Reservation to the northeast, between the plant and the Ohio 
River, is a Tennessee Valley Authority Reservation, on which the Shawnee Steam Plant is located 
(Figure 2). 
 
The PGDP is heavily industrialized; however, the area surrounding the plant is mostly agricultural and 
open land, with some forested areas. Total population within an 80.46 km (50-mile) radius of PGDP is 
approximately 500,000. An estimated 50,000 people live within 16.09 km (10 miles) of PGDP and homes 
are scattered along rural roads around the plant. The population of Paducah, based on the 2000 U.S. 
Census, is 26,307; the total population of McCracken County [650.4 km2 (251 mi2)] is approximately 
65,000. The closest communities to PGDP are the unincorporated towns of Grahamville [about 1.6 km 
(1 mile) to the east] and Heath [about 1.6 km (1 mile) southeast]. 

During the 1994 U.S. Army Corps of Engineers (COE) environmental investigations, 11,719 acres of 
wetlands were found in areas surrounding PGDP. These investigations identified 1,083 separate wetland 
areas and grouped them into 16 vegetative cover types encompassing forested, scrub/shrub, and emergent 
wetlands. Wetland vegetation consists of species such as sedges, rushes, spikerushes, and various other 
grasses and forbs in the emergent portions; red maple, sweet gum, oaks, and hickories in the forested 
portions; and black willow and various other saplings of forested species in the thicket portions.  

 
Most area flooding at PGDP is caused by three bodies of water: the Ohio River, Bayou Creek, and Little 
Bayou Creek. A floodplain analysis also performed by COE (COE 1994) found that much of the built-up 
portions of the plant lies outside the 100- and 500-year floodplains of these streams. In addition, this 
analysis reports that ditches within the plant area can contain the expected 100- and 500-year discharges. 

 
PGDP was placed on the National Priorities List (NPL), effective June 30, 1994 (59 Federal 
Register 27989, May 31, 1994). The FFA negotiated among DOE, EPA, and the Commonwealth of 
Kentucky coordinates the ongoing corrective action requirements of the Resource Conservation and 
Recovery Act (RCRA) and Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) at the facility (EPA 1998).  
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Figure 1. PGDP Site Location
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Figure 2. PGDP Land Ownership Map
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NSDD Sections 3, 4, and 5 
 
Sections 3, 4, and 5 of the NSDD, Solid Waste Management Unit (SWMU) 58, are located outside the 
security fenced area (PGDP boundary) on property owned by DOE (Figure 3). The NSDD originates 
within the north-central portion of the PGDP and discharges into Little Bayou Creek to the north of the 
plant. Sections 3, 4, and 5 of the NSDD are posted for radiological contamination pursuant to 
10 CFR Part 835 requirements. 
 
KPDES Outfalls 001, 008, 010, 011, and 015, and Associated Internal Ditches and Areas 
 
Outfalls 001, 008, 010, 011, and 015, and their associated internal ditches and areas (including SWMUs 
92 and 97) are shown in Figure 4. The internal plant ditches that discharge to NSDD and the outfalls were 
trenched when PGDP was built and became fully operational when the plant was opened in 1951. Water 
discharged at each outfall is regulated by a KPDES permit, and the water quality is tested regularly at 
established monitoring stations, in accordance with the conditions of the KPDES permit. SWMU 92 was 
designated as a SWMU due to placement of polychlorinated biphenyl (PCB)-contaminated soils as fill 
from a transformer rupture in 1967. SWMU 97 was designated as a SWMU due to a diesel oil spill that 
occurred on March 9, 1979.  
 
Site Investigation 
 
NSDD Sections 3, 4, and 5 and KPDES Outfalls 001, 008, 010, 011, and 015, and their associated internal 
ditches and areas (including SWMUs 92 and 97) have been characterized in several previous 
investigations. These included the Phase I and Phase II Site Investigations (SIs) (CH2M HILL 1991 and 
1992); various Waste Area Group and SWMU remedial investigations, site evaluations, and removal 
actions; and a 1996 PCB Study by the COE (COE 1996). In 2005, the SI for the SWOU (On-Site) was 
conducted and focused on the first sequenced response action for on-site portions of the SWOU at PGDP 
(DOE 2008b). The investigation involved the collection of surface soil and sediment samples from 
various outfalls and their associated internal ditches and storm sewer discharge water to evaluate areas 
within the SWOU having the greatest potential for contaminant discharge to creeks surrounding PGDP. 

 
The SI identified a potential for, or threat of, release into the environment of hazardous substances, as 
defined by CERCLA § 101 (14), pollutants, or contaminants, as defined by CERCLA § 101 (33), 
including cesium-137, neptunium-237, uranium-238, thorium-228, thorium-230, antimony, arsenic, iron, 
lead, manganese, Total PCBs, total polyaromatic hydrocarbons (PAHs), and trichloroethene. A complete 
list of detected analytes is provided in the Surface Water Operable Unit (On-Site) Site Investigation and 
Baseline Risk Assessment Report at the Paducah Gaseous Diffusion Plant (Appendix D, Table D.1.).  
 
On January 19, 2007, DOE submitted a Non-Time-Critical Removal Notification for SWOU (On-Site) 
indicating that a removal action was warranted based upon the results of the Site Investigation/Baseline 
Risk Assessment (SI/BRA) (DOE 2007a). Subsequent to receiving Removal Notification approval, DOE  
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Figure 3. Sections 3, 4, and 5 of the NSDD
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Figure 4. KPDES Outfalls 001, 008, 010, 011 and 015 and SWMUs 92 and 97 
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prepared an EE/CA that described the environmental conditions that supported the need for a removal 
action, developed and evaluated various alternatives, and recommended the preferred alternative. The 
recommended response action cited within the EE/CA is consistent with the final actions for the PGDP 
and will contribute to the efficient performance of long-term remediation of PGDP. 
 
Previous and Current Actions 
 
Previous actions for the NSDD began in 1977 with the installation of the C-616-C Lift Station, which 
diverted all normal flow from upstream locations in the NSDD to the C-616-F Full Flow Lagoon. In 1982, a 
portion of NSDD (Section 4) located north of Ogden Landing Road was relocated to its present 
configuration to facilitate construction of the C-746-S and C-746-T Landfills. 
 
In the 1990s additional actions for the NSDD were conducted, including the installation of another lift 
station (C-616-H Lift Station) in 1991, implementation of Interim Corrective Measures (ICMs) that included 
the installation of fencing and signs to restrict access to Little Bayou Creek and portions of the NSDD in 
1992, an interim action to mitigate discharge of contaminants into the NSDD (1995), and erection of 
institutional controls along Sections 3 and 4 of the NSDD to comply with 10 CFR Part 835 (1999). 
Institutional controls consisted of radiological barriers (i.e., yellow and magenta chains), “Fixed 
Contamination Area” signs, and “10 CFR 835” explanation signs. 
 
In 2002, an interim remedial action for Sections 1 and 2 of the NSDD was implemented. The primary 
objectives of the interim action were to mitigate the introduction of contaminants into the NSDD, decrease 
the migration of contaminants already present in the NSDD, and decrease the potential for direct human 
contact with the contaminated material.  

 
Previous actions associated with KPDES Outfalls 001, 008, 010, 011, and 015, and their associated 
internal ditches began in the early 1980s with the construction of an oil containment lagoon and oil 
control structure to contain discharges of oil released to Outfall 008. In 1983, Outfall ditch 011 was 
included in an extensive PCB “hot spot” removal action conducted by DOE. There have been no 
CERCLA actions for the internal plant ditches to Outfall 011; however, DOE has implemented several 
remedial measures and treatability studies in areas of Outfall 011 located outside of the plant security 
fence. In the early 1980s, DOE excavated the upper 0.46 m (1.5 ft) of sediment in the Outfall 011 ditch 
from the PGDP security fence to Dyke Road to remove PCB contamination, and the ditch was restored 
with clean material. 

 
Due to concerns about the presence of PCBs and radiological contamination in outfalls at the plant, ICMs 
were instituted in 1992 to restrict public access to creeks, outfalls, and lagoons surrounding PGDP. 
Access restriction was accomplished through the installation of fencing and the posting of warning signs 
at various off-site locations. Subsequently, in 2000, additional warning signs were posted that identified 
the creeks, outfalls, and lagoons as contaminated areas. In 2008, warning signs were posted along the 
creeks that identified some areas as potentially contaminated. 
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In 1994, discharge water from the C-617 Treatment Lagoon was diverted from Outfall 011 to Outfall 010 
to mitigate resuspension of PCB-contaminated sediment. In 1995, DOE coated the Outfall 011 ditch with 
a bentonite concentrate to prevent erosion and potential contaminant migration. In 1996, DOE performed 
a Nature’s Way bioremediation technology field demonstration in an effort to minimize/eliminate further 
PCB releases at PGDP (LMES 1997). 
 
 

3. THREATS TO PUBLIC HEALTH OR WELFARE  
 
 
NSDD Sections 3, 4, and 5 and Outfalls 001, 008, 010, 011, and 015, and their associated internal ditches 
and areas have been identified as SWMUs under the FFA due to the potential for actual or threatened 
releases of hazardous constituents. These identified areas contain contamination within the upper one foot 
of surface soil/sediment. The identified contamination was derived from various plant activities 
conducted at PGDP facilities and was determined to pose human health risks from direct contact with 
contaminated sediments greater than the EPA risk range under some scenarios. Modeling performed as 
part of the SWOU SI report for the outfalls and their associated internal ditches indicated that no 
contaminants currently are migrating in surface water (dissolved or through sediment) from ditches to 
surrounding creeks at concentrations that may adversely impact human health. DOE has considered 
results of the Surface Water Baseline Human Health Risk Assessment (BHHRA) and Screening 
Ecological Risk Assessment (SERA) performed as part of the SWOU (On-Site) Site 
Investigation/Baseline Risk Assessment (SI/BRA) (DOE 2008b) in determining appropriateness of the 
action. 
 
Baseline Human Health Risk Assessment 
 
The BHHRA was completed as part of the SWOU (On-Site) SI/BRA (DOE 2008b). This BHHRA 
identified chemicals of potential concern (COPCs) and characterized risks under various exposure 
scenarios. For human health screening level risk assessment, COPCs were identified, screened for final 
selection, and carried through a streamlined BHHRA (DOE 2008b). The land use exposure scenarios 
evaluated included current and future industrial workers, future excavation workers, and current and 
future recreational users. These scenarios included calculations that used both site-specific (for current 
industrial workers and recreational users) and regulatory agency-recommended default (for future 
industrial worker, excavation worker, and recreational user) rates of exposure to contaminated soil and 
sediment. The BHHRA concluded a threat to human health risk greater than the EPA risk range existed 
under some scenarios. 

 
Screening Ecological Risk Assessment 
 
A SERA was performed to identify, qualitatively and quantitatively, where appropriate, the potential 
environmental risks associated with the SWOU if no further remedial action were taken. A large number 
of COPCs were found to exceed no action levels and were retained. Additionally, the PCB food web 



 U.S. Department of Energy Office of Environmental Management 
 

 
Action Memorandum for Contaminated Sediment Associated with the Surface Water Operable Unit 

(On-Site) at the Paducah Gaseous Diffusion Plant, Paducah, Kentucky 
DOE/LX/07-0119&D2/R1 
PRIMARY DOCUMENT 

 

 10

modeling revealed significant risks to several soil- and sediment-based receptors. Per EPA guidance and 
guidance in the Risk Methods Document (DOE 2001), these results indicated that further evaluation of 
potential for risk was required. If this further evaluation includes a Baseline Environmental Risk 
Assessment, it would include Steps 3-8 of the Ecological Risk Assessment process; however, it is 
believed that the proposed PCB remediation that will be completed as part of this action will reduce the 
associated PCB food web risk (DOE 2008a). Current plans are to conduct a sitewide baseline ecological 
risk assessment as part of future remedial investigative activities associated with the SWOU. 
 
Hot spots were identified using a cumulative excess lifetime cancer risk (ELCR) of 1E-05 and a 
cumulative hazard index (HI) of 1.0 based upon the information presented in Appendix F, “Risk-Based 
Cost-Benefit Analysis” of the EE/CA. Consistent with the results of the risk-based cost-benefit analysis, 
verification of cleanup to the cumulative ELCR of 1E-05 and a cumulative HI of 1.0, following 
excavation, will be based upon comparisons between sampling results and chemical-specific ELCR-based 
cleanup levels. The ELCR and HI target used in deriving the cleanup levels will be 5E-06 and 1.0, 
respectively. The cleanup goals under this action are presented in Table 1.  
 

Table 1. Cleanup Levels Based on Carcinogenic Risk and Hazard  

COC                                                          Risk-Based Concentration 
Arsenic 27 mg/kg 
Beryllium 50,000 mg/kg 
Total PCB 16 mg/kg 
Americium-241 115 pCi/g 
Cesium-137 8 pCi/g 
Neptunium-237 22 pCi/g 
Plutonium-239/240 108 pCi/g 
Technetium-99 3,825 pCi/g 
Thorium-230 147 pCi/g 
Thorium-232 129 pCi/g 
Uranium-234 188 pCi/g 
Uranium-235 30 pCi/g 
Uranium-238 94 pCi/g 
COC                                                      Hazard-Based Concentration 
Uranium 227 mg/kg 
COC = contaminant of concern 
ELCR = excess lifetime cancer risk 
HI = hazard index 
PCB = polychlorinated biphenyl compound 
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4. ENDANGERMENT DETERMINATION 

 
 
Actual or threatened releases of hazardous substances from this site, if not addressed by implementing the 
response action selected in this AM, may present an imminent and substantial endangerment to public 
health or welfare or the environment. The factors from 40 CFR § 300.415 (b)(2) were considered in 
determining the appropriateness of a removal action and are documented in the Removal Notification 
(DOE 2007a). The following factors were considered: 
 
• Actual or potential exposure to nearby populations, such as recreational users, current industrial 

workers, animals, or the food chain, from hazardous substances, pollutants, or contaminants; 
 
• High levels of hazardous substances, pollutants, or contaminants in soils, largely at or near the 

surface, that may migrate;  
 
• Weather conditions (e.g., flooding that may affect surface water run-off) that may cause hazardous 

substances, pollutants, or contaminants to migrate or be released; and 
 
• Other situations or factors that may pose threats to public health or welfare of the United States or the 

environment. 
 
 

5. SELECTED ACTION 
 
 
The action implements removal of “hot spots” and includes one or more engineered controls to prevent 
transport of contaminated soils and sediment, as needed, during removal activities. After completing the 
removal action and upon verifying the removal action objectives (RAOs) are achieved (including site 
restoration), temporary engineering controls will be evaluated and discontinued as appropriate. The 
removal action will reduce the risk to current and future industrial workers and recreational users from 
direct contact by removing known sources of contamination.  
 
Removal Action Objectives 
 
Removal Action Objectives (RAOs) were developed for the removal action and include the following: 
 
• Ensure direct contact risk at the on-site ditches for the current industrial worker falls within the EPA 

risk range.  
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• Ensure direct contact risk at the NSDD for both the current industrial worker and recreational user 
falls within the EPA risk range.  

Removal Action Description 

The following activities are included in the selected removal action:  
 
• Excavate the hot spots depicted in maps in Appendix F, Attachment F1, of the EE/CA to a depth of 

2 ft to eliminate the risk of human receptors contacting contaminated sediment. Hot spots under this 
action were identified using a cumulative ELCR of 1E-05 and a cumulative HI of 1.0 based upon the 
information presented in Appendix F, “Risk-Based Cost-Benefit Analysis” of the EE/CA. 

 
• Collect samples from the bottom of the hot spot to confirm that the risk-based targets of a cumulative 

ELCR of 1E-05 and a cumulative HI of 1.0 have been achieved, subsequently meeting the project 
RAOs.  

 
• Consistent with the results of the risk-based cost-benefit analysis, verification of cleanup to the 

cumulative ELCR of 1E-05 and a cumulative HI of 1.0 following excavation will be based upon 
comparisons between sampling results and chemical-specific ELCR-based and HI-based cleanup 
levels. The ELCR target used in deriving the cleanup levels will be 5E-06. The HI target used in 
deriving the cleanup levels will be 1.0. Examples of cancer risk-based and hazard-based cleanup 
levels that will be used in the comparison for the SWOU On-Site Project are shown in Table 1. 

 
• Methods to validate the achievement of the chemical-specific cleanup levels will be implemented 

similar to the NSDD Sections 1 and 2 remediation. Specific details will be scoped by the project team 
and will be presented in the RAWP.  

• 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 and 
contaminant migration from the action and will be dependent upon the site conditions at the time of 
excavation. 

 
• Restore (i.e., backfill with clean soil, reseeding, etc.) disturbed acreage to prevent erosion, migration 

and recontamination. 
 
• Characterize, containerize, transport, and dispose of all equipment and contaminated soil/sediment at 

an appropriate on- or off-site disposal/storage facility. 
 
• Assess temporary localized engineering controls and discontinue as appropriate. 
 
• Continue inspection and site maintenance during and after excavation and restoration to control 

erosion, and until the excavated/restored area is stable.  
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Temporary exclusion zones and fencing where inadvertently described in the EE/CA as interim 
institutional controls. These controls are occupational safety and health measures and will be utilized, if 
needed, during implementation of the removal action consistent with standard industry practice. 

 
This removal action is complete after the RAOs have been verified as achieved; the site is restored; and 
treatment, storage, or disposal of contaminated media and waste is complete. Once the excavation is 
complete, verification sampling has been performed, and the excavated area has been restored and 
determined stable, temporary engineering controls will be evaluated and discontinued as appropriate. The 
applicable or relevant and appropriate requirements (ARARs) or to be considered (TBC) criteria for this 
action are identified in Attachment 1.  

 
In follow-up to this AM, a Removal Action Work Plan (RAWP) will be prepared and submitted to EPA 
and the Kentucky Department for Environmental Protection (KDEP).  

Consistent with DOE’s Secretarial Policy Statement on the National Environmental Policy Act (NEPA), 
June 13, 1994, (DOE 1994), DOE has relied on the CERCLA process for evaluating the proposed 
activities and incorporated the analysis for NEPA values into Section 4 of the attached EE/CA. No 
significant adverse environmental impacts are expected from implementation of the selected alternative. 
The impact to vulnerable or sensitive populations, habitats, or natural resources (i.e., critical or aquatic 
habitat, migratory birds, wetlands, streams and floodplains) has been identified as part of the EE/CA. 
These impacts will be evaluated further, as appropriate, and any necessary mitigation measures will be 
documented in the RAWP. 

The removal action will generate approximately 7,000 yd3 of soil/sediment and waste materials requiring 
off-site disposal and 6,300 yd3 requiring on-site disposal. Sediment and other waste will be characterized, 
managed, transported, and disposed of in accordance with the ARARs/TBCs for low-level radioactive, 
RCRA, Toxic Substances and Control Act, or industrial waste in the approved EE/CA. DOE will 
manage/store polychlorinated biphenyl (PCB) remediation waste in risk-based storage in accordance with 
40 CFR § 761.61(c). The risk-based storage of PCBs will take place in containers (e.g., drums, B-12 
boxes, B-25 boxes, intermodal containers, and/or sealand containers), stored indoor or outdoors, provided 
that the containers are sealed when not adding/removing materials. Details regarding risk-based PCB 
storage will be included in the RAWP. Although the above describes DOE’s preferred method of storage, 
DOE may elect to store PCB remediation waste in other areas in accordance with TSCA and low-level 
waste requirements [e.g., RCRA storage facilities under 40 CFR 761.65(b)(2)]. DOE will perform 
disposal [in accordance with 40 CFR § 761.61(a)(5)(v)] of soil containing equal to or less than 49 parts 
per million (ppm) PCBs at the C-746-U solid waste landfill. The Environmental Performance Standard in 
401 Kentucky Administrative Regulation (KAR) 47:030, Section 8, and Condition Number ACTV0006, 
“Standard Requirement 1” of Solid Waste Permit No. 073-00014/073-00015/073-00045 currently allow 
such disposal. PCB remediation waste requiring off-site disposal (i.e., greater than 49 ppm) will be 
disposed of in accordance with 40 CFR § 761.61(a), (b), or (c) in a RCRA permitted landfill, in a landfill 
with a coordinated approval, in a chemical waste landfill, or in a facility with approval from EPA. 
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Off-site transfer of any hazardous substance, pollutant, or contaminant generated during this action will 
be sent to a facility that complies with applicable federal and state laws and has been approved by EPA 
for acceptance of CERCLA waste. Accordingly, DOE will verify with the appropriate EPA regional 
contact that any needed off-site facility is acceptable for receipt of CERCLA wastes prior to transfer in 
accordance with the requirements of the Off-Site Rule in 40 CFR § 300.440(a) (4). Wastewater collected 
or generated as part of the removal action will be sent to an existing KPDES permitted Waste Water 
Treatment Facility (WWTF) located at PGDP for treatment prior to discharge into surface water.  

 
This action is consistent with and is the next step in a phased approach toward meeting the Remedial 
Action Objectives for the SWOU (On-Site), which include the following: 
 
• Control sources early; focus resources at areas that warrant attention in the near-term, prioritizing 

actions within areas to address the greatest risks first. 

• Minimize human exposure to contaminants, maximizing the effectiveness of institutional controls. 

• Control further migration of contaminated sediment.2  

• Reduce risk from contaminated sediment hot spots. 

• Reduce the risk, making progress toward the ultimate goal of protecting recreational users and 
industrial workers from exposure to contaminated surface water and sediment.  

Upon completion of this an interim action and in keeping with the phased approach, this action will be 
followed by the Comprehensive Site Operable Unit for evaluation, with implementation of additional and 
final actions, as needed, to ensure long-term protectiveness (DOE 2008c).  

 
Engineering Evaluation/Cost Analysis 

The EE/CA evaluated four alternatives for accomplishing the SWOU (On-Site) RAOs. The alternatives 
were as follows: 

1. No action; 

2. Interim institutional controls; 

3. Combination of engineering and interim institutional controls; 

4. Excavation and interim institutional controls (as needed). 
                                                      
2 The SWOU SI determined that migration does not result in unacceptable risk; however, addressing hot spots under this action 
associated with on-site exposure will reduce the potential risks associated with any off-site migration. 
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Based on the analysis, Alternative 4 was the recommended removal action alternative. The alternative met 
all the RAOs for the removal action, was effective, could be implemented, and was the most cost-
effective option that met the specified requirements. Under this alternative, hot spots identified using a 
cumulative ELCR of 1E-05 and a cumulative HI of 1.0, based upon the information presented in 
Appendix F, “Risk-Based Cost-Benefit Analysis” and as depicted in the maps in Appendix F, Attachment 
F1 of the EE/CA, will be excavated to a depth of 2 ft. Any residual contamination located outside or 
underneath the indentified hot spots after excavation is complete will be evaluated and addressed as part 
of future remedial investigation activities (e.g., Surface Water OU (Off-Site), Soils OU, etc.). The 
estimated capital cost for implementation of Alternative 4 is $7,630,816, with an additional estimated 
annual operating and maintenance cost of $5,000. 

The project is scheduled to begin in FY 2008 and is estimated to take approximately two years to 
complete, depending upon available funding. The schedule is for planning and cost-estimating purposes 
only and is not an enforceable part of the action.  
 
 

6. EXPECTED CHANGE IN THE SITUATION SHOULD ACTION BE 
DELAYED OR NOT TAKEN 

 
 
A delay or inaction in implementing the alternative may result in an increased likelihood of direct human 
contact with hazardous substances. The SI/BRA concluded that contaminants associated with the outfalls 
and their associated internal ditches are not migrating in surface water (dissolved or through sediment) 
from ditches to surrounding creeks at concentrations that may adversely impact human health; however, 
should delay or inaction in implementing the alternative occur, there is an increased potential for 
contaminant migration to off-site locations. No outstanding policy issues have been identified for this 
action. 
 
 

7. STATUTORY AND REGULATORY AUTHORITIES 
 
 
PGDP was placed on the NPL in 1994. The proposed action is being undertaken by DOE, as the lead 
agency, pursuant to CERCLA, as amended by the Superfund Amendments and Reauthorization Act of 
1986 (SARA), Section 104(a), in accordance with Executive Order 12580 and the Federal Facility 
Agreement (FFA) for the PGDP, Section X. A response under CERCLA is appropriate when (1) 
hazardous substances or contaminants are released or (2) there is a substantial threat of a release into the 
environment and response is necessary to protect human health and the environment. There are no 
outstanding policy issues. 
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8. PUBLIC PARTICIPATION 
 
 
DOE held a 30-day public comment period on the EE/CA from October 6, 2008, to November 5, 2008. 
Notice of the public comment period was published in the local newspaper, the Paducah Sun. No 
comments were received during the public comment period, and, as a result, no changes were made to the 
preferred alternative. 

 
 

9. RECOMMENDATIONS 
 
 
This decision document represents the selected non-time-critical removal action for contaminated 
sediment associated with the SWOU (On-Site) at PGDP in Paducah, Kentucky. The document was 
developed in accordance with CERCLA, as amended by Superfund Amendments and Reauthorization 
Act, and is consistent with the National Contingency Plan and Paducah FFA. This removal action is 
consistent with and will not preclude anticipated objectives for future CERCLA actions at PGDP. 
 
This AM incorporates the following attachment: Engineering Evaluation/Cost Analysis for Contaminated 
Sediment Associated with the Surface Water Operable Unit (On-Site) at the Paducah Gaseous Diffusion 
Plant, Paducah, Kentucky, DOE/LX/07-0012&D2. EPA and the Kentucky Department for Environmental 
Protection have approved the EE/CA for this removal action.  
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If a response action is not taken, there is an increased likelihood of direct human contact with hazardous 
substances over time. The selected action is consistent with the provisions of the FFA, based on the 
analysis presented here and in the attached EE/CA, and on review and consideration of the public 
comments. This action is appropriate and will be implemented in accordance with CERCLA. 
 
 
Approval 
 
 
 
 
__________________________________________   __________________ 
William E. Murphie        Date 
U.S. Department of Energy 
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The following attachments are enclosed with this Action Memorandum: 
 
Attachment 1: Applicable or Relevant and Appropriate Requirements and To Be Considered Guidance 
 
Attachment 2: Engineering Evaluation/Cost Analysis for Contaminated Sediment Associated with the 

Surface Water Operable Unit (On-Site) at the Paducah Gaseous Diffusion Plant, 
Paducah, Kentucky, DOE/LX/07-0012&D2. 
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Associated with the Surface Water Operable Unit (On-Site) at the 
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This appendix summarizes the evaluation performed to determine if the need still exists for the 
construction and installation of new sedimentation basins at Paducah Gaseous Diffusion Plant Outfall 008 
and Outfall 011. The need for the construction and installation of sedimentation basins previously was 
identified in the Engineering Evaluation/Cost Analysis for the Site-Wide Sediment Controls at the 
Paducah Gaseous Diffusion Plant, Paducah, Kentucky (EE/CA), DOE/OR/07-1958&D1/R1, prepared in 
2002 (DOE 2002b). 

The Site-Wide Sediment Controls EE/CA (DOE 2002b) identified the following uncertainties associated 
with Outfall 008 and Outfall 011: 

Outfall 008 

1) Future construction or remediation activities could create the opportunity for sediment and 
contaminated soil to be mobilized and transported to Bayou Creek; 

2) Uncertainties as to the level of dissolved phase metals and radionuclides being discharged during 
storm flow events; and  

3) Contribution and nature of process water is uncertain during normal operations and storm events. 

Outfall 011 

1) Future construction or remediation activities could create the opportunity for sediment and 
contaminated soil to be mobilized and transported to Little Bayou Creek; 

2) Under existing conditions, some polychlorinated biphenyl- (PCB-) contaminated solid waste 
management units (SWMUs) and Building C-340 may present the opportunity for contaminated 
sediment/soil to be mobilized and transported. Plant ditches within Outfall 011 have an unknown 
level of contamination; 

3) Uncertainties as to the level of dissolved phase metals and radionuclides being discharged during 
storm flow events; and  

4) Contribution and nature of process water is uncertain during normal operations and storm events. 

Based upon these uncertainties, the Site-Wide Sediment Controls EE/CA (DOE 2002b) recommended 
that control/remediation for Outfalls 008 and 011 be implemented using “Alternative 4” – “Localized 
Controls, Integrated Controls, and System Controls.” This included the excavation of a new section of 
outfall ditch and the installation of sediment control basins at Outfall 008 and Outfall 011.  

Since the preparation of the Site-Wide Sediment Controls EE/CA (DOE 2002b), a comprehensive 
sitewide investigation of the Surface Water Operable Unit (SWOU) has been conducted. This 
investigation included Outfall 008 and Outfall 011. Results of the site investigation can be found in the 
Surface Water Operable-Unit (On-Site) Site Investigation and Baseline Risk Assessment Report at the 
Paducah Gaseous Diffusion Plant Paducah Kentucky, DOE/LX/07-0001&D1 (DOE 2006).  

The SWOU (On-Site) SI/BRA included a detailed risk assessment for each of the outfalls and their 
associated internal ditches. The results of the risk assessment are summarized in Section 1.7 of this 
EE/CA. In addition to the risk assessment, the SWOU (On-Site) SI/BRA included surface water models 
(MUSLE and SWMM) for antimony, iron, uranium, Total PCBs, uranium-238 and Total PAHs. These 
models were performed to determine the predicted surface water concentration for a 30 year, 24 hour 
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storm event at the outfalls and Little Bayou and Bayou Creeks. The model results show no exceedance for 
either Outfall 008 or Outfall 011 [see Appendix C of the SWOU (On-Site) SI/BRA and Section 1.6 of this 
report].  

Based upon the data from the SWOU (On-Site) SI/BRA, the results of the risk assessment and the results 
of the surface water modeling, it has been determined that the need for the construction and installation of 
sediment basins for Outfall 008 and Outfall 011 is no longer warranted at this time. 

The design of the excavation will consider routine sedimentation controls, such as small stormwater 
retention areas, silt fencing, rock check dams, mulching, and revegetation, as best management practices 
to prevent potential erosion and migration during excavation activities associated with this EE/CA.  These 
are described in Section 3 and Section 4 of the EE/CA. 
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Appendix E presents the development of removal goal options (RGOs) and the screening of the 13 
exposure units (EUs) identified in Section 1.7.1, “Human Health Risk,” against those RGOs.  The 
appendix provides the basis for the exposure parameters associated with the industrial worker, excavation 
worker, and recreational user and the human health uncertainties associated with the selection of 
contaminants of concern (COCs) under the various risk scenarios. The COCs indentified for the current 
industrial worker in this appendix also are utilized in Appendix F.  

E.1.1 Removal Goal Options 

Human health RGOs were derived for all contaminants of concern (COCs) using the methods for risk-
based concentration calculation described in Appendix D of the Surface Water Operable Unit (SWOU) 
(On-Site) Site Investigation/Baseline Risk Assessment (SI/BRA) report (DOE 2006). Consistent with 
guidance in the Methods Document (DOE 2001) describing remedial goal option derivation, the targets 
used were 1 x 10-4, 1 x 10-5, and 1 x 10-6 for risk; 3.0, 1.0, and 0.1 for hazard; and 1, 15, and 25 mrem/year 
for radionuclide dose.  

RGOs to protect receiving media (e.g., surface water/sediment) are not derived in this appendix because 
the removal action objectives (RAOs) do not include a response to address contaminant migration. Please 
see the main text and Appendix C for additional information regarding contaminant migration. 
 
RGOs protective of human health were derived for the most likely future uses of Sections 3, 4, and 5 of 
the North-South Diversion Ditch (NSDD) and the internal ditches. For Sections 3, 4, and 5 of the NSDD, 
recreational and industrial were the most likely future uses considered (DOE 2006). For the internal 
ditches, industrial was considered the most likely future use (DOE 2006). 
 
E.1.2 Exposure Parameters for the Industrial Worker, Excavation Worker, and Recreational User 

Site-specific exposure parameters are used when deriving the RGOs. These site-specific exposure 
parameters and their basis are discussed in the following subsections.  

E.1.2.1 Industrial Worker 

The exposure frequency for the industrial worker under current site conditions was set to 14 days per year 
and a duration of 25 years.10 This is consistent with the limitations on exposure under the current 
administrative controls, which will be continued through implementation of interim institutional controls 
of the selected alternative. The exposure frequency was based on process knowledge associated with 
actual work performed at Paducah Gaseous Diffusion Plant (PGDP). An ingestion rate was calculated 
based on the assumption that a worker’s time was to be consumed by intrusive actives such as mowing 
and collecting samples from the hot spot. For this activity, a soil ingestion rate of 480 mg/day was 
assigned similar to that listed in the SWOU (On-Site) SI/BRA report for excavation workers (DOE 2006).  
Dermal exposure for the industrial worker was assumed to be limited by administrative procedures to the 
hand and facial areas only; therefore, the dermal exposure surface area was set at 0.193 m2/day based on 
exposure surface areas listed in Table 8-3 of Dermal Exposure Assessment: Principles and Application 
(EPA 1992).  The 0.193 m2/day is an average exposure to the hand and facial areas for both men and 
women.   

 

 

                                                                 
10 This is the type of worker that would maintain or inspect ditches. 
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E.1.2.2 Excavation Worker 

The exposure parameters for the excavation worker under current site conditions matched those used for 
the industrial worker. This is consistent with the limitations on exposure under the current administrative 
controls, which will be continued through implementation of interim institutional controls of the selected 
alternative.  

E.1.2.3 Recreational User 

For the purposes of establishing RGOs for the recreational user under current site conditions, the teen 
recreational user scenario was used. The teen users are much more likely to be around the NSDD than 
either the child or adult users (DOE 2006). For the establishment of realistic RGOs, the teen user was 
assumed to spend an average of 42 days during the summer months in the areas around the NSDD and 18 
days in the fall and winter during hunting season. An average daily exposure was assumed to remain 
constant at 5 hrs/day. Assuming relatively little clothing during the summer and almost completely 
clothed during the fall and winter, an average dermal exposure surface area of 0.74 m2/day was 
calculated. The average daily ingestion rate of 100 mg/day was retained.  

The RGOs protective of the industrial worker and recreational user under the most likely rates of 
exposure are presented in Tables E.1–E.4. 
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Table E.1. Cancer Risk RGOs for the Industrial Worker and Recreational User under Most Likely Exposure 
Scenarios 

  Industrial Workerb Recreational Userc 
  Risk = 10-4 Risk = 10-5 Risk = 10-6 Risk = 10-4 Risk = 10-5 Risk = 10-6 

Inorganic Chemicals (Metals) (mg/kg in Soil/Sediment) 
Aluminum NA NA NA NA NA NA 
Antimony NA NA NA NA NA NA 
Arsenic 5.48E+02 5.48E+01 5.48E+00 1.81E+02 1.81E+01 1.81E+00 
Beryllium >1E+05 a  >1E+05 a  >1E+05 a >1E+05 a  >1E+05 a >1E+05 a 
Cadmium NA NA NA NA NA NA 
Iron NA NA NA NA NA NA 
Manganese NA NA NA NA NA NA 
Nickel NA NA NA NA NA NA 
Uranium NA NA NA NA NA NA 

Organic Compounds (mg/kg in Soil/Sediment) 
Total PCB 3.19E+02 3.19E+01 3.19E+00 6.44E+01 6.44E+00 6.44E-01
Total PAH (as 
BaPE) 

5.43E+01 5.43E+00 5.43E-01 6.69E+00 6.69E-01 6.69E-02

Radionuclides (pCi/g in Soil/Sediment) 
Americium-241 2.30E+03 2.30E+02 2.30E+01 8.11E+03 8.11E+02 8.11E+01 
Cesium-137 1.52E+02 1.52E+01 1.52E+00 1.19E+02 1.19E+01 1.19E+00 
Cobalt-60 3.15E+01 3.15E+00 3.15E-01 2.45E+01 2.45E+00 2.45E-01 
Neptunium-237 4.33E+02 4.33E+01 4.33E+00 3.78E+02 3.78E+01 3.78E+00 
Plutonium-239/240 2.15E+03 2.15E+02 2.15E+01 2.37E+04 2.37E+03 2.37E+02 
Technetium-99 7.65E+04 7.65E+03 7.65E+02 7.06E+05 7.06E+04 7.06E+03 
Thorium-230 2.93E+03 2.93E+02 2.93E+01 3.02E+04 3.02E+03 3.02E+02 
Thorium-232 2.57E+03 2.57E+02 2.57E+01 2.79E+04 2.79E+03 2.79E+02 
Uranium-234 3.76E+03 3.76E+02 3.76E+01 4.07E+04 4.07E+03 4.07E+02 
Uranium-235 6.05E+02 6.05E+01 6.05E+00 5.53E+02 5.53E+01 5.53E+00 
Uranium-238 1.88E+03 1.88E+02 1.88E+01 2.46E+03 2.46E+02 2.46E+01 

aScreening values greater than 100,000 mg/kg are reported as >1E+5 as required in Appendix A of the Risk Methods Document. 
bIndustrial worker risk values were derived using the following exposure parameters: exposure frequency =14 d/yr; exposure duration=25 yr; 
ingestion rate=480 mg/d; absorption factor=0.001 except where chemical specific information was available; and surface area=0.193m2. Default 
parameters from the Risk Methods Document were used for all other parameters. 
cTeen recreational risk values were derived using the following exposure parameters: exposure frequency=60 d/yr; exposure duration=12 yr; ingestion 
rate=100 mg/d; absorption factor=0.001 except where chemical specific information was available; and surface area=0.74 m2. Default parameters 
from the Risk Methods Document were used for all other parameters. 
Slope factors used are shown in Table E.19.
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Table E.2. HI RGOs for the Industrial Worker and Recreational User under Most Likely Exposure Scenarios 

Industrial Workera Recreational Userb COC 
HI = 0.1 HI = 1 HI = 0.1 HI = 1 

Inorganic Chemicals (Metals) (mg/kg in Soil/Sediment) 
Aluminum >1E+05 a  >1E+05 a  >1E+05 a >1E+05 a 
Antimony 1.27E+02 1.27E+03 2.68E+01 2.68E+02 
Arsenic 8.81E+01 8.81E+02 1.40E+01 1.40E+02 

Beryllium 5.42E+02 5.42E+03 6.87E+01 6.87E+02 
Cadmium 2.71E+02 2.71E+03 3.44E+01 3.44E+02 

Iron >1E+05 a  >1E+05 a  >1E+05 a >1E+05 a  
Manganese 4.78E+04 >1E+05 a  1.75E+04 >1E+05 a  

Nickel 7.49E+03 7.49E+04 1.08E+04 >1E+05 a  
Uranium 2.27E+02 2.27E+03 5.31E+02 5.31E+03 

Organic Compounds (mg/kg in Soil/Sediment) 
Total PCB  NA NA NA NA 

Total PAH (as 
BaPE) 

NA NA NA NA 

Radionuclides (pCi/g in Soil/Sediment) 
Americium-241 NA NA NA NA 

Cesium-137 NA NA NA NA 
Cobalt-60 NA NA NA NA 

Neptunium-237 NA NA NA NA 
Plutonium-239/240 NA NA NA NA 

Technetium-99 NA NA NA NA 
Thorium-230 NA NA NA NA 
Thorium-232 NA NA NA NA 
Uranium-234 NA NA NA NA 
Uranium-235 NA NA NA NA 
Uranium-238 NA NA NA NA 

a Screening values greater than 100,000 mg/kg are reported as >1E+5 as required in Appendix A of the Risk Methods Document. 
bIndustrial worker hazard values were derived using the following exposure parameters: exposure frequency=14 d/yr; exposure duration=25 
yr; ingestion rate=480 mg/d; absorption factor=0.001 except where chemical specific information was available; and surface area=0.193 m2. 
Default parameters from the Risk Methods Document were used for all other parameters. 
cTeen recreational hazard values were derived using the following exposure parameters: exposure frequency=60 d/yr; exposure duration=12 
yr; ingestion rate=100 mg/d; absorption factor=0.001 except where chemical specific information was available; and surface area=0.74 m2. 
Default parameters from the Risk Methods Document were used for all other parameters. 
Reference dose values used are shown in Table E.20. 
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Table E.3. Dose-based Soil/Sediment RGOs for Industrial Worker 

Industrial Worker 
Radionuclide Units 1 mrem/yr 15 mrem/yr 25 mrem/yr 

Americium-241 pCi/g 4.01E+01 6.02E+02 1.00E+03 
Cesium-137 pCi/g 2.84E+01 4.26E+02 7.10E+02 
Cobalt-60 pCi/g 6.03E+00 9.04E+01 1.51E+02 

Neptunium-237+D pCi/g 2.43E+01 3.65E+02 6.08E+02 
Plutonium-238 pCi/g 4.65E+01 6.97E+02 1.16E+03 

Plutonium-239/240 pCi/g 4.20E+01 6.30E+02 1.05E+03 
Technetium-99 pCi/g 9.01E+04 1.35E+06 2.25E+06 
Thorium-230 pCi/g 2.71E+02 4.06E+03 6.76E+03 
Thorium-232 pCi/g 5.45E+01 8.17E+02 1.36E+03 
Uranium-234 pCi/g 5.24E+02 7.87E+03 1.31E+04 

Uranium-235+D pCi/g 1.05E+02 1.57E+03 2.62E+03 
Uranium-238+D pCi/g 3.21E+02 4.81E+03 8.02E+03 

Values were calculated using dose conversion factors from RESRAD 6.3. 

 

Table E.4. Dose-based Soil/Sediment RGOs for Recreational Users 

Revised Recreational Users Radionuclide Units 
1 mrem/yr 15 mrem/yr 25 mrem/yr 

Americium-241 pCi/g 4.35E+01 6.52E+02 1.09E+03 
Cesium-137 pCi/g 1.07E+01 1.60E+02 2.67E+02 
Cobalt-60 pCi/g 2.25E+00 3.38E+01 5.63E+01 

Neptunium-237+D pCi/g 1.76E+01 2.64E+02 4.40E+02 
Plutonium-238 pCi/g 5.20E+01 7.81E+02 1.30E+03 

Plutonium-239/240 pCi/g 4.70E+01 7.06E+02 1.18E+03 
Technetium-99 pCi/g 8.19E+04 1.23E+06 2.05E+06 
Thorium-230 pCi/g 3.01E+02 4.51E+03 7.51E+03 
Thorium-232 pCi/g 6.09E+01 9.13E+02 1.52E+03 
Uranium-234 pCi/g 5.84E+02 8.76E+03 1.46E+04 

Uranium-235+D pCi/g 4.48E+01 6.71E+02 1.12E+03 
Uranium-238+D pCi/g 1.89E+02 2.84E+03 4.73E+03 

Values were calculated using dose conversion factors from RESRAD 6.3. 
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E.1.3 Human Health Risk Uncertainties 

The following sections outline some of the uncertainties identified while performing the human health 
risk assessment. The uncertainties are presented here to support the development of the RGOs used in the 
alternatives analysis. 

E.1.3.1 Selection of Chemicals of Potential Concern 
  
Uncertainty in the selection of chemicals of potential concern (COPCs) is derived primarily from the 
initial selection of COPCs.  Chemicals detected in soil and sediment samples from the SWOU were 
selected only if they were identified in Table 5.1 of the Sampling and Analysis Plan for the SI/BRA of the 
SWOU (On-Site) (DOE 2005).  Essential nutrients were eliminated from the list of COPCs and the final 
list of COPCs was developed by screening against residential no action levels presented in Appendix A of 
Methods for Conducting Risk Assessments and Risk Evaluations at the Paducah Gaseous Diffusion Plant, 
Paducah, Kentucky, DOE/OR/07-1506&D2 (DOE 2001).  In the SI/BRA, some chemicals were 
eliminated as COPCs based on frequency of detection or because they were not expected as a result of 
processes at the site.  It should be noted that these chemicals have not been identified as significant risk 
drivers in past risk assessments for the site and are unlikely to be important for the overall risk 
management at the site.  Since these chemicals may have been selected as COPCs in a traditional COPC 
screen, an additional screening analysis was performed on these chemicals to determine whether their 
inclusion in the risk assessment would affect the development of the RGOs.  The following is a listing of 
the additional chemicals that may have been selected as COPCs in a traditional COPC screen and a 
summary of the additional screening analysis that was performed. 
 

Chemical Name Units Maximum 
Percent 
Detect 

Residential No 
Action Level 

Selected as 
a COPC? 

Screening  
Analysis? 

1,1-Dichloroethene mg/kg 0.508 2% 0.0276 No Yes 
1,2-Diphenylhydrazine mg/kg 0.5 14% 0.117 No Yes 
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin mg/kg 0.0000182 100%* 0.0000149 No Yes 
2,4-Dinitrotoluene mg/kg 0.5 4% 0.209 No Yes 
2,6-Dinitrotoluene mg/kg 0.5 4% 0.209 No Yes 
3,3'-Dichlorobenzidine mg/kg 0.5 9% 0.208 No Yes 
Benzidine mg/kg 0.5 10% 0.00059 No Yes 
Bis(2-chloroethyl) ether mg/kg 0.5 7% 0.029 No Yes 
Carbazole mg/kg 7.3 9% 6.14 No Yes 
Dieldrin mg/kg 0.062 3% 0.0059 No Yes 
Hexachlorobenzene mg/kg 0.5 8% 0.0585 No Yes 
Hexachlorobutadiene mg/kg 0.5 8% 0.32 No Yes 
Nitrobenzene mg/kg 0.5 6% 0.492 No Yes 
N-Nitrosodimethylamine mg/kg 0.5 14% 0.0018 No Yes 
N-Nitroso-di-n-propylamine mg/kg 0.5 6% 0.0073 No Yes 
Octachloro-dibenzo[b,e][1,4]dioxin mg/kg 0.0253 100%* 0.00149 No Yes 
Radium-226 pCi/g 2.51 4% 0.00382 No Yes 

 

While detected at frequencies greater than 5%, N-nitrosodimethylamine (NDMA) and n-dinitroso-di-
n-propylamine are common disinfection byproducts.  Neither is known to be part of plant operations or 
other routine processes conducted at PGDP, and these chemicals may be present as the result of releases 
of municipal water into the drainage system. Since these chemicals are not related specifically to plant 
operations, they are unlikely to be important for risk management for the site.   
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Bis(2-chloroethyl)ether, 1,1-dichlorethene, 2,4-dinitrotoluene, 2,6-dinitrotoluene, dieldrin, radium-226, 
1,2-diphenylhydrazine, 3,3’-dichlorobenzidine, benzidine, bis(2-chloroethyl)ether, carbazole, 
hexachlorobenzene, hexachlorobutadiene, and nitrobenzene were evaluated further in order to determine 
the impact that the selection of these 13 chemicals as COPCs might have on the development of site-
specific RGOs for the SWOU EE/CA.  Risk and hazard estimates based on the site-specific recreational 
teen exposure parameters were generated for each of the 13 chemicals and compared with target and 
hazard goals.  The site-specific recreational teen was used in this evaluation, because the exposure 
scenarios used for the recreational teen result in a more conservative assessment of risk (i.e., less likely to 
underestimate risk and hazard under current use) than those for the site-specific industrial worker. To 
calculate the risk and ensure conservatism in the screening evaluation, the maximum detected 
concentration for each of the chemicals was used in the evaluation. 

Bis(2-chloroethyl)ether was detected in 6% of soil and sediment samples at concentrations marginally 
above detection limits. The detection limit for this chemical was about an order of magnitude above its 
residential no action level; thus, it could have been selected as a COC under the residential scenario.  The 
risk to the teen recreator under the site-specific exposure scenario is only 2.69 x 10-7, well below the 
lower limit of the U.S. Environmental Protection Agency’s (EPA) target risk range (i.e., 1 x 10-6 to 
1 x 10-4) and the target risk used to develop RGOs (i.e., 1 x 10-5).  Noncarcinogenic effects for 
bis(2-chloroethyl)ether could not be assessed because this chemical does not have a reference dose.  
Given bis(2-chloroethyl)ether’s infrequent detection and low risk relative to chemicals and compounds 
driving risk in the Baseline Human Health Risk Assessment (BHHRA), bis(2-chloroethyl)ether would not 
be useful when targeting areas to be remediated. 

1,1-Dichlorethene was detected in 2% of soil and sediment samples and could have been selected as a 
COC under the residential scenario; however, the risk to the teen recreator under the site-specific scenario 
is only 2.50 x 10-9.   This value is well below the lower limit of EPA’s target risk range and the target risk  
used to develop RGOs. Noncarcinogenic effects for 1,1-dichlorethene could be assessed and equaled 
0.00035 for the teen recreator under site-specific exposure.  This hazard quotient is well below the target 
value of 0.1 used to develop RGOs.  Given 1,1-dichlorethene’s infrequent detection and low risk relative 
to chemicals and compounds driving risk in the BHHRA, 1,1-dichlorethene would not be useful when 
targeting areas to be remediated.    

2,4-Dinitrotoluene and 2,6-dinitrotoluene both were detected in 4% of soil and sediment samples and 
could have been selected as a COC under the residential scenario.  Both chemicals had the same 
maximum detected concentration, and the risk to the teen recreator under the site-specific scenario from 
either 2, 4-dinitrotoluene or 2, 6-dinitrotoluene is  3.16 x 10-9.  Noncarcinogenic effects for 2, 
4-dinitrotoluene could be assessed and equaled 0.00085 for the teen recreator under site-specific 
exposure.  Noncarcinogenic effects for 2, 6-dinitrotoluene could be assessed and equaled 0.0017 for the 
teen recreator under site-specific exposure.  Both these hazard quotients are well below the target value of 
0.1 used to develop RGOs.  Given  the infrequent detection and low risk relative to chemicals and 
compounds driving risk in the BHHRA, neither of these chemicals would be useful when targeting areas 
to be remediated.    

Dieldrin was detected in 3% of soil and sediment samples and could have been selected as a COC under 
the residential scenario; however, the risk to the teen recreator under the site-specific scenario is only 
2.17 x 10-7.   This value is well below the lower limit of EPA’s target risk range and the target risk  used 
to develop RGOs. Noncarcinogenic effects for dieldrin could be assessed and equaled 0.007 for the teen 
recreator under site-specific exposure.  This hazard quotient is well below the target value of 0.1 used to 
develop RGOs.  Given dieldrin’s infrequent detection and low risk relative to chemicals and compounds 
driving risk in the BHHRA, dieldrin would not be useful when targeting areas to be remediated.    
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Radium-226 was detected in 4% of soil and sediment samples and could have been selected as a COC 
under the residential scenario; however, the risk to the teen recreator under the site-specific scenario is 
7.03 x 10-6.  This risk results from the external exposure pathway and exceeds the de minimis level, but 
still is below the risks associated with the COCs that are risk drivers at the site. Considering the 
infrequent detection of radium-226 and its small contribution to total risk relative to chemicals and 
compounds driving risk in the BHHRA, radium-226 would not be useful when targeting areas to be 
remediated. 

Carbazole also was detected in 9% of soil and sediment samples and could have been selected as a COC 
under the residential scenario; however, the risk to the teen recreator under the site-specific scenario is 
only 1.97 x 10-8.  This value is well below the lower limit of EPA’s target risk range and the target risk  
used to develop RGOs.   Noncarcinogenic effects for carbozole could not be assessed because this 
chemical does not have a reference dose.  Given carbazole’s infrequent detection and low risk relative to 
chemicals and compounds driving risk in the BHHRA, carbazole would not be useful when targeting 
areas to be remediated.  

Benzidine was detected in 10% of soil and sediment samples at concentrations close to its detection limit 
(approximately 0.50 mg/kg). All detected results were estimated based on poor surrogate recoveries. The 
detection limit for this chemical was approximately three orders of magnitude above the residential no 
action level; therefore, benzidine could have been selected as a COC under the residential scenario.  
However, the risk to the teen recreator under the site-specific exposure scenario is 1.56 x 10-5.  This value 
is within the EPA target risk range and similar to the target risk used to develop RGOs.  Noncarcinogenic 
effects for benzidine could be assessed and equaled 0.00007 for the teen recreator under site-specific 
exposure.  This hazard quotient is well below the target value of 0.1 used to develop RGOs.  Given 
benzidine’s infrequent and uncertain detection and low risk relative to chemicals and compounds driving 
risk in the BHHRA, benzidine would not be useful when targeting areas to be remediated.    

Hexachlorobenzene was detected in 8% of soil and sediment samples at concentrations close to its 
detection limit (approximately 0.50 mg/kg). The detection limit for this chemical was an order of 
magnitude greater than the residential no action level; therefore, hexachlorobenzene could have been 
selected as a COC under the residential scenario.  Like benzidine, hexachlorobenzene has both 
carcinogenic and noncarcinogenic effects, and the risk and hazard to the teen recreator under the site-
specific exposure scenario were 4.31 x 10-7 and 0.0004, respectively.  The risk estimate is well below the 
lower limit of the EPA target risk range and the target risk used to develop RGOs, and the hazard quotient 
is well below the target value used to develop RGOs.  Given hexachlorobenzene’s infrequent detection 
and low risk relative to chemicals and compounds driving risk in the BHHRA, hexachlorobenzene would 
not be useful when targeting areas to be remediated.   

Hexachlorobutadiene was detected in 8% of soil and sediment samples at concentrations above the 
detection limit and could have been selected as a COC under the residential scenario.  Like benzidine and 
hexachlorobenzene, hexachlorobutadiene has both carcinogenic and noncarcinogenic effects, and the risk 
and hazard to the teen recreator under the site-specific exposure scenario were 7.05 x 10-8 and 0.0016, 
respectively.  The risk estimate is well below the lower limit of the EPA target risk range and the target 
risk used to develop RGOs, and the hazard quotient is well below the target values used to develop 
RGOs.  Given hexachlorobutadiene’s infrequent detection and low risk relative to chemicals and 
compounds driving risk in the BHHRA, hexachlorobutadiene would not be useful when targeting areas to 
be remediated. 

Nitrobenzene was detected in 6% of soil and sediment samples at concentrations near the detection limit 
and only marginally above the residential no action level.  Nitrobenzene could have been selected as a 
COC under the residential scenario.  Nitrobenzene poses only a noncancer hazard and the hazard to the 
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teen recreator under the site-specific exposure scenario was 0.0014.  The hazard quotient is well below 
the target values used to develop RGOs; therefore, nitrobenzene would not be useful when targeting areas 
to be remediated.  

1,2-Diphenylhydrazine and 3,3'-dichlorobenzidine were detected in 14% and 9% of soil and sediment 
samples, respectively, and could have been selected as COCs under the residential scenario. Both 
chemicals are known carcinogens and the risk to the teen recreator under the site-specific exposure 
scenario was 6.72 x 10-8 for 1,2-diphenylhydrazine and 3.88 x 10-8 for 3,3'-dichlorobenzidine, both well 
below the lower limit of EPA’s target risk range and the target risk used to develop RGOs.  
Noncarcinogenic effects of 1,2-diphenylhydrazine and 3,3'-dichlorobenzidine could not be addressed 
because these chemicals do not have a reference dose.  Given, 1,2-diphenylhydrazine’s and 3,3'-
dichlorobenzidine’s infrequent detection and low risk relative to chemicals and compounds driving risk in 
the BHHRA, these chemical would not be useful when targeting areas to be remediated.  

Dioxins/furans were not selected as COPCs for use in the BHHRA because limited characterization 
information is available for the PGDP outfalls and ditches. Two historical soil/sediment samples from 
Outfall 010 were analyzed for dioxins/furans. The maximum concentrations of the majority of the 
dioxins/furans analyzed are below the residential no action levels as presented in the Risk Methods 
Document (DOE 2001). Concentrations of 1,2,3,6,7,8-hexachlorodibenzo-p-dioxin and octachlorodibenzo 
(b,e)(1,4)dioxin [OCDD], however, were detected above their respective screening levels and could have 
been selected as COCs under the residential scenario.  Both chemicals are known carcinogens and the risk 
to the teen recreator under the site-specific exposure scenario is 1.83 x 10-8 for hexachlorodibenzo-p-
dioxin and 1.35 x 10-6 for OCDD, below and similar to, the lower limit of EPA’s target risk range.  Both 
risk results are below the target risk used to develop RGOs. Noncarcinogenic effects of 
hexachlorodibenzo-p-dioxin and OCDD could not be addressed because these chemicals do not have a 
reference dose.  These results indicate that dioxins would not be useful when targeting areas to be 
remediated.    

In summary, while there is some uncertainty in the selection of COPCs based upon the initial selection 
process, chemicals not retained as COPCs and, possibly selected as COCs, are unlikely to contribute 
significantly to site-related cancer risks or noncancer hazards and would be of little use when targeting 
areas for remediation.  Other COCs that are risk drivers and are used to target areas to be remediated are 
present at maximum concentrations ranging from several hundred to over 10,000 times higher than their 
respective no action levels.11  

E.1.3.2 Dermal Contact 
 
Dermal contact with soil was an important exposure route in previous BHHRAs at PGDP, with most of 
this risk arising from contact with metals in soil. This result arises from using dermal absorption factors 
(ABS values) that exceed gastrointestinal (GI) absorption values in the risk calculations. As noted in the 
SWOU (On-Site) SI/BRA report, (DOE 2006) using Kentucky Department for Environmental Protection 
(KDEP) default exposure assumptions contributes significantly to uncertainty in the BHHRA. To address 
this uncertainty, ABS values recommended by the Risk Assessment Guidance for Superfund Volume I: 
Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) (EPA 
2004) were used in the derivation of RGOs when a chemical specific absorption factor was not available. 
In the case of metals without a chemical-specific value, an ABS value of 0.1%, taken from the action 
level calculations in the Risk Method document, was used in place of the KDEP default value of 5%. 
While using an ABS value of 0.1% is less conservative than using the KDEP default value, its use is more 

                                                                 
11 All COCs or other contaminants for which there is substantial uncertainty will be evaluated as part of future validation 
sampling activities as appropriate (e.g., Remedial Action Work Plan associated with SWOU). 
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conservative than guidance in EPA 2004. In EPA 2004, cadmium and arsenic were the only metals that 
had chemical-specific dermal absorption values, and this guidance suggested not assigning dermal 
absorption values to other metals. The use of an ABS value of 0.1% minimizes uncertainty.  

E.1.3.3 Iron Exposure 

Iron was identified as a COC at the NSDD, Hot Spot and the NSDD, Excluding the Hot Spot, based on 
contact with soil/sediment for the recreational exposure scenarios. Remedial decisions focused on iron 
may be inappropriate since iron likely is consistent with background values. All but one exposure point 
concentration (EPC) for iron were below the background concentration of 28,000 mg/kg. The single 
exception is a case where the maximum detected concentration was used as the EPC due to a statistical 
instability in the H-statistic calculation. Additionally, the derived oral reference dose (RfD) for iron is 
very conservative, further overestimating iron; therefore, iron is removed as a risk factor. 

E.1.3.4 Detection Limits Associated with Antimony Analytical Results 

There is uncertainty associated with the antimony analytical results, as all of the detected concentrations 
were reported either at or slightly above the detection limits. The detection limits also were high, likely 
due to matrix interferences at concentrations ranging from 8.41 mg/kg to 9.97 mg/kg (assumed to be a 1X 
dilution) or at 20 mg/kg (assumed to be a 2X dilution). Comparatively, the detected concentrations ranged 
from 8.41 mg/kg to 9.99 mg/kg or a value of exactly 20 mg/kg. The average concentration calculated with 
detected concentrations only (238 results) was 10.4 mg/kg, and the average concentration calculated using 
both detected and nondetected concentrations using full detection limits (433 results) was 10.8 mg/kg. 
Collectively, these results indicate that the detected and the nondetected results virtually were 
indistinguishable; therefore, there is a high degree of uncertainty as to whether the antimony results from 
soil/sediment samples that are driving hazard risk are truly representative of actual detected 
concentrations in soil/sediment. In addition, since previously documented sampling results using more 
stringent analytical methods failed to detect antimony above the 0.21 mg/kg level (DOE 1997b), it is 
reasonable to remove antimony as a risk factor. 

E.1.4 Observations 

E.1.4.1 PAHs as Risk Drivers 

The identification of total polycyclic aromatic hydrocarbon compounds (PAHs) as risk drivers in soil at 
several EUs for industrial workers agrees with previous PGDP risk assessments; however, the 
significance of this finding should be considered along with the sources previously and currently 
identified at PGDP. There are no known primary sources of PAHs at the site, and their presence is 
believed to be attributed to ongoing activities associated with routine industrial activities (e.g., motorized 
vehicles, asphalt paving, etc.).  As a result, PAHs are not good candidates to verify cleanup as part of this 
interim action.  For this interim action, other primary contaminants of concern (COCs) such as 
polychlorinated biphenyls (PCBs) and uranium will be used to verify cleanup.  It is anticipated that 
removal of hotspots for these primary COCs will provide opportunities to achieve significant human and 
ecological risk reduction associated with PAHs.    

E.1.5 Comparison of RGOs to COCs for the Industrial Worker 

A comparison of the potential RGOs for risk, hazard, and dose identified in Tables E.1 through E.4 to the 
concentrations of the COCs within the individual on-site EUs, as identified in Sections 1.4 and 1.7, was 
completed to determine any exceedances of the potential RGOs of risk, hazard, or dose for the industrial 
worker. This information is summarized in Tables E.5 through E.9. Tables E.5 and E.6 illustrate the 
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COCs that exceed an HI of 0.1 and 1.0, respectively. Uranium metal exhibits an HI > 0.1 at Outfall 011 
Hot Spot , Outfall 015 Hot Spot, and Outfall 001 EU 15 Hot Spot. It should be noted that no COCs were 
found to exceed an HI of 3.0. 

Tables E.7 though E.9 illustrate the COCs that exceed an ELCR of 1E-6, 1E-5, and 1E-4, respectively. 
Cesium-137, plutonium-239/240, thorium-230, uranium-238, Total PAH (as BaPE), Total PCB, and 
arsenic exhibit an ELCR >1E-6. Specifically, cesium-137 exhibited an ELCR >1E-6 at Outfall 015 Hot 
Spot and Outfall 001 EU 018 Hot Spot; plutonium-239/240 exhibited an ELCR >1E-6 at Outfall 015 Hot 
Spot; thorium-230 exhibited an ELCR >1E-6 at Outfall 008 Hot Spot; uranium-238 exhibited an ELCR 
>1E-6 at Outfall 015 Hot Spot; Total PAH exhibited an ELCR >1E-6 at all EUs (Outfall 008 Hot Spot, 
Outfall 010 Hot Spot, Outfall 011 Hot Spot, Outfall 015 Hot Spot, Outfall 001 EU 13 Hot Spot, Outfall 
001 EU 14 Hot Spot, Outfall 001 EU 15 Hot Spot, Outfall 001 EU 16 Hot Spot, Outfall 001 EU 18 Hot 
Spot, Outfall 001 EU 20 Hot Spot, and Within the Fence, Excluding the Hot Spot); Total PCB exhibit an 
ELCR >1E-6 at Outfall 008 Hot Spot, Outfall 010 Hot Spot, Outfall 011 Hot Spot, Outfall 001 EU 13 Hot 
Spot, Outfall 001 EU 14 Hot Spot, and Outfall 001 EU15 Hot Spot; and arsenic exhibited an ELCR >1E-
6 at all EUs except Outfall 001 EU 13 Hot Spot, Outfall 001 EU 14 Hot Spot, and Outfall 001 EU 18 Hot 
Spot. It should be noted, however, that the arsenic levels exceed the background concentration only at 
Outfall 010 Hot Spot and Outfall 011 Hot Spot. Cesium-137, Total PAH (as BaPE), and Total PCB were 
the only COCs that exhibited an ELCR >1E-5. Specifically, cesium-137 exhibited an ELCR >1E-5 at 
Outfall 015 Hot Spot. Total PAH (as BaPE) exhibited an ELCR >1E-5 at Outfall 011 Hot Spot and 
Outfall 001 EU 14 Hot Spot.  Total PCB exhibited an ELCR >1E-5 at Outfall 008 Hot Spot and Outfall 
001 EU 15 Hot Spot. Total PAH (as BaPE) was the only COC to exceed an ELCR of 1E-4 at Outfall 011 
Hot Spot and Outfall 001 EU 14 Hot Spot. As previously noted in Section E.1.4.1, “Other Contaminants 
of Concern,” PAHs currently are not targeted to direct cleanup as part of this action. 

No COCs had a concentration that exceeded either the 25 mrem/yr-based cleanup level or a lower 15 
mrem/yr-based value for any of the outfalls. 
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E.1.6 Comparison of RGOs to COCs for the Industrial Worker at the NSDD 

A comparison of the potential RGOs for risk, hazard, and dose identified in Tables E.1 through E.4 to the 
concentrations of the COCs within the NSDD, Hot Spot and NSDD, Excluding the Hot Spot, as identified 
in Sections 1.4 and 1.7, was completed to determine any exceedances of the potential RGOs of risk, 
hazard, or dose for the industrial worker at the NSDD. This information is summarized in Tables E.10 and 
E.13. Tables E.10 and E.11 illustrate the COCs that exceed an HI of 0.1 and 1.0, respectively. Uranium 
exhibits an HI >0.1 at the NSDD, Hot Spot. No COCs were found to exceed an HI of 1.0 or 3.0. 

Tables E.12 and E.13 illustrate the COCs that exceed an ELCR of 1E-6 and 1E-5, respectively. Arsenic, 
Total PAH (as BaPE), and thorium-230 exhibited an ELCR >1E-6 at the NSDD Hot Spot and NSDD, 
Excluding the Hot Spot; however, it should be noted that the arsenic levels did not exceed background 
concentration. As previously noted in Section E.1.4.1, “Other Contaminants of Concern,” PAHs currently 
are not targeted to direct cleanup as part of this action. Cesium-137, neptunium-237, and uranium-238 
exhibited an ELCR >1E-6 at the NSDD, Hot Spot. Thorium-230 was the only COC to exhibit an ELCR 
>1E-5 at the NSDD Hot Spot. No other COCs were identified at an ELCR >1E-4 for the NSDD Hot Spot 
or NSDD, Excluding the Hot Spot.  

No COCs had a concentration that exceeded either the 25 mrem/yr-based cleanup level or a lower 15 
mrem/yr-based value for the NSDD Hot Spot or NSDD, Excluding the Hot Spot. 
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Table E.10. Comparison of EPCs to RGOs for a HI of 0.1 for the Industrial Worker at the NSDD 
 

COC RGO  
(HI =0.1) 

Background 
Soil Conc. 

NSDD Hot 
Spot NSDD, Excluding Hot Spot 

Inorganic Chemicals (Metals) (mg/kg in Soil/Sediment) 
Aluminum >1E+05 a  1.3E+04 8.1E+03 6.4E+03 
Antimony 1.3E+02 2.1E-01 1.4E+01 1.0E+01 
Arsenic 8.8E+01 1.2E+01 5.8E+00 6.0E+00 

Beryllium 5.4E+02 6.7E-01 6.5E-01 5.8E-01 
Cadmium 2.7E+02 2.1E-01 ND 2.1E+00 

Iron >1E+05 a  2.8E+04 1.1E+04 9.3E+03 
Manganese 4.8E+04 1.5E+03 4.2E+02 4.6E+02 

Nickel 7.5E+03 2.1E+01 9.4E+01 1.6E+01 
Uranium 2.3E+02 4.9E+00 3.3E+02 1.6E+02 

Organic Compounds (mg/kg in Soil/Sediment) 
Total PCB  NA NA 2.7E+00 1.1E+00 

Total PAH (as (BaPE) NA NA 1.0E+00 1.2E+00 
Radionuclides (pCi/g in Soil/Sediment) 

Americium-241 NA NA 4.4E+00 4.8E-01 
Cesium-137 NA 4.9E-01 4.2E+00 7.6E-01 
Cobalt-60 NA NA ND ND 

Neptunium-237 NA 1.0E-01 5.3E+00 2.8E-01 
Plutonium-239/240 NA 2.5E-02 2.1E+01 4.8E+00 

Technetium-99 NA 2.5E+00 6.0E+02 3.2E+01 
Thorium-228 NA 1.6E+00 2.0E+00 4.7E-01 
Thorium-230 NA 1.5E+00 5.0E+02 6.7E+01 
Thorium-232 NA 1.5E+00 2.4E+00 5.6E-01 
Uranium-234 NA 2.5E+00 2.9E+01 3.0E+00 
Uranium-235 NA 1.4E-01 NA NA 
Uranium-238 NA 1.2E+00 2.6E+01 4.3E+00 

a Screening values greater than 100,000 mg/kg are reported as >1E+5, as required in Appendix A of the Risk Methods Document. 
The RGO was exceeded for these compounds at these locations. 
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Table E.11. Comparison of EPCs to RGOs for a HI of 1.0 for the Industrial Worker at the NSDD 
 

COC RGO (HI=1) 
Background 

Soil 
Concentration 

NSDD Hot 
Spot NSDD, Excluding Hot Spot 

Inorganic Chemicals (Metals) (mg/kg in Soil/Sediment) 
Aluminum >1E+05 a  1.3E+04 8.1E+03 6.4E+03 
Antimony 1.3E+03 2.1E-01 1.4E+01 1.0E+01 
Arsenic 8.8E+02 1.2E+01 5.8E+00 6.0E+00 

Beryllium 5.4E+03 6.7E-01 6.5E-01 5.8E-01 
Cadmium 2.7E+03 2.1E-01 ND 2.1E+00 

Iron >1E+05 a  2.8E+04 1.1E+04 9.3E+03 
Manganese >1E+05 a  1.5E+03 4.2E+02 4.6E+02 

Nickel 7.5E+04 2.1E+01 9.4E+01 1.6E+01 
Uranium 2.3E+03 4.9E+00 3.3E+02 1.6E+02 

Organic Compounds (mg/kg in Soil/Sediment) 
Total PCB  NA NA 2.7E+00 1.1E+00 

Total PAH (as (BaPE) NA NA 1.0E+00 1.2E+00 
Radionuclides (pCi/g in Soil/Sediment) 

Americium-241 NA NA 4.4E+00 4.8E-01 
Cesium-137 NA 4.9E-01 4.2E+00 7.6E-01 
Cobalt-60 NA NA ND ND 

Neptunium-237 NA 1.0E-01 5.3E+00 2.8E-01 
Plutonium-239/240 NA 2.5E-02 2.1E+01 4.8E+00 

Technetium-99 NA 2.5E+00 6.0E+02 3.2E+01 
Thorium-228 NA 1.6E+00 2.0E+00 4.7E-01 
Thorium-230 NA 1.5E+00 5.0E+02 6.7E+01 
Thorium-232 NA 1.5E+00 2.4E+00 5.6E-01 
Uranium-234 NA 2.5E+00 2.9E+01 3.0E+00 
Uranium-235 NA 1.4E-01 NA NA 
Uranium-238 NA 1.2E+00 2.6E+01 4.3E+00 

a Screening values greater than 100,000 mg/kg are reported as >1E+5, as required in Appendix A of the Risk Methods Document. 
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Table E.12. Comparison of EPCs to RGOs for a ELCR 1E-6 for the Industrial Worker at the NSDD 
 

COC RGO  
(ELCR =1E-6) 

Background Soil 
Concentration 

NSDD Hot 
Spot 

NSDD, Excluding Hot 
Spot 

Inorganic Chemicals (Metals) (mg/kg in Soil/Sediment) 
Aluminum NA 1.3E+04 8.1E+03 6.4E+03 
Antimony NA 2.1E-01 1.4E+01 1.0E+01 
Arsenic 5.48E+00 1.2E+01 5.8E+00 6.0E+00 

Beryllium >1E+05 a  6.7E-01 6.5E-01 5.8E-01 
Cadmium NA 2.1E-01 ND 2.1E+00 

Iron NA 2.8E+04 1.1E+04 9.3E+03 
Manganese NA 1.5E+03 4.2E+02 4.6E+02 

Nickel NA 2.1E+01 9.4E+01 1.6E+01 
Uranium NA 4.9E+00 3.3E+02 1.6E+02 

Organic Compounds (mg/kg in Soil/Sediment) 
Total PCB 3.19E+00 NA 2.7E+00 1.1E+00 

Total PAH (as BaPE) 5.43E-01 NA 1.0E+00 1.2E+00 
Radionuclides (pCi/g in Soil/Sediment) 

Americium-241 2.30E+01 NA 4.4E+00 4.8E-01 
Cesium-137 1.52E+00 4.9E-01 4.2E+00 7.6E-01 
Cobalt-60 3.15E-01 NA ND ND 

Neptunium-237 4.33E+00 1.0E-01 5.3E+00 2.8E-01 
Plutonium-239/240 2.15E+01 2.5E-02 2.1E+01 4.8E+00 

Technetium-99 7.65E+02 2.5E+00 6.0E+02 3.2E+01 
Thorium-230 2.93E+01 1.5E+00 5.0E+02 6.7E+01 
Thorium-232 2.57E+01 1.5E+00 2.4E+00 5.6E-01 
Uranium-234 3.76E+01 2.5E+00 2.9E+01 3.0E+00 
Uranium-235 6.05E+00 1.4E-01 NA NA 
Uranium-238 1.88E+01 1.2E+00 2.6E+01 4.3E+00 

a Screening values greater than 100,000 mg/kg are reported as >1E+5, as required in Appendix A of the Risk Methods Document. 
The RGO was exceeded for these compounds at these locations, but was less than the background concentration. 
The RGO was exceeded for these compounds at these locations. 
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Table E.13. Comparison of EPCs to RGOs for a ELCR 1E-5 for the Industrial Worker at the NSDD 
 

COC RGO (ELCR 
=1E-5) 

Background 
Soil Conc. 

NSDD 
Hot Spot NSDD, Excluding Hot Spot 

Inorganic Chemicals (Metals) (mg/kg in Soil/Sediment) 
Aluminum NA 1.3E+04 8.1E+03 6.4E+03 
Antimony NA 2.1E-01 1.4E+01 1.0E+01 
Arsenic 5.48E+01 1.2E+01 5.8E+00 6.0E+00 

Beryllium >1E+05 a  6.7E-01 6.5E-01 5.8E-01 
Cadmium NA 2.1E-01 ND 2.1E+00 

Iron NA 2.8E+04 1.1E+04 9.3E+03 
Manganese NA 1.5E+03 4.2E+02 4.6E+02 

Nickel NA 2.1E+01 9.4E+01 1.6E+01 
Uranium NA 4.9E+00 3.3E+02 1.6E+02 

Organic Compounds (mg/kg in Soil/Sediment) 
Total PCB 3.19E+01 NA 2.7E+00 1.1E+00 

Total PAH (as (BaPE) 5.43E+00 NA 1.0E+00 1.2E+00 
Radionuclides (pCi/g in Soil/Sediment) 

Americium-241 2.30E+02 NA 4.4E+00 4.8E-01 
Cesium-137 1.52E+01 4.9E-01 4.2E+00 7.6E-01 
Cobalt-60 3.15E+00 NA ND ND 

Neptunium-237 4.33E+01 1.0E-01 5.3E+00 2.8E-01 
Plutonium-239/240 2.15E+02 2.5E-02 2.1E+01 4.8E+00 

Technetium-99 7.65E+03 2.5E+00 6.0E+02 3.2E+01 
Thorium-230 2.93E+02 1.5E+00 5.0E+02 6.7E+01 
Thorium-232 2.57E+02 1.5E+00 2.4E+00 5.6E-01 
Uranium-234 3.76E+02 2.5E+00 2.9E+01 3.0E+00 
Uranium-235 6.05E+01 1.4E-01 NA NA 
Uranium-238 1.88E+02 1.2E+00 2.6E+01 4.3E+00 

a Screening values greater than 100,000 mg/kg are reported as >1E+5, as required in Appendix A of the Risk Methods Document. 
The RGO was exceeded for these compounds at these locations. 
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E.1.7 Comparison of RGOs to COCs for the Recreational User at the NSDD 

A comparison of the potential RGOs for risk, hazard, and dose identified in Tables E.1 through E.4 to the 
concentrations of the COCs within the NSDD, Hot Spot and NSDD, Excluding the Hot Spot, as identified 
in Sections 1.4 and 1.7, was completed to determine any exceedances of the potential RGOs of risk, 
hazard, or dose for the recreational user at the NSDD. This information is summarized in Tables E.14 and 
E.18. Tables E.14 and Table E.15 illustrate the COCs that exceed an HI of 0.1 and 1.0, respectively. It 
should be noted that no COCs were found to exceed an HI of 1.0 or 3.0.  

Tables E.16 and E.17 illustrate the COCs that exceed an ELCR of 1E-6 and 1E-5, respectively. Total 
PCB, Total PAH (as BaPE), cesium-137, neptunium-237, thorium-230 and uranium-238 exhibited an 
ELCR >1E-6 at either the NSDD, Hot Spot or NSDD, Excluding the Hot Spot. All other COCs (arsenic) 
with an ELCR >1E-6 were at or below background levels. Total PAH (as BaPE) exhibited an ELCR >1E-
5 for the NSDD, Hot Spot and NSDD, Excluding the Hot Spot. As previously noted in Section E.1.4.1, 
“Other Contaminants of Concern,” PAHs currently are not targeted as part of this action. No COCs were 
identified at an ELCR >1E-4 for the NSDD, Hot Spot and NSDD, Excluding the Hot Spot.  

Table E.18 shows the dose-based risk for the recreational user for the NSDD, Hot Spot and the NSDD, 
Excluding the Hot Spot for 1 mrem/yr, 15 mrem/yr, and 25 mrem/yr. No COCs had a concentration that 
exceeded either the 25 mrem/yr-based cleanup level or a lower 15 mrem/yr-based value. 
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Table E.14. Comparison of EPCs to RGOs for a HI of 0.1 for the Recreational User at the NSDD 

COC RGO  
 (HI =0.1) 

Background 
Soil 

Concentration 

NSDD Hot 
Spot NSDD, Excluding Hot Spot 

Inorganic Chemicals (Metals) (mg/kg in Soil/Sediment) 
Aluminum >1E+05 a  1.3E+04 8.1E+03 6.4E+03 
Antimony 2.7E+01 2.1E-01 1.4E+01 1.0E+01 
Arsenic 1.4E+01 1.2E+01 5.8E+00 6.0E+00 

Beryllium 6.8E+01 6.7E-01 6.5E-01 5.8E-01 
Cadmium 3.4E+01 2.1E-01 ND 2.1E+00 

Iron >1E+05 a  2.8E+04 1.1E+04 9.3E+03 
Manganese 1.7E+04 1.5E+03 4.2E+02 4.6E+02 

Nickel 1.1E+04 2.1E+01 9.4E+01 1.6E+01 
Uranium 5.3E+02 4.9E+00 3.3E+02 1.6E+02 

Organic Compounds (mg/kg in Soil/Sediment) 
Total PCB  NA NA 2.7E+00 1.1E+00 

Total PAH (as BaPE) NA NA 1.0E+00 1.2E+00 
Radionuclides (pCi/g in Soil/Sediment) 

Americium-241 NA NA 4.4E+00 4.8E-01 
Cesium-137 NA 4.9E-01 4.2E+00 7.6E-01 
Cobalt-60 NA NA ND ND 

Neptunium-237 NA 1.0E-01 5.3E+00 2.8E-01 
Plutonium-239/240 NA 2.5E-02 2.1E+01 4.8E+00 

Technetium-99 NA 2.5E+00 6.0E+02 3.2E+01 
Thorium-228 NA 1.6E+00 2.0E+00 4.7E-01 
Thorium-230 NA 1.5E+00 5.0E+02 6.7E+01 
Thorium-232 NA 1.5E+00 2.4E+00 5.6E-01 
Uranium-234 NA 2.5E+00 2.9E+01 3.0E+00 
Uranium-235 NA 1.4E-01 NA NA 
Uranium-238 NA 1.2E+00 2.6E+01 4.3E+00 

a Screening values greater than 100,000 mg/kg are reported as >1E+5, as required in Appendix A of the Risk Methods Document. 
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Table E.15. Comparison of EPCs to RGOs for a HI of 1.0 for the Recreational User at the NSDD 
 

COC RGO  
(HI =1.0) 

Background 
Soil 

Concentration 

NSDD Hot 
Spot NSDD, Excluding Hot Spot 

Inorganic Chemicals (Metals) (mg/kg in Soil/Sediment) 
Aluminum 2.7E+05 1.3E+04 8.1E+03 6.4E+03 
Antimony 2.6E+01 2.1E-01 1.4E+01 1.0E+01 
Arsenic 1.4E+02 1.2E+01 5.8E+00 6.0E+00 

Beryllium 6.8E+01 6.7E-01 6.5E-01 5.8E-01 
Cadmium 3.4E+02 2.1E-01 ND 2.1E+00 

Iron >1E+05 a  2.8E+04 1.1E+04 9.3E+03 
Manganese >1E+05 a  1.5E+03 4.2E+02 4.6E+02 

Nickel >1E+05 a  2.1E+01 9.4E+01 1.6E+01 
Uranium 5.3E+03 4.9E+00 3.3E+02 1.6E+02 

Organic Compounds (mg/kg in Soil/Sediment) 
Total PCB  NA NA 2.7E+00 1.1E+00 

Total PAH (as BaPE) NA NA 1.0E+00 1.2E+00 
Radionuclides (pCi/g in Soil/Sediment) 

Americium-241 NA NA 4.4E+00 4.8E-01 
Cesium-137 NA 4.9E-01 4.2E+00 7.6E-01 
Cobalt-60 NA NA ND ND 

Neptunium-237 NA 1.0E-01 5.3E+00 2.8E-01 
Plutonium-239/240 NA 2.5E-02 2.1E+01 4.8E+00 

Technetium-99 NA 2.5E+00 6.0E+02 3.2E+01 
Thorium-228 NA 1.6E+00 2.0E+00 4.7E-01 
Thorium-230 NA 1.5E+00 5.0E+02 6.7E+01 
Thorium-232 NA 1.5E+00 2.4E+00 5.6E-01 
Uranium-234 NA 2.5E+00 2.9E+01 3.0E+00 
Uranium-235 NA 1.4E-01 NA NA 
Uranium-238 NA 1.2E+00 2.6E+01 4.3E+00 

a Screening values greater than 100,000 mg/kg are reported as >1E+5, as required in Appendix A of the Risk Methods Document. 
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Table E.16. Comparison of EPCs to RGOs for a ELCR 1E-6 for the Recreational User at the NSDD 
 

COC RGO 
 (ELCR =1E-6) 

Background 
Soil 

Concentration 

NSDD Hot 
Spot 

NSDD, Excluding Hot 
Spot 

Inorganic Chemicals (Metals) (mg/kg in Soil/Sediment) 
Aluminum NA 1.3E+04 8.1E+03 6.4E+03 
Antimony NA 2.1E-01 1.4E+01 1.0E+01 
Arsenic 1.8E+00 1.2E+01 5.8E+00 6.0E+00 

Beryllium >1E+05 a  6.7E-01 6.5E-01 5.8E-01 
Cadmium NA 2.1E-01 ND 2.1E+00 

Iron NA 2.8E+04 1.1E+04 9.3E+03 
Manganese NA 1.5E+03 4.2E+02 4.6E+02 

Nickel NA 2.1E+01 9.4E+01 1.6E+01 
Uranium NA 4.9E+00 3.3E+02 1.6E+02 

Organic Compounds (mg/kg in Soil/Sediment) 
Total PCB 6.44E-01 NA 2.7E+00 1.1E+00 

Total PAH (as BaPE) 6.69E-02 NA 1.0E+00 1.2E+00 
Radionuclides (pCi/g in Soil/Sediment) 

Americium-241 8.11E+01 NA 4.4E+00 4.8E-01 
Cesium-137 1.19E+00 4.9E-01 4.2E+00 7.6E-01 
Cobalt-60 2.45E-01 NA ND ND 

Neptunium-237 3.78E+00 1.0E-01 5.3E+00 2.8E-01 
Plutonium-239/240 2.37E+02 2.5E-02 2.1E+01 4.8E+00 

Technetium-99 7.06E+03 2.5E+00 6.0E+02 3.2E+01 
Thorium-230 3.02E+02 1.5E+00 5.0E+02 6.7E+01 
Thorium-232 2.79E+02 1.5E+00 2.4E+00 5.6E-01 
Uranium-234 4.07E+02 2.5E+00 2.9E+01 3.0E+00 
Uranium-235 5.53E+00 1.4E-01 NA NA 
Uranium-238 2.46E+01 1.2E+00 2.6E+01 4.3E+00 

a Screening values greater than 100,000 mg/kg are reported as >1E+5, as required in Appendix A of the Risk Methods Document. 
The RGO was exceeded for these compounds at these locations, but was less than the background concentration. 
The RGO was exceeded for these compounds at these locations. 
 



 

E-28 

Table E.17. Comparison of EPCs to RGOs for a ELCR 1E-5 for the Recreational User at the NSDD 
 

COC RGO  
(ELCR =1E-5) 

Background 
Soil 

Concentration 

NSDD Hot 
Spot NSDD, Excluding Hot Spot 

Inorganic Chemicals (Metals) (mg/kg in Soil/Sediment) 
Aluminum NA 1.3E+04 8.1E+03 6.4E+03 
Antimony NA 2.1E-01 1.4E+01 1.0E+01 
Arsenic 1.81E+01 1.2E+01 5.8E+00 6.0E+00 

Beryllium >1E+05 a  6.7E-01 6.5E-01 5.8E-01 
Cadmium NA 2.1E-01 ND 2.1E+00 

Iron NA 2.8E+04 1.1E+04 9.3E+03 
Manganese NA 1.5E+03 4.2E+02 4.6E+02 

Nickel NA 2.1E+01 9.4E+01 1.6E+01 
Uranium NA 4.9E+00 3.3E+02 1.6E+02 

Organic Compounds (mg/kg in Soil/Sediment) 
Total PCB 6.44E+00 NA 2.7E+00 1.1E+00 

Total PAH (as BaPE) 6.69E-01 NA 1.0E+00 1.2E+00 
Radionuclides (pCi/g in Soil/Sediment) 

Americium-241 8.11E+02 NA 4.4E+00 4.8E-01 
Cesium-137 1.19E+01 4.9E-01 4.2E+00 7.6E-01 
Cobalt-60 2.45E+00 NA ND ND 

Neptunium-237 3.78E+01 1.0E-01 5.3E+00 2.8E-01 
Plutonium-239/240 2.37E+03 2.5E-02 2.1E+01 4.8E+00 

Technetium-99 7.06E+04 2.5E+00 6.0E+02 3.2E+01 
Thorium-230 3.02E+03 1.5E+00 5.0E+02 6.7E+01 
Thorium-232 2.79E+03 1.5E+00 2.4E+00 5.6E-01 
Uranium-234 4.07E+03 2.5E+00 2.9E+01 3.0E+00 
Uranium-235 5.53E+01 1.4E-01 NA NA 
Uranium-238 2.46E+02 1.2E+00 2.6E+01 4.3E+00 

a Screening values greater than 100,000 mg/kg are reported as >1E+5, as required in Appendix A of the Risk Methods Document. 
The RGO was exceeded for these compounds at these locations. 
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Table E.18. Comparison of EPCs to Dose-Based RGOs for the Recreational User for the NSDD 
 

COC 1mrem/yr 15 mrem/yr 25 mrem/yr

Background 
Soil 

Concentration
NSDD  

Hot Spot 

NSDD, 
Excluding  
Hot Spot 

Radionuclides (pCi/g in Soil/Sediment) 
 Americium-241 4.34E+01 6.51E+02 1.08E+03 NA 4.4E+00 4.8E-01 
 Cesium-137 1.07E+01 1.60E+02 2.67E+02 4.9E-01 4.2E+00 7.6E-01 
 Cobalt-60 2.25E+00 3.38E+01 5.63E+01 NA ND ND 
 Neptunium-237+D 1.76E+01 2.64E+02 4.40E+02 1.0E-01 5.3E+00 2.8E-01 
 Plutonium-239/240 4.70E+01 7.06E+02 1.18E+03 2.5E-02 2.1E+01 4.8E+00 
 Technetium-99 8.19E+04 1.23E+06 2.05E+06 2.5E+00 6.0E+02 3.2E+01 
 Thorium-230 3.00E+02 4.51E+03 7.51E+03 1.5E+00 5.0E+02 6.7E+01 
 Thorium-232 6.09E+01 9.13E+02 1.52E+03 1.5E+00 2.4E+00 5.6E-01 
 Uranium-234 5.84E+02 8.76E+03 1.46E+04 2.5E+00 2.9E+01 3.0E+00 
 Uranium-235+D 4.48E+01 6.71E+02 1.12E+03 1.4E-01 NA NA 

 Uranium-238+D 1.89E+02 2.84E+03 4.73E+03 1.2E+00 2.6E+01 4.3E+00 
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Table E.19. Slope Factors Employed in Risk Calculation 

 

Chemical 
Ingestion Slope 

Factora 

(mg/kg-day)-1 

Dermal Slope 
Factora 

(mg/kg-day)-1 

Inhalation Slope 
Factora 

(mg/kg-day)-1 

External Exposure 
Slope Factora 

(mg/kg-day)-1 
Arsenic 1.50E+00 3.66E+00 1.51E+01 NA 
Beryllium NA NA 8.40E+00 NA 
Cadmium NA NA 6.30E+00 NA 
Total PCB 2.00E+00 2.22E+00 2.00E+00 NA 
Total PAH (as BePE) 7.30E+00 2.35E+01 3.08E+00 NA 

Chemical 
Ingestion Slope 

Factorb 

(risk/pCi)   

Inhalation Slope 
Factorb 

(risk/pCi) 

External Exposure 
Slope Factorb 

(risk/yr per pCi/g) 

Americium-241 2.17E-10 NA 2.81E-08 2.76E-08 
Cesium-137+D 4.33E-11 NA 1.19E-11 2.55E-06 
Cobalt-60 4.03E-11 NA 3.58E-11 1.24E-05 
Neptunium-237+D 1.62E-10 NA 1.77E-08 7.97E-07 
Plutonium-239/240 2.76E-10 NA 3.33E-08 2.00E-10 
Technetium-99 7.66E-12 NA 1.41E-11 8.14E-11 
Thorium-230 2.02E-10 NA 2.85E-08 8.19E-10 
Thorium-232 2.31E-10 NA 4.33E-08 3.42E-10 
Uranium-234 1.58E-10 NA 1.14E-08 2.52E-10 
Uranium-235+D 1.57E-10 NA 1.01E-08 5.43E-07 
Uranium-238 1.43E-10 NA 9.32E-09 4.99E-11 

aAll values from RAIS 
bAll values from HEAST 
 
 
 

Table E.20. Reference Doses Employed in Hazard Calculation 
 

Chemical Oral RfDa 

(mg/kg-day) 
Dermal RfDa 

(mg/kg-day) 
Inhalation Rfda 

(mg/kg-day) 

Dermal 
Absorption 

Factora 
Aluminum 1.00E+00 1.00E-01 1.43E-03 1.00E-03 
Antimony 4.00E-04 8.00E-06 NA 1.00E-03 
Arsenic 3.00E-04 1.23E-04 NA 3.00E-02 

Beryllium 2.00E-03 2.00E-05 5.71E-06 1.00E-03 
Cadmium 1.00E-03 1.00E-05 NA 1.00E-03 

Iron 3.00E-01 4.50E-02 NA 1.00E-03 
Lead NA NA NA 1.00E-03 

Manganese 1.40E-01 5.60E-03 1.43E-05 1.00E-03 
Nickel 2.00E-02 5.40E-03 NA 1.00E-03 

Uranium 6.00E-04 5.10E-04 NA 1.00E-03 
Fluoranthene 4.00E-02 1.24E-02 NA 1.30E-01 

Pyrene 3.00E-02 9.30E-03 NA 1.00E-01 
aAll values from RAIS 
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Figure E.9.  NSDD Section 3 EUs 01 and 02 - Cleanup Areas for EUs
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Figure E.10.  NSDD Section 3 EU 03 - Cleanup Area for EUs
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Appendix F presents the risk-based cost-benefit analysis used to select the cumulative excess lifetime 
cancer risk (ELCR) and hazard cleanup level targets for the Surface Water Operable Unit (SWOU) (On-
Site) Engineering Evaluation/Cost Analysis (EE/CA).  The appendix details how different risk targets are 
related to the size of the area that might be excavated under the recommended alternative and the cost of 
excavation. In addition, the appendix presents an example of the residual risk that might exist after 
implementing the alternative. This example utilizes EU10 of Outfall 10, which has the greatest 
polychlorinated biphenyl (PCB) concentrations found during the SWOU (On-Site) Site Investigation (SI). 
The evaluation concludes with a listing of the concentrations of the contaminants of concern (COCs) that 
are proposed for use as verification levels (i.e., target cleanup levels) during implementation of the 
recommended alternative.12  

As discussed earlier in the report (see Section E.1.4.1), total polycyclic aromatic hydrocarbon compounds 
[Total polyaromatic hydrocarbons (PAHs)] were not selected as a COC to direct cleanup under the 
recommended alternative; therefore, Total PAHs were not considered in this risk-based cost-benefit 
analysis.  

F.1.1 RISK-BASED VALUES 

The evaluation considered ELCR targets ranging from 1 E-4 to 1E-7.  The COCs included in the analysis 
were those identified in Appendix E for the industrial worker under current site conditions. Risk-based 
concentrations for each of the COCs used in the analysis are presented Table F.1. The derivation of these 
values is discussed in Section E.1.  

Table F.1. Risk-Based Concentrations for the Industrial Worker Under Current Site Conditions 

COC Risk-Based Concentration 
 mg/kg 

Arsenic 54.8 
Beryllium 100,000 
Total PCB 31.9 
 pCi/g 
Americium-241 230 
Cesium-137 15.2 
Cobalt-60 3.15 
Neptunium-237 43.3 
Plutonium-239/240 215 
Technetium-99 7,650 
Thorium-230 293 
Thorium-232 257 
Uranium-234 376 
Uranium-235 60.5 
Uranium-238 188 

The risk-based concentrations for the industrial worker under current site conditions were derived using a chemical-specific  
ELCR of 1E-05 and the following exposure parameters: exposure frequency =14 d/yr; exposure duration=25 yr; ingestion 
rate=480 mg/d; absorption factor=0.001, except where chemical specific information was available; and surface 
area=0.193m2. 
Default parameters from the Risk Methods Document were used for all other exposure parameters. 
COC = contaminant of concern 
PCB = polychlorinated biphenyl compound 

 
                                                      

12 Final chemical-specific cleanup level concentrations used for verification samples will be presented in the 
Removal Action Work Plan. 
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As shown in Appendix E, risk-based concentrations for the recreational user under current site conditions 
at an ELCR target of 1E-05 are greater than those of the industrial worker under current site conditions. 
(That is, the risk-based concentrations calculated for the current industrial worker are “protective” of the 
current recreational user).  The analysis used the risk-based concentrations for the industrial worker for 
both the outfalls and their associated ditches and Section 3, 4, and 5 of the North-South Diversion Ditch 
(NSDD). 

F.1.2 DATA CALCULATIONS 

In the evaluation, the cumulative ELCR was calculated for each location sampled under Activity 1 during 
the SWOU SI. Because analytical results for Activity 1 samples are limited to Total PCBs, ELCR posed 
by other COCs was derived using analytical results from the closest Activity 2 sampling location within 
the exposure unit. [As discussed in the SWOU Sampling and Analysis Plan (DOE 2005), analytical data 
for some Activity 2 sampling locations were from historical samples. These historical data also were used 
in the risk-based cost-benefit analysis.] 

The evaluation began by calculating the cumulative ELCR for each of the Activity 2 sampling locations 
using the detected analytical result for all COCs at the location, except that for Total PCBs and the COCs 
risk- based concentrations listed in Table F.1.  Total PCBs analytical results were excluded from the 
derivation of the cumulative ELCR at Activity 2 sampling locations because the ELCR from Total PCBs 
was calculated using Activity 1 sampling results. Calculations were completed using the following 
equation.  

05).-(1E ELCRTarget 
ionConcentrat Based-Risk sCOC'

Result Analytical sCOC'
×  

The cumulative ELCR for each Activity 1 location then was derived by adding the cumulative ELCR 
from the closest Activity 2 sampling location within the exposure unit, with the ELCR from Total PCBs 
at the Activity 1 location.   

Because Total PCBs is not included in the dataset for the historical locations 004-002 and 004-005, a 
Total PCB result was calculated from the individual PCB results reported.  Additionally, the dataset 
presented in the SWOU SI was found to identify incorrectly the results listed in Table F.2 as detections. 
These results were corrected as part of the evaluation. 
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Table F.2. Results Considered Nondetect for Risk-Based Cost-Benefit Analysis 

STA_NAME CHEMICAL_NAME RESULTS UNITS RSLTQUAL 
004-002 Americium-241 9.7 pCi/g A 
004-002 Americium-241 0.0967 pCi/g AX 
004-002 Cesium-137 2.3 pCi/g A 
004-002 Cobalt-60 1 pCi/g A 
004-002 Plutonium-239/240 0.0236 pCi/g A 
004-002 Protactinium-234m 490 pCi/g A 
004-002 Technetium-99 2.83 pCi/g A 
004-002 Uranium-235 7 pCi/g A 
004-005 Americium-241 13 pCi/g A 
004-005 Cobalt-60 1 pCi/g A 
004-005 Neptunium-237 0.0808 pCi/g A 
004-005 Protactinium-234m 480 pCi/g A 
004-005 Thorium-234 31 pCi/g A 
004-005 Uranium-235 13 pCi/g A 

 

F.1.3 AREA CALCULATIONS 

The area represented by each location was calculated using a graphic information system (GIS) interface. 
Subsequently, the cumulative ELCR for each Activity 1 sampling location was compared to ELCR targets 
ranging from 1E-04 to 1E-07. If the cumulative ELCR for the Activity 1 sampling location exceeded a 
particular ELCR value within this range, the area represented by the location was added to the total “hot 
spot” area (i.e., the area targeted for excavation under the recommended alternative) determined using 
that ELCR target.  The results of the area calculations are shown in Table F.3. 

Table F.3. Acreage Requiring Cleanup for Range of ELCR Targets 

 ELCR Target 

Location 

1E-4 
Cleanup  

area  
(acres) 

5E-5 
Cleanup  

area  
(acres) 

1E-5 
Cleanup  

area 
 (acres) 

5E-6 
Cleanup  

area 
 (acres) 

1E-6 
Cleanup  

area 
 (acres) 

5E-7 
Cleanup  

area 
 (acres) 

1E-7 
Cleanup  

area 
(acres) 

NSDD 0.00 0.00 0.76 1.29 3.23 4.24 5.36 
OUTFALLS 0.20 0.23 1.20 2.11 15.96 26.11 35.95 

ELCR = excess lifetime cancer risk. 
NSDD = Sections 3, 4, and 5 of the North-South Diversion Ditch. 
OUTFALLS = Outfalls and their associated ditches. 
 

The acreage estimated from the calculations was charted. These charts are presented in Figures F.1 
(outfalls and associated ditches) and F.2 (NSDD). The vertical lines drawn on each figure indicate break 
points in the cost-benefit curve.  Based upon the figures, the break points are at 1E-5 and 5E-6. 
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Figure F.1. Acreage Chart for Section 3, 4, and 5 of the NSDD 
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 Figure F.2. Acreage Chart for Outfalls and Their Associated Ditches and Areas 
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F.1.4 COST 

Cost of excavating the “hot spots” identified using comparisons to ELCR targets were calculated using a 
unit cost. These costs are shown in Table F.4.  Additionally, Figure F.3 illustrates these costs in 
comparison to the range of ELCR targets and identifies the break points at 1E-05 and 5E-06. 

 

Table F.4. Estimated Costs for Cleanup 

 Cumulative 
1E-4 

Estimate 

Cumulative 
1E-5 

Estimate 

Cumulative 
5E-6  

Estimate 
NSDD $ 1.7 M $ 2.2 M $ 2.9 M 
Outfalls $ 4.0 M $ 5.0 M $ 7.0 M 
Total $ 5.7 M $ 7.2 M $ 9.9 M 
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Figure F.3. Cost-Benefit Chart for Outfalls and Associated Internal Ditches and  
Sections 3, 4, and 5 of the NSDD 
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F.1.5  Risk to the Future Industrial Worker 

To approximate the cumulative ELCR for the future industrial worker (i.e., ELCR to the industrial worker 
under default rates of exposure, including an exposure frequency of 250 days per year), the cumulative 
ELCR shown for the industrial worker under current conditions in the figures and tables can be multiplied 
by 18.  This value is the result of dividing the exposure frequency for the future worker (250 days per 
year) by that for the industrial worker under current conditions (14 days per year). Thus, the cumulative 
ELCRs of 1E-05 and 5E-06 for the industrial worker under current conditions approximately equate to 
cumulative ELCRs of 2E-4 and 9E-5, respectively, for the future industrial worker. This is an 
approximation only, because the exposure scenario for the industrial worker under current conditions 
assumes an incidental ingestion rate of soil of 480 mg/day, which is approximately 10 times greater than 
the default incidental ingestion rate of soil used for the future industrial worker (i.e., 50 mg/day). 

F.1.6 Risk Reduction 

Figure F.4 shows an example of risk reduction that can be achieved by the recommended alternative using 
an ELCR target of 1E-05.  In this example, which uses sampling results from EU10 of Outfall 10, the 
sampling locations with a cumulative ELCR equal to or greater than 1E-05 are highlighted. The risk in the 
highlighted area (i.e., the “hot spot”) is driven by Total PCBs.  The average Total PCB concentration in 
the “hot spot” is 171 mg/kg and the average Total PCB concentration over the entire EU, including the 
“hot spot”, is 45 mg/kg.  After excavation, assuming a Total PCB concentration of zero for the excavated 
area that would be restored with clean soil, the average Total PCB concentration over the EU is 2 mg/kg.  

Effects of cleanup of other “hot spots” identified using a cumulative ELCR target of 1E-05 are shown in 
Table F.5.  In this table, the cumulative ELCR after excavation shown is assumed to be 0 because clean 
soil with analyte concentrations at or below the site-specific background concentrations is assumed to be 
used to fill the excavation. 
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Figure F.4. Outfall 010 Cleanup Area 
 

Table F.5. Cumulative ELCR for “Hot Spots” Requiring Cleanup within the SWOU 

Location Exposure Unit Driving COC 
ELCR 

Prior to Excavation 
ELCR 

After 1E-5 Cleanup 
Outfall 001 15 PCB 1.74E-05 0 
Outfall 008 11 PCB 2.35E-05 0 
Outfall 010 10 PCB 1.92E-04 0 
Outfall 015 2 ELCR 1.28E-04 0 
Outfall 015 4 ELCR 1.28E-05 0 
Outfall 015 8 PCB 8.23E-05 0 

NSDD Section 3 1 PCB 1.50E-05 0 
NSDD Section 3 2 ELCR 1.18E-05 0 
NSDD Section 3 2 Thorium-230 3.26E-05 0 
NSDD Section 3 3 ELCR 1.70E-05 0 
NSDD Section 5 8 ELCR 1.07E-05 0 

 
 

Average PCB concentration  
before excavation: 45 mg/kg 

Average PCB concentration  
after excavation: 2 mg/kg 
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F.1.7 Field implementation 

Examples of chemical concentrations that might be used for verification of attainment of the risk-based 
target of a cumulative ELCR of 1E-05 and a cumulative hazard index of 1.0 are discussed below. These 
concentration targets are intended to verify attainment of the risk- and hazard-based targets at the 
excavated depth. The final chemical concentrations to be selected will be presented in the subsequent 
Removal Action Work Plan. 

Implementation of the recommended alternative, which would include excavation of “hot spots” 
identified at a cumulative ELCR of 1E-05, would include verification sampling. To ensure that the 
residual cumulative ELCR would be equal to or below the ELCR target of 1E-05, concentrations for 
COCs used in verification sampling were calculated using a chemical-specific target of 5E-06. The 
concentrations for some COCs are listed in Table F.6. 

Table F.6. Examples of Chemical-Specific  
Verification Targets for Some COCs  

 
COC PRG 

 mg/kg 
Arsenic 27 
Total PCB 16 
Uranium 227 
 pCi/g 
Cesium-137 7.6 
Thorium-230 150 

 

Maps showing “hot spots” to be excavated under the recommended alternative at a cumulative ELCR 
target of 1E-05 are shown in Appendix F, Attachment 1.  These maps also include “hot spots” identified 
for cleanup based upon hazard posed by uranium. 



 

 

ATTACHMENT F1 

RISK-BASED COST-BENEFIT MAPS
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