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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) (ldentification
Number KY8-890-008-982). The AM documents DOE’s formal decision to select a removal action for
contaminated sediment® 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, ldentification 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.

! Sediment includes surface soil closely associated with ditches and outfalls.



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

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 km? (251 mi?)] 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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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 OQutfalls 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 | and Phase Il Site Investigations (Sls) (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 Sl 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 Sl 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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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
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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 pCil/g
Neptunium-237 22 pCil/g
Plutonium-239/240 108 pCilg
Technetium-99 3,825 pCil/g
Thorium-230 147 pCil/g
Thorium-232 129 pCil/g
Uranium-234 188 pCil/g
Uranium-235 30 pCi/g
Uranium-238 94 pCil/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

10
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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:

e 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

e 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.

11
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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 Hl-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.

12
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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 yd® of soil/sediment and waste materials requiring
off-site disposal and 6,300 yd? 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 8§ 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.

13
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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:

e 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.?
e Reduce risk from contaminated sediment hot spots.

e 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 S| 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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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



THIS PAGE INTENTIONALLY LEFT BLANK



"Ueld Aousbunuo)d feuoieN
ays pue (T)(@)T2T Uonoes
V10430 Jo 80ussqe

3y ul paJinbai ag pjnom
85IMIBUI0 SAMN ‘T'T
UO1129S Ul paoueepl Sy

"peluBwR dw|

3( ||IMmaAleUR] e
po.iojoid ayl aeym

Sea e 0] S)1D hokeg pue
nofegami jo Awixoud
350[0 3y} JO asredaq
a|ea1dde afe sjuswalinba.
aANUeISanS ay |

‘W o
(8¢ Jo/pue ‘g€ ‘8T ‘¥T SOF.L) SAMN JO Siuswalinbal sAnueISns 8y}
Tey) papinoid ‘sAlteuss] e 3|qeandeid ou S| a8yl YoIym J0) SSIANTe

Joulw JBylo Jo RrLBTRW |1} pue abpa.p Jo Sabeyasip Jouiw SMO||Y

'SWwISAS029 J1renbe uo 13edw i aseApe
SS3| 9/ey pINom Jeyl dA[ReuB e [edlideld e Siakey) I SOReIS paluN
3y} Jo oM ojuIS[eLRRRW ||1} Jo 3Bpalp Jo abeydsip siigiyoid

() 2 ()
0T'0€Z § Y40 OF

SwRIsAs00]
d1enby Jo uonaeloid

‘Ueld Aousbunuo)d feuoieN
ay) pue (T)@)TeT uondes
V10430 Jo 8dussae

3y ul paJinbaiag pjnom
85IMBYIO SHMN ‘T'TH
UO1129S Ul paoueepl Sy

"SAIRUR]R PalppeId

au Jo uoireuswa |dw!
BuLINp papione aq Jouued
spuefiem 01 sioedwli JI

“oul ar

(8¢ Jojpue ‘g€ ‘8T ‘¥T SOF.L) SAMN O SiuswaInbal aANURISNS 3y}
Tey) pepinoad ‘sAlteusl e 8jeandeid ou i aeyl YoIym J0) SaIANDe
Jouiw Jaylo Jo elisrew |1 pue abpaip Jo sabreydsip Jou i SMO||Y

'SUO IR ISUOD U0 19NJISU09

pue ubisap ‘sj01u09 Jjouny ‘siuswaiinbal Buipelb wnwiuiw sapnjoul
Aew saInsesll Yyons 's109}40 asienpe a1eb Il pue Seae aAIsusS
A|120160]095 SSappe 0] Usel 8( 1SN SaInsesw ‘paploAe 10U ae

)
0T'0€Z § Y42 OF

3|eoljdde ale suBWR.INDB) | SB0IN0SaI pUR[IBM || 'BN[eA [RID1BUS] pUR [ednjeu 1By aoleyus pue ‘220T
SANUEISANS YL | 9Aksaid 0} SPUR M 0} S19edWl | SZILUIUIW JO PIOAR ISNW SORIAIDY 1ed Y40 0T | SPUB[IB/ JO L0110
uoreNwI 4o
S)UsLLILIOD juswaiinbay Jo uondiidssq uonend ‘2118111 uawalinbay

‘spJepuels

1UN 8]0eAadO 4818 AN 32B1INS U1 Y1IM Pa1eIo0ssSy 1USWIPaS Paleullueluo) syl 40y sOg1 /sHvHV 914199dS-Uoi1eso Jo Arewwns 'z'y sjgeL

A-5



211Nba. pjnom pueiem
1o Apoq Jereme ssoide
[pe0.J SS90 Jusuew.ed

B JO Uo1onJIsuo) ‘g

'SS900 Y/ U0 119NJISU0D
Arlodwe | — €€ dMN
a1InbsaJ pjnom pueiem
1o Apoq Jereme ssoide
peol ssa0%e Arlodwe)

B JO uoNonJsuo) g

'sabreyasiq Jouln —

8T dMN pue 3ISe\ 31X0 1
pue snopfezeH Jo dnues|D
—8€ dMN JO uolreulquod
ealinbal pjnom

puejiem Jo Apog erme
Ul SjuswiIpss snop.Jezey Jo
UOITeARIXS pUe UO[IRARIXD
ue Buljjipeg T

'SMO| |0} Se paiinbal

8Q p|nom 8¢ Io/pue ‘cg ‘8T
‘YT SAMN JO SiuswieiINba
D91 8AnueIsgns sy} yum
9oue1|dwod ‘sweIsAsoe
o1renbe Jo spuelpm

19edw 1 10U Sa0p Y]

P10 8BS Sl aAITRUB] e Ue
10 papIlone a1e SWeIsAs09

*]09.J2U] UO ITeU IquIod

LS 10 ‘P SSLEENIOUES PUe ‘UD1essay ‘UONIBI0A UL |\ U} JO £0T
UO199S ‘1Y ST UEB|D 8} JO #01 UONI8S ‘668T JO 10V SIogeH
pUe SIBAR 8U) JO 0T UOIISS JO Slualwa.inbal jiwsed ay) Ajsiies

0} PaNss| a0 Ued SAMN 'S1dedwl fewiuiw BuiAey SeNIANDe Uke)ed

21renbe Jo spuelem “Ylommpded 1o Aepp Aue J1ami| yum ‘e nbal 01 paubisap afe pue weJiboid

o1sizedwisss|un | ssulbuz Jo sdiod ayr Aq pensst jwied feseusb JjosdAiesrsdMN [ S0EE § YD €€ Hw_d SpIMUO N
uomenwI 10

SjUBLIWIOD juswadinbay jo uondiiosaq uoneu)D “el48111D ‘Juswalinbay

‘spJepuels

(panunuod) nun

9]ge4adQ J481_AA 99B1INS BU) YIIM PalRId0SSY 1UBLLIPaS PaleullueIu0) ayl 40) sOg1/sHv Y 214109dS-Uoineao Jo Arewwns 'z'y a|qel

A-6



Uuo1193S Ul jedlb.B Rl SY

'ddod

wenba.y sp.ig AloriBiw
asnesaq a|ged!|dde

ale sjuswa.inbal
aANueIsgns sy L

'S’ 8Y) UI'SpIIq dAIRU JO Sa10ads
|fe IS0W e Jo afes pue ‘uoissassod ‘Bupfer [nyveun ‘But|(f SHgIYoLd

TZ Med 440 05
-TT.-€0L SN 9T

nvy
A1 plig AlorIBIN

'S9INseaWl
uoeBiiw Jo Felicey
[e211110 JO 3dueplone

ybnoay) Jew aq ||Im
Siuewalinbalay] eame
pozifeuisnpul syl spsino
‘dasd Jeau jussaud
S1S91090s 3791 Jo} 1e1idey
[e211110 asredaq o |ged| (dde
a.le sjuawa.inbal
aANUeISanS ay |

UoXel

80 1SN SaINseaw uo 1B 11w Juspn.d pue a|geucsesl o pepione
a0 1SNW Felicey [e211LI JO LTI 1 PO SSBADE JO U ONASap
31 U1 1JnsaJ 10 S3109ds paisi| Jo 80UsISIXe ay) 8zIpfedos( Tey) suonoy

20 Med 440 09

(@)e)L § bes
18 TEST OSN 9T

1YV S9103dS pasebivepus

vely
Aouebunuo) reuoieN
ay) pue (T)@)TeT uoies
V10430 Jo sdussae

a1 ul pa1inbal ag pjnom
SIMBYIOSAMN T'TY
UO1199S Ul paouae el Sy

‘uonoe s
SAIRURIE [eul} Jo1fe
dM VY 4} Ul pareaulip
aQ [[IM SJuaWR4INba.
DF1 SANUBISONS 953 |

‘5109 (0.4 uoIreodsuel |
Jeaul — T dMN

SJUsIWOD

juswiaainbay Jo uondiiosag

uoneND

uoneyIWI Jo
“el18111D UBWalInbay
‘spJepuels

(panunuod) 1un

a|geaadQ 1818 AA 30BLINS 3Y1 YIIM P]RIJ0SSY 1USLLIPAS Pa1euIlLERIu0) 3Y) 40} SOg 1 /SHVHY 913199dS-Uo11edo Jo Arewwns ‘z'y a|gel

A-7



MENESEEEER
a1 aeym seare 0]
syPaI) nofeg pue nokeg

a7 Jo Anwixoud ssop “Jolem Jo Apog Buimoly 1o wessise Jo Aljiqeden | Y UONRS
ay) Jo asmedsq a|ceo ! |dde aBeurelp 1o ‘pulRYD Weass ‘Aempooy} ay 1994e Apsionpe few | 090V 8V TOV | yauweeuey ureidpooid
ae syuawalinbal 12y S24NJoNUIS Jo S[eLIBIeW JO afeI0lS JO ‘UoITeARIXS ‘SUOION.ISCO ‘2201 pue $30In0soy
SANUEISANS 3y L ‘sysodop ‘|13 Buire|nBas Aq swes.s pue sufe(dpoo|) S109)0.d Med 440 0T B/ JO U0119910Id
'sp.aig Aloribiw Jo Bueiayl Jo) pasinbas Jisiwed urigqO .
puUe ‘9] [euouaIu IUN Yons aZ WU W
01sa0Nn3eid Jo/pue spepuels doprsp pue suonde Aoushe
wou4 3nsal |[Im A31| 9xeidn feuonueuIuN 3RYM Ajnuep| e
9|qeondeld se ‘spuiq AlorelBiw Jo 11suad Su) JoJ USLIUOIIAUS
MV SUI U1 PIIESUIRD | 5 10 uoressyfe felusLuLIBp Jo uonn|jod oLy aege o Wenald
aq [|m uonnjjod aulogie
Bu1||0.1u00 Jo suosess ‘5 10eonoeld
Bunseu punoe awin se ‘spaiq AlorelBiw JO STelicey Syl S0UeyUS PUR 21019y e
uonoNIsUod Buiinpayss
Se yons sjuawalinbo. ‘suonde Aouafe HuoNpUod UsYM S82IN0sal piig AlotelBiw
OdL9ANUesqnS | uo s1gedwi asieApe ‘9|geoandeld 1UsIXe Ul 01 ‘SZIWIUIW IO PIOAY
'spaiq Aiorlbiw Y Areil pig
1oedwianeuRl e ‘Ifeus 30Q (SMISN) 821 41 IP[IM PUe UsH 'S'N 8y} 98TET | AlorIBIN - Wewss.By

pe1d9es |yl pInoys

pue 30 Usemiag paubis Bulpuelsiepun JO WNPURIOWS N B Bpun

JBpIO aAINIexg

JO WNpUeIoWB N

‘Ueld AousbBunuo)

feuo RN ays pue (T)(@)12T
uonoss V10430

J0 80UBsge 8y} Ul (peplone
a( 10uued Bune) “a°l)
uoXe) a.fe spliq AloreiBiw
J1pasinbalaq Aew
asimpyo sywed ‘TTY

SJUsIWOD

juswiaainbay Jo uondiiosag

uoneND

uoneyIWI Jo
“el18111D UBWalInbay
‘spJepuels

(panunuod) 1un

a|geaadQ 1818 AA 30BLINS 3Y1 YIIM P]RIJ0SSY 1USLLIPAS Pa1euIlLERIu0) 3Y) 40} SOg 1 /SHVHY 913199dS-Uo11edo Jo Arewwns ‘z'y a|gel

A-8



8po) sajels paNuN = osn

pa.JepIsSuod aq 0} = odl

sa199ds paJebuepus pue pausiea.y) = awl
ue|d %10/\\ UOIDY eAowsy = dMVd

JUe |4 uoisnj}}ig snoases) yeanped = ddsod
Hwied spimuoireN = dMN

0V Adljod [eswuoIIAUg [euoieN = V43N

Bu puelsiepun Jo Wnpuelows NON

uone|nbiay aanessIUIWPY Aonuay| qvl

80IABS BJIIPIIM pUe Usi4 'S'N SMISN

suonenBiay [e4apad Jo apod 440

JewaiIinbai areudoidde pue wenspl Jo a|gedidde Hvyv

'SUOIRASP
poO0|} U1Sasealoul

U1 1JNsaJ 10U SS0p pue
ARempoo|}ay) Joapisino

S| elerew pabpa.p ay)

JO [esods|p 41 pa1ONPU0d 3q
Rew Aempoo|) AloenBal
3U] pue s3jueq Wwes.is au)
USaMISQ WoJ) RLRTRW JOo
[eAowal JBY1o Jo Buibpsiq

9b.Jeyas|p poo|4 aseq au)

J0 30UB.1IN220 BuLINp SpAa|
poo|} ulasealoul Aue ui
1jnsaJ 10U Jo Jedwiou,
aneY |[eys S1UBWIYJIL0IouD
ayp ey Buunsus Aq B aq
[11M Aempoo) AloenBal

1O S3sN 10 sluswaIINbo
dANUeISqNS 8u) ‘Paplone 8q
10UURD SJUBLLIYTR0IOUS §|

“pajusLLe (d1 &g

SJUsIWOD

juswiaainbay Jo uondiiosag

uoneyIWI Jo
uonend “el18111D UBWalInbay

‘spJepuels

(panunuod) 1un

a|geaadQ 1818 AA 30BLINS 3Y1 YIIM P]RIJ0SSY 1USLLIPAS Pa1euIlLERIu0) 3Y) 40} SOg 1 /SHVHY 913199dS-Uo11edo Jo Arewwns ‘z'y a|gel

A-9



veld
Aouebunuo) euoieN
ay) pue (T)(e)TeT uonoes
V10430 Jo adussae

a1 ul pa1inbal ag pjnom 7 uondes
Hweds3adMe TTY ‘0L0:S ¥V TOY
UO109S Ul P30URRJRISY T uondes
. e d ‘G50:S UV TOY
HOUN! LOPEYBUIPSS Hed [euotiesdo 8L o1 pare el '6YO0V000AM | urIBoIdSIAdN -
pue JaTem WIS |00 | sjuswlinbal pue G00:S ¥ TOp JO Siuswiaiinbal 1iwied feuoikeiedo
Jwlled S3Ad M
01 pejuswi|dw1 8q ||IM 31 Y1im aoue | [dwiod Sainisuod siuswelinbal welboid S3ady h sprepuels
SdNG NwRd SIAdY | sy yimsoueldwos ‘Yl pemuowwon sy 1o sietem ol aoinos wiod | - (P)(E)E Uonsss BEMB%RUNS .
ayr ursiwi| wen(ye Od1 | e wouysiuein|jod abreyosip o jwsed e saiinba. weiboid SIad M ay.L pue (B)(T)e
uones Buipnpxe B/ 83eLNS
ay1 ybnouyl pauswedwi ! I
‘) —Tsuonoes | JossN porubsag e
pue ajceol(dde | ‘saijddns JjeIem d11SSWIOP Ul PUe SieJeM 8Jens Ul punoy Jo pebreyosip | =7 :
aJe suoie|nBaI ay) Jo SjueNn|jod JoJ SpIepUeIS dLBWINU J14109ds- eaiwayd pue easAyd | 1€0:S dVH 10 eLeILID
SpJepuels aAnueIsqns ay | pUe SREM aJeIns J0 sasn pareubsap sepinoid welbold STadM | ‘920:S uvX 1o | Aiend e Aomus
uonenwI 4o
SjUBLLILIOD jusWwadinbay jo uondiidsag uonei)D “el4a111D ‘Juswalinbay

‘spJepuels

1UN 8]geaadO 4818 AN 92BJUNS Y1 YIIM Pa1RIJ0SSY 1USWIPSS Paleullwleluo) syl 40} sOgl /sHVHY d14193dS-uonoy 4o Arewwns €'y sjgel

A-10



‘dMvd

3y ul pajussaud synsal
8y} pue palonpuod aq

[1!M Buippow uoed e A

‘SHWwi|

SdVHSAN 10 4vX aul
[pS30Xa 10U ||IM SUOSS LS
Tey) paredionue si 11 ‘'dasd
3yl e suoide eAowl
[lWs Jo uoieness
Areuinpid uo paseg

[9|qeaI|dde a1e sjuswiaiINba
aANueIsgns sy L

" JeaAWsW QT PSS9X 10U Isnw
aJaydsoLute ay] 0] SUOSS LIS SpI1[oNUOIPe. SpIMS]IS WoJ) Bunnsal
21ignd ay} Jo Jequiswi pasodxa 1sow ay) 01 asop [ealbojolpel ay L

'S911IAITe YINs wioJ) Bunnsal sUossIWe 8yl JO S19948 [njuley
Ajfenuelod sy 01 sfelisrew asauy Jo Buljpuey ayi Ul UOIRBPISUCD
puUe a.Jed 1sowin ayy apinoid |jeys paniwe aq Aell SaoURISqNS J1X0)
10 Jo17eW snop.Jezey Yo Iym WA 30IN0s B 10} 3|0 ISUodsal sucsied

Z6'T9 § Y40 Ov

‘€ UoN2es
‘020:€9 ¥V TOV

siuen|jod 11
snop.JezeH Joj splepueis
UOISSILT [UOTIEN

puUe SUOSS I JIX0 |

‘dAIRUB] R paispeld

ay1 Joj aseyd ubsap ay)
Bunnp pa1jnuep! ssonseid
[011u02 15Np ek Ldoidde

Jo asn ayy ybnoayy

BW aq ||Im pue 3|ceot|dde
a.le sjuswL.inbal
aAnueIsgns ay |

'3U1| 80UB} dA5d Y} ¥ INJ20 Aew SUOISS WL 3|gISIA
0U ‘S9111AIITR UO119NJISU0D 31I1S-UO 10} ‘Tey) Sa14109ds Juswiaiinbal siy L

"(S)e11s UOIIONIISUOD BY)
W0} pUe o1 sfelelew Builiodsuel) UBYM SYONJ1 U0 SIBA0D Buisn e

pue ‘suossiwe aAnibny Jusrs.d
0159(1dX203s [elBTRW J0 SpPeod Uo (Siusbe BuixIiyseaiwsyd
3|Ce1ins Jey1o J0) 919.10U09 Jo 1eydse se yonsselieew busn e

SenIAnde
UO1ONJISUOD WOJJ 1SNP [0JU0D 01 S[eoIWayd Buippe Jo BuniAy

;9591 Se Yans suoliJe apn|oul pue sailiAnde Jo ubissp pue Buiuued
a1 ojul parelod.odul aq snw suonnedssid yons aulogJ e Buiwossq
woJ} e1rew arnoied Juena.d 03 Uael 8q 1SN SUo Nedss.d

0T0:€9 dVX TOV

SSNARY

uooNIsUoD pue
uoireredald alls buLnp
suossIWg 1N 9ARIBNS

SJUuswiwio)

juswiaainbay Jo uondiiosag

uonen)d

uomenwi 10
‘el1g114) ‘quawalinbay
‘spaepuels

(penunuod)

1UN 31qe4adO 481N 89BLINS 8U1 UY1IM PalRId0sSy JUSWIPaS PaleulweiIuod ayl 10) sOg1/SHVHY 211109dS-Uonoy o Alewwns "€y ajge.l

A-11



pinbi ut eLREW
aANIe0Ipel Jo sobreyosip
Jo} enuelod ayy Jo asnedaq
0d1 9k sjuaweiinbal
aAnueIsans ay |

"uoI7eu ILRIUOD

anpun WoJ} SWeISAS09 pale R 8yl pue ‘erempunolb ‘jerem adens
‘pue| Se yons $90.nosal 19910.d 01 saseapJ pinbij uo pasodwiiaq 1Isnw
[0J3UOD ‘JUBSLIUOIIAUS BU} 03 1INPU02 8y} WioJy abeyasip Jo Juiod ay) 1

@E©Il
Re1deyd ‘s'001S
BpI0 304

sabreyssig

pinbi7 uiseLeR N
9ANJe0Ipey JO [01U0D
pue ewebeue |\

"AIRUR] R PalReId
ayy Jojaseyd Buuue|d ayp
Bunnp pa1jnuep! ssonceid
[041u02 1Snp areudoidde Jo

asn ay) ybnouy) popssoxe
8( 10U [[IM 3JBydsowe
3y} 0} pasea el SR LRW
woJsywi|ainsodx3g

‘BAIRURYe palBeId ay)
1O uoIreBWa [dw i Buunp
0d1 9 sjuawsiinba
aANUeISans ay |

'SUoNJe felpawa. bulpnjoul 'saiiAlIe JOJ aunnol
woJ} aeydsowre sy 01 pases jpi S[e LIBTeW A 1IJe0Ipe) pue S82IN0s
uolreIpel 0} S9INsodxd WoJ) sasop 0] Ajdde syiwi|asop o1jgnd sy L

@ @11 500t
Joplo 300

SHWI7 850( 211and

"BAIRUR] R PalRjeId
ay1 Jo aseyd Buuued
ay1 ol pareiodiooul
aq || Ajdwoo

0} AJeSS308U S9N DY

‘Spns| pesed->sil 90d
pasodoud ay) 0] UoIRARIXS
Sapnoul aAIRRURI R
o109 Bs BU} 41 9|eot|dde
a.le sjuawa.inbal
aANueIsgns ay L

“JUBLLUIOJIAUS 3U} 10 Y1feay 01 Ainful Jo sl ajgeuosea.un ue asod jou
[11M poyiL 8y} LBYm sg0d Jo dnues o paseg-sH Joj sapinold VoS L

() 19792
§ Y40 ov

10V 01U0D
S90URISONS 21X0 |

SJUsIWOD)

juswiaainbay Jo uondiiosag

uoIeND

uoneyIWI J0
“el181I1D UBWalINbay
‘spJepuels

(panunuo))

11U 8]0r43dO 4818 AN 92B1INS U1 Y1IM Pa1eIdossy 1USWIPaS Paleullleluod ayl 40y sOgl /sHvHY d14193ds-uonoy o Arewwns €'y ajgel

A-12



Wwewsbeuew areldo.idde
puUe uoI1ez 1ie1deseyd
a1 ybnoJyl painsua

aq ||m aouel|dwiod
pue a15-uo a|qed1dde
aJe sjuawL.inbal
aAnuesgns ay L

"3|qeal|dde ate ¥y 8yl Jo suswalinbal ‘suoirenbal

4> 8Y1 01 198 gns aisem snop.lezey e UrRIuod BIgaW [RIUSLLILOIIAUS
eyl Jo a1sem snoplezey e S| alseme eyl pauiweIep Sl J| aisem
snopJfezey e S| 0s e a1SeM 8y} BYeYM au lLLBIBp 01 paz1Leidereyd
8Q ISNW sa1sem BuluRIUOD BIPBW [EIUSLLILOJIAUS 10 S9ISeM ||V

L€ pue
-0 seideyD
4V TOY

JuBWRGeUR N
91se/\\ snopJezeH

"JuswsBeuew A\ 7T Y1IM
pale100sse sjuawsl inba.
D91 aAnuesgns

ay1 yum Ajdwoo

pUe uo ez 1e1dereyd

a1sem uodn pareaipaid

aQ ||IM Juswisfeuew a1se

"DAIRUR] e paliojoid ayl
Bunuswe dwi Jo 1nsaie se
poreJoush saisem AT JO
Wwowelbeuew aeldoidde
puUe uo ez 1eioereyo

aYy1 ybno.yl painsue

aq ||1m aouel|dwod

pue Dg ] afe sjuswalinbal
aANueIsans ay |

BISeM A\ PeTRUILRILOD
-VYOS 1 pue ‘M1 PaXIW ‘AT JO [eSOdsIp pue ‘Uo1ed e
‘BuiBeyoed ‘uoirezieideeyd Jo) Sluswalinbal 30 Sepinoid

T-T'sey
"W 304 pue
T'SEy BpPIO 304

Wewbeue N\
9S8\ PAST-MO"]

"dAITRUIR] e Palose.d
ay1 Jo aseyd Buuued
3y o0ul pareJodiooul
aq || Ajdwoo

0} AJeSS303U S9N DY

'sabreyasip

SJUsIWOD)

juswiaainbay Jo uondiiosag

uoIeND

uoneyIWI J0
“el181I1D UBWalINbay
‘spJepuels

(panunuo))

11U 8]0r43dO 4818 AN 92B1INS U1 Y1IM Pa1eIdossy 1USWIPaS Paleullleluod ayl 40y sOgl /sHvHY d14193ds-uonoy o Arewwns €'y ajgel

A-13



‘uonae siy) Aq pareseush
Slgep pue elpaLu 0} BIEM
U131 wdd 180" pue
spljos U1 301 wdd z'6e
JO S|pA3| pateu IWeuoD
-/8BUO|-0u U I-pau RIUOD
vO1/30.18yr Adde

0} pazeidereyo aq ||IMm
915e/M 8] ‘suolireuiweep
U1IM-PaTRU ILLelU09-6Uo)|
-0U/Ul-paueuog Jo-

'suoie|nbal

3|qealdde jo suewelinbal
aAIISIUILpe

pue sANURISONS 3Y) YlM
a0uep.oade ul pabeuew

3( ||IM3}1S-1J0 Juss 31seM
snop.tezeH ‘akeldoidde

Se ‘Juswiebeuew

alsem snopJezey

91I5-Uo Y1im pareloosse
sjuswalINbal aAnuesgns
Ife yrim Ajdwiod

[[IM pue uo(fezLeidereyod
a1sem uodn pareoipaid

ag ||IM JuswisBeuew a1se

‘BAleUR) e

ay1 Bunuaswedwi

10 1|NsaJ & Se pareoush
BIpSW eIUBILOIIAUS
puUe sajsem snoprezey Jo

SJUsIWOD)

juswiaainbay Jo uondiiosag

uoIeND

uoneyIWI J0
“el181I1D UBWalINbay
‘spJepuels

(panunuo))

11U 8]0r43dO 4818 AN 92B1INS U1 Y1IM Pa1eIdossy 1USWIPaS Paleullleluod ayl 40y sOgl /sHvHY d14193ds-uonoy o Arewwns €'y ajgel

A-14



0] AJessa03U S9N DY
"T9. Hed ¥-D O Jopun
pare[nBa se polinuap!
a/esg0d }19|qeol|dde
a.Je sjuawL.inbal
aANUeISqNS 8y L

‘SeLRRW BulurU0D-gDd Jo UoIeZIBIoeRYD

‘eLSTRW pUe 9)SeM JO JusuwikBeue|\

:BUIMO|]0} 81 BpN [oUT SWYI
10 S915eM g0d JO usWisBeLrew ay) Jo) Siuslialinbal IS 1 [eleuaD)

(@59 192
§ Y40 ov

-T9L Med Y42 Ov

JuBWRGeUR |\
alse\ 90d

‘ueld Aousbunuo)d
leuo1eN auy pue (T)()1CT
uondes V10430

JO 3oUBsge 3y} Ul

paJinbai ag pjnom 1wed
[esodsiq pue ‘afelois
‘JuewesiL e ‘TTY
UOI103S Ul paoUBR I SY

9seMm pae|nbal YO
U1IM paleu iweluod Jebuoj|
OU 3.e 0 umruod Jebuoj|
OU Teyl SLIgep pue eipsw
0] A|dde suonosey
[esods1 pue ‘spew

3( ||IM uoreuILIBIRP
ul-paueluod e pue

‘anoCe Pais!| Spns| peseq
-U1fesy ‘ul-peueuod auy)
sukeBe pafedwod aq ||IM
S]|Nsa. uoliez1elde. ey
9yl "vd4dayl

Ul pau1Ino sanpado.d ay)
Jopun jeaoidde pue mo1nal
Jor|nBal 0] 18lgns aq ||Im
ue|(d uoirezeideeyd ay |

SJUsIWOD)

juswiaainbay Jo uondiiosag

uoIeND

uoneyIWI J0
“el181I1D UBWalINbay
‘spJepuels

(panunuo))

11U 8]0r43dO 4818 AN 92B1INS U1 Y1IM Pa1eIdossy 1USWIPaS Paleullleluod ayl 40y sOgl /sHvHY d14193ds-uonoy o Arewwns €'y ajgel

A-15



paseq-Xs 1 811s-uo wioyed
[I!M 3OQ ok udoidde pue
Wwens Pl o sjuawa.linba.
aANueIsgns ay L

‘[esodsip feAoidde pareulplood pue
‘paseq-ys 1 ‘paseq souewloed Joj spoylew apnjoul suoindo asem
uoireIpawal 90d Jo Buisodsip Jo) suondo pue sjuswalinbal sapinoid

(0) pue
‘@ ‘®)r9oToL
§ Y440 o

alSe/\\ Uo I Ipsway
g0d o [esodsig

"(6))59°19L

§ Y42 o sepun

so|Id u1sa1seM Uo IR IpaWws.
90d bulioxs 01 ejiwis

S| ey) ssausAo9)0.d

jo projesapinoid (dMvY
ay Ul pa|reRep ByuN}

39 |[IM yoIym) Jeuvew
SIY] Ul S9ISeM UoIRIpauRY
g0d bBullols 'seLerw
Buinowsa/buippe 10u

USYM 3 [ess a.Je Sjauejuod
ays ey pepiroid
‘S;BURIUOD pUe eSS Jo/pue
‘SJBURIUOD [epowLBIU |
's9x0q Gz-g ‘'soxoq ZT-9
‘swinJp ul sAep-0g8T 01 dn
PeI0IS 8q ||IM S9IseM UonS
Sjuews.inbel (4)T9'T9L

§ 440 o Bunssw abe.ois
10 pesisul abe.03s paseq
=S Ul paJols/pabeuew

(| [|IM S3SeMm Uo e Ipsws .
g0d ‘sAep-08T 01 dn Jo4

‘BAleUR) e

pe13sfes 8yl 10) dMVYH aU)
o1 parelodiooul aq |feus
SH VYV 8say1 yum Ajdwos

“JUSLUUOJIAUS
ay) Jo y1eay 01 Ainfui Jo s a|geuosesiun ue asod 10U |[1Im poyew
aU Uaym sg0d Jo afielols peseq-sii 4oy sapinoid YOS L ‘Uonippe u|

10

'SalseM g0d Jo fesodsiq -
pue swa1l Jo Juswdinbs pe1oa)e JOo UuoieuILRIUOIST
915-1J0 JuswidIys Jo) uoie|dWOoD 1SBJILRIN -

‘lesodsip Jojafelors pue Bulpge] e

)
T9'TIL § 44D 07

SJUsIWOD)

juswiaainbay Jo uondiiosag

uoIeND

uoneyIWI J0
“el181I1D UBWalINbay
‘spJepuels

(panunuo))

11U 8]0r43dO 4818 AN 92B1INS U1 Y1IM Pa1eIdossy 1USWIPaS Paleullleluod ayl 40y sOgl /sHvHY d14193ds-uonoy o Arewwns €'y ajgel

A-16



Buineael 8 1 pasn

aq Aew a1sem UoIRIpaWa.
g0d 4o fesodsip

1o} (sani|ioey) Aijioey
SruR)e UY "(0)T9'T9L

§ Y42 Ov Ylim soueploode
u! [eAoJddte pareupIood
1UB.INO & JBpuN 311

1591 epeAsN aul Jo ‘yein
DAIID Ul suonnjosAbieus
1e 815-4J0 pesodsIp

aq |11m widd 61 anoce
aIseMm uoleipeuR) g0d

“lesodsIp

yons moj|e Apuanind
Gi000-€2L0/ST000
-€/0/¥T000-EL0

"ON }Hw.led 81se/\ p1joS

J0 99-1 JequiNN uonipuod
Ul peouRR R pue

8 UoN%8S ‘00 L YV TOY
Ul plepuels asuewlo jed
[eluswIUOIIAUT

ayl (NG©) )T T9L

§ 4400V Jo
Siuswalinba.l aAnuesgns
01 1uensind ||1jpue|

{1seM plios N-9.-0

8y} e 811s-uo Jo pesodsip
3 ||!MsgDd wdd 67 uey
Ss9| Jo 0] [enbe Buluruod
sajeMm ‘jenamoy dnues|o

SJUsIWOD)

juswiaainbay Jo uondiiosag

uoIeND

uoneyIWI J0
“el181I1D UBWalINbay
‘spJepuels

(panunuo))

11U 8]0r43dO 4818 AN 92B1INS U1 Y1IM Pa1eIdossy 1USWIPaS Paleullleluod ayl 40y sOgl /sHvHY d14193ds-uonoy o Arewwns €'y ajgel

A-17



[enpisal ym asem
10} D91 ok suewaiinbal
aAhuelsqns ay |

30a Y1ma0uepIodde ul (JuseAinbs Jo) eT068-HO/AO0d Buisn Hwi|
S0P J1Seq] 3} WO PIALSP SUlRPING 914108ds a3 0} fenbd sHwl|
peZ1I0yIre 8yl 8/A81yde 1SNW [eLBTewW aANJeoIpe) enpisal Jo [esodsid

©)(G)(A)S00rS
JepI0 304

N-9v.-D 8yl ul LR
aAnJeOIPRY [ENPISSY
UM 3)Se /W 4O fesodsia

"[esods|p o}

K110} pasue0l| DYN-Uou
10 30Q-uoue 0} elBREW
9ANJeOIpel [enpisal
JoaseapJlayy 01 Jond
D91 2k sjuswaiinbas
aANueIsgns ay L

SVe| JeKs
pue jeopa} a|gediidde lyio Ag pausiigelse saulppInb pue SHW | Yim
USISISU0D 8q |eUsS SHWI| pezLoyINy ‘8ses . Teyiaiopeq @) (W) (Al
G'00¥S JopIO 30Q YHM 80UepIodde Ul (JuseAInbs 10) eT068
-HO/30Q Busn 11w1| 8s0p 1Seq 8y} W01} PaALIBP saulepInb o13108ds
3y} 03 fenbd s} 1| PSZLoYire 8/81UJe ISl 9isem ay} ‘A |1} pasuedl|
OYN-Uou 1o 3O J-uou e 0} paseapl s| [e 19T dAIJe0IPR) [eNPISal §|

©@)(S)(ADS00rS
pue (9)

©)©)(11)s 0015
Joplo 300

AS-HO EHREN
dANnIeOIPRY [ENPISSY
UM S/ JO fesodsiq

"ueld Aouebunuo)
leuoieN au} pue (1)@)1eT
uondess V10430

JO 9oUSSCR 3Y] Ul paJinbal
a(g pnom 1wed [[1pue
a1se\ploS®e ‘TTY
UO199S Ul paoURB el SY

'suoie|nfal

3|gealdde jo suewalinbal
AAIRISIUILpe

pue aAnueIsqns

31 Y1IM 80UepIiodde

ul pefievew aq ||1m 811
-4§0 pasodsip d1sem god
"(0)T9'T9. § Y42 Ov Ul
pamo|fe se Ai|1oe} [esodsip
paseq-»s i panoidde

ue Jo (9)T9'T9L § ¥4D

Ot Jepun Ayij1oe) paseq
aouew.od e si Aljioe)

SJUsIWOD)

juswiaainbay Jo uondiiosag

uoIeND

uoneyIWI J0
“el181I1D UBWalINbay
‘spJepuels

(panunuo))

11U 8]0r43dO 4818 AN 92B1INS U1 Y1IM Pa1eIdossy 1USWIPaS Paleullleluod ayl 40y sOgl /sHvHY d14193ds-uonoy o Arewwns €'y ajgel

A-18



Dgl 2k sjuaweiinbal
aANURISANS 8Y L

"M Bunodsuen pue BuiBexded Joj Sjuswialinbal SOPINOIG

N 30d pue
T'GEy BpJO 30d

M7 J0 uoireodsuel |

'suoienbal

3|eot|dde sy} jo
sjuswe.INba.l aAnUeIsgnsS
pUe SA[R.IS U Ipe

31 Y1IM 30UepIodde

Ul pa10NpU09 3q

[]IM uoTeLodsUR 8)5-1O

"dAIRUR] e paliee.d

ay1 Jo uoieuswa |dw!
BuLInp parsmeush aq Aew
eyl a1sem aAnJeoipel
pue gD0d ‘snopJezey

JO uoleLOdsUR )

pue ‘Buibexed

‘Buipde| ‘Buisayivew a)s
-uo ay1 Buiinp ajgeo1dde
ale sjuawL.inbal
aAnuesqns ay L

"92JBLULLIOD U1 31Sem gDd pue
‘ 9ANIe0IPR) ‘snoplezey Buipn|oul ‘sfeLielew snoplezey 1iodsuel) Joj
Buie 1o Jo Buniodsue.y uaym o3 ‘Buidesypiodal ‘sierodsuel] Jo asn
‘)_BgWnu uoIea1nusp1 e Bulurigo ‘esuodsal Aousbewe ‘Bunsajiuew
‘BuiBexoed ‘Buiprede|d ‘Bulpge| ‘Bunjfew Jo] SusWwIINbS1 SBPINOI-

e
pue zg sieideyd
dvM TOY

.L02’T9L
§y400F

-TLT Med Y40 6

91se/\\ 9A11Je01pey pue
‘g0d ‘vd0d Buipniout
‘SRR N snoplezeH
JO uoIrelodsuel |

‘l14pue N-9L-0

3y} o} sjlwi| pazlioyire
paus!|gelss Apeaife sy
yaim aoue1jdwiod ybnouyl
W aq |IM SiuawL.Inbal
aANueIsgns sy L

|1pueT N-9%L-0
3y} u13)5s-Uo pasodsip
S[elelew aAnJeope)

(@) ()(Al) G00vS BpIO

[1jpue]

SJUsIWOD)

juswiaainbay Jo uondiiosag

uoIeND

uoneyIWI J0
“el181I1D UBWalINbay
‘spJepuels

(panunuo))

11U 8]0r43dO 4818 AN 92B1INS U1 Y1IM Pa1eIdossy 1USWIPaS Paleullleluod ayl 40y sOgl /sHvHY d14193ds-uonoy o Arewwns €'y ajgel

A-19



alsem pro|mo| = M1

WBISAS uoifeuiw g abreyasiq uein|jod Axoniuay = S3AdM

uonenbay sAnessIuIWpY Ajonmusy = v

0V [0JIU0D SSOURISANS O1X0] = VOSL wewsslby Aljioed eseped4 = V44

auaypoioyoly = 3oL ABjeuz jo wewiedsa's'n = 30da

aueyloiolyoly = VoL DY BRMUBD = VMO

pasplsuodaqol = odl suone|nfay |elapa- Jo 8po) = 440

10V ABACIBY pUe UOIRABSUOD 80IN0S8Y = VO Py Ajger

ue|d %I0/\ UOINY [eAowey = dMvyd puUe ‘uoifesuadwio) ‘asuodsay [eIusLILO.IAUT SASUBYRIdWOoD = V10430

Ue|d uolsn}igsnosses yednped = dasd sonoeid ueweleuew s9q = ding

[Ausydiq parutiojyoAjod = g0d eleILD AlEnd BRM UBIgWY = DOMY

uossiwwo) Alornbey keapnN = O8N ewelinbai areudoidde pue Juerspl Joajgedlidde =  HvHV

sjuein|jod J1Y SnopfezeH 1o} spiepuelis uoissiwg euolleN = SdVHS3N a|ereIyde Ajqeuoseaise Mojse = VYV VY
"AIRUR] [ PalReId
8y} Jo uoIreBWS [dw!
BuLINp parusb
aq Aew rey) slsem
[pAS|-MO| JO uoIeLodsUR ]
pue ‘Buibexoed

‘bulpge| ays Buinp T-T'Sev
uoneywiT Jo
SjuUsLIWIOD juswiaainbay Jo uondiiosag uoneud ‘er1a111) ‘quswadinbay
‘spaepuels

(panunuo))

11U 8]0r43dO 4818 AN 92B1INS U1 Y1IM Pa1eIdossy 1USWIPaS Paleullleluod ayl 40y sOgl /sHvHY d14193ds-uonoy o Arewwns €'y ajgel

A-20



APPENDIX B

COST ESTIMATE AND
CONCEPTUAL DESIGN



THIS PAGE INTENTIONALLY LEFT BLANK



0'8T8TT | 08TI8T'T e ot alIM peg.req
puelis £ ui| uryd paziueeb ‘sbrmeb 9 ‘ 8x.0g aren L
Seale J8}ing pue jods
0CT0C/E 10°¢e b= 009'TT | 10H — "D'0O QT ¥ ssod g ‘@11m pagleq puelss £
Nui| ureyd paziveneb ‘abreh g ‘.8 ‘1500 pa|rIsu| Burous4 A11undas 9
1'869 ov’LE SIH 9T a1eoo1 ANNN €5
AJuo uole|jesul aous)
00002T 0009 oY Z | 10} papsau eale ysnug fespd ‘ssau) diyo pue IND | gnJD pue Jes|d Z'S
0009'€ 002 feg S MO0 Uew-g Aomans T'g
daud aus S
§'9Sy'ce | 0G6'95 ‘e 'S T [e1ded JO 94G SOWNSSY | sieppy aAlRISILILPY
BUlO €Y
820T'T 1S'/¢C SIH (0% j3eljuoogns Bunsenuo) v
2288 1512 SIH 2€ sefiexioed piq ‘sa1jddns usWeIN00.d T
uonesISIuIWPY 4
0'990'9 9909 SIH 00T 1oddns J013e.5u0dQgnNs UO 1oNISU0D OSHEE
0°/St's /S5 SIH 00T 1oddns J013e.5U0dQgNs UO 1ONISU0D WepuauLedns Z'e
G'8TE? LE9Y SIH 0S 1oddns 10132.1U00gNS U0 NONJISUOD uoddnS dH T°€
uonnoax3 IS
26.2'L 99'09 SIH 0zt suo e} 10ads afieuss pue Buloua ublseg ee
00rt'9 ov'v9 SIH 00T dVS pue dSH 01}109ds-8115 sueld z'g
00882t o9 SIH 002 [01)U00 pue A11NJss 8115 $2INP320Id T°C
Buluue|d 108load 2z
Juawiabeuen
09/T'9 0zl SIH 08 108l01d T
($) wal|
($) 150D papuasIx3 | 150D HUN nuNn Anuend uondiiosa@g papusix3y uondiuasag 150D

sIsAjeuy/ 150D g aAleuIa)| Y

sisAJeuy/ 150D S]0J1U0D [RUOIININSU| — Z 8AIRUIA|Y T'd 3|gel

B-3



T/T'0ST .2 ($9002) W0 1e9A-0E 1M 1S0D) [e10 pere[edss
6'€8T'92E'LT ($9002)
N80 1A-0E YIIM 150D [e10L Nfe A Juesald
00¢ (s1h) 8y ubseQ
0'9/9'855 ($9002) (IN0) 150D [enuUUY
6'€06'G95 ($9002) 150D [endeD
sIsAleuy 1148uag1so)
66,5 72T'T [e101 puel
0'9.9'85G IN®0 [e1010nS
suonoadsu|
00096 | 00°009'6 'S T sbunsod pue BuioueH | pue soueusiuR N G'0T
02ST'S ob'+9 SIH 08 Bunodes enuue pue uoieRIdieIUIERQ | 8dUR||dWOoD "AUT 0T
000S% |  000SL e 9 HJAsRI0009 | Buiddiys ajduwes £°0T
SWRISAS U011991102 JBeMWIOIS pue AASN
0'02T'0SY | 00°TSL'S e3 0ZT | Ul (SDOAS 'SOOA ‘skerw ‘jeolfojolpel ‘'sgod Bui|dwes
‘sed) sielpwered S3AdY Jo) Buldwes enuuy | M SIAdM 20T
0'70€'68 12.€ SIH 00v'Z Joce Buljdwes 10T
: N0 0T
6'€06'G9S [ende) [e101qns
€/TIEY6 | 0SLTE Y6 'S T [e11ded Jo 9502 @ "ol ‘9bull) ‘PeayeA0 ‘Xe | S19ppV 18410 6
0'00S 00'00S 'S T sbunsod plezeH abeubis 8
(%) wsal|
($) 150D papusIxg | 150D HUN nun | Anuend uondiioseg papusix3y uondiioseg 150D

(PenunuU0) sisAfeuy 150D S|0A3UOD [EUOIINMISU| WILIBIU| — Z SAITRUIA)Y 'T'd d|qeL

B-4



¥'86G ov'.E SIH 9T areoo1 AN €9
seale Buibess wewdinbe pue

0'000%Z | 000009 STl | Sease j0ds 10y ysnig fesjo ‘ssen diyo pue IND | gnUD pue Jes|d Z'9

00°009'€ 0002 fe@ g NOI0 Uew-g Aonans 1°9
daid aus 9

0'00€ 00°00€ o] 1 [2JUS. Yluow-T swnsse ‘19|10 8|celod TS
qowad/dqoN g

sleppy

SIS IUILPY

90TT'ZTT | 90TT2IT S T [e1ded JO 94G SoWNssy BUYIO £

2¥59'T 1§12 SIH 09 12241Uu000NS Bunoenuod z'y

820T'T 1512 SIH ov sefexioed piq ‘setddns UBWaIN00.d T'Y
uoneJIsIuIupY 4

G'Z8s', 9909 SIH Gzl 1oddns 1030e.U0dgNS U0 1ONIISUOD OSHE'E

0'¥T6°0T 1SS SIH 002 Joddns 1030e.U0dgNS U0 1ONIISUOD uepusluLRdNS Z°E

0'/€9' LE9Y SIH 00T 1oddns 1030e.u0dgNS U0 1ONIISUOD uoddnS dH T°€
uoInNJaxgy e

6.2, 99'09 SIH (04 abiexoed pig ‘suoieolyioeds ‘ubseg ubseq €2

00rt'9 ov'¥9 SIH 00T d VS pue dsvH 01}1080s-811S sueld 22

0088'CT ob'¥9 SIH 002 |0u00 pue A11Indes a1IS S9INPa00Id T2
Buluue|d 108load Z

1uswabeuey
0'825'8T 0z'LL SIH ove 109/01d T
%) wal|
($) 150D papuLIxg | 1500 HUN uun | Amnuend uondiosag papusix3 uonduoseg 150D

sIsA[euy 150D € aAITeuIR Y

sisAeuy 150D $]0J1U0D [RUOIININSU| pue S|oJ1u0D BulisaulBul Jo uoneUIqWOD — € aAIRUIRYY '2'd 3]qe.L

B-5



€'98T'148'¢C [ended je101gng
7'798'0Ly | '¥98'0LY 'S T [e11ceo 10 9502 @) "0 ‘Bbull}) ‘PeayBA0 ‘Xe | s19ppy 19430 1T
0'00S 00°00S 'S T sbunsod prezeH abeubis 0T
31IMm pag.req
0'8I8'TT | 08TST'T e3 0T | puedis € “ul| uryo paziuenb abneb 9 * 8x.0Z a1en 6
eale Bjling
pue 1ods 10H "D'0 0T ke sisod g ‘Blim puesss £
0210'2/€ 10CE EN 009'TT | "ul| uteyo paziuenel 9breb g * 8 ‘1500 pajfelsu| Burous A11anoss 8
0'00%'8 00'95 SIH 0ST e eAINbS 10 OTZS 85D eogog vT°2
0',9¥'TE 0T'S8T SIH 0.T US[eAINDS JO DO9T Ar aoyxdeIL €T°2
0'0S8'S 00'Gh SIH 0€T Pa141090s 10N Jojzedwod
KiorIqINZT L
0'089'% 009g SIH 0€T BPPM 10ge11T°L
0'S/8'9 0S'/¢ SIH 0S¢ Bloge loge10T1°2
0'000'6 009g SIH 0S¢ Joredo loge16,
0°000'0T 00°0F SIH 0S¢ Uews o loge18.
0'000‘TT | 00'000'TT S T dijo Joul| Joy "SI sieuesed L/
09.T'e £r'e el L0E'T dio Jul| Joy y/TXE uoJ B4 92
T IR 68°C el LOE'T dijo Joul| Jo} p/TXEXE uol| 3|Buvs .
pa|fesul ‘spelb mopq S
0'08T'260'T 00°29T M 0vG'9 | 01 UaALp Bul|id 18Us |aIs .7/ Sk lpaWLIUI-YBI T Bul|d 1B8us 72
0'08T'0.2 L1 A4 | 000'8ST pa|eIsul ‘paunixal ||Iw-08 BUIT3dAHEL
0'088'GET 980 A4 | 000'8GT | UONONJISUOD Wep 508Ud-3001 0§ USAOM [|IW-0Z 9|1Xe1009) 22
0'006'G9T S0'T A4 | 000'8ST pa|esul “ul/d| Sy ‘[1IW-002 BU-009 T/
Al1[1010NISU0D pUE YdUs.} Bulu/aslieg
Joyoue o) RLBRW SS30Xe apn[oul sannuend youq l
(%) way|
($) 150D papuLIxg | 1500 NUN uun | Amnuend uondiiosag papusix3y uonduoseg 150D

(panunuUo)) sisAjeuy 1500 $j041U0D [RUOIINIIISU| pUR Sjoa1uo) BultssulBug Jo uoneuIqWoD — € BAIRUIRLY 'Z2'd 9.l

B-6



0'€Z£'09.'62 ($9002) N0 JeaA-0g UlIM 150D [e10 perefeas]
£'99¥'20L°6T ($9002)
INO JeaA-0E YlIM 150D [e10 1 anfe A Jussaid
00¢ (s1h) 8y ubse@
0'9/5'295 ($9002) (IN0) 150D [nuUUY
£'981'G28'2 ($9002) 150D [erded
SIsAleuy 1148uUag/1so)
£79.°18¢'€ [e101 pueld
0'9/5'295 IN20 [e101gns
suonoedsu|
S|0Jju02 pue
0'00S'€T | 0000'TT 'S T | Bussuibue Jo WO 'sbunsod pue BunueH souelBIURIN 2T
aoueldwo)
0'25T'S ov'+9 SIH 08 Bunuodes fenuue pue uoieRrIdRIUIERQ ‘A3 12T
Buiddiys
0005y 0005 eq 9 "IAER1000 9 a|dwes €21
0'02T'0Sy | 00'TSL'E e (074 SWRISAS UO119|09 BTEMULIOIS pue AASN
ul (SDONAS ‘SDOA ‘serw ‘eaifojolpel ‘sgdd Bui|dwes
“19d) slepRWeRd S3AdY Jo) Buldwes enuuy | BM S3AdM 22T
0'v0£'68 12°.€ SIH (00744 Joce| Buljdwes 1°2T
N0 A
(%) way|
($) 150D papuLIxg | 1500 HUN uun | Anuend uondiioseg papusix3y uonduoseg 150D

(panunuo)) siskeuy 150D S|0J11UOD [RUOIININSU| puUe S|oJ1u0D BulisaulBug Jo UoRUIGWIOD — € dANRUIRYY '2'd 8]qe.L

B-7



daid aus L
wewdinbe
0'00% 00°001 eq T BysemaInssald uo®a g9
01809 08'ce = 08T sAep 09 ‘suossed € 3dd 9
0°090'G 0905 | swniQ 00T swnp abeiors €9
Juswiea )
0'000'€T 0ST | SuojeS | 000°0T BEM  u0%Qg Z9
0009 00°009 S T peduocedg T'9
uoneuiweluodsg 9
0°000°T 00°00S Yo Z EIEIEI) Zs
0009 00°00€ UYIuo A 14 [JUS UUOW-T SWNsse ‘1B|10} 8|0e1od TS
qowaq/qon g
SIBpPPY aAlISIUIWPY
Z0T18'20€ 20T8'20¢ S T [e11ded JO 04G SBWNSS Y BUIO €1
Ty 1S'12 SIH 09T 132u000NS Bungenuod zy
¥'80€'€ 1S'/2 SIH 02T selexoed piq ‘sa1jddng UBWIN00.d T'Y
uoneNsIuIWpY 4
9'0/8'%¢ 9909 SIH otV 1oddns 10)Jeu00gNS U0 1ONIISUOD OSHE'E
G'€T0'0E 1SS SIH 0S5 Joddns 10)Je.nu0dgNS UO1ONIISUOD uspusIuLeRdNS Z°E
T'GE0'/S LE9Y SIH 0€2'T 1oddns 10)Je.nu00gNS U0 1ONIISUOD uoddnsS dH T'€
uonnJaxXgy e
0v92'vZ 9909 SIH (004 abiesioed piq ‘suoireoyads ‘Ubseq ubseqg e'e
0'09.'Se ov'¥9 SIH (0107 dV/S pue dSH 014109058115 sueld 22
0088'CT ov'¥9 SIH 002 |0u00 pue A11INdes 91IS S9INPa20Id T'2
Buluue|d 108load Z
1uawabeuey
0°009'8€ 0c'LL SIH 005 108lo1d T
wa|
($) 1500 pspuaix3 |  ($) 150D MUN uun | Amuend uondiioseg papusIxy uondudse@ | 100

SISA[euy 150D 17 aAITRUIR Y

sisA[euy 150D S|0J1U0D [2UOIINIIISU| PUE UOITRARIXT — ¢ dAITRUIRY|Y '€'g 9|qe.L

B-8



0'SLE'TT 052 SIH (0514 Blode] loce1 €2t
0002'9T 009 SIH (0214 lorrdo loge1z2t
0°000'8T 00'0% SIH oSt UewR.1o4 100e11ZT
Joge]
UuondY [eAoway T
2'2E6'6VE L0€L M 68L'7 (wuewdys pue
JUBWIIES .} S9PN[OUL) UOIZI|IgeIS — S|eANO
(ewdys
9'652'/92 98'821 J ¥/0'C | pUe Juswieas) sspnjoul) oo — AASN
d10L
el || pes| pue wniwoJayd OC_C ejuod
Seale JO 9%0T eyl enuslod ayl sswnssy juswileal ] d1SepN T
VN VN PA GT6'9 | IMey pue peo| Ul papnjoul 109 ||pue-N lesodsid
3S-UO 70T
€'869'68¢'Z TLYT Jd | Sp'2ot suonnjosABeus lesods|q
AS-HO €0T
0'GE9'8ZE'T 00'TE9'ST |y G8 ¢4 000’ ©@®e|opuoD | uonelodsuel ] Z'0T
PA 1/2'9 SaUoIp [eUBIU| %61 -AASN %S9 d1S-4O TOT
eLREW
SS90X0 PUR |PMS SSpN [oUl 3WN|OA [esodsiq [esodsiq a1seM 0T
€'9es ST'.L SIH G/ 19edwod Z'6
0°000'ST 00'ST PA 000'T '4"7000'G BWNsSy |14 199BS T'6
YoMp plingay 6
00002 00°00S fe@ vT Bueremeq '8
[eluaJ XonJ] pue JALIP sspnjoul
0'SYE'T9. 00'59 PA €TL'TT | ‘) Z O] UOIRAROXS SSWNsse - .1} €2T'85T ey pue peo] T'8
uolyenedxg 8
9°/68 ov'L€E SIH e aweoo| Aunn 72
000072 00°000'9 any ¥ | Buibers wewdinbs Jojesle puesiods 10H | gn pue kes|D 2'L
0002, 0002, feg 0T MBJO Uew-g fonns 71
way|
($) 1500 pspuaix3 |  ($) 150D MUN wun | Amnuend uondiosag papusix3 uonduose@ | 100

(panunuo)) sisAjeuy 150D S|0J1UOD [RUOIINIIISU| PUR UOITRARIXT — ¢ 9AINRUIS]|Y '€'d 9.l

B-9



02ST'S or'v9 SIH 08 Bunuods pue uoerideuIeRg aouel(dwioDd
"NIF9T
0°000'€ 00°0S. e3 14 sljooD ¢ | Buiddiys a|durese 9T
(SDOAS 'SDOA ‘serw
0'8/G'26¢ 00'TSL'E LE| 8/ | ‘lotbojoipes ‘'sgdd “1sed) sepwered
S3AdM  Joj  Buldwes  uoiEIYLBA so|dwes z'9T
8'9/6'C 12°/€ SIH 08 Joge| Burdwes 1°9T
Burjdwres
oI LBA UOIBIYLIBA 91
0'00S 00°00S 'S T sBunsod prezeH abeubls qT
Seae JoJng pue 100s 10H O°0 0T ‘sisod
-aud ‘pazijigers AN ‘uajAdoidAjod ‘usnom
0'885'9T VT 4 009'TT | ‘ebuelo ‘sousd AvJes speoliieg ‘pa|esu| Burous- A114n0ss vT
Jopeo
1B eAINDS Jo OTg/85eD pu3 uoi4 OT'ET
0080°€ 0095 SIH s 100X
JueeAInbe Jo D09TAr 0UpiJel L 6'€T
G'08T'0T 0T'S8T SIH a5 Blode] loce1 8°€T
00S8'€ 05/2 SIH orT Jorrdo loge L'€T
00v0's 00'9€ SIH orT Uews o loge1 9°€T
0009'G 000 SIH orT uorezi|igess
JuswjUeqU J0) X001 feinbue g 0z 01 G | |lews des-diy GET
0°000'G22 00'G. PA 000'€ Bune
uoI7ez1|Icels JusLNUeqIe j01uoD
0'¥6'SC ¥8'T PA 00T'T 1o} ysaw aus|Ado.dA|od pa|dels uosoi3 ¢'€T
Seale jvjng pue
0CIL'e Z€0 4 009'TT | 100S 10y 'SUORIPUOD BSIBADR ‘IS00 8__%:_ 30UB4 1|IS €'E€T
Je
00v0'T 00'59 SIH 9T | 100s 10y) S8I%8 9°E ‘WBRAINDS J0 9- 1D InooD Z'€T
eole Buibels
0°000'9 00°00S'T 2y ¥ | pue vare jods J0y ‘pass ‘Yonw ‘azi|ine4 uoierbonay T'€T
uolle.a0l1say als
pue uolezI|iqels
swueqWs €1
wa|
($) 1500 papuaIx3 | ($) 150D HUN uun | Anuend uondiosag papusix3 uondudsa@ | 100

(panunuo)) sisAjeuy 150D S|0J1UOD [RUOIINIIISU| PUR UOITRARIXT — ¢ 9AINRUIS]|Y '€'d 9.l

B-10



0'€ES°0TE'S ($9002)
N0 feaA-0g Ylim 150D [e101 peleeas]
0918082 ($9002) N0
JeaA-0g Ylm 150D [e101 SN A Juesaid
00€ (s1h) a1 ubise@
0°000°'S ($9002) (IN7®0) 150D [enuuY
0'918'0£9'2 ($9002) 1500 NdeD
sIsAfeuy 114euag1so)
0'9T8'GE9L [e101 puelo
0°000'G IN®0 [e101gnS
0000°G 00'000'G 'S T suonoadsu| pue
uoIreIoIsal Jredal ‘sbunsod ‘BuiousH OURLBIURIA T'ST
2e) 8T
0'9T8'0£9'L [ende) [elo1qns
le1ickeo
L'208'T/2'T L'208'T/2'T 'S T|10 %02 @ “o® ‘buly ‘pesyleno ‘xel S18ppY 43y10 LT
way|
($) 1500 papualx3 | ($) 150D HUN uun | Anuend uondiiosag papusix3 uonduose@ | 10D

(panunuo)) sisAjeuy 150D S|0J1UOD [RUOIINIIISU| PUR UOITRARIXT — ¢ 9AIIRUIS] Y '€'g 8|gel

B-11



THIS PAGE INTENTIONALLY LEFT BLANK



APPENDIX C

EVALUATION OF SEDIMENTATION BASINS
AT OUTFALLS 008 AND 011
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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 Ouitfall 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/L X/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



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 thistime.

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 goa 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 recreationa 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, 1 x 10°, and 1 x 10°® 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.'® 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 aternative. 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 m%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.

19 Thisis 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
aternative.

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 amost completely
clothed during the fall and winter, an average derma exposure surface area of 0.74 m?/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 Worker®

Recreational User®

Risk=10" | Risk=10" | Risk=10° | Risk=10" [ Risk=10° | Risk=10"
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°2 >1E+05°2 >1E+05° >1E+05°2 >1E+05°2 >1E+05°
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
;‘;?'E)PAH (as 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

#Screening values greater than 100,000 mg/kg are reported as >1E+5 as required in Appendix A of the Risk Methods Document.
PIndustrial 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=0.193m?. Default

parameters from the Risk Methods Document were used for all other parameters.

“Teen 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 m?. Default parameters

from the Risk Methods Document were used for all other parameters.
Slope factors used are shown in Table E.19.




Table E.2. HI RGOs for the Industrial Worker and Recreational User under Most Likely Exposure Scenarios

coc Industrial Worker? Recreational User®
HI=01 | HI=1 HI=01 | HI=1
Inorganic Chemicals (Metals) (mg/kg in Soil/Sediment)
Aluminum >1E+052 >1E+05% >1E+05° >1E+052
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% >1E+05% >1E+05% >1E+05%
Manganese 4.78E+04 >1E+05% 1.75E+04 >1E+05%
Nickel 7.49E+03 7.49E+04 1.08E+04 >1E+05%
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
Tota PAH (as NA NA NA NA
BaPE)
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

& Screening values greater than 100,000 mg/kg are reported as >1E+5 as required in Appendix A of the Risk Methods Document.

PIndustrial 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 .
Default parameters from the Risk Methods Document were used for all other parameters.

“Teen 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 m?.
Default parameters from the Risk Methods Document were used for all other parameters.

Reference dose values used are shown in Table E.20.



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 pCilg 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 pCilg 2.71E+02 4.06E+03 6.76E+03
Thorium-232 pCilg 5.45E+01 8.17E+02 1.36E+03
Uranium-234 pCilg 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 mreml/yr 15 mreml/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 451E+03 7.51E+03
Thorium-232 pCi/g 6.09E+01 9.13E+02 1.52E+03
Uranium-234 pCilg 5.84E+02 8.76E+03 1.46E+04
Uranium-235+D pCilg 4.48E+01 6.71E+02 1.12E+03
Uranium-238+D pCilg 1.89E+02 2.84E+03 4.73E+03

Values were calculated using dose conversion factors from RESRAD 6.3.




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
aternatives 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). Essentia 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 overal 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 alisting 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.

Percent Residential No Selected as Screening

Chemical Name Units Maximum Detect Action Level a COPC? Analysis?
1,1-Dichloroethene mg/kg 0.508 2% 0.0276 No Yes
1,2-Diphenylhydrazine mg/kg 05 14% 0.117 No Yes
1,2,3,6,7,8-Hexachl orodibenzo-p-dioxin mg/kg 0.0000182 100%* 0.0000149 No Yes
2,4-Dinitrotoluene mg/kg 05 4% 0.209 No Yes
2,6-Dinitrotoluene mg/kg 05 4% 0.209 No Yes
3,3-Dichlorobenzidine mg/kg 05 9% 0.208 No Yes
Benzidine mg/kg 0.5 10% 0.00059 No Yes
Bis(2-chloroethyl) ether mg/kg 05 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 05 8% 0.0585 No Yes
Hexachlorobutadiene mg/kg 05 8% 0.32 No Yes
Nitrobenzene mg/kg 05 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 pCilg 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.



Bis(2-chloroethyl)ether, 1,1-dichlorethene, 24-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., lesslikely 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 107, well below the
lower limit of the U.S. Environmental Protection Agency’s (EPA) target risk range (i.e, 1 x 10° to
1x10% and the target risk used to develop RGOs (i.e, 1 x 10°). Noncarcinogenic effects for
bis(2-chloroethyl)ether could not be assessed because this chemical does not have a reference dose.
Given his(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
isonly 2.50 x 10°. Thisvalueiswell 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°. 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
2.17x 10". Thisvalueiswell 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.



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°. This risk results from the external exposure pathway and exceeds the de minimis level, but
dtill 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%. 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 areference dose. Given carbazol€' 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 residentia scenario.
However, the risk to the teen recreator under the site-specific exposure scenario is 1.56 x 10°. Thisvalue
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
sedected 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 vaue used to develop RGOs. Given hexachlorobenzene's infrequent detection
and low risk relative to chemicals and compounds driving risk in the BHHRA, hexachl orobenzene 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
hexachl orobenzene, hexachl orobutadiene 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® 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°® for 1,2-diphenylhydrazine and 3.88 x 10 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.

Dioxing/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 anayzed for dioxing/furans. The maximum concentrations of the majority of the
dioxing/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® for hexachlorodibenzo-p-
dioxin and 1.35 x 10° 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
hexachl orodibenzo-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.™

E.1.3.2 Dermal Contact

Dermal contact with soil was an important exposure route in previous BHHRASs 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 gastrointestina (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 chemica 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

™ 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 arisk 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 avalue of exactly 20 mg/kg. The average concentration calculated with
detected concentrations only (238 results) was 10.4 mg/kg, and the average concentration cal culated 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 1997bh), it is
reasonabl e to remove antimony as arisk factor.

E.1.4 Observations
E.1.4.1 PAHSs as Risk Drivers

The identification of total polycyclic aromatic hydrocarbon compounds (PAHS) as risk drivers in soil at
severa 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.). Asaresult, 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 PAHSs.

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, Tota 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 al 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,” PAHSs 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 potentia 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
exhibitsan 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,” PAHSs 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 alower 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

RGO Background | NSDD Hot .
coc (H120.0) Soil%onc_ Spot NSDD, Excluding Hot Spot
Inorganic Chemicals (Metals) (mg/kg in Soil/Sediment)
Aluminum >1E+05% 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 21E-01 ND 2.1E+00
Iron >1E+05% 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)
Tota 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

& 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

Background
cocC RGO (HI=1) Sgoil NSDD Hot NSDD, Excluding Hot Spot
Concentration Spot
Inorganic Chemicals (Metals) (mg/kg in Soil/Sediment)
Aluminum >1E+05% 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 21E-01 ND 2.1E+00
Iron >1E+05° 2.8E+04 1.1E+04 9.3E+03
Manganese >1E+05° 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

& Screening values greater than 100,000 mg/kg are reported as >1E+5, asrequired 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 Background_SoiI NSDD Hot NSDD, Excluding Hot
(ELCR =1E-6) Concentration Spot 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% 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

& Screening values greater than 100,000 mg/kg are reported as >1E+5, asrequired 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

RGO (ELCR Background NSDD .
coc :”(5_5) SoiIgConc. Hot Spot | \SDD: 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+052 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

& Screening values greater than 100,000 mg/kg are reported as >1E+5, asrequired 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 potentia RGOs of risk,
hazard, or dose for the recreationa user at the NSDD. Thisinformation 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,” PAHSs 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 alower 15 mrem/yr-based value.

E-24



Table E.14. Comparison of EPCs to RGOs for a HI of 0.1 for the Recreational User at the NSDD

Background
cocC RG_O Sgoil NSDD Hot NSDD, Excluding Hot Spot
(H1=0.1) . Spot
Concentration
Inorganic Chemicals (Metals) (mg/kg in Soil/Sediment)
Aluminum >1E+05% 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% 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

2 Screening values greater than 100,000 mg/kg are reported as >1E+5, asrequired 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

Background
coc RGO Soil NSDD Hot | \ispp, Excluding Hot Spot
(HI =1.0) . Spot
Concentration
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° 2.8E+04 1.1E+04 9.3E+03
Manganese >1E+05° 1.5E+03 4.2E+02 4.6E+02
Nickel >1E+052 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

& Screening values greater than 100,000 mg/kg are reported as >1E+5, asrequired 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

RGO Background | \ispp Hot | NSDD, Excluding Hot
coc (ELCR =1E-6) Soil Spot Spot
Concentration
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+052 6.7E-01 6.5E-01 5.8E-01
Cadmium NA 2.1E-01 ND 2.1E+00
Iron NA 2.8E+04 11E+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

& Screening values greater than 100,000 mg/kg are reported as >1E+5, asrequired 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.17. Comparison of EPCs to RGOs for a ELCR 1E-5 for the Recreational User at the NSDD

Background
coc (ELEF?:?E_S) Soil | ng;):"’t NSDD, Excluding Hot Spot
Concentration
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+052 6.7E-01 6.5E-01 5.8E-01
Cadmium NA 2.1E-01 ND 2.1E+00
Iron NA 2.8E+04 11E+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

& Screening values greater than 100,000 mg/kg are reported as >1E+5, asrequired 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

Background NSDD,
Soil NSDD Excluding
COC Imrem/yr |15 mrem/yr|25 mrem/yr| Concentration | Hot Spot 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 470E+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 14E-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

Ingestion Slope Dermal Slope Inhalation Slope | External Exposure
Chemical Factor® Factor® Factor? Slope Factor?®
(mg/kg-day)™ (mg/kg-day)™ (mg/kg-day)™ (mg/kg-day)™
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
Ingestion Slope Inhalation Slope | External Exposure
Chemical Factor® Factor® Slope Factor®
(risk/pCi) (risk/pCi) (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
All values from RAIS
PAll values from HEAST
Table E.20. Reference Doses Employed in Hazard Calculation
Chemi Oral RfD? Dermal RfD? Inhalation Rfd? Dermal
emical Absorption
(mg/kg-day) (mg/kg-day) (mg/kg-day) Factor®
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

All values from RAIS
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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 aternative. This example utilizes EU10 of Outfal 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.*?

As discussed earlier in the report (see Section E.1.4.1), total polycyclic aromatic hydrocarbon compounds
[Total polyaromatic hydrocarbons (PAHSs)] 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
valuesisdiscussed 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=0.193n7.

Default parameters from the Risk Methods Document were used for all other exposure parameters.

COC = contaminant of concern

PCB = polychlorinated biphenyl compound

2 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 evauation 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.

COC'sAnalytical Result

: —x Target ELCR (1E-05).
COC'sRisk - Based Concentration

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 individua PCB results reported. Additionally, the dataset
presented in the SWOU Sl was found to identify incorrectly the results listed in Table F.2 as detections.
These results were corrected as part of the evaluation.



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 pCilg A
004-002 Americium-241 0.0967 pCilg AX
004-002 Cesium-137 23 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 pCilg 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 cal culated 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. Theresults of the area calculations are shown in Table F.3.

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

ELCR Target
1E-4 5E-5 1E-5 5E-6 1E-6 5E-7 1E-7
Cleanup Cleanup Cleanup Cleanup Cleanup Cleanup Cleanup
area area area area area area area
Location (acres) (acres) (acres) (acres) (acres) (acres) (acres)
NSDD 0.00 0.00 0.76 1.29 3.23 4.24 5.36
OUTFALLS 0.20 0.23 1.20 211 15.96 26.11 35.95

EL CR = 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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ELCR for Current Industrial Worker
Figure F.2. Acreage Chart for Outfalls and Their Associated Ditches and Areas



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. Additionaly, 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 Cumulative Cumulative

1E-4 1E-5 5E-6
Estimate Estimate Estimate
NSDD $17M $22M $29M
______ Outfalls ~ $4.0M $50M $7.0M
Total $5.7M $7.2M $9.9M
8
/ )
6
5
Costs for Outfalls g
,4g
8
3
F2
L r—
Costs for NSDD
1
T T T T T T T T T T T T T T T T T 0
g 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
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ELCR for Current Industrial Worker

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 vaue 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 industria 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. Therisk 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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£\ § LEGEND (Clean-up Areas) '
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. PCBs
_|__ THORIUM-230
E=3 URANLM Average PCB concentration
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Figure F.4. Outfall 010 Cleanup Area
Table F.5. Cumulative ELCR for “Hot Spots” Requiring Cleanup within the SWOU
ELCR ELCR
Location Exposure Unit Driving COC Prior to Excavation 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
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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 aternative, 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

CcOocC 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.
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