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 1.0 INTRODUCTION 

This report presents the initial portions of a Baseline Risk Assessment (BRA) for the 
Westinghouse Columbia Fuel Fabrication Facility (CFFF).  A BRA is an essential and integral 
part of remedial response programs designed to protect human health and ecological resources 
from current and potential future environmental threats (United States Environmental Protection 
Agency [USEPA], December 1989).  It provides a basis for determining whether remedial action 
is necessary, and it determines the levels and extent of cleanup needed to reduce potential risk.  
This Preliminary BRA (PBRA) presents the initial steps of the Human Health Risk Assessment 
(HHRA) and the Ecological Risk Assessment (ERA), including evaluation of the exposure 
setting, development of a preliminary conceptual site model, and conservative screenings of 
existing data collected at the site since 2008.  The results of the PBRA can be used to 
determine if additional data and/or additional steps in the BRA process are needed to complete 
the BRA. 

This PBRA is presented in five sections.  Section 2, Site Description, describes the site features.  
Section 3, Data Collection and Evaluation, describes the data used for the PBRA, how it was 
grouped by location and medium, and how it was evaluated for use in the PBRA.  Section 4, 
Human Health Risk Assessment, and Section 5, Ecological Risk Assessment, present these two 
major components (HHRA and ERA) of the PBRA.  Section 6 summarizes the results of the 
HHRA and the ERA.   
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2.0 SITE DESCRIPTION 

The CFFF is located at 5801 Bluff Road (SC Hwy 48) in a rural portion of Richland County near 
Hopkins, South Carolina, as shown in Figure 1-1 in the Remedial Investigation (RI) Report 
(AECOM, December 2013).  The CFFF property consists of approximately 1,200 acres.  The 
plant building and the wastewater treatment plant (WWTP) are situated on the northern portion 
of the property.  The plant building is located approximately 2,700 feet southwest of Bluff Road, 
and the WWTP is located near the southwest corner of the plant building.  Process water is 
temporarily stored, sampled, and treated (if necessary) in the lagoons at the WWTP. One 
process water waste stream utilizes the East Lagoon.  A second waste stream utilizes the West 
2 and West 1 lagoons. Both waste streams are then sent to either the North or South lagoons. 
Sanitary wastewater is treated in the sanitary lagoon followed by chlorination and de-
chlorination.  All treated wastewater is then discharged through a diffuser at the base of the river 
channel to the Congaree River at a location approximately 3 miles southwest of the CFFF. 

A small man-made pond, which existed prior to construction of the CFFF, is located 
approximately 500 feet southwest of the WWTP.  A small spring discharges into the northern 
edge of the pond. No surface water outflow occurs from the pond.  Sunset Lake is located 
immediately west and south of the pond, approximately 900 feet southwest of the WWTP 
(Figures 1-1, 1-2, and 1-3 of the RI Report).  Sunset Lake is located within a natural oxbow lake 
and consists of upper and lower sections separated by a man-made dam (causeway) with a 
channel through which Mill Creek can flow from Upper to Lower Sunset Lake.  A manmade dam 
approximately 1,700 feet south of the WWTP backs up Mill Creek to create Lower Sunset Lake 
(Figure 1-3 of the RI Report).  The southern portions of the property, including the pond, Mill 
Creek, and both portions of Sunset Lake, are located within the floodplain of Mill Creek and the 
Congaree River. The plant/WWTP area and the floodplain are separated by a bluff, 
approximately 20 feet high, located immediately south of the WWTP. 
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3.0 DATA COLLECTION AND EVALUATION 

3.1 Data Collection 

Data used in this PBRA were collected from previous investigation activities and include data 
collected from groundwater, surface water, and sediment samples.  Sampling locations are 
shown on Figure 1-3 in the RI Report.  The chemicals discussed in the following section were 
identified as potentially site-related chemicals during previous investigations.  When results from 
multiple sampling events were available for groundwater and surface water analytes, the results 
from the most recent event were used for each analyte. 

Groundwater data used in this PBRA were collected from 38 locations between December 2008 
and October 2013.  Constituents analyzed included volatile organic compounds (VOCs) (cis-
1,2-dichloroethene [cis-1,2-DCE], tetrachloroethene [PCE], trichloroethene [TCE], and vinyl 
chloride); inorganics (fluoride, ammonia, nitrate, and potassium); and radionuclides (gross alpha 
and gross beta radioactivity measurements).  Groundwater locations W19 and W24, shown on 
Figure 1-3 in the RI Report, are considered background locations (not affected by site activities). 

Ten surface water samples (SW-1 through SW-10) were collected in December 2008 and 
analyzed for VOCs (cis-1,2-DCE, PCE, TCE, and vinyl chloride); inorganics (fluoride, ammonia, 
nitrate, and potassium); and radionuclides (gross alpha and gross beta).  Another sample was 
collected from location SW-8 in March 2009 and analyzed for PCE, TCE, vinyl chloride, gross 
alpha, and gross beta.  As part of the RI activities in July 2013, four samples were collected 
from location SW-2, the pond, causeway, and spillway, and analyzed for fluoride, ammonia, 
gross alpha, and gross beta. 

Ten sediment samples (SED-1 through SED-10) were collected as part of RI activities in July 
2013 at locations coinciding with previous surface water samples.  These samples were 
analyzed for VOCs (acetone, 2-butanone, 1,2-dichlorobenzene, methyl acetate, PCE, and 
toluene); inorganics (fluoride and nitrate); and radionuclides (gross alpha and gross beta). 

3.2 Data Evaluation  

The analytical data obtained from previous investigations as well as the 2013 RI-related 
sampling efforts at the CFFF were evaluated prior to use in the PBRA.  The steps involved in 
evaluation and aggregation of data are common to both the human health and ecological risk 
assessments.  The goal of data evaluation is to select data that are valid for use in the PBRA 
and to identify chemicals that are potentially site-related.  The initial steps in identifying human 
health chemicals of potential concern (COPCs) and chemicals of potential ecological concern 
(COPECs) involve evaluation and aggregation of data.  These steps are common to both the 
HHRA and ERA.    

Step A.1:  Sort the data into exposure groups. 

After the analytical data were compiled, they were sorted based on medium, depth interval, and 
exposure area to form data groups for evaluation in the PBRA.  An exposure area is a 
geographical area over which receptors are likely to average their exposures, based on 
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observed or assumed patterns of receptor behavior and the patterns and extent of 
contamination.  The data groups for each medium were sorted based on exposure areas to form 
exposure groups to be used in evaluating risk.   

Groundwater 

Groundwater was evaluated using data from shallow monitoring wells at the site.  As discussed 
in Section 4.1.2, the only potentially complete groundwater exposure pathway under current 
conditions is vapor intrusion, in which VOCs volatilize from shallow groundwater and enter 
buildings.  The vapor intrusion pathway is of concern only for VOC contamination in shallow 
groundwater within 100 feet of an occupied building.  Therefore, data from site wells within 100 
feet of occupied buildings were defined as the exposure group for evaluating current risk from 
vapor intrusion. 

Under future conditions, it was assumed that a building could be constructed and occupied by 
workers anywhere on the site.  In this scenario, future workers could be exposed to groundwater 
VOCs as a result of vapor intrusion, as described above for current workers. Therefore, data 
from all site wells in which VOCs were detected were used to constitute an exposure group for 
evaluating future risk from vapor intrusion. 

Also under future conditions, it was assumed that additional groundwater exposure pathways 
potentially could be complete for a hypothetical future resident.  To be conservative, it was 
assumed that the residents’ potable water could be obtained from a well installed at any location 
and screened at any depth at the site.  Under this scenario, an on-site resident could be 
exposed through direct ingestion of and dermal contact with groundwater and inhalation of 
vapors during showering and other household uses of groundwater.  A single groundwater 
exposure group for evaluating risk to future residents was developed for the site based on data 
from all locations sampled. 

Surface Water and Sediment 

For surface water, a single exposure group was developed from the 13 surface water locations 
sampled on the site. 

Sediment 

For sediment, a single exposure group was developed from the 10 sediment locations sampled 
on the site.  

Step A.2:  Eliminate non-detected analytes. 

Those analytes not detected in any samples in a particular medium or exposure group were 
eliminated from the data set.  Vinyl chloride was eliminated from the groundwater medium, and 
cis-1,2-DCE, TCE, and vinyl chloride were eliminated from the surface water medium. 
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Step A.3:  Determine data parameters. 

For each analyte in each exposure group, the following data parameters are presented in 
Tables 3-1 through 3-3:  minimum and maximum detected concentrations, location of the 
maximum detected concentration, detection frequency, and range of reporting limits. 

After the completion of Steps A.1 through A.3, separate procedures were used for 
COPC/COPEC selection for human health and ecological receptors.  These procedures are 
discussed below in Sections 4 and 5, respectively. 
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4.0 HUMAN HEALTH RISK ASSESSMENT 

The purpose of the HHRA portion of a BRA is to characterize the potential for carcinogenic risk 
and noncarcinogenic hazard to human receptors exposed to site-related contaminants under 
current and hypothetical future land use conditions if no remedial action is performed.  The 
preliminary steps of an HHRA include an evaluation of exposure setting, development of a 
preliminary conceptual site model and associated exposure pathway diagram (EPD), and 
conservative screening of existing data.  Contaminants determined to have the potential to pose 
risk or hazard to human receptors are identified as human health COPCs.  Information from the 
preliminary steps of the HHRA supports risk management decisions regarding the need for 
additional data or additional steps of the HHRA at the Westinghouse CFFF. 

The HHRA was conducted in accordance with the following USEPA guidance documents:  

Risk Assessment Guidance for Superfund (RAGS), Volume I, Human Health Evaluation 
Manual (Part A), Interim Final (USEPA, December 1989);  

RAGS, Volume I, Human Health Evaluation Manual (Part D, Standardized Planning, 
Reporting, and Review of Superfund Risk Assessments), Final (USEPA, December 
2001);  

RAGS, Volume I, Human Health Evaluation Manual (Part E, Supplemental Guidance for 
Dermal Risk Assessment), Final (USEPA, July 2004); 

RAGS, Volume I, Human Health Evaluation Manual (Part F, Supplemental Guidance for 
Inhalation Risk Assessment), Final (USEPA, January 2009); and  

Supplemental Guidance to RAGS: Region 4 Bulletins, Human Health Risk Assessment 
Bulletins (USEPA, May 2000). 

4.1 Identification of Chemicals of Potential Concern 

The selection of COPCs is a step-wise process that evaluates appropriate analytical data in 
order to identify those chemicals that are likely to be site-related (i.e., not present at the site due 
to natural conditions or detected in samples due to field or laboratory error) and that have the 
potential to pose risk or hazard to human receptors.  If a chemical is selected as a COPC, it 
does not imply that the chemical poses a health risk or that it will contribute to a significant risk 
in an environmental medium.  COPCs are merely those chemicals that need to be further 
evaluated for their potential human health effects. The rationale and criteria used to identify 
COPCs followed applicable USEPA Region 4 guidance (USEPA, May 2000).  The analytes that 
passed through the data evaluation procedure described in Section 3.2 (Steps A.1 – A.3) were 
evaluated to identify COPCs.  The COPC selection process for the HHRA is described in Steps 
B.1 through B.4 below.   
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Step B.1:  Compare analyte concentrations to risk-based screening levels. 

Screening Level Sources 

An analyte is eliminated as a COPC if its maximum detected concentration is less than its risk-
based screening level.  The chemical-specific screening levels for each medium were from the 
following sources: 

Groundwater 

 USEPA Regional Screening Levels (RSL) for tap water, at a risk level of 10-6 or 
hazard quotient (HQ) of 0.1 (USEPA, November 2013), for future exposure to 
residential receptors via direct contact. 

 USEPA Maximum Contaminant Levels (MCLs) (USEPA, April 2012). 

Surface Water 

USEPA National Recommended Water Quality Criteria (NRWQC), Consumption 
of Water and Organism, (USEPA, August 2013a). 

 USEPA MCLs (USEPA, April 2012). 

Sediment 

USEPA Regional Screening Levels (RSLs) for residential soil, based on a 
carcinogenic risk level of 10-6 or noncarcinogenic HQ of 0.1 (USEPA, November 
2013). 

Screening of Gross Beta  

The screening level used for gross beta in both groundwater and surface water was the MCL.  
The MCL for gross beta is expressed as a dose of 4 millirems per year (mrem/yr).  Before 
converting measured gross beta activity concentrations in pCi/L to doses for comparison to the 
MCL, the gross beta activities were adjusted by subtracting the portion attributable to naturally 
occurring potassium-40 (K-40).  The K-40 contribution to gross beta was estimated by 
multiplying the measured potassium concentration in mg/L at each location by a factor of 0.82, 
as allowed by the EPA “Radionuclides Rule” (65 FR 76708) (USEPA, December 2000), to 
calculate the portion attributable to naturally-occurring K-40 in units of pCi/L.  For each sample 
location, the most recent measured potassium concentration was used to estimate an adjusted 
potassium concentration as follows: 

If the concentration was detected, the detected concentration was used as the adjusted 
potassium concentration; 

If the concentration was not detected, one-half the reporting limit was used as the 
adjusted potassium concentration;  
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If the concentration was not available, the mean concentration (calculated using 
detected concentrations and one-half the reporting limit as a surrogate concentration for 
non-detects) for all samples within the medium was used.  The mean potassium 
concentrations are 4.3 milligrams per liter (mg/L) for groundwater and 3.0 mg/L for 
surface water. 

This adjusted potassium concentration was multiplied by the factor of 0.82 to calculate the K-40 
activity.  The K-40 activity component was then subtracted from the most recent gross beta 
activity for each location to obtain an adjusted gross beta activity.  Tables 4-1 and 4-2 show 
these calculations for groundwater and surface water samples, respectively. 

For both groundwater and surface water, the resulting maximum adjusted gross beta activity 
was then converted from pCi/L to mrem/yr based on the "sum-of-the-fractions" method provided 
by USEPA (March 2002).  The conversion from pCi/L to mrems/yr was based onthe assumption 
that technetium-99 (Tc-99) is the primary beta emitter in groundwater at the site, as 
demonstrated by a Westinghouse investigation performed for the Nuclear Regulatory 
Commission in 1998 (AECOM, April 2009).  According to the EPA “Radionuclides Rule” (65 FR 
76708) (USEPA, December 2000), the total dose limit of 4 mrem/yr from beta emitters applies to 
the total human body and to critical organs.  Also, derived radionuclide-specific activity 
concentrations that yield 4 mrem/yr should be based on values contained in the National Bureau 
of Standards (NBS) Handbook 69 (United States Department of Commerce, August 1963) and 
based on a drinking water intake rate of 2 liters per day. 

A “sum-of-the-fractions” method is used to add the contribution of each beta emitter to 
determine compliance with the gross beta MCL. The “sum-of-the fractions” method is shown 
below: 

 Gross beta (mrem/yr) = 4 x ∑ (x/y) 

 Where: 

 x = adjusted gross beta value in pCi/L 

 y = equivalent of 4 mrem annual exposure in pCi/L (from National Bureau of 
Standards Handbook 69) 

The conversion from pCi/L to mrems/yr for this site was based on the assumption that 
technetium-99 (Tc-99) is the primary beta emitter in groundwater at the site, as demonstrated by 
a Westinghouse investigation performed for the Nuclear Regulatory Commission in 1998 
(AECOM, April 2009).  The derived concentration of Tc-99 in drinking water that yields a dose of 
4 mrem/yr to the total body or critical organs is 900 pCi/L, as defined in the conversion tables 
listed in NBS Handbook 69 (USDOC, August 1963).   

Using this method and assuming Tc-99 is the predominant beta emitter present in groundwater 
and surface water, the maximum adjusted gross beta values for groundwater (368.47 pCi/L) and 
surface water (44.18 pCi/L) were divided by 900 pCi/L and multiplied by 4 mrem/yr.  The 
estimated doses were 1.64 mrem/yr for groundwater and 0.20 mrem/yr for surface water. These 
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doses based on the maximum activities were then compared to the MCL for gross beta activity 
expressed as a dose of 4 mrem/yr in Tables 4-1 and 4-2.   

Vapor Intrusion Screening 

Risk-based screening levels for groundwater based on the indoor air exposure pathway were 
derived using the USEPA Vapor Intrusion Screening Level (VISL) Calculator, Version 3.2 
(USEPA, December 2013), which uses current USEPA inhalation toxicological data in the 
calculations.  Groundwater screening concentrations were derived for the commercial/industrial 
exposure scenario using a target risk of 1 x 10-6 for carcinogens and a target HQ of 1 for 
noncarcinogens.  The VISL Calculator includes those chemicals that are sufficiently volatile and 
toxic; that is, screening levels are calculated for chemicals that would volatilize from 
groundwater into indoor air and that have been identified as potentially causing carcinogenic 
risk or noncarcinogenic hazard through the inhalation pathway.  Chemicals evaluated in the 
VISL calculator were those VOCs detected in groundwater from any site locations during the 
most recent sampling events.   

Three VOCs were detected in the groundwater samples: cis-1,2-DCE, PCE, and TCE.  An 
analyte was eliminated as a vapor intrusion COPC if its maximum detected concentration was 
less than its VISL groundwater screening concentration.  The VISL calculator is presented as 
Table 4-3, and the vapor intrusion COPCs are presented in Table 4-4.  PCE was identified as a 
vapor intrusion COPC in groundwater for the current commercial/industrial exposure scenario, 
and both PCE and TCE were identified as vapor intrusion COPCs in groundwater for the future 
commercial/industrial exposure scenario. 

Step B.2:  Evaluate frequency of detection 

In order to address sporadically detected chemicals, a frequency of detection screening is 
performed for each data set.  For those data sets containing 20 or more samples, chemicals 
that were detected in less than 5% of the samples are eliminated as COPCs and not considered 
further in the risk assessment.  A chemical is not eliminated as a COPC if the maximum 
concentration is greater than 10 times the risk-based screening level.  No chemicals were 
eliminated as COPCs from any media based on the frequency of detection evaluation. 

Step B.3:  Compare analyte concentrations to background levels 

An analyte is eliminated as a COPC if its maximum detected concentration is less than its 
background concentration.  As mentioned in Section 3.0, locations W19 and W24 are 
considered groundwater background locations.  No background locations exist for surface water 
or sediment. 

Groundwater background concentrations were calculated as two times the average detected 
concentration in wells W19 and W24, using one-half the reporting limit as a surrogate 
concentration for non-detects.   Background results were available only for inorganics and gross 
alpha and gross beta.  No chemicals were eliminated as COPCs from groundwater based on 
background levels because maximum detected concentrations exceeded background levels. 
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Step B.4:  Delete media and/or exposure groups 

In this step, it is determined whether any COPCs remain for each medium and exposure group.  
If not, the medium and/or exposure group is dropped from consideration in the HHRA.  COPCs 
remained in every medium and exposure group; i.e., groundwater, surface water, and sediment. 

Step B.5:  Define COPCs and exposure groups. 

The chemicals remaining in each medium and exposure group after the completion of Steps A.1 
to A.3 and B.1 to B.4 constitute the human health COPCs.  The COPCs identified through the 
methods and rationale described above are presented in Tables 3-1 through 3-3 for 
groundwater, surface water, and sediment, respectively.  These tables list the analytes detected 
in the exposure group, their occurrence (maximum and minimum detected concentrations, 
location of maximum concentration), frequency of detection, range of reporting limits (RLs), and 
screening value, and they indicate which analytes are COPCs and the rationale for their 
selection or deletion. 

4.2 Exposure Assessment 

This section of the HHRA addresses the potential pathways by which human populations could 
be exposed to the COPCs identified in Section 4.1.  In identifying primary pathways of 
exposure, both current and plausible, hypothetical, future land uses of the site and surrounding 
area were considered.  The exposure assessment describes exposure scenarios and develops 
information on exposure pathways. 

4.2.1 Characterization of Exposure Setting 

This section describes the overall exposure setting in terms of the natural environment and land 
use.  The description of the exposure setting provides information pertinent to the identification 
of potential human exposure pathways and the estimation of exposure factors for current and 
hypothetical future human receptors. 

4.2.1.1  Natural Environment 

The CFFF site encompasses approximately 1200 acres.  The northern portion of the property 
consists of a relatively flat, upland area located on an ancient terrace.  The southern portion of 
the property lies within the floodplain of Mill Creek and the Congaree River.  The upland area 
and floodplain are separated by a bluff, approximately 20 feet high, located immediately south of 
the WWTP.  Surface drainage at the site flows toward several drainage ditches that cross the 
property and surrounding areas.  These ditches flow into upstream areas of Mill Creek 
(approximately 3,000 feet west of the plant) and Upper Sunset Lake (approximately 1,500 feet 
west of the plant). 

There is a cultivated hayfield northeast of the facility, between the building and Bluff Road, and 
forested areas (mainly pine plantations) to the west, northwest, and east of the facility.  The 
floodplain area includes extensive wetlands consisting mainly of swamps associated with 
Sunset Lake and Mill Creek, as well as the manmade pond immediately south of the facility.   
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4.2.1.2  Land Use 

The CFFF site is an active manufacturing facility.  The buildings, WWTP, and parking lot are 
situated within a fenced area on the northern portion of the property.  The main building is 
located approximately 2700 feet southwest of Bluff Road.  Site access is limited to the main 
entrance off Bluff Road, which connects to security facilities, the plant area, and other gravel 
and dirt roads that cross the property outside the fenced area. 

Current land use at the facility is industrial.  Land use in the surrounding area can be 
characterized as rural.  The South Carolina Recycling and Disposal, Inc. (SCRDI) Superfund 
Site is located across Bluff Road to the northeast.  Undeveloped forested lands are located in 
the upland to the north and northeast of Bluff Road and the SCRDI Site and to the east of the 
CFFF property.  Forested lands also are located south and west of the facility within the 
Congaree River floodplain.  Forested and agricultural areas are located to west and northwest 
of the site. 

Potential receptors most likely to exist under current conditions include industrial workers who 
work indoors at the facility and maintenance workers who mow the grass and perform general 
maintenance activities along the on-site ditches.  The reasonably anticipated future land use at 
the site is expected to remain industrial, and industrial workers and maintenance workers are 
considered to be the potential human receptors on the site. 

4.2.2 Identification of Human Health Exposure Pathways 

Potential human exposure pathways were identified for the CFFF based on current and 
potential future land uses as well as the extent and distribution of COPCs at the sites.  A 
complete pathway includes: (1) a chemical source and release mechanism, (2) a transport or 
retention medium, (3) an exposure point where human contact with the contaminated medium 
occurs, and (4) a route of intake for the contaminant into the body at the exposure point.  If any 
of these elements is missing, the pathway is considered incomplete and is not considered 
further in the HHRA.  An exposure pathway diagram has been developed to illustrate the 
potential exposure pathways for the site (Figure 4-1).  In the diagram, the potentially complete 
pathways, which would be quantitatively evaluated if additional steps in the BRA process were 
needed, are indicated by an “X” in a box.  A box without an “X” indicates an incomplete pathway 
(which occurs when at least one of the pathway elements is missing). 

4.2.2.1  Current Land Use Scenario 

The CFFF is an active industrial facility.  Under current conditions, the environmental media with 
the potential to contain site-related contaminants include groundwater, surface water, and 
sediment.  Under current conditions, industrial workers are likely to have a potential for 
exposure to site-related contaminants in groundwater.  Potential groundwater exposure routes 
involving direct contact are incomplete under current conditions because potable water used at 
the facility is not obtained from site groundwater.  However, exposure to groundwater 
contaminants via vapor intrusion is a potentially complete pathway for workers in a building 
located above or near (within approximately 100 feet horizontally or vertically) where VOCs 
have been detected in shallow groundwater (i.e., the uppermost saturated zone) (USEPA, 
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November 2002).  Indoor workers potentially could be exposed to volatile groundwater 
contaminants by inhaling indoor air containing vapor that has infiltrated the building in which 
they work.   

A current maintenance worker is potentially exposed to site-related contaminants in surface 
water and sediment while maintaining the drainage ditches through the western side of the 
facility.  Potential exposure routes for both media include ingestion and dermal absorption. 
Potential groundwater exposure pathways are incomplete under current conditions because 
potable water used at the facility is not obtained from site groundwater and the maintenance 
worker is not expected to perform excavation activities that would result in contact with 
groundwater. 

4.2.2.2  Future Land Use Scenario 

The future land use scenario at the CFFF is expected to remain the same as that identified 
under current conditions.  Industrial workers and maintenance workers are the human receptors 
with a potential for exposure to site-related contaminants.  The future scenario assumes that the 
current buildings at the site will remain and that additional buildings may be constructed. 

Exposure of a future industrial worker to groundwater is assumed to occur through the use on 
an on-site well.  The groundwater exposure pathways considered to be complete for the future 
industrial worker are ingestion and dermal absorption from hand washing.  It is assumed that 
potable water will continue to be obtained from an off-site source and that no potable water 
supply wells will be installed on the site.  However, the potential exposure of industrial workers 
to groundwater through ingestion and dermal pathways is included in this HHRA in keeping with 
the conservative nature of the BRA process.  Inhalation of vapors migrating from surficial 
groundwater into indoor air also is assumed to be a potentially complete exposure pathway for 
the future industrial worker. 

Exposure routes for a future maintenance worker are assumed to remain the same as under 
current conditions, with ingestion and dermal absorption the potential surface water and 
sediment exposure routes and potential groundwater exposure pathways being incomplete. 

4.3 Identification of Final Human Health COPCs     

The COPCs initially identified in the screening described in Section 4.1 were further evaluated 
using readily available lines of evidence in order to identify those that warranted retention as 
final human health COPCs.   

4.3.1 Groundwater 

Three VOCs (cis-1,2-DCE, PCE, and TCE) and gross alpha were initially identified as COPCs in 
groundwater because their maximum detected concentrations exceeded their screening value 
and background concentration, if available.  The screening level exceeded for each VOC was its 
USEPA RSL for tap water, which is derived to be protective of regular long-term use of water for 
drinking and bathing.  Gross alpha exceeded its MCL, which is protective of similar uses.  
Because site groundwater is not used for these purposes under current conditions and is 
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unlikely to be used for these purposes under future conditions, this screening is very 
conservative.  PCE was identified as a vapor intrusion COPC in groundwater for the current 
commercial/industrial exposure scenario, and both PCE and TCE were identified as vapor 
intrusion COPCs in groundwater for the future commercial/industrial exposure scenario.  Based 
on these exceedances, cis-1,2-DCE, PCE, TCE, and gross alpha are conservatively retained as 
COPCs in groundwater. 

Ammonia was identified as a COPC because it had no screening value.  Ammonia was 
detected in 15 of 36 locations with concentrations ranging from 1.2 mg/L to 103 mg/L.  Ammonia 
is found naturally throughout the environment, is a major component of the nitrogen cycle, and 
is an important source of nitrogen for plants.  Most ammonia in the environment comes from the 
natural breakdown of organic matter.  Most of the ammonia that enters the human body in food 
or water rapidly changes into other substances that are not harmful, and the rest of this 
ammonia leaves the body in urine within a couple of days.  The main toxic effects of ammonia 
are restricted to areas of direct contact (i.e., skin, eyes, respiratory tract, mouth, and digestive 
tract) where irritation may occur from exposure to concentrated amounts (Agency for Toxic 
Substances & Disease Registry [ATSDR], September 2004).  The potential for oral ingestion of 
ammonia in groundwater is insignificant, because the only potential receptor with the 
opportunity for exposure is a maintenance worker, who may mow the grass or perform activities 
along the on-site ditches.  Because of its natural occurrence in the environment, its low toxicity, 
its limited detected concentrations in groundwater, and the minimal potential for receptor 
exposure at the site, ammonia is not retained as a final COPC in groundwater. 

4.3.2 Surface Water 

PCE, fluoride, ammonia, and gross alpha were initially identified as COPCs in surface water 
because their maximum detected concentrations exceeded their screening value.  PCE 
concentrations in surface water exceed the USEPA tapwater RSL at only three locations, and 
gross alpha exceeded its MCL at only two locations. As discussed above for groundwater, the 
RSL and MCL are protective of significant, long-term consumption of water, yet surface water at 
the site is not and will not be used for human consumption.  Given the conservatism of the 
screening of PCE based on the RSL and gross alpha based on the MCL, and the negligible 
potential for human consumption of site surface water, PCE and gross alpha are not retained as 
COPCs in surface water.            

Fluoride was detected in 10 of 13 locations and exceeded the screening value at six of these 
locations (two exceedances were minimal).  Because of the absence of surface water screening 
criteria for fluoride, the value used for screening was an MCL, which is a drinking water 
standard protective of regular consumption of fluoride in drinking water.  However, the only 
receptor that might be exposed to fluoride in surface water at the site is a maintenance worker 
that could incidentally ingest or come into dermal contact with surface water while infrequently 
maintaining the ditches.  Thus, the potential for exposure to surface water at the site is 
negligible compared to the exposures assumed in deriving an MCL.  Additionally, the critical 
health effect for fluoride, as listed in USEPA’s Integrated Risk Information System (IRIS) 
database, is objectionable dental fluorosis, which is cosmetic.  Given the minimal potential for 
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ingestion of surface water at the site, the conservatism of using a drinking water standard as a 
screening value for site surface water, and the fluoride’s low toxicity, fluoride is not retained as a 
COPC in surface water. 

Ammonia was initially identified as a COPC because it had no screening value.  Ammonia was 
detected in four of 13 surface water locations, all of which were in vegetated water bodies 
beyond the developed area of the facility.  The maximum ammonia concentration (8.8 mg/L) 
was detected in the pond south of the facility; the next highest concentration (5.7 mg/L) was at 
SW-7 in the ditch west of the facility; and the lowest detected concentrations were in the pond 
(2.7 mg/L) and the spillway from Lower Sunset Lake (2.2 mg/L).  Ammonia is naturally occurring 
and can be elevated in such ecosystems due to its production in bacterial decomposition of 
organic matter.  Given that ammonia was not detected on the facility and that ammonia is 
naturally occurring and can be present at higher levels in wetlands such as those adjacent to 
the facility, ammonia is not considered to warrant retention as a COPC in surface water. 

4.3.3 Sediment 

Gross alpha and gross beta were initially identified as COPCs in sediment because they had no 
sediment screening values for protection of human health.  The ERA in Section 5 of this 
preliminary BRA identified screening values for gross alpha and gross beta in sediment that 
were derived to be protective of maximally exposed aquatic organisms (small fish).  The 
comparison of these benchmarks to maximum detected activities in site sediment is shown in 
Table 5-2.  The benchmarks are two orders of magnitude higher than the maximum activities in 
site sediment.  Given the minimal potential for human exposure to sediment at the site, the 
negligible potential for human exposure to radiation from sediment in comparison to the 
potential exposure of fish living in water above the sediment, and the lack of risk to fish 
indicated by the extremely small hazard quotients calculated, gross alpha and gross beta are 
not considered to warrant retention as COPCs in sediment.     

4.3.4 Summary of COPCs 

The chemicals initially identified as COPCs were further evaluated using limited, readily 
available lines of evidence to determine if they warranted retention as COPCs.  Only three 
VOCs (cis-1,2-DCE, PCE, and TCE) and gross alpha in groundwater ultimately were identified 
as warranting designation as COPCs. 

4.4 Uncertainty 

The evaluation of chemical risks to human health is, by necessity, based on a number of 
assumptions with inherent uncertainties.  This section provides a discussion of the uncertainties 
associated with key site-related variables and major assumptions used in the preliminary HHRA, 
in order to address their potential effect on the resulting identification of final COPCs.  Overall, 
this preliminary HHRA provides an initial, conservative assessment of potential human health 
risks for site-related contaminants and does not quantify risks or hazards associated with 
COPCs. 
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4.4.1 Uncertainty in Data Evaluation and COPC Selection 

The sampling data collected at locations at the CFFF site are inevitably a limited subset of the 
nearly unlimited quantity of data that potentially could be collected, and as such, may not be 
completely representative of site contaminant levels.  However, samples were not collected on a 
random basis (e.g., sampling focused in potential source areas) and are likely to be biased 
toward overestimation of chemical concentrations.  The samples used in the BRA data set (36 
groundwater, 13 surface water, and 10 sediment samples) are considered to be representative 
of the suspected source areas associated with the CFFF. 

Uncertainty also is inherent in the selection of site-related COPCs.  Uncertainty in contaminant 
identification is considered low because sampling protocols generally target appropriate 
analytes based on historical information and guidance.  Eliminating contaminants in the 
preliminary COPC screening process can lead to lower estimates of potential health effects than 
would inclusion of all analytes.  However, the chemicals excluded from the risk evaluation (i.e., 
not identified as final COPCs) were those detected at concentrations below conservative risk-
based screening levels based on the most current USEPA guidance or those for which readily 
available lines of evidence indicated that their potential to pose significant risk was negligible. 

There is uncertainty associated with use of the VISL Calculator.  The calculator is based on 
assumptions about the site, including homogenous vadose zone soil and a building with a 
poured concrete foundation (USEPA, November 2013).  The VISL calculator uses generic 
attenuation factors developed by USEPA that assume vapor concentrations will be reduced as 
they migrate upward from the groundwater and that concentrations will be further reduced as 
they mix with air in the buildings.  Factors that may not support use of the VISL Calculator 
include: very shallow groundwater (e.g., less than 5 feet below the foundation) or buildings with 
significant openings to the subsurface (e.g., unlined crawlspace).  These factors need to be 
considered in determining if the generic attenuation factors are appropriate for a particular site. 

4.4.2 Uncertainty in Exposure Assessment 

Factors that contribute to uncertainty in the exposure assessment include identification of 
exposure pathways, assumptions for scenario development, and exposure point concentrations.  
The identification of potential exposure pathways and receptors was based on site-specific, 
plausible, current, and hypothetical future land use scenarios.  Site-specific receptors were 
identified to the extent possible in order to minimize uncertainty in the postulated exposure 
scenarios.  In accordance with USEPA Region 4 guidance, a future residential exposure 
scenario was included.  This scenario is highly unlikely given that the expected future land use 
in the vicinity of the CFFF will likely remain industrial, similar to current conditions.   

For screening purposes in this HHRA, the exposure point concentration for each chemical in 
groundwater, surface water, and sediment was conservatively based upon the maximum 
detected concentration in these media.  Use of maximum detected concentrations is likely to 
overestimate the potential for risk at the site. 
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 5.0 ECOLOGICAL RISK ASSESSMENT  

5.1 The Ecological Risk Assessment (ERA) Process 

The ERA component of this BRA evaluates whether unacceptable risks are posed to ecological 
receptors from chemical stressors in the environment at the Westinghouse Columbia Fuel 
Fabrication Facility (CFFF), also referred to below as the site.  The ERA identifies contaminant 
levels that would not pose unacceptable risks, and it provides information necessary for risk 
management decisions regarding the need for and extent of potential remedial action (USEPA, 
November 2001).  The process followed in performing the ERA was based on the current 
USEPA model for conducting ecological risk assessment, as described in the Ecological Risk 
Assessment Guidance for Superfund (ERAGS): Process for Designing and Conducting 
Ecological Risk Assessments (USEPA, June 1997) and The Role of Screening-Level Risk 
Assessments and Refining Contaminants of Concern in Baseline Ecological Risk Assessments 
(USEPA, June 2001).  Additional risk assessment guidance considered in developing the ERA 
process includes the Guidelines for Ecological Risk Assessment (USEPA, April 1998) and the 
USEPA Region 4 Ecological Risk Assessment Bulletins – Supplement to RAGS (USEPA, 
November 2001). 

The ERAGS process is the principal model for ERAs used in USEPA Region 4.  The eight steps 
of the ERAGS process in Region 4 are as follows:  

 Screening-Level Ecological Risk Assessment (SLERA) 

Step 1: Initial Problem Formulation and Effects Evaluation   

Step 2: Exposure Estimation and Risk Calculation 

 Baseline Ecological Risk Assessment 

Step 3: Baseline ERA Problem Formulation  

 Step 3a: Problem Formulation and Refinement Screening 

 Step 3b: Additional Problem Formulation 

Step 4: Study Design and Data Quality Objectives Process 

Step 5: Field Verification of Sampling Design 

Step 6: Site Investigation and Data Analysis 

Step 7: Risk Characterization 

Step 8: Risk Management 

A diagram of the process is provided in Figure 5-1.  In conjunction with these steps, the ERAGS 
process also requires interim decisions and deliverables following several steps in the process.  
These scientific/management decision points (SMDPs) are defined as points in the process at 
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which the risk managers evaluate the work completed to a given step and either approve the 
work and the planned approach or redirect additional work (i.e., decide whether or not the ERA 
should continue to the next step in the process).  Up to six SMDPs potentially may be 
incorporated into the eight-step ERAGS process, depending on the number of ERA steps 
required at a particular site and circumstances specific to the site.  SMDPs typically occur after 
Steps 2, 3, 4, and 7 of the ERAGS process, with a possible SMDP within Step 3 and another 
after Step 5 if approval is required for needed changes to the sampling design.  This ERA 
concludes with SMDP 1. 

5.2 Screening-Level Ecological Risk Assessment (SLERA) 

The purpose of the SLERA is to provide an initial screening to eliminate detected chemicals that 
are expected to pose essentially no risk to ecological receptors.  The ERA consists of two 
phases, the SLERA followed by the Baseline ERA.  In the SLERA, preliminary COPECs are 
identified from among the analytes detected in each exposure medium at the site.  The SLERA 
is intended to address the overall protection of the habitats and associated species within the 
study area based on comparison of the maximum detected concentrations measured in site 
media to conservative ecological screening values (ESVs), which are chemical-specific media 
concentrations intended to be protective of sensitive ecological receptors. 

The SLERA serves to focus the ERA on preliminary COPECs that may have the potential to 
pose ecological risk so that those contaminants then may be evaluated more closely in the 
context of current and future conditions.  The SLERA is designed to be a very conservative, 
screening-level evaluation so that if the assessment indicates there is no ecological risk there 
can be a high degree of certainty associated with this conclusion.  The SLERA includes Steps 1 
and 2 of the ERA process (Figure 5-1), which are described below.  At the conclusion of these 
initial steps, a decision is made at SMDP 1 about whether additional ecological assessment is 
warranted to address possible ecological concerns identified by the SLERA. 

5.2.1 Step 1:  Initial Problem Formulation and Effects Evaluation 

The initial Problem Formulation step of the SLERA includes the evaluation and aggregation of 
the data collected at the site, and the identification of conservative ESVs for use in the risk 
calculation in Step 2.   

5.2.1.1 Data Evaluation and Aggregation 

As described in Section 3, site data were evaluated to determine their usability and applicability 
for the ERA.  The media through which ecological receptors potentially could be exposed to 
site-related contaminants at the site are surface water and sediment.  These are the media for 
which conservative screening values protective of a variety of ecological receptors were 
identified.    

5.2.1.2  Identification of Ecological Screening Values (ESVs) 

The media through which ecological receptors potentially may be exposed to site-related 
contaminants are surface water and sediment.  In accordance with current USEPA Region 4 
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guidance (USEPA, November 2001), the latest version of the USEPA Region 4 Ecological Risk 
Assessment Bulletins (USEPA, November 2001) was considered a preferred source for surface 
water and sediment ESVs to be used in the SLERA screening.  When USEPA Region 4 ESVs 
were not available for a chemical, alternative sources of conservative ESVs were consulted in 
order to identify other relevant, established benchmarks from authoritative sources, such as 
other USEPA regions or federal or state agencies.  The ESVs for surface water used in the 
SLERA are shown in Table 5-1, and the ESVs for sediment are shown in Table 5-2.  The ESVs 
were based on chronic values, which are intended to be protective of long-term exposures of 
ecological receptors and are more conservative than acute screening values.       

USEPA Region 4 guidance indicates that groundwater contaminant concentrations should be 
screened using surface water ESVs if groundwater discharges to surface water nearby 
(USEPA, November 2001).  Given the long period of time in which contaminants have been 
present in site groundwater and the close proximity of surface water, current surface water 
concentrations measured in adjacent ditches and ponds account for the effects of groundwater 
transport and discharge.  Accordingly, the screening of groundwater concentrations against 
surface water ESVs was not warranted.  

5.2.2 Step 2:  Exposure Estimation and Risk Calculation 

The second step of the SLERA includes an estimation of the potential for exposure of ecological 
receptors to site-related contaminants, including description of the ecological setting and 
development of a preliminary ecological conceptual site model (CSM).  To ensure that possible 
contributors to risk are not overlooked, the preliminary COPEC screening (risk calculation) was 
based on consistently conservative assumptions regarding exposure, in accordance with 
USEPA guidance (USEPA, June 1997).  For example, the concentrations used in screening 
were the maximum detected concentrations in each medium, the receptors assumed to be 
exposed were aquatic organisms with the greatest potential for contact with surface water and 
sediment at the site (e.g., fish and benthic invertebrates), and the detected concentrations of all 
chemicals were assumed to be completely bioavailable.  Based on the ESVs identified in Step 1 
and the data available for the exposure media, risk calculations were performed for surface 
water and sediment in Table 5-1 and Table 5-2, respectively.   

5.2.2.1 Ecological Setting 

Ecological Communities 

The ecological study area at the site comprises the water bodies from which surface water and 
sediment samples were collected adjacent to the western and southern areas of the facility. Five 
of the 13 sample locations are within man-made ditches that drain the northwestern and 
western portions of the facility. The ditches discharge to a small stream that flows west 
approximately 1200 feet before entering Mill Creek upstream of the facility. The study area is 
entirely within the CFFF property boundary. The study area encompasses two main ecological 
communities: (1) a maintained, herbaceous community within the developed area of the facility, 
and (2) a swamp community associated with the Mill Creek floodplain. Beyond these 
communities to the north, east, south, and west are extensive areas of planted pines. 
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The banks of the drainage ditches within the western portion of the facility, as well as adjacent 
areas between the ditches and nearby buildings and other structures, are covered by 
herbaceous vegetation.  This vegetation community includes various grasses, rushes, sedges, 
and ruderal, weedy herbs. These areas are maintained by periodic mowing to limit the height of 
the vegetation and prevent the growth of shrubs or trees.  Because this community is within an 
active, industrial facility and the vegetation is limited in height and diversity, the fauna of this 
community is expected to be similarly limited.  Terrestrial wildlife that potentially may utilize the 
area to a significant degree include mainly rodents such as the marsh rice rat and meadow vole; 
birds such as the American crow, brown-headed cowbird, and common grackle; reptiles such as 
snakes and lizards, and amphibians such as frogs and toads.  Aquatic animals that potentially 
may occur within the ditches include minnows, tadpoles, and insects. 

The swamp community within the study area extends along the Mill Creek floodplain from west 
of the facility to its south. This community includes densely forested wetlands, including Upper 
Sunset Lake, as well as the open waters in the middle of Lower Sunset Lake and the adjacent 
pond between this lake and the facility. The swamp forest canopy is dominated by water tupelo 
and swamp tupelo and also includes bald cypress, red maple, and a variety of other trees. This 
community is part of the extensive area of Mill Creek floodplain forest and wetlands.  The 
diversity of vegetation and habitats available in this community is expected to support a diverse 
and abundant fauna. Mammals likely to occur in this community include the raccoon, opossum, 
otter, mink, muskrat, and golden mouse.  Birds likely to utilize these habitats include the green 
heron, black-crowned night heron, great blue heron, great egret, wood duck, mallard, Louisiana 
waterthrush, hooded warbler, and Carolina wren. Reptiles expected to be present include the 
common snapping turtle, American alligator, cottonmouth, banded water snake, and green 
anole. Amphibians potentially occurring in this community include the green tree frog, river frog, 
bullfrog, eastern narrowmouth toad, and dwarf waterdog. Obligately aquatic animals likely to 
occur within the waters of the lakes, creek, and pond include sunfishes, catfishes, tadpoles, 
crayfish, and insects.               

Threatened and Endangered Species 

A site-specific search for known occurrences of threatened and endangered (T&E) species in 
and adjacent to the project area was initiated through resources made available on the internet 
by the South Carolina Heritage Trust in conjunction with the South Carolina Department of 
Natural Resources.  The list of T&E as well as other rare species ranked and tracked by the 
Heritage Trust that are known to occur in Richland County includes six species with a federal 
listing status and five species with a state listing status. Known occurrences of T&E species and 
other species tracked by the Heritage Trust and their approximate locations are denoted on 7.5-
minute quadrangle maps.  The most recent update of the occurrence information on the website 
occurred on January 17, 2006.  The project area falls within the Fort Jackson South quadrangle 
in Richland County.  Tracked species have been documented to occur at seven locations within 
this quadrangle. Only two of these locations are within approximately 2 miles of the site. None of 
the tracked species with recorded occurrences in this quadrangle are federally listed or state 
listed as endangered, threatened, or of concern. None of the federally or state-listed species 
known to occur in Richland County have been observed at the CFFF facility.  Based on the 



Preliminary Baseline Risk Assessment  Westinghouse Columbia Fuel Fabrication Facility 
AECOM Project No. 60302740  Hopkins, South Carolina 
 

 5-5 February 2014 

known ranges and the habitat requirements of these species, their occurrence in the ecological 
study area on or adjacent to the facility is unlikely.   

5.2.2.2  Preliminary Conceptual Site Model 

The preliminary exposure pathway diagram (EPD) for the site (Figure 4-1) shows the potential 
contaminant migration and exposure pathways through which ecological receptors may be 
exposed to site-related contaminants. Ecological receptors in the EPD are represented by two 
general categories, terrestrial receptors (considered to be organisms that breathe air, including 
those that feed on aquatic food chains) and aquatic receptors (organisms that do not breathe 
air). Potentially complete pathways that would not result in significant exposure or warrant 
quantitative evaluation are identified in the diagram by an asterisk. Potentially complete 
exposure pathways that are considered to be significant and to possibly warrant evaluation in 
the ERA are identified in the diagram by an “X.”    

Migration of contaminants from source media to exposure media at the site may involve release 
mechanisms that include: (1) leaching from subsurface soil to groundwater, followed by 
discharge of groundwater to sediment and surface water; and (2) uptake of chemicals from 
surface water and sediment by plants and animals and transfer through the aquatic food chain. 
Based on the low bioaccumulation potential of the chemicals detected in sediment and surface 
water, food chain exposures are predicted to be relatively insignificant and are not considered to 
warrant quantitative evaluation.   

Terrestrial receptors potentially could be exposed to site-related contaminants that have entered 
surface water and/or sediment as a result of groundwater transport and discharge. Potential 
ingestion pathways for animals principally include ingestion of surface water and sediment. 
Ingestion of food from the aquatic food chain is a less significant pathway for the chemicals 
detected, which do not have a significant tendency to bioaccumulate or to biomagnify within 
food chains. Although animal exposure pathways based on inhalation (of VOCs from surface 
water) and dermal absorption (from skin contact with contaminated water or sediment) also are 
potentially complete, these pathways usually are negligible contributors to chemical intakes 
compared to ingestion pathways and are difficult to quantify (USEPA, February 2005).   

5.2.2.3  Screening-Level Risk Calculation  

A concentration less than or equal to a conservative screening level generally indicates that a 
chemical is unlikely to pose significant risk to ecological receptors in the area sampled and does 
not warrant further evaluation in the ERA.  If the concentration was greater than the screening 
level, or a screening level was not available, the chemical was initially identified as a preliminary 
COPEC in that medium. HQs were calculated by dividing the maximum detected concentration 
of each chemical in surface water and sediment by an ESV for that chemical and medium.  
Chemicals with HQs greater than 1, as well as chemicals that lacked an ESV for use in 
calculating an HQ, are identified as preliminary COPECs in Table 5-1 and Table 5-2.  
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Surface Water 

The screening-level risk calculation for surface water and the initial identification of preliminary 
surface water COPECs are shown in Table 5-1.  Ammonia and fluoride were identified as 
preliminary COPECs because they exceeded their ESVs.  The gross alpha radioactivity 
screening metric also was identified as a preliminary COPEC based on exceedance of a 
conservative ESV for gross alpha. 

Ammonia nitrogen exceeded its NRWQC for protection of aquatic life (1.9 mg/L total ammonia 
nitrogen) at only four of 13 locations, all of which were in vegetated water bodies beyond the 
developed area of the facility.  The maximum ammonia concentration (8.8 mg/L) was detected 
in the pond south of the facility; the next highest concentration (5.7 mg/L) was at SW-7 in the 
ditch west of the facility; and the lowest detected concentrations, in the pond (2.7 mg/L) and the 
spillway from Lower Sunset Lake (2.2 mg/L), only slightly exceeded the NRWQC.  Ammonia is 
naturally occurring and can be elevated in such ecosystems due to its production in bacterial 
decomposition of organic matter.  Given that ammonia levels on the facility were below the 
NRWQC and that ammonia is naturally occurring and can be present at higher levels in 
wetlands such as those adjacent to the facility, ammonia is not considered to warrant retention 
as a preliminary COPEC in surface water. 

The available surface water ESV for fluoride was a Florida Surface Water Quality Criterion (10 
mg/L).  Based on 2008 data, this ESV was minimally exceeded at only two locations:  SW-1 
(12.1 mg/L) in Upper Sunset Lake and SW-9 (12.1 mg/L) in Lower Sunset Lake.  The 2008 
sample from SW-10 (10.3 mg/L) in the pond between the facility and Lower Sunset Lake was 
essentially equal to the ESV.  In 2013, fluoride was detected in the pond at a concentration (7.3 
mg/L) below the ESV, and it was not detected at the causeway between the lakes or the 
spillway from the lower lake.  Given the minimal historical exceedances of the fluoride 
benchmark and the lack of exceedances in recent samples, fluoride is not considered to warrant 
retention as a preliminary COPEC in surface water.         

The ESV used for screening gross alpha was the lowest of benchmark activities derived for 18 
alpha-emitting radionuclides in a report by the US Department of Energy (USDOE), which 
developed benchmarks for screening radionuclides for their potential to adversely affect aquatic 
biota (USDOE, 1998).  This lowest benchmark, protective of small fish exposed to radionuclides 
in surface water, was derived for thorium-229.  The individual radionuclides that actually 
contribute to the gross alpha measured in surface water at the site are unidentified.  Gross 
alpha activities in surface water exceeded the benchmark (59 pCi/L) only in 2008 samples from 
two locations in the drainage ditch within the northwest area of the facility:  SW-5 (192 pCi/L) 
and SW-4 (164 pCi/L).  Gross alpha activities at all other surface water locations were much 
lower than the benchmark, ranging from 3.4 pCi/L at SW-2 in the ditch immediately west of the 
facility to non-detect in 2013 samples from the pond, the causeway between Upper and Lower 
Sunset Lakes, and the spillway from Lower Sunset Lake.  Thus, the only aquatic habitat in 
which the benchmark was exceeded was the small, man-made drainage ditch within the 
developed area of the facility.  This ditch provides minimal habitat for aquatic receptors, and 
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gross alpha exceedances of a very conservative benchmark in this small segment of ditch are 
not considered to warrant retention of gross alpha radioactivity as a preliminary COPEC.      

Sediment         

The screening-level risk calculation for sediment and the initial identification of preliminary 
sediment COPECs are shown in Table 5-2.  Acetone and 2-butanone were identified as 
preliminary COPECs because sample concentrations exceeded their ESVs.  Methyl acetate and 
nitrate were initially identified as preliminary COPECs based on their lack of ESVs for screening. 

The VOCs acetone and 2-butanone are considered by USEPA to be common laboratory 
contaminants, and these compounds are not expected to be present in sediment at the site.  
Methyl acetate, which was detected in only one sediment sample, is a VOC that is used as a 
solvent, is naturally occurring in some plants, is present in foods and beverages, and is low in 
toxicity (HSDB, 2013).  Its detection also is likely to be a result of laboratory contamination.  
Accordingly, acetone, 2-butanone, and methyl acetate do not warrant retention as preliminary 
COPECs in sediment. 

Nitrate was detected in five out of ten sediment samples, and the maximum concentration (8.4 
mg/kg) was the only detected concentration exceeding 1 mg/kg.  In addition to the lack of 
sediment ESVs, information on natural sediment levels in sediments also is lacking.  However, 
nitrate levels in sediment are likely to be similar to levels in soil.  Inorganic nitrogen in soils, 
principally nitrate nitrogen, normally ranges from approximately 2 to 100 mg/kg in the absence 
of chemical fertilizer applications (Brady and Weil, 1999).  Nitrate is an important naturally 
occurring component of the nitrogen cycle, very low in toxicity, and a macronutrient for plants.  
Nitrate concentrations in site sediment are well within normal levels in soil, and it does not 
warrant retention as a preliminary COPEC in sediment. 

5.2.3 Uncertainty 

Uncertainty is inherent in the risk assessment process.  The principal activities performed in an 
ERA can be grouped into three components:  exposure assessment, effects assessment, and 
risk characterization.  The uncertainties associated with this SLERA are discussed below based 
on these components. 

Among the sources of uncertainty in exposure assessment is the detection of chemicals and 
their concentrations in environmental media.  Those analytes not detected in any sample in a 
particular medium or exposure group were eliminated from the data set for the SLERA.  There is 
the possibility that a chemical thus eliminated actually may be present at levels below its 
detection limit.  This is a concern only if the detection limit is higher than the level at which the 
chemical causes toxicity, which potentially could result in the underestimation of risk from that 
chemical.  Many of the analytes detected by standard analytical methods do not have 
established toxicity levels (ESVs) in each medium. 

Uncertainty in exposure assessment in a SLERA is minimized by making conservative 
assumptions throughout the process.  The receptors selected for evaluation as representatives 
of the ecological assessment endpoints were considered to be maximally exposed and to 
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provide a conservative representation of the range of exposures that may be experienced by 
other species not evaluated.  Exposure concentrations used in screening were based on 
maximum detected concentrations and conservatively assumed 100 percent bioavailability.  The 
use of conservative exposure assumptions and concentrations provide confidence that the 
screening in the SLERA did not underestimate the potential for receptor populations to be 
affected by exposures to chemicals at the site. 

Uncertainty in toxicity assessment may result from many sources.  There is a moderate level of 
uncertainty associated with screening against ESVs from the literature.  For example, there is 
uncertainty associated with the performance of the toxicity tests on which ESVs are based and 
with the relevance of specific toxicity values to native organisms at the site.  However, 
conformance by laboratories using standard methods and sensitive test species reduces 
uncertainty of the test results on which ESVs are based, and ESVs are derived to be 
conservative values that are protective of a range of ecological receptors. The conservatism of 
the ESVs used in calculating HQs in the SLERA increases confidence that any potential risks of 
adverse toxicological effects on ecological receptors were not underestimated.    

Uncertainty in the risk calculation and identification of preliminary COPECs is affected by the 
methodologies employed in the preceding sections of the SLERA.  The conservative approach 
used in identifying the exposure concentrations and ESVs for calculation of the HQs were 
intended to minimize the possibility of underestimating risk while not significantly overestimating 
risk. 

5.2.4 Ecological Risk Summary 

The preliminary COPECs initially identified in the conservative screening in the SLERA were 
further evaluated using readily available lines of evidence to determine whether they warranted 
retention as preliminary COPECs.  Preliminary COPECs were retained if they were not 
eliminated based on consideration of multiple lines of evidence.  The results of the SLERA for 
surface water and sediment are summarized in Table 5-1 and Table 5-2, respectively.  
Evaluation of the results of the risk calculation in conjunction with other lines of evidence 
concluded that there were no preliminary COPECs in surface water or sediment that warranted 
retention as COPECs at this site.   

5.2.5 Scientific/Management Decision Point 1 

Scientific/Management Decision Point 1 follows the completion of Steps 1 and 2 of the SLERA 
and determines whether there is justification to continue to the next step of the ERA process.  
The results of the SLERA are evaluated at this point to determine whether site-related 
chemicals pose negligible ecological risk (thereby providing a basis for recommending no 
further action with regard to ecological risk at the site) or have the potential to pose significant 
ecological risk (thereby providing a basis for recommending continuation of the ERA, additional 
field study, or an interim action).  The preliminary COPECs initially identified by the conservative 
screening of the ecological exposure media (surface water and sediment) at the CFFF were 
further evaluated using readily available lines of evidence. This evaluation determined that the 
preliminary COPECs initially identified do not have the potential to pose significant risk to 
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ecological receptors.  Therefore, none of the chemicals in surface water or sediment at this site 
warrant designation as COPECs, and further evaluation of ecological risk in a Baseline ERA is 
not needed. 
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 6.0 PBRA SUMMARY 

This PBRA comprises the initial steps of the HHRA and the ERA for the Westinghouse CFFF, 
including evaluation of the exposure setting, development of a preliminary conceptual site 
model, and conservative screenings of data collected at the site since 2008.   

The chemicals initially identified as COPCs in the conservative HHRA screening (cis-1,2-DCE, 
PCE, TCE, and gross alpha) were further evaluated using limited, readily available lines of 
evidence to determine if they warranted retention as COPCs.  The screening level exceeded for 
each VOC was its USEPA RSL for tap water, which was derived to be protective of regular long-
term use of water for drinking and bathing.  Gross alpha exceeded its MCL, which is protective 
of similar uses.  Because site groundwater is not used for these purposes under current 
conditions and is unlikely to be used for such purposes in the future, this screening is very 
conservative.  In addition, PCE was identified as a vapor intrusion COPC in groundwater for the 
current commercial/industrial exposure scenario, and both PCE and TCE were identified as 
vapor intrusion COPCs in groundwater for the future commercial/industrial exposure scenario.  
Based on these exceedances, cis-1,2-DCE, PCE, TCE, and gross alpha were conservatively 
retained as COPCs in groundwater. 

The preliminary COPECs initially identified in the SLERA by the conservative screening of the 
ecological exposure media (surface water and sediment) at the CFFF were further evaluated 
using readily available lines of evidence. This evaluation determined that the preliminary 
COPECs initially identified do not have the potential to pose significant risk to ecological 
receptors.  Therefore, the SLERA concluded that none of the chemicals in surface water or 
sediment at this site warrant designation as COPECs, and further evaluation of ecological risk in 
a Baseline ERA is not needed. 
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Figure 5-1.  Ecological Risk Assessment Process 

Step 1:  Problem Formulation -  Evaluation and aggregation of data

and Effects Evaluation -  Identification of Ecological Screening Values (ESVs)

Step 2:  Exposure Estimation -  Description of ecological setting and sensitive receptors

and Risk Calculation -  Development of preliminary conceptual site model (CSM)

-  Calculation of screening-level hazard quotients (HQs)

Step 3a:  Problem Formulation -  Identification of site-specific assessment endpoints

-  Refinement of conceptual site model

-  Refinement screening of Preliminary COPECs

-  Risk characterization to identify Final COPECs

Step 3b:  Additional Problem -  Development of risk questions to be answered in subsequent steps

Formulation

Step 4:  Study Design and -  Identification of additional measurement endpoints

Data Quality -  Design of study to obtain additional data

Objectives -  Identification of data quality objectives

-  Completion of Baseline ERA Work Plan and Sampling & Analysis Plan

Step 5:  Field Verification of -  Verification that samples specified in Step 4 can be collected

Sampling Design -  If study design changes are needed, there is an additional

 SMDP (SMDP 3a) at this point to approve changes

Step 6:  Site Investigation and -  Collection of field data

Data Analysis -  Analysis of data:  exposure and effects assessments

Step 7:  Risk Characterization -  Risk Estimation

 -  Calculation of HQs and HIs

 -  Evaluation of the weight of evidence

 -  Evaluation of uncertainty

-  Risk Description 

 -  Evaluation of the degree of confidence in risk estimates

 -  Interpretation of ecological significance

 -  Identification of final COCs for each assessment endpoint

Step 8:  Risk Management -  Identification of the range of risk-based and ARAR-

    based remedial goal options (RGOs) for each final

    COC and its associated assessment endpoint

-  Consideration of RGOs by risk managers in choosing remediation levels 

SMDP = Scientific/management decision point

SMDP 4:  Team agrees on whether to continue to Step 8 or end with completed 

ERA report documenting that there are no final COCs.

SMDP 5:  Team agrees on final conclusions and recommendations of ERA and determination of RGOs.

Screening-Level Ecological Risk Assessment (SLERA) 

SMDP 1:  Risk assessment/management team agrees on need to continue to Baseline ERA (Step 3a) or to end with completed 

SLERA report documenting that there are no chemicals of potential ecological concern (COPECs).

Baseline Ecological Risk Assessment

SMDP 2a:  Team agrees on need to continue to Step 3b or to end with completed

ERA report documenting that there are no final COPECs.

SMDP 2b: Team agrees on ERA objectives defined in Step 3b and the need to continue to Step 4.

SMDP 3:  Team approves ERA Work Plan and Sampling & Analysis Plan.
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Table 3-1
Occurrence, Distribution and Selection of Chemicals of Potential Concern in Groundwater (Current/Future)

Preliminary Baseline Risk Assessment — Human Health
Westinghouse Columbia Fuel Fabrication Facility

Hopkins, South Carolina
Scenario Timeframe: Future    
Medium:  Groundwater
Exposure Medium:  Groundwater

Exposure
Point Chemical Minimum (1)

Concentration
Maximum (1)

Concentration
Units

Location of
Maximum

Concentration

Detection
Frequency

Range of
Reporting
Limits (2)

Concentration
Used for

Screening (3)

Background
Value (4)

Screening
Toxicity Value (5)

COPC
Flag
(Y/N)

Rationale
for

Selection or
Deletion (6)

Volatile Organic Compounds
Groundwater cis-1,2-dichloroethene 1.2 18 ug/L W16 7/33 1 18 NA 2.8 n Y ASL

Tetrachloroethene 1.1 240 ug/L W33 15/33 1 240 NA 3.5 n Y ASL
Trichloroethene 2.8 38 ug/L W38 9/33 1 38 NA 0.26 n Y ASL
Inorganics
Fluoride 0.70 16.6 mg/L W30 18/36 0.5 16.6 ND 62 n N BSL
Ammonia (as Nitrogen) 1.2 103 mg/L W18 15/36 1 103 ND NA Y NSL
Nitrate 0.043 510 mg/L W18 31/36 0.02 510 5.14 2500 n N BSL
Radionuclides
Gross Alpha 0.060 18.8 pCi/L W30 22/36 0.32 - 4.51 18.8 10.57 15 Y ASL
Gross Beta (7) 0 1.64 mrem/yr W17 34/36 NA 1.64 NA 4 N BSL

Notes: Definitions:
(1)  Minimum/maximum detected concentration.  For gross alpha, value shown is an activity concentration.  For gross beta, value shown is a dose. COPC - chemical of potential concern     
(2)  Reporting limits are available only for non-detected concentrations. mg/L - milligrams per liter
(3)  Maximum concentration used for screening.     mrem/yr - millirem (roentgen equivalent in man) per y
(4)  Groundwater locations W19 and W24 are considered background.  The background value, when available, is two times the average concentration detected in these two wells, n - based on non-carcinogenic effects

using one-half the reporting limit for non-detected concentrations. NA - not applicable or not available
(5)  Screening values for VOCs and nitrate are the tapwater values from the USEPA Regional Screening Level (RSL) Table, based on risk of 10 -6  for carcinogens and ND - not detected

HQ of 0.1 for noncarcinogens (USEPA, November 2013).  For gross alpha and gross beta, the screening values are the maximum contaminant levels (MCLs; pCi/L - picocuries per liter
USEPA, April 2012), expressed as an activity for gross alpha and as a dose for gross beta. ug/L - micrograms per liter

(6)  Rationale Codes:    VOC - volatile organic compound
Selection  Reason:  Above Screening Level (ASL); No Screening Level (NSL)
Deletion Reason:  Below Screening Level (BSL)

(7)  Gross Beta is converted from pCi/L to mrem/yr based on the "sum-of-the-fractions" method provided by EPA (EPA 816-F-00-002) and the assumption that Technetium-99 (Tc-99) is the primary beta emitter in these wells as
demonstrated by a Westinghouse investigation performed for the Nuclear Regulatory Commission in 1998. The derived concentration of Tc-99 in drinking water yielding a dose of 4 mrem/yr to the total body or critical organ is 900 pCi/L 
as defined in the conversion tables listed in "Maximum Permissible Body Burdens and Maximum Permissible Concentrations of Radionuclides in Air or Water for Occupational Exposure" (National Bureau of Standards Handbook 69).

Sum-of-the-fractions method:
Gross Beta (mrem/yr) = 4 x S (x/y)

Where:
x: adjusted gross beta value in pCi/L
y: equivalent of 4 mrem annual exposure in pCi/L (from National Bureau of Standards Handbook 69)

The maximum adjusted gross beta value in pCi/L (368.474 from Table 4-1) was divided by 900 pCi/L and multiplied by 4 mrem/yr to estimate a dose of 1.64 mrem/yr.
Chemicals in bold are retained as preliminary COPCs.
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Table 3-2
Occurrence, Distribution and Selection of Chemicals of Potential Concern in Surface Water (Current/Future)

Preliminary Baseline Risk Assessment — Human Health
Westinghouse Columbia Fuel Fabrication Facility

Hopkins, South Carolina

Scenario Timeframe: Current/Future    

Medium:  Surface Water
Exposure Medium:  Surface Water

Exposure
Point Chemical Minimum (1)

Concentration
Maximum (1)

Concentration
Units

Location of
Maximum

Concentration

Detection
Frequency

Range of
Reporting
Limits (2)

Concentration
Used for

Screening (3)

Background
Value (4)

Screening
Toxicity
Value (5)

COPC
Flag
(Y/N)

Rationale
for

Selection or
Deletion (6)

Surface Water Volatile Organic Compounds
Tetrachloroethene 1.6 14 ug/L SW-8 3/10 1 14 NA 0.69 Y ASL

Inorganics
Ammonia (as nitrogen) 2.18 8.8 mg/L SW-10 4/13 1 8.8 NA NA Y NSL
Fluoride 0.5 12.1 mg/L SW-1, -9 10/13 0.5 12.1 NA 4 Y ASL
Nitrate 0.1 19.4 mg/L SW-10 8/10 0.1 19.4 NA 44 N BSL

Radionuclides
Gross Alpha 1.12 192 pCi/L SW-5 10/13 1.07 - 1.5 192 NA 15 Y ASL
Gross Beta (7) 0 0.20 mrem/yr SW-10 11/13 NA 0.20 NA 4 N BSL

Notes: Definitions:
(1)  Minimum/maximum detected concentration.  For gross alpha, value shown is an activity concentration.  For gross beta, value shown is a dose. COPC - chemical of potential concern     
(2)  Reporting limits are available only for non-detected concentrations. mg/L - milligrams per liter
(3)  Maximum concentration used for screening.     mrem/yr - millirem (roentgen equivalent in man) per year 
(4)  Surface water background data are not available. NA - not applicable or not available
(5)  Screening values are National Recommended Water Quality Criteria for Human Health for Consumption of Water plus Organisms (USEPA, August 2013a). pCi/L - picocuries per liter

For fluoride, gross alpha, and gross beta the screening values are the maximum contaminant levels (MCLs; USEPA, April 2012). ug/L - micrograms per liter
For nitrate, NRWQC expressed as 10 mg/L nitrate-N was converted to nitrate by multiplying by 4.43.

(6)  Rationale Codes:    
Selection Reason:  Above Screening Level (ASL); No Screening Level (NSL)
Deletion Reason:  Below Screening Level (BSL)

(7)  Gross Beta is converted from pCi/L to mrem/yr based on the "sum-of-the-fractions" method provided by EPA (EPA 816-F-00-002) and the assumption that Technetium-99 (Tc-99) is the primary beta emitter.
The derived concentration of Tc-99 in drinking water yielding a dose of 4 mrem/yr to the total body or critical organ is 900 pCi/L as defined in the conversion tables listed in 
"Maximum Permissible Body Burdens and Maximum Permissible Concentrations of Radionuclides in Air or Water for Occupational Exposure" (National Bureau of Standards Handbook 69).

Sum-of-the-fractions method:
Gross Beta (mrem/yr) = 4 x  (x/y)

Where:
x: adjusted gross beta value in pCi/L
y: equivalent of 4 mrem annual exposure in pCi/L (from National Bureau of Standards Handbook 69)

The maximum adjusted gross beta value in pCi/L (44.18 from Table 4-2) was divided by 900 pCi/L and multiplied by 4 mrem/yr to estimate a dose of 0.20 mrem/yr.
Chemicals in bold are retained as preliminary COPCs.
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Table 3-3
Occurrence, Distribution and Selection of Chemicals of Potential Concern in Sediment (Current/Future)

Preliminary Baseline Risk Assessment
Westinghouse Columbia Fuel Fabrication Facility

Hopkins, South Carolina
Scenario Timeframe: Current/Future

Medium:  Sediment
Exposure Medium:  Sediment

Exposure
Point Chemical Minimum (1)

Concentration
Maximum (1)

Concentration
Units

Location of
Maximum

Concentration

Detection
Frequency

Range of
Reporting
Limits (2)

Concentration
Used for

Screening (3)

Background
Value (4)

Screening
Toxicity Value
(Residential) (5)

COPC
Flag
(Y/N)

Rationale
for

Selection or
Deletion (6)

Sediment Volatile Organic Compounds
1,2-Dichlorobenzene 13 13 ug/kg SED-5 1/10 4.7 - 34 13 NA 190000 n N BSL
2-Butanone 13 110 ug/kg SED-10 5/10 9.4 - 11 110 NA 2800000 n N BSL
Acetone 34 570 ug/kg SED-10 6/10 19 - 22 570 NA 6100000 n N BSL
Methyl Acetate 21 21 ug/kg SED-9 1/10 4.7 - 34 21 NA 7800000 n N BSL
Tetrachloroethene 30 30 ug/kg SED-7 1/10 4.7 - 34 30 NA 8600 n N BSL
Toluene 11 11 ug/kg SED-9 1/10 4.7 - 34 11 NA 500000 n N BSL

Inorganics
Fluoride 1.7 220 mg/kg SED-10 9/10 1.3 220 NA 310 n N BSL
Nitrate 0.30 8.4 mg/kg SED-7 5/10 0.24 - 0.39 8.4 NA 13000 n N BSL

Radionuclides
Gross Alpha 3.79 377 pCi/g SED-5 9/10 3.03 377 NA NSL Y NSL
Gross Beta 15.7 295 pCi/g SED-10 10/10 NA 295 NA NSL Y NSL

Notes: Definitions:
(1)  Minimum/maximum detected concentration. COPC - Chemical of Potential Concern     
(2)  Reporting limits are available only for non-detected concentrations. mg/kg - milligrams per kilogram
(3)  Maximum concentration used for screening.     n - based on noncarcinogenic effects
(4)  Sediment background data are not available. NA - not applicable or not available
(5)  Screening values are the residential soil values from the USEPA Regional Screening Level Table, based on risk of 10-6  for carcinogens NSL - no screening level

and HQ of 0.1 for noncarcinogens (USEPA, November 2013). pCi/g - picocuries per gram
(6)  Rationale Codes:    ug/kg - micrograms per kilogram

Selection Reason:  No Screening Level (NSL)
Deletion Reason:  Below Screening Level (BSL)

Chemicals in bold are retained as preliminary COPCs.
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Table 4-1
Calculation of Adjusted Gross Beta for Groundwater Samples

Preliminary Baseline Risk Assessment
Westinghouse Columbia Fuel Fabrication Facility

Hopkins, South Carolina

Well Sample
Date

Gross Beta
(pCi/L)

Potassium
(mg/L)

Adjusted
Potassium
(mg/L) (1)

Potassium-40
(pCi/L) (2)

Adjusted
Gross Beta
(pCi/L) (3)

W3A Dec-08 < 5.0 2.5
W3A Oct-13 < 0.31 2.1 -1.90

W7 Dec-08 5.0 5.0
W7 Oct-13 164 4.1 159.90

W10 Dec-08 < 5.0 2.5
W10 Oct-13 59.2 2.1 57.15

W13 Dec-08 < 5.0 2.5
W13 Oct-13 140 2.1 137.95

W14 Dec-08 8.0 8.0
W14 Oct-13 28.6 6.6 22.04

W15 Dec-08 6.4 6.4
W15 Oct-13 268 5.2 262.75

W16 Dec-08 12.0 12.0
W16 Oct-13 16.1 9.8 6.26

W17 Oct-13 372 NA 4.3 3.5 368.47

W18 Dec-08 7.6 7.6
W18 Oct-13 235 6.2 228.77

W19 (4) Mar-13 4.87 NA 4.3 3.5 1.34

W20 Oct-13 < 2.27 NA 4.3 3.5 -2.39

W22 Dec-08 < 5.0 2.5
W22 Oct-13 91.2 2.1 89.15

W23 Dec-08 < 5.0 2.5
W23 Oct-13 5.78 2.1 3.73

W24 (4) Oct-13 < 2.34 NA 4.3 3.5 -2.36

W26 Dec-08 5.2 5.2
W26 Oct-13 13.5 4.3 9.24

W27 Dec-08 < 5.0 2.5
W27 Oct-13 12.5 2.1 10.45
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Table 4-1
Calculation of Adjusted Gross Beta for Groundwater Samples

Preliminary Baseline Risk Assessment
Westinghouse Columbia Fuel Fabrication Facility

Hopkins, South Carolina

Well Sample
Date

Gross Beta
(pCi/L)

Potassium
(mg/L)

Adjusted
Potassium
(mg/L) (1)

Potassium-40
(pCi/L) (2)

Adjusted
Gross Beta
(pCi/L) (3)

W28 Dec-08 7.7 7.7
W28 Oct-13 33.5 6.3 27.19

W29 Dec-08 < 5.0 2.5
W29 Oct-13 32.1 2.1 30.05

W30 Dec-08 8.0 8.0
W30 Oct-13 53.7 6.6 47.14

W32 Dec-08 7.5 7.5
W32 Oct-13 265 6.2 258.85

W33 Dec-08 < 5.0 2.5
W33 Oct-13 9.44 2.1 7.39

W35 Dec-12 7.95 NA 4.3 3.5 4.42

W36 Dec-08 < 5.0 2.5
W36 Mar-12 0.94 2.1 -1.11

W37 Dec-08 < 5.0 2.5
W37 Mar-13 1.88 2.1 -0.17

W38 Dec-08 < 5.0 2.5
W38 Oct-13 2.93 2.1 0.88

W39 Dec-08 < 5.0 2.5
W39 Oct-13 19.3 2.1 17.25

W40 Dec-08 < 5.0 2.5
W40 Mar-13 5.62 2.1 3.57

W41 Dec-08 5.3 5.3
W41 Oct-13 19.3 4.3 14.95

W42 Dec-08 27.8 6.4 6.4 5.2 22.55

W43 Dec-08 < 5.0 2.5
W43 Oct-13 11.2 2.1 9.15
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Table 4-1
Calculation of Adjusted Gross Beta for Groundwater Samples

Preliminary Baseline Risk Assessment
Westinghouse Columbia Fuel Fabrication Facility

Hopkins, South Carolina

Well Sample
Date

Gross Beta
(pCi/L)

Potassium
(mg/L)

Adjusted
Potassium
(mg/L) (1)

Potassium-40
(pCi/L) (2)

Adjusted
Gross Beta
(pCi/L) (3)

W44 Dec-08 < 5.0 2.5
W44 Oct-13 4.21 2.1 2.16

W45 Dec-08 < 5.0 2.5
W45 Dec-12 12.7 2.1 10.65

W46 Dec-08 < 5.0 2.5
W46 Mar-13 37.8 2.1 35.75

W47 Dec-08 8.0 8.0
W47 Oct-13 102 6.6 95.44

W48 Dec-08 < 5.0 2.5
W48 Oct-13 16.6 2.1 14.55

W49 Dec-08 0 < 5.0 2.5 2.1 -2.05

W50 Dec-08 < 5.0 2.5
W50 Mar-12 0.494 2.1 -1.56

WRW-2 Dec-08 5.2 5.2
WRW-2 Oct-13 12.5 4.3 8.24

Notes:
NA - Not analyzed
mg/L - milligrams per liter
pCi/L - picocuries per liter
(1) - The "Adjusted Potassium" concentration was estimated as follows: 

– for detected potassium concentrations, is equal to the detected concentration;
– for non-detected concentrations, is equal to one-half the reporting limit; and
– for concentrations that are not available, is the mean potassium concentration for all wells.

The mean potassium concentration (4.3 mg/L) was calculated using detected concentrations and 
one-half the reporting limit for non-detected concentrations.

(2) - A conversion factor of 0.82 was used to convert the Adjusted Potassium mass concentration in mg/L
(based on measured data) into a potassium-40 activity concentration in pCi/L.

(3) - Gross Beta was adjusted by subtracting the portion attributable to naturally-occurring potassium-40.
When potassium was not analyzed during the most recent event for which gross beta was analyzed, 

the previous analysis of potassium was used.
(4) - Wells W-19 and W-24 were designated as background locations.
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Table 4-2
Calculation of Adjusted Gross Beta for Surface Water Samples

Preliminary Baseline Risk Assessment
Westinghouse Columbia Fuel Fabrication Facility

Hopkins, South Carolina

Sample 
Location

Sample
Date

Gross Beta
(pCi/L)

Potassium
(mg/L)

Adjusted
Potassium
(mg/L) (1)

Potassium-40
(pCi/L) (2)

Adjusted
Gross Beta
(pCi/L) (3)

SW-1 Dec-08 3.77 < 5.0 2.5 2.05 1.72

SW-2 Dec-08 < 5.0 2.5 2.05
SW-2 Jul-13 < 2.02 -1.04

SW-3 Dec-08 5.76 < 5.0 2.5 2.05 3.71

SW-4 Dec-08 26.50 < 5.0 2.5 2.05 24.45

SW-5 Dec-08 38.40 < 5.0 2.5 2.05 36.35

SW-6 Dec-08 0 < 5.0 2.5 2.05 -2.05

SW-7 Dec-08 4.88 < 5.0 2.5 2.05 2.83

SW-8 Mar-09 3.97 NA 3.0 2.46 1.51

SW-9 Dec-08 4.02 < 5.0 2.5 2.05 1.97

SW-10 Dec-08 50 7.1 7.1 5.82 44.18

Pond Jul-13 4.99 NA 3.0 2.46 2.53

Causeway Jul-13 < 4.24 NA 3.0 2.46 -0.34

Spillway Jul-13 4.99 NA 3.0 2.46 2.53

Notes:
NA - Not analyzed
mg/L - milligrams per liter
pCi/L - picocuries per liter
(1) - The "Adjusted Potassium" concentration was estimated as follows: 

– for detected potassium concentrations, is equal to the detected concentration;
– for non-detected concentrations, is equal to one-half the reporting limit;
– for concentrations that are not available, is the mean potassium concentration for all wells.

The mean potassium concentration (3.0 mg/L) was calculated using detected concentrations and 
one-half the reporting limit for non-detected concentrations.

(2) - A conversion factor of 0.82 was used to convert the Adjusted Potassium mass concentration in mg/L
(based on measured data) into a potassium-40 activity concentration in pCi/L.

(3) - Gross Beta was adjusted by subtracting the portion attributable to naturally-occurring potassium-40.
When potassium was not analyzed during the most recent event for which gross beta was analyzed, 
the previous analysis of potassium was used.
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Table 4-3
Vapor Intrusion Screening Level Calculator

Preliminary Baseling Risk Assessment - Human Health
Westinghouse Columbia Fuel Fabrication Facility

Hopkins, South Carolina

x OSWER VAPOR INTRUSION ASSESSMENT
x Vapor Intrusion Screening Level (VISL) Calculator Version 3.2, November 2013 RSLs
x
x Parameter Symbol Value
x Exposure Scenario Scenario Commercial
x Target Risk for Carcinogens TCR 1.00E-06
x Target Hazard Quotient for Non-Carcinogens THQ 1
x Average Groundwater Temperature (oC) Tgw 25
x

x

Is Chemical 
Sufficiently Volatile 
and Toxic to Pose 
Inhalation Risk Via 

Vapor Intrusion from 
Soil Source?

Is Chemical 
Sufficiently Volatile 
and Toxic to Pose 
Inhalation Risk Via 

Vapor Intrusion from 
Groundwater 

Source?

Target Indoor Air 
Conc. @ TCR = 

1E-06 or THQ = 1
Toxicity 

Basis

Target Sub-
Slab and 

Exterior Soil 
Gas Conc. @ 

TCR = 1E-06 or 
THQ = 1

Target Ground 
Water Conc. @ 
TCR = 1E-06 or 

THQ = 1

Is Target 
Ground Water 
Conc. < MCL?

Pure Phase Vapor 
Conc. @ 25oC

Groundwater Vapor 
Conc.

Temperature 
for 

Groundwater 
Vapor Conc.

Lower 
Explosive 

Limit** LE
L 

So
ur

ce

Inhalation Unit 
Risk

IUR 
Source*

Reference 
Concentration

RFC 
Source*

Mutagenic 
Indicator

Target Indoor 
Air Conc. for 
Carcinogens 

@ TCR = 1E-06

Target Indoor 
Air Conc. for 

Non-
Carcinogens @ 

THQ = 1
x Cvp > Cia,target? Chc > Cia,target? MIN(Cia,c;Cia,nc) Csg Cgw Cgw<MCL? Cvp Chc Tgw or 25 LEL IUR RfC i Cia,c Cia,nc

x CAS Chemical Name Yes/No Yes/No (ug/m3) C/NC (ug/m3) (ug/L)
Yes/No 

(MCL ug/L) (ug/m3) (ug/m3) C (% by vol) (ug/m3)-1 (mg/m3) (ug/m3) (ug/m3)
x 156-59-2 Dichloroethylene, 1,2-cis- No Inhal. Tox. Info No Inhal. Tox. Info -- -- -- -- No (70) 1.05E+09 1.07E+09 25 9.7 M
x 127-18-4 Tetrachloroethylene Yes Yes 4.7E+01 C 4.7E+02 6.5E+01 No (5) 1.65E+08 1.49E+08 25 2.60E-07 I 4.00E-02 I 4.7E+01 1.8E+02
x 79-01-6 Trichloroethylene Yes Yes 3.0E+00 C 3.0E+01 7.4E+00 No (5) 4.88E+08 5.15E+08 25 8 N see note I 2.00E-03 I TCE 3.0E+00 8.8E+00

Notes:

(1) Inhalation Pathway Exposure Parameters (RME): Units
Exposure Scenario Symbol Value Symbol Value Symbol Value
Averaging time for carcinogens (yrs) ATc_R 70 ATc_C 70 ATc 70
Averaging time for non-carcinogens (yrs) ATnc_R 30 ATnc_C 25 ATnc 25
Exposure duration (yrs) ED_R 30 ED_C 25 ED 25
Exposure frequency (days/yr) EF_R 350 EF_C 250 EF 250
Exposure time (hr/day) ET_R 24 ET_C 8 ET 8

(2) Generic Attenuation Factors:
Source Medium of Vapors Symbol Value Symbol Value Symbol Value
Groundwater ( - ) AFgw_R 0.001 AFgw_C 0.001 AFgw 0.001
Sub-Slab and Exterior Soil Gas ( - ) AFss_R 0.1 AFss_C 0.1 AFss 0.1

(3) Formulas
Cia, target = MIN( Cia,c; Cia,nc)
Cia,c (ug/m3) = TCR x ATc x (365 days/yr)  x (24 hrs/day) / (ED x EF x ET x IUR)
Cia,nc (ug/m3) = THQ x ATnc x (365 days/yr) x (24 hrs/day) x RfC x (1000 ug/mg) / (ED x EF x ET)

(4) Special Case Chemicals
Trichloroethylene Symbol Value Symbol Value Symbol Value

mIURTCE_R 1.00E-06 mIURTCE_C 0.00E+00 mIURTCE 0.00E+00
IURTCE_R 3.10E-06 IURTCE_C 4.10E-06 IURTCE 4.10E-06

Mutagenic Chemicals The exposure durations and age-dependent adjustment factors for mutagenic-mode-of-action are listed in the table below:

0 - 2 years 2
2 - 6 years 4

6 - 16 years 10
16 - 30 years 14

Mutagenic-mode-of-action (MMOA) adjustment factor This factor is used in the equations for mutagenic chemicals.

Vinyl Chloride See the Navigation Guide equation for Cia,c for vinyl chloride.

Notation:
NVT = Not sufficiently volatile and/or toxic to pose inhalation risk in selected exposure scenario for the indicated medium
C = Carcinogenic
NC = Non-carcinogenic
I  = IRIS: EPA Integrated Risk Information System (IRIS).  Available online at:   http://www.epa.gov/iris/subst/index.html
P = PPRTV. EPA Provisional Peer Reviewed Toxicity Values (PPRTVs).  Available online at: http://hhpprtv.ornl.gov/pprtv.shtml
A = Agency for Toxic Substances and Disease Registry (ATSDR) Minimum Risk Levels (MRLs).  Available online at: http://www.atsdr.cdc.gov/mrls/index.html
CA = California Environmental Protection Agency/Office of Environmental Health Hazard Assessment assessments.  Available online at: http://www.oehha.ca.gov/risk/ChemicalDB/index.asp
H = HEAST.  EPA Superfund Health Effects Assessment Summary Tables (HEAST) database.  Available online at: http://epa-heast.ornl.gov/heast.shtml
S = See RSL User Guide, Section 5
X = PPRTV Appendix
E = The Engineering ToolBox.  Available online at http://www.engineeringtoolbox.com/explosive-concentration-limits-d_423.html
N = Centers for Disease Control and Prevention (CDC) National Institute for Occupational Safety and Health (NIOSH). Pocket Guide to Chemical Hazards. Available online at: http://www.cdc.gov/niosh/npg/default.html http://www.cdc.gov/niosh/npg/default.html
M = Chemical-specific MSDS
Mut = Chemical acts according to the mutagenic-mode-of-action, special exposure parameters apply (see footnote (4) above).
VC = Special exposure equation for vinyl chloride applies (see Navigation Guide for equation).
TCE = Special mutagenic and non-mutagenic IURs for trichloroethylene apply (see footnote (4) above).
Yellow highlighting indicates site-specific parameters that may be edited by the user.
Blue highlighting indicates exposure factors that are based on Risk Assessment Guidance for Superfund (RAGS) or EPA vapor intrusion guidance, which generally should not be changed. 
**Lower explosive limit is the minimum concentration of the compound in air (% by volume) that is needed for the gas to ignite and explode.

25

Residential Commercial

3
1

Note: This section applies to trichloroethylene and other mutagenic 
chemicals, but not to vinyl chloride.

Exposure 
Duration (years)Age Cohort

Age-dependent 
adjustment factor

10
3

Selected (based on scenario in cell E5)

Instructions
Select residential or commercial scenario from pull down list
Enter target risk for carcinogens
Enter target hazard quotient for non-carcinogens

Residential Commercial

Residential Commercial

Enter average of the stabilized groundwater temperature to correct Henry's Law Constant for groundwater target concentrations

Selected (based on scenario in cell E5)

Selected (based on scenario in cell E5)
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Table 4-4
Preliminary Vapor Intrusion Screening

Preliminary Baseline Risk Assessment — Human Health
Westinghouse Columbia Fuel Fabrication Facility

Hopkins, South Carolina

Within 100 Feet of Building
(Current Scenario)

Sitewide
(Future Scenario)

Target GW Concentration 
from VISL Calculator

Maximum
Concentration Location Maximum

Concentration Location Commercial
(TR = 1E-6; HQ =1)

Volatile Organic Compounds  (1)

cis-1,2-dichloroethene ND — 18 W16 70 NA
Tetrachloroethene 42 W14 240 W33 5 65
Trichloroethene 38 W38 38 W38 5 7.4

Notes:
(1)  Volatile organic compounds detected at the site (See Table 3-1).
All units are shown in ug/L (parts per billion).
— - Not applicable
GW - Groundwater
HQ - Hazard quotient
NA - Not available (No inhalation toxicity information)
ND - Not detected
TR - Target risk
VISL - Vapor Intrusion Screening Level
Maximum concentrations shown in bold exceed the Target Groundwater Concentration.

Compound 

Maximum
Contaminant

Level
(MCL)
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Table 5-1 
Identification of Preliminary COPECs in Surface Water

Screening-Level Ecological Risk Assessment
Westinghouse Columbia Fuel Fabrication Facility

Hopkins, South Carolina

Chemical(1) Maximum
Concentration (2) Units

Location
of Maximum

Concentration

Detection
Frequency

Range of
Reporting

Limits

Ecological 
Screening 

Value(3)

Hazard
Quotient (4)

Initially
Identified as a 

Preliminary
COPEC? (5)

Retained as a 
Preliminary 
COPEC? (6)

Volatile Organic Compounds
Tetrachloroethene 14 ug/L SW-8 3/10 1 84 (B) 0.2 No No

Inorganics
Ammonia (as nitrogen) 8.8 mg/L SW-10 4/13 1 1.9 (A) 5 Yes No
Fluoride 12.1 mg/L SW-1, -9 10/13 0.5 10 (C) 1.2 Yes No
Nitrate 19.4 mg/L SW-10 8/10 0.1 177 (D) 0.1 No No

Radionuclides
Gross alpha 192 pCi/L SW-5 10/13 1.07 - 1.5 59 (E) 3.3 Yes No
Gross beta 44.18 pCi/L SW-10 11/13 — 117 (F) 0.4 No No

Notes:
(1)  Chemicals detected in surface water samples collected as described in Section 3. 
(2)  Maximum detected concentration -- shown as mass concentration for chemicals and activity concentration for radionuclides.
(3)  Ecological screening values (ESVs) are from the following sources, listed in order of preference:

(A)  USEPA National Recommended Water Quality Criteria (NRWQC), Freshwater Criterion Continuous Concentration (CCC)
(USEPA, August 2013b).

(B)  USEPA Region 4 Ecological Risk Assessment Bulletins - Supplement to RAGS, Freshwater Surface Water (Chronic) Screening Values
 (USEPA, November 2001). 

(C)  Florida Surface Water Quality Criteria for Class III Fresh Waters, Florida Administrative Code Chapter 62-302 (FDEP, August 2010).
(D)  British Columbia, Ministry of Environment, Environmental Protection Division - Criterion for nitrate for protection of freshwater 

aquatic life (BCME, 2001).  Average concentration designed to protect against chronic effects: 40 mg/L as nitrate-nitrogen.  Converted to
nitrate basis by multiplying by conversion factor of 4.43:  40 mg/L nitrate-N x 4.43 =177 mg/L nitrate.

(E)  Benchmark for small fish exposed to radionuclides in water.  The value selected is the lowest of the benchmark activities derived for 18 
alpha-emitting radionuclides (USDOE, July 1998).  This lowest, most conservative benchmark is for thorium-229.  The benchmark  
represents the concentration in water estimated to produce a dose rate of 1 rad/day, including both internal and external exposures.
A dose rate of 1 rad/day is the recommended acceptable dose rate to natural  populations of aquatic biota (USDOE, July 1998).

(F)  Benchmark for small fish exposed to radionuclides in water.  The value selected is the lowest of the benchmark activities derived for 24 
beta-emitting radionuclides (USDOE, July 1998).  This lowest, most conservative benchmark is for phosphorus-32. 

(4)  HQ (hazard quotient) = maximum detected concentration / ESV.  
(5)  A chemical was initially identified as a preliminary COPEC if its HQ was greater than 1.0 or it lacked an ESV for calculating an HQ.
(6)  A chemical was retained as a preliminary COPEC if warranted based on consideration of available lines of evidence.

— = Not available
COPEC = Chemical of potential ecological concern
ESV = Ecological screening value
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Table 5-2 
Identification of Preliminary COPECs in Sediment

Screening-Level Ecological Risk Assessment
Westinghouse Columbia Fuel Fabrication Facility

Hopkins, South Carolina

Chemical(1) Maximum
Concentration (2) Units

Location
of Maximum

Concentration

Detection
Frequency

Range of
Reporting

Limits

Ecological 
Screening 

Value(3)

Hazard
Quotient (4)

Initially
Identified as a 

Preliminary
COPEC? (5)

Retained as a 
Preliminary 
COPEC? (6)

Volatile Organic Compounds
1,2-Dichlorobenzene 13 ug/kg SED-5 1/10 4.7 - 34 16.5 (A) 0.79 No No
2-Butanone 110 ug/kg SED-10 5/10 9.4 - 11 42.4 (B) 2.6 Yes No
Acetone 570 ug/kg SED-10 6/10 19 - 22 9.9 (B) 58 Yes No
Methyl acetate 21 ug/kg SED-9 1/10 4.7 - 34 — — Yes No
Tetrachloroethene 30 ug/kg SED-7 1/10 4.7 - 34 468 (A) 0.064 No No
Toluene 11 ug/kg SED-9 1/10 4.7 - 34 1220 (B) 0.0090 No No

Inorganics
Fluoride 220 mg/kg SED-10 9/10 1 500 (C) 0.4 No No
Nitrate 8.4 mg/kg SED-7 5/10 0.24 - 0.39 — — Yes No

Radionuclides
Gross alpha 377 pCi/g SED-5 9/10 3 28,200 (D) 0.013 No No
Gross beta 295 pCi/g SED-10 10/10 NA 12,700 (E) 0.023 No No

Notes:
(1)  Chemicals detected in sediment samples collected as described in Section 3.  
(2)  Maximum detected concentration -- shown as mass concentration for chemicals and activity concentration for radionuclides.
(3)  Ecological screening values (ESVs) are from the following sources, listed in order of preference:

(A)  USEPA Region 3 BTAG Freshwater Sediment Screening Benchmarks (USEPA, 2006).
(B)  USEPA Region 5 RCRA Ecological Screening Levels for Sediment (USEPA, August 2003).
(C) Dutch Target Value for Sediment (Friday, 2005).  Based on sediment quality required for sustainability of animal and plant life.
(D)  Benchmark for small fish exposed to radionuclides in sediment.  The value selected is the lowest of the benchmark activities derived for 18 

alpha-emitting radionuclides (USDOE, July 1998).  This lowest, most conservative benchmark is for radium-226.  The benchmark  
represents the concentration in water estimated to produce a dose rate of 1 rad/day, including both internal and external exposures.
A dose rate of 1 rad/day is the recommended acceptable dose rate to natural  populations of aquatic biota (USDOE, July 1998).

(E)  Benchmark for small fish exposed to radionuclides in sediment.  The value selected is the lowest of the benchmark activities derived for 24 
beta-emitting radionuclides (USDOE, July 1998).  This lowest, most conservative benchmark is for sodium-24. 

(4)  HQ (hazard quotient) = maximum detected concentration / ESV.  
(5)  A chemical is identified as a preliminary COPEC if the HQ is greater than 1.0 or could not be calculated.
(6)  A chemical was retained as a preliminary COPEC if warranted based on consideration of available lines of evidence.

— = Not available
BTAG = Biological Technical Assistance Group
COPEC = Chemical of potential ecological concern
ESV = Ecological screening value
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