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RE SWMU-31 (UNCLASSIFIED)
From: Geiger.William@epamail.epa.gov
Sent: Wednesday, May 06, 2009 10:46 AM
To: McKenna, Jim J Mr CIV USA AMC
Cc: diane.wisbeck@arcadis-us.com; jerome.redder@atk.com; 
jlcutler@deq.virginia.gov; Mendoza, Richard R Mr CIV USA IMCOM; 
Llewellyn, Tim; Meyer, Tom NAB02
Subject: RE: SWMU-31 (UNCLASSIFIED)
Attachments: SWMU 31 Benzo a Pyrene.xlsx

Jim, we are ok with your response below, but I would hold off on revising and 
resubmitting the report, as Jim C. is still in discussions with the regional 
office regarding the need for any groundwater monitoring requirements.  Thanks

William A. Geiger
USEPA Region III
1650 Arch Street, 3LC20
Philadelphia, PA 19103
(215)814-3413

                                                                        
             "McKenna, Jim J                                            
             Mr CIV USA AMC"                                            
             <jim.mckenna@us.                                        To 
             army.mil>                <diane.wisbeck@arcadis-us.com>,   
                                      William Geiger/R3/USEPA/US@EPA,   
             04/16/2009 08:22         <jerome.redder@atk.com>,          
             AM                       <jlcutler@deq.virginia.gov>,      
                                      "Llewellyn, Tim"                  
                                      <Tim.Llewellyn@arcadis-us.com>,   
                                      "Mendoza, Richard R Mr CIV USA    
                                      IMCOM"                            
                                      <richard.r.mendoza@us.army.mil>,  
                                      "Meyer, Tom NAB02"                
                                      <Tom.Meyer@nab02.usace.army.mil>  
                                                                     cc 
                                                                        
                                                                Subject 
                                      RE: SWMU-31 (UNCLASSIFIED)        
                                                                        
                                                                        
                                                                        
                                                                        
                                                                        
                                                                        

Classification: UNCLASSIFIED
Caveats: FOUO

Will G. and Jim C.

Are you ok with our response below?  We would like to revise and resubmit the 
report per our Feb 18, 2009 partnering meeting.

Thanks, Jim

-----Original Message-----
From: McKenna, Jim J Mr CIV USA AMC
Sent: Friday, March 20, 2009 1:44 PM
To: 'Anne Greene (anne.greene@atk.com)'; 'diane.wisbeck@arcadis-us.com'; 
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RE SWMU-31 (UNCLASSIFIED)
'Geiger.William@epamail.epa.gov'; 'jerome.redder@atk.com'; 'jim spencer'; 
'jlcutler@deq.virginia.gov'; 'Llewellyn, Tim'; Mendoza, Richard R Mr CIV USA 
IMCOM; 'Meyer, Tom NAB02'; 'Parks, Jeffrey N'; 'Timothy.Leahy@shawgrp.com'; 
'Tina_Devine@URSCorp.com'; 'Jeremy Flint (jeremy.flint@atk.com)'
Subject: FW: SWMU-31 (UNCLASSIFIED)
Importance: High

Classification: UNCLASSIFIED
Caveats: FOUO

Will and Jim,

Responses to EPA/Betty Ann's questions during our Feb 18, 2009 Partnering 
Meeting held in Baltimore, MD.  Please forward to others in your organization.  
I apologize for the delay.  Let us know if this is ok.

Thanks,
Jim

1)      Betty Ann (USEPA) indicated there might be a discrepancy in the
benzo(a)pyrene results presented in the RFI Addendum.  ARCADIS was unable to 
identify the discrepancy, however the following summary of B(a)P 
concentrations detected in groundwater has been provided to clarify 
groundwater conditions:

In 1998, benzo(a)pyrene (B(a)P) was detected in groundwater samples collected 
at two wells:  31MW2 (0.022 ug/L) and 31MW3 (0.061 ug/L).  The concentration 
reported in the RFI Addendum for 31MW2 of 0.022 ug/L is correct.  When the 
wells were resampled in 2002, B(a)P was not detected in 31MW3, but a sample 
could not be collected from 31MW2, thus is presence/absence at this location 
could not be confirmed.  The RFI concluded that "The low frequency of 
exceendances [sic] in sediment and the lack of reproducibility in the 
groundwater samples suggest that PAHs are not a concern at this site." It 
should be noted for both this discussion and the one below regarding the 
reporting limit (RL), that B(a)P was not detected in the duplicate sample 
collected at 31MW2 in 1998.  A summary of B(a)P concentrations reported in 
groundwater samples collected in 1998, 2002, and 2008 for all monitoring wells 
is provided in the attached table.

2)      Betty Ann (USEPA) questioned the magnitude of the reporting
limit with respect to the previously reported B(a)P results in groundwater.  
In accordance with the QAPA submitted for this project, if detected, B(a)P 
would be have reported between the MDL (0.015 ug/L) and the RL (0.046 ug/L).  
This is consistent with previous practices including 1998 when the detected 
concentration (0.022 ug/L) was less than the RL (0.05 ug/L).  In addition, the 
samples collected in 1998 were analyzed using USEPA SW-846 Method 8310, which 
at the low-levels reported, is prone to false positives. As noted above B(a)P 
was not detected in the duplicate sample collected from 31MW2 in 1998.  The 
samples collected in both 2002 and 2008 were analyzed using Method 8270 
(GC/MS).

In summary, B(a)P was detected at low levels in 1998 in the groundwater sample 
collected at 31MW3 and in the primary sample collected from 31MW2, but not in 
the duplicate sample.  Samples were analyzed using a method (8310) that is 
prone to false positives at low-levels.  B(a)P was not detected in the 
groundwater sample collected at 31MW3 in 2002 and it was not detected in 
either the primary or duplicate sample collected from 31MW2 in 2008.  Samples 
collected in 2002 and 2008 were analyzed using Method 8270 and the MDLs for 
were both lower than the concentrations reported in 1998.
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RE SWMU-31 (UNCLASSIFIED)
The lines of evidence presented here make a strong case that the detection of 
B(a)P in groundwater samples collected in 1998 were anomalous and that B(a)P 
is not a concern in groundwater.

Classification: UNCLASSIFIED
Caveats: FOUO

Classification: UNCLASSIFIED
Caveats: FOUO

(See attached file: SWMU 31 Benzo a Pyrene.xlsx)
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Summary of Benzo(a)Pyrene Analytical Data for Groundwater
SWMU-031 (RAAP-026) Coal Ash Settling Lagoons, Radford Army Ammunition Plant, Virginia

Sample Name
Location 

ID
Date 

Collected Method Analyte
Result 
Value

Result 
Qualifiers

Result 
Units

Reporting 
Limit MDL

31MW1-2_19980407 31MW1 4/7/1998 8310 Benzo(a)pyrene 0.05 U ug/L 0.05
31MW1-2D_19980407 31MW1 4/7/1998 8310 Benzo(a)pyrene 0.05 U ug/L 0.05
31MW2-2 31MW2 4/1/1998 8310 Benzo(a)pyrene 0.022 J ug/L 0.05
31MW3-2 31MW3 4/1/1998 8310 Benzo(a)pyrene 0.061 J ug/L 0.05
31MW4-2 31MW4 4/6/1998 8310 Benzo(a)pyrene 0.05 U ug/L 0.05
31MW01 31MW1 7/11/2002 8270C Benzo(a)pyrene 5 U ug/L 5 0.2
31MW01 31MW1 7/11/2002 8270C SIM Benzo(a)pyrene 0.05 U ug/L 0.05 0.0172
31MW04 31MW4 7/11/2002 8270C Benzo(a)pyrene 5 U ug/L 5 0.2
31MW04 31MW4 7/11/2002 8270C SIM Benzo(a)pyrene 0.05 U ug/L 0.05 0.0172
31MW3 31MW3 7/11/2002 8270C Benzo(a)pyrene 5 U ug/L 5 0.2
31MW3 31MW3 7/11/2002 8270C SIM Benzo(a)pyrene 0.05 U ug/L 0.05 0.0172
31MW002(061808) 31MW2 6/18/2008 SW8270C-PAHs Benzo(a)pyrene 0.046 U ug/L 0.046 0.015
31MWDUP001(061808) 31MW2 6/18/2008 SW8270C-PAHs Benzo(a)pyrene 0.046 U ug/L 0.046 0.015
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Executive Summary 

ARCADIS U.S, Inc. (ARCADIS) has been retained by the United States Army 
Environmental Command (AEC) to perform Installation Restoration Program (IRP) 
activities at Radford Army Ammunition Plant (RFAAP), located in Radford Virginia.  

A Final Resource Conservation and Recovery Act (RCRA) Facility Investigation Report 
(RFI) for SMWU-31, also identified as RAAP-26, located within the installation’s Main 
Manufacturing Area (MMA) was submitted in July 2007.  The RFI was approved by 
U.S.  Environmental Protection Agency (USEPA) and Virginia Department of 
Environmental Quality (VDEQ) in September 2007 under the condition that one 
supplemental groundwater sample be collected from 31MW2 and analyzed for 
polynuclear aromatic hydrocarbons (PAHs).  

The supplemental groundwater sample was collected in duplicate from Well 31MW2 
on 16 June 2008 via low flow sampling protocol and submitted for analysis for PAHs by 
USEPA method 8270.  No compounds were detected in either the primary sample or 
the duplicate.  Therefore, the confirmation sample collected in June 2008 indicates that 
the previous benzo(a)pyrene detection in the groundwater sample collected from 
31MW2 was anomalous.  Its detection was most likely related to sample turbidity, and 
therefore, was not indicative of the groundwater quality at this location. 

Based on the data collected as part of this and previous investigations, and the results 
of the Human Health Risk Assessment (HHRA) and Ecological Risk Assessment 
(ERA), No Further Action (NFA) is required for SWMU-31.  Data collected as part of 
the RFI and RFI addendum investigation indicate that the observed levels of site-
related constituents in the soil, sediment and surface water of the lagoons do not pose 
an unacceptable risk to either human or ecological receptors under current industrial or 
future residential land uses.   Although PAHs were detected in previous groundwater 
samples, their presence was not verified during subsequent sampling events.  
Potential risks associated with the use of groundwater as a drinking water source are 
primarily driven by the presence of chloroform and arsenic.  Chloroform is associated 
with backwash discharged to the lagoons by the current drinking water plant operation 
and is present in the groundwater at concentrations less than its Maximum 
Contaminant Level (MCL). The levels of arsenic are also less than the MCL.  
Therefore, no further action is recommended at SWMU-31.
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1. Introduction 

ARCADIS U.S, Inc. (ARCADIS) has been retained by the United States AEC to 
perform IRP activities at RFAAP, located in Radford Virginia (Figure 1).  This work in 
being conducted under a Performance Based Contract (PBC) that encompasses the 
New River Unit (NRU), two Solid Waste Management Units (SWMUs), and one 
Hazardous Waste Management Unit (HWMU) currently under RCRA Part II Permit.  

A Final RCRA Facility Investigation Report (RFI) for SMWU-31, also identified as 
RAAP-26, located within the installation’s MMA was submitted in July 2007 (Figure 2).  
The RFI was approved by USEPA and VDEQ under the condition that one 
supplemental groundwater sample be collected from 31MW2 and analyzed for PAHs. 
This RFI Addendum transmits this additional data point to fulfill USEPA requirements 
and presents a summary of the risk assessment which incorporates the results of the 
supplemental groundwater data. 

1.1 Objective 

The objective of this report is to transmit data collected in accordance with the Master 
Work Plan (MWP) (URS, 2003) to demonstrate that the data gap at well 31MW2 
identified in the SWMU-31 RFI Report (Shaw, 2003) by USEPA in an email dated April 
11, 2007, has been filled and to provide USEPA and Virginia Department of 
Environmental Quality (VDEQ) with the Army’s selected risk assessment 
approach/conclusions for SWMU-31.  This path has been selected to expedite the path 
to corrective action decision for SWMU-31 by providing a means to gain agreement on 
the risk profile.   

1.2 Site History 

SWMU-31 is composed of three unlined surface water impoundments presently used 
to control backwash water for potable water treatment. As such the lagoons are an 
actively operated industrial unit receiving approximately 40,000 gallons of combined 
backwash and overflow water each day.  Historically, prior to the mid 1980s, the 
lagoons were used to control water effluent from the power house.  The water 
reportedly may have included fly ash and bottom ash from the combustion of low sulfur 
coal (Shaw, 2007) for the purpose of steam production.  The lagoons were periodically 
dredged and coal ash from the former operations was removed and transported to the 
fly ash landfill number 2 (SWMU 29) for disposal.  Total surface area of the three 
lagoons is approximately 72,500 square feet (ft2).  The primary lagoon is one sixth of 
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the size of the secondary lagoon and less than a seventh of the size of the tertiary 
lagoon.  The Final VI Report recommended that a groundwater investigation be 
conducted at SWMU-31 (Dames & Moore, 1992).  Parsons conducted an RFI and 
published the draft results in 1996 indicating that groundwater ingestion by site workers 
at SWMU-31 was the risk driver.  The Final RFI (Shaw, 2007) identified 
benzo(a)pyrene as a risk driver.  ARCADIS conducted a groundwater sampling event 
in June 2008 to fill the data gap at SWMU-31.   The data was used in conjunction with 
preexisting data to reevaluate the potential health risks associated with SWMU-31.  
The results are presented herein.   
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2. Recent Groundwater Summary 

On June 16, 2008 ARCADIS personnel collected a groundwater sample from Well 
31MW2 via low flow sampling protocol and submitted it for extraction/analysis for PAHs 
by EPA method 3541/8270C.  The analytical results for the sample are included in 
Table 1.  For comparison, the historical results for PAHs in 31MW2 are also presented 
in Table 1. 

No compounds were detected within the target range of the analytical method in either 
the primary sample or the duplicate.   Therefore, the confirmation sample collected in 
June 2008 indicates that the previous benzo(a)pyrene exceedance in well 31MW2 was 
anomalous, and most likely related to a turbid PAH sample and is therefore not 
indicative of the groundwater quality at this location. 
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3. Human Health Risk Assessment Summary 

The following sections present a summary of the HHRA that was prepared for SWMU-
31 (Coal Ash Settling Lagoons) as part of the RCRA Facility Investigation Report 
(Shaw, 2007). The purpose of the HHRA was to evaluate the potential   exposure to 
site-related constituents at SWMU-31. 

The HHRA for the SWMU-31 was prepared following the RFAAP Final MWP (URS, 
2003) and the RFAAP Site Screening Process (USEPA, 2001). The HHRA was 
consistent with USEPA (1989) guidance.   

3.1 Data Evaluation 

Analytical data obtained in 1992, 1996, 1998, and 2002 were collected from surface 
soil, total soil, sediment, surface water, and groundwater. Two surface and two 
subsurface soil samples were collected and used in the analysis. Six surface water and 
sediment samples were collected for use in the risk assessment. Finally, five 
groundwater samples were used in the evaluation. 

Constituents of potential concern (COPCs) were identified to focus the HHRA on those 
constituents present as a result of past activities at the site and to be of potential 
concern to human health. The maximum detected concentration of a constituent to the 
USEPA Region 3 risk based concentration (RBC) and to background levels for the 
inorganic constituents. Residential soil RBCs were used as a point of comparison for 
the soil and sediment samples. Tap water RBCs were used as a point of comparison 
for the groundwater and surface water samples. Constituents that were not detected in 
any medium were not selected as COPCs. Aluminum and cobalt were detected at 
concentrations within the background range. The COPCs by medium are: 

• Surface soil – 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)-toxicity equivalents, 
aluminum, arsenic, chromium, cobalt, iron, manganese, and vanadium. 

• Total soil – TCDD-toxicity equivalents, aluminum, arsenic, chromium, cobalt, iron, 
manganese, and vanadium. 

• Sediment – dibenzofuran, aluminum, arsenic, cobalt, and iron. 
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• Surface water – bromodichloromenthane, chloroform, and aluminum. 

• Groundwater – benzo(a)pyrene, chloroform, aluminum, arsenic, cobalt, iron, 
manganese, and vanadium. 

3.2 Exposure Assessment 

Exposure pathways have been identified based on an evaluation of the site 
characterization information and the fate and transport properties of the constituents of 
interest. The exposure pathways evaluated identify likely points where human 
receptors may contact affected media under current or potential future conditions at the 
site. The principal pathways by which exposure could occur are identified and 
presented in this section. 

An exposure pathway is defined by the following four elements: (1) a source and 
mechanism of constituent release to the environment; (2) an environmental transport 
medium for the released constituent; (3) a point of potential contact with the 
contaminated medium (the exposure point); and (4) an exposure route at the exposure 
point. The purpose of the exposure assessment is to estimate the ways a population 
may potentially be exposed to constituents at a site. This typically involves projecting 
concentrations along potential pathways between sources and receptors. The 
projection usually is accomplished using site-specific data and, when necessary, 
mathematical modeling. Exposure can occur only when the potential exists for a 
receptor to directly contact released constituents or when there is a mechanism for 
released constituents to be transported to a receptor. Without exposure there is no risk; 
therefore, the exposure assessment is a critical component of the risk assessment. 

SWMU-31 is located within the Horseshoe area (HSA) of RAAP. This area of RFAAP 
is mostly rural with areas that were used primarily for agriculture. Currently, the HSA is 
an industrial area and there are no plans to change existing land use. Residential and 
recreational areas are found adjacent to RFAAP.  

Due to the industrial land-use of SWMU-31, current potential receptors are 
maintenance and industrial workers. Workers are found in the area of the water 
treatment plant, but not typically in the area around the lagoons. If SWMU-31 were 
redeveloped, it is unlikely that the area would be used for non-industrial purposes. 
Nonetheless, a hypothetical future residential exposure scenario was evaluated.  
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The installation is fenced, has guard towers, and security at entry gates. Therefore, it is 
unlikely that trespassers could gain access to the facility. The high level of security at 
RAAP makes it very difficult for an older child or adolescent to trespass onto the 
installation on a regular basis. The risks assessment did not evaluate exposure of a 
trespasser quantitatively. Rather, it was assumed that this potential receptor’s 
exposure would be less than a hypothetical future resident and approximately equal to 
that of a maintenance worker.  

Under current conditions, maintenance and industrial workers were assumed to 
contact surface soil, sediment, and surface water. Through this contact, they could be 
exposed through incidental ingestion, dermal contact, and inhalation of vapors or dust. 
Inhalation of vapors migrating from groundwater to ambient air also was evaluated for 
these two potential receptors. Direct ingestion of groundwater was not evaluated since 
groundwater is not used as a potable water supply. 

Hypothetical future exposure scenarios were evaluated for the maintenance workers, 
industrial workers and excavation workers potentially exposed to surface soil, 
combined surface and subsurface soil, surface water, sediment, and groundwater. 
Additionally, hypothetical future residential exposure to combined surface and 
subsurface soil, sediment surface water, and groundwater. 

3.3 Risk Characterization 

Potential risks to human health are evaluated quantitatively by combining calculated 
exposure levels and toxicity data. A distinction is made between non-carcinogenic and 
carcinogenic endpoints, and two general criteria are used to describe the hazard 
quotient (HQ) for non-carcinogenic effects and excess lifetime cancer risk (ELCR) for 
constituents evaluated as human carcinogens.   

3.3.1 Hazard Quotient for Non-cancer Hazard 

Exposure doses are averaged over the expected exposure period to evaluate non-
carcinogenic effects.  The HQ is the ratio of the estimated exposure dose and the 
Reference Dose (RfD).  Thus, an HQ greater than 1 indicates that the estimated 
exposure level for that constituent exceeds the RfD or Reference Concentration (RfC).  
This ratio does not provide the probability of an adverse effect.  Although an HQ less 
than 1 indicates that health effects should not occur, an HQ that exceeds 1 does not 
imply that health effects will occur, but that health effects are potentially possible.   
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The sum of the HQs is the hazard index (HI).  A limitation with the HI approach is that 
the assumption of dose additivity is applied to compounds that may induce different 
effects by different mechanisms of action.  Consequently, the summing of HIs for a 
number of compounds that are not expected to induce the same type of effects or that 
do not act by the same mechanism may overestimate the potential for toxic effects.  
Consistent with USEPA risk assessment guidelines for chemical mixtures, in the event 
that the total HI for an exposure scenario exceeds 1, it is incumbent on a risk assessor 
to segregate HQs by target organ/critical effect (USEPA, 1989).  Therefore, if the 
calculated HI exceeds 1 as a consequence of summing several HQs for constituents 
not expected to induce the same type of effects or that do not act by the same 
mechanism, the HIs may be segregated by effect and mechanism of action to derive 
separate HIs for each target-organ/critical-effect group (USEPA, 1989). 

3.3.2 Excess Lifetime Cancer Risk 

The ELCR is an estimate of the potential increased risk of cancer that results from 
lifetime exposure, at specified average daily dosages, to constituents detected in 
media at a site.  Estimated doses or intakes for each constituent are averaged over the 
hypothesized lifetime of 70 years.  It is assumed that a large dose received over a 
short period is equivalent to a smaller dose received over a longer period, as long as 
the total doses are equal.  The ELCR is calculated as the product of the exposure dose 
and the cancer slope factor (CSF) or unit risk factor (URF).  The risk values provided in 
this report indicate the potential increased risk, above that applying to the general 
population, which may result from the exposure scenarios described in the Exposure 
Assessment.  The risk estimate is considered to be an upper-bound estimate; 
therefore, it is likely that the true risk is far less than that predicted by the model. 

3.3.3 Receptor-Specific Excess Lifetime Risk and Hazard Evaluation 

The results of the human health risk assessment are summarized below. For this 
evaluation, the USEPA target risk range of 1×10-6 to 1×10-4 is appropriate for 
characterizing potential risk and a hazard index of 1 is the appropriate benchmark for 
non-cancer endpoints. A summary of the calculated potential risks and HIs are 
presented in Table 2. 

3.3.3.1 Maintenance Workers 

Current and future maintenance workers were assumed to contact surface (current) 
and total (future) soil, sediment, surface water and groundwater. The calculated ELCR 
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for soil exposure was 8.5×10-7 below the risk range, and the calculated HI was 0.07, 
well below the benchmark of 1. Exposure to sediment was evaluated and the 
calculated ELCR and HI were 2×10-6 and 0.03, respectively. The ELCR was at the low 
end of the target risk range and the HI was well below the benchmark of 1. Exposure of 
the maintenance worker to surface water was evaluated. The calculated ELCR and HI 
were 6×10-9 and 0.0003, respectively, well below the benchmarks. The maintenance 
worker was assumed to inhale constituents migrating from groundwater to ambient air. 
The calculated ELCR was calculated 2×10-8 and the HI was 0.00005, well below the 
benchmarks.  

The total risk from exposure to all media was 3×10-6 which is at the low end of the 
target risk range and the hazard index was 0.1, well below the benchmark of 1. 
Exposure to arsenic in sediments was the risk driver. The maximum concentration of 
arsenic is within the background range for soil; sediment background levels were not 
determined.  

3.3.3.2 Industrial Workers 

Industrial workers were assumed to contact surface (current) and total (future) soil, 
sediment, surface water and groundwater. The calculated ELCR for surface soil 
exposure was 4×10-6 within the risk range, and the calculated HI was 0.3, well below 
the benchmark of 1. Exposure to total soil resulted in a calculated ELCR of 4×10-6 at 
the low end of the risk range, and the calculated HI was 0.3, below the benchmark of 1. 
Exposure to sediment was evaluated and the calculated ELCR and HI were 9×10-6 and 
0.2, respectively. The ELCR was within the target risk range and the HI was well below 
the benchmark of 1. Exposure of the industrial worker to surface water was evaluated. 
The calculated ELCR and HI were 3×10-8 and 0.001, respectively, well below the 
benchmarks. The industrial worker was assumed to inhale constituents migrating from 
groundwater to ambient air. The calculated ELCR was calculated 8×10-8 and the HI 
was 0.0002, well below the benchmarks. The hypothetical industrial worker was 
assumed to ingest groundwater and the ELCR was calculated to be 5×10-5 and the HI 
was 0.7, within and below the benchmarks. 

The total risk from exposure to all media was 6×10-5 which is within the target risk 
range and the hazard index was 1, approximately equal to the benchmark of 1 for the 
current worker. The total risk from exposure to groundwater was 5×10-5 within the 
target risk range and the hazard index was 0.7, below the benchmark of 1 for the future 
worker. Arsenic was the risk driver but it was determined to be at background levels. 
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3.3.3.3 Excavation Worker 

Hypothetical future excavation workers were assumed to contact combined surface 
and subsurface soil, sediment, surface water and groundwater. Exposure to total soil 
resulted in a calculated ELCR of 5×10-7 below the risk range, and the calculated HI 
was 5, above the benchmark of 1 and due to the presence of manganese. Exposure to 
sediment was evaluated and the calculated ELCR and HI were 1×10-6 and 0.4, 
respectively. The ELCR was equal to the low end of the target risk range and the HI 
was below the benchmark of 1. Exposure of the excavation worker to surface water 
was evaluated. The calculated ELCR and HI were 1×10-9 and 0.001, respectively, well 
below the benchmarks. The excavation worker was assumed to inhale constituents 
migrating from groundwater to ambient air. The calculated ELCR was calculated 1×10-7 
and the HI was 0.008, well below the benchmarks. 

The total risk was calculated to be 2 ×10-6 which is at the low end of the target risk 
range and the hazard index was 5, above the benchmark of 1. Exposure to arsenic in 
sediments was the risk driver. The maximum concentration of arsenic is within the 
background range. Manganese in soil was the non-cancer hazard driver. However, like 
arsenic, manganese was found within the background range. 

3.3.3.4 Adult Residents 

Hypothetical future adult residents were assumed to contact combined surface and 
subsurface soil, sediment, surface water, and groundwater. Exposure to soil and 
sediments could result in excess lifetime cancer risks of 3×10-6 and 3×10-6, 
respectively, due to the presence of arsenic at background levels. The non-cancer 
hazards for soil and sediment exposures were below 1. Exposure to surface water 
resulted in excess lifetime cancer risks and non-cancer hazards below the 
benchmarks. Groundwater was assumed to be used as a potable water supply and 
exposure was evaluated based on ingestion, dermal contact, and inhalation exposures. 
The risks were calculated to be 4×10-4 which is above the target risk range. The risk 
drivers were benzo(a)pyrene, arsenic and chloroform. The non-cancer hazards were 
less than 1. 

3.3.3.5 Child Residents 

Exposure of hypothetical future child residents was evaluated assuming contact with 
combined surface and subsurface soil, sediment, surface water, and groundwater. The 
excess lifetime cancer risk and hazard index 2×10-4 and 9, both are above their 
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respective benchmarks. Exposure to soil resulted in an excess lifetime cancer risk of 
1×10-5 due to the presence of arsenic at background levels and dioxins/furans. The 
potential risk contributed by dioxins/furans was 1x10-6 which is at the low end of the 
USEPA target risk range of 1x10-6 to 1x10-4.  The non-cancer hazard exceeded 1 due 
to the presence of iron and vanadium. The vanadium was found to be at background 
levels. The hazard due to iron exposure was approximately equal to 1 and was less 
than the recommended daily allowance for iron in the diet. Therefore, the soil 
exposures are acceptable. Exposure to sediment was dominated by arsenic present at 
background levels. Children were assumed to contact surface water while wading and 
swimming. The risks and hazards were all less than benchmarks. Groundwater 
exposures resulted in the greatest risks. The excess lifetime cancer risk as calculated 
to be 1×10-4 due to the presence of benzo(a)pyrene, arsenic and chloroform. The non-
cancer hazard was calculated to be 8 due to arsenic, iron and vanadium. The presence 
of iron was reevaluated and found to be at levels less than the recommended daily 
allowance for iron in the diet.   

Finally, the HHRA proposed that off-site resident exposure to groundwater was the 
same as the on-site resident exposure to groundwater.  However, the New River, is 
directly downgradient of the lagoons and acts as the regional discharge boundary for 
groundwater.  Therefore, off-site migration of groundwater beyond this boundary is not 
considered to be a realistic exposure scenario. 

3.4 Summary  

The SWMU-31 HHRA evaluated current and future exposure to soil, sediment and 
surface water under current/future industrial and future hypothetical residential land-
uses.  Soil, sediment and surface water exposure pathways evaluated included 
incidental ingestion, dermal contact, and inhalation of vapors and dust. Groundwater 
exposure pathways evaluated included inhalation of volatiles migrating from 
groundwater to ambient air and ingestion of groundwater. 

Under current land-use conditions, maintenance worker and industrial worker exposure 
to soil, sediment, and surface water were evaluated quantitatively. Trespasser 
exposure to environmental media at SWMU-31 was considered to be highly unlikely, 
and thus this exposure scenario was evaluated qualitatively. 

Under future industrial land-use conditions, maintenance, industrial, and excavation 
worker exposure to combined surface and subsurface soil, sediment, surface water, 
and groundwater were evaluated.  Under future hypothetical residential land-use 
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conditions, adult and child residential exposure to combined surface and subsurface 
soil, sediment, surface water, and groundwater were evaluated.  In addition, future off-
site residential exposure to groundwater was evaluated.  

Under current and future land-use scenarios, the potential risks and hazards for the 
maintenance worker and industrial worker were all within or below the USEPA target 
risk range (1x10-4 to 1x10-6) or less than or equal to the benchmark hazard index 
threshold of 1. The potential risk for the future excavation worker was at the low end of 
the USEPA target risk range. The total HI was greater than 1 due to manganese in soil.  
However, manganese is naturally occurring and is present in soil at the site at levels 
that are within background. Therefore, following USEPA (2002) guidance, it was not 
identified as a Chemical of Concern (COC).  The potential risks for adult and child 
residential exposure to soil, sediment and surface water were within the USEPA target 
risk range and the HI was less than or equal to the benchmark hazard index of 1.  
Therefore, no COCs were identified in these media.  Potential risks associated with 
hypothetical resident exposure to groundwater are discussed in the following section. 

3.5 Reassessment of Potential Risks Excluding Benzo(a)Pyrene 

Potential risks were reevaluated considering the most recent groundwater data 
collected in June 2008.  Only potential risks for the hypothetical future residential land-
use scenario were re-assessed to incorporate the recent groundwater data (i.e., 
potential risks were recalculated excluding benzo(a)pyrene which was not detected 
during the most recent sampling event).  Constituents contributing to a risk greater than 
10-6 or the HI greater than 1 were identified as risk drivers.  Excluding benzo(a)pyrene, 
the excess lifetime cancer risks were recalculated to be 2 x 10-4 (adult) and 1x10-4 
(child) (Table 3).  The primary risk drivers were arsenic, iron, vanadium, and chloroform 
in groundwater.  Although potential risks and hazards associated with residential 
exposure to groundwater exceeded the USEPA target risk range and hazard index, 
there are a number attenuating factors.  Each of the factors along with its impact on the 
HHRA results are discussed below. 

1)  The HHRA relied on the use of maximum detected concentrations rather than the 
recommended central tendency concentration, resulting in a conservative estimate 
of potential risk. 

2) Iron is an essential nutrient and was reevaluated and determined to be within the 
recommended daily allowance (i.e., the intake amount recommended by the 
Surgeon General to maintain a healthy diet).   
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3) The presence of chloroform in groundwater at SWMU-31 is associated with 
drinking water disinfection process at the adjacent Drinking Water Plant (Figure 2), 
and is not related to historical site-activities.  In addition, the concentration of 
chloroform in groundwater is less than the Federal MCL. 

4) Arsenic is a naturally occurring metal in groundwater, and although, site-specific 
background levels are unavailable, detected concentrations are less than the 
Federal MCL. 

5) Vanadium is a naturally occurring metal present groundwater in this area.  
Vanadium concentrations in background groundwater at HWMU-5 and HWMU-7 
range from 17 to 40 ug/L (Draper Aden, 2007).  The maximum detected 
concentration of vanadium in groundwater at SWMU-31 is 17 ug/L, which is at the 
low end of the naturally occurring range. 

3.6 Conclusions 

Based on the consideration of these factors, the hazards and risks calculated in the 
risk assessment result from constituents at or below associated backgrounds or 
Federal Standards accordingly.  Accordingly, no COCs in groundwater were identified 
and no further evaluation of human health is recommended. 



g:\prjcts\radford\raap26\rfi addendum\final\swmu 31 rfi addendum_final jjm recommendation.doc 13 

RFI Addendum 
SWMU-31 (RAAP-
026):Coal Ash Settling 
Lagoons 
Radford Army Ammunition 
Plant 

 

4. Screening Level Ecological Risk Assessment Summary 

The following sections present a summary of the Screening Level Ecological Risk 
Assessment (SLERA) that was prepared for SWMU-31 (Coal Ash Settling Lagoons) as 
part of the RCRA Facility Investigation Report (Shaw, 2007).    

The SLERA for the SWMU-31 was prepared following the RFAAP Final MWP (URS, 
2003), the RFAAP Site Screening Process (USEPA, 2001), the Tri-Service Procedural 
Guidelines for Ecological Risk Assessments (Wentsel et al., 1996) and USEPA 
guidance (USEPA, 1997).  Steps 1, 2 and 3 of the USEPA guidance were completed 
as part of the SLERA.   

The primary objective of the SLERA was to assess whether enough information exists 
at SWMU-31 to state there is a potential for unacceptable risks to ecological receptors 
as a result of potential hazardous substance releases.  To that end, the SLERA 
evaluated potential hazards associated with chemicals of potential ecological concern 
(COPECs) in surface soil, lagoon sediment and lagoon surface water at SWMU-31.    

4.1 Background 

The former coal ash settling lagoons (the lagoons) are located on the floodplain of the 
New River.  The primary, secondary and tertiary lagoons are connected and have 
surface areas of approximately 0.11, 0.68, and 0.86 acre, respectively.  The effluent of 
the secondary and tertiary settling lagoons are designed to discharge to the New River 
through Outfall 024 which is regulated under a Virginia Pollution Discharge (VPDES) 
permit issued in 1986.  The SLERA indicates that there have only been two discharge 
events through Outfall 024 during the past 22 years, one in 1992 and one in 2005. 

The lagoons are unlined settling ponds that were constructed in the 1950s and 
designed to receive effluent from Power House No. 2 and the water treatment plant.  
The primary lagoon received water carrying fly ash and bottom ash from Power House 
No. 2 and filter backwash from the water treatment plant.  The secondary and tertiary 
lagoons were designed to receive discharge from the primary lagoon, if necessary.  
The Power House ceased discharging to the lagoons in the late 1980s.  The water 
treatment plant is currently discharging to the lagoons; water flowing into the primary 
lagoon consists of overflow or filter backwash from the drinking water settling tanks at 
Water Plant 4330. The lagoons have not been used for any other activities. 
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An installation-wide biological survey was conducted by the Virginia Department of 
Game and Inland Fisheries in 1999. Survey results are discussed in the SLERA. 

4.2 Identification of Exposure Pathways and Potential Receptors  

The following exposure pathways were evaluated in the food chain assessment:   

• the incidental ingestion of soil and sediment; and 

• the ingestion of water and food.  

Five terrestrial receptor species that could potentially occur at SWMU-31 were selected 
as representative indicator species for the potential effects of COPECs.  Species 
included the meadow vole (Microtus pennsylvanicus), short-tailed shrew (Blarina 
brevicauda), American robin (Turdus migratorius), red-tailed hawk (Buteo jamaicensis) 
and red fox (Vulpes vulpes).  In addition, the potential impacts to terrestrial plants were 
considered by the presence or absence of vegetative stress, assessed during site 
inspections. 

Two aquatic habitat dwelling receptor species that could potentially occur in the area of 
SWMU-31 were selected as representative indicator species for the potential effects of 
COPECs.  Species included the great blue heron (Ardea herodias) and the mink 
(Mustela vison).  Potential impacts to aquatic plants and other aquatic biota were 
assessed by comparing measured surface water and sediment COPEC concentrations 
with available direct contact screening levels as discussed later in this summary.  In 
addition, an amphibian assessment was also conducted as part of the SLERA. 

The measurement endpoints for the food chain portion of the SLERA were based on 
toxicity values from available literature.  The selected assessment endpoint for SWMU-
31 is the protection of long-term survival and reproductive capabilities for populations 
of receptors. 

4.3 Effects Characterization 

The ecological effects characterization presents the selection of literature benchmarks, 
the development of toxicity reference values (TRVs) and the approach for evaluating 
direct contact toxicity.  Several sources for literature benchmarks and TRVs were used 
in the SLERA and are discussed at length in the SLERA report.   
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4.4 Summary of COPEC Selection for the Direct Toxicity Evaluation 

Chemical concentrations in soil, lagoon sediment and lagoon surface water were 
compared to applicable screening levels to evaluate direct toxicity to soil invertebrates 
and aquatic biota at SWMU-31.   Chemicals with concentrations that exceeded 
screening levels were identified as Direct Toxicity COPECs. 

4.4.1 Surface Soil 

Impacts to soil at SWMU-31 were expected to originate from the lagoons, and 
therefore soil samples were collected at the permitted outfall.  Two samples from one 
boring (31SB05A and 31SB05B) were used for the soil evaluation in the SLERA.  
Samples were collected between 0 and 4 feet below ground surface (bgs).  As noted in 
the SLERA, the samples were collected to address chemical parameter data gaps.    
Maximum metal concentrations in soil were less than their respective background 
upper tolerance limits (UTLs).   No organics were detected at concentrations 
exceeding their soil screening levels. 

4.4.2 Sediment 

Six sediment samples were collected from the lagoons at depth intervals ranging from 
0 to 6 inches bgs. One additional sample (31SE11B) collected from 1 to 3 feet bgs was 
also included in the sediment evaluation.  Twenty-four COPECs were detected at 
concentrations above sediment screening levels.  COPECs include tetrachlorodibenzo-
dioxin Toxic Equivalent (TCDD-TEQ), several PAHs, and 11 metals.   

4.4.3 Surface Water 

Six surface water samples were collected from the lagoons (2 from each lagoon).  
Pyrene, endosulfan II, endrin, barium, aluminum, lead and iron exceeded their surface 
water screening levels and were identified as COPECs.  

4.5 Risk Characterization 

Potential hazards were characterized for terrestrial and aquatic habitat dwelling wildlife 
receptors at SWMU-31 based on HQs (direct contact and food web modeling), with 
emphasis on the weight-of-evidence, such as background levels relative to site-related 
concentrations, the representativeness of the soil data, and the quality of the available 
habitat.  An HQ less than or equal to a value of 1 indicates that adverse impacts to 
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wildlife are considered unlikely (USEPA, 2000a).  However, there is no clear guidance 
for interpreting the HQs that exceed a value of 1, except that this point of departure 
indicates that adverse effects of some kind may have occurred in the past or may 
occur in the future.  The conclusions drawn based on the HQs and analysis of 
supporting information are summarized below. 

In the SLERA food chain evaluation, HQs calculated for the American robin and short-
tailed shrew exceeded 1.0, indicating a potential risk to these receptors if exposure to 
soil and prey (e.g., earthworms) were to occur.  The primary exposure pathway was 
the ingestion of soil invertebrates. The primary COPECs contributing to the estimated 
risks in soil are 2,3,7,8-TCDD and DDT. 

Twenty-four COPECs were detected at concentrations above sediment screening 
levels indicating potential hazards to aquatic biota via direct toxicity if exposure were to 
occur.  COPECs include TCDD-TEQ, several PAHs and 11 metals.   It is important to 
note that 7 of the 11 metals (arsenic, chromium, copper, iron, manganese, nickel and 
zinc) had maximum concentrations below the background UTLs calculated for soil.  

Pyrene, endosulfan II, endrin, barium, aluminum, lead and iron exceeded their surface 
water screening levels indicating potential hazards to aquatic biota via direct toxicity if 
exposure were to occur.  A summary of the spatial extent of these COPECs in surface 
water is as follows: pyrene was only detected in the primary lagoon; endosulfan II and 
endrin were only detected in the tertiary lagoon; lead and iron exceeded screening 
levels in the primary lagoon while barium and aluminum exceeded screening levels in 
all three lagoons.  

4.5.1 Groundwater Evaluation 

Potential impacts to surface water via groundwater discharge were evaluated by 
modeling the groundwater at SWMU-31 discharging to the New River.  After factoring 
in assimilation (New River 7Q10), results indicate that groundwater COPEC 
concentrations discharging to surface water would not adversely impact biota residing 
in the New River.  Groundwater COPECs were determined based on constituents 
specified in the RCRA permit for SWMU-31.  

4.5.2 Amphibian Evaluation 

Two qualitative amphibian surveys were performed at SWMU-31.  Results of the 
surveys demonstrate the presence of amphibians at the secondary and tertiary 
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lagoons. No amphibians were observed in the primary lagoon during the surveys.  The 
SLERA suggests that the surveys may not provide a complete assessment because 
they did not include an evening observation period.  However, the SLERA concludes 
that local populations of amphibians are not being significantly impacted by surface 
water or sediment COPECs based on the presence of amphibians in the secondary 
and tertiary lagoons. 

4.6 Summary and Conclusions 

The SLERA concludes the following: 1) HQs calculated for the American robin and 
short-tailed shrew exceeded 1.0,  2) twenty-four COPECs were detected at 
concentrations above sediment screening levels, and 3) pyrene, endosulfan II, endrin, 
barium, aluminum, lead and iron exceeded their surface water screening levels.   The 
SLERA is based on comparisons of representative media concentrations to 
conservative screening levels and toxicity reference values for terrestrial and aquatic 
organisms.  Based on an evaluation of the data, the majority of the screening level 
exceedances at SWMU-31 are associated with the primary lagoon.   

However, it is important to realize that the size or space of an impacted area is directly 
related to the potential for ecological exposure if ecological habitat is present.  Spatial 
scale can be useful as a screening criterion if used in conjunction with other 
considerations, such as the valued ecological resources that may be present, current 
and future land use, the likelihood for COPEC migration from the site, and the proximity 
to a valued or sensitive ecological habitat.  Spatial scale screening criteria are used 
widely in ERA guidance.  

Although no information on spatial scale screening could be found in the Virginia DEQ 
guidance, several states’ guidance address the importance of spatial scale in 
ecological assessments, as does the ASTM Standard Guide for Risk-Based Corrective 
Action for Protection of Ecological Resources, E 2205-02 (ASTM [American Society for 
Testing and Materials], 2002).  The following spatial scale screening criteria are used 
by the following states: 1 to 2 acres for Minnesota (the smaller scale for 
bioaccumulative compounds); 1 acre for Texas, Louisiana, and Mississippi; 2 acres for 
Pennsylvania; and 2 acres or 1,000 square feet of sediments for Massachusetts 
(MPCA, 1998; TCEQ, 2001; MDEQ, 1997; LDEQ, 2003; PADEP, 1998; MADEP, 
1996). This spatial scale criterion has often been referred to as de minimis because it 
is not expected to cause adverse impacts to the population, community, or ecosystem, 
providing certain conditions are met (Suter, 1995; Henning and Shear, 1998).  These 
conditions include similar but unimpacted habitat be available adjacent to the impacted 
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area, that sensitive habitat not be present within ¼ mile if the COPECs will migrate off 
site, and COPEC fate and transport must be unlikely to increase the spatial extent to 
greater than the current spatial extent. Based on available information, which is 
discussed below, it is believed that these other conditions are met for SWMU-31. 

In terms of similar but unaffected habitat being present adjacent to SWMU-31, the New 
River represents a valuable and significant aquatic and riparian (terrestrial) habitat that 
likely represents a more attractive area for potential ecological receptors than the three 
industrial settling lagoons at SWMU-31.  The lagoons at SWMU-31 are man-made and 
designed to contain effluent from the water treatment plant.  Based on their design, 
potential impacts within those lagoons are not expected to increase in spatial extent.  
The Virginia Department of Game and Inland Fisheries conducted the most recent 
Installation-wide biological survey at RFAAP in 1999.  Results indicated that no 
threatened, rare or endangered species were found at or near SWMU-31.   

Based on the small size of the lagoons (primary lagoon is approximately 0.11 acre, 
secondary lagoon is approximately 0.68 acre, and tertiary lagoon is approximately 0.86 
acre), the fact that the lagoons are man-made containment structures that were 
designed to receive treated water, the likelihood that the spatial extent of impacts 
within each lagoon is limited (particularly in the secondary and tertiary lagoons), and 
the low potential that the spatial extent will increase, adverse population-level impacts 
are not expected for ecological receptors exposed to surface water and sediment at 
SWMU-31.  The same situation applies for soil conditions in the outfall area. This 
assumption is reasonable considering that the outfall area is limited to a small 
channelized ditch that runs approximately 50 feet from the outfall pipe to the New 
River, and is approximately 3 to 5 feet wide. This outfall channel corresponds to a very 
small area (approximately 250 square feet) and thus does not represent a significant 
habitat nor an ecological concern.  Based on these considerations, it is believed that 
the conditions discussed above for the de minimis spatial scale criteria (i.e., 
unimpacted habitat available adjacent to the impacted area, sensitive habitat not 
present within ¼ mile, and COPEC fate and transport unlikely to increase the spatial 
extent) are met for SWMU-31.  

In summary, although the SLERA indicated some exceedances of surface water, 
sediment, and soil screening levels in limited areas of SWMU-31, when evaluated in 
the context of ecosystem health based on site reconnaissance, the small spatial 
extent, and availability of similar and unimpacted habitat adjacent to SWMU-31, there 
is adequate information to conclude that adverse impacts to ecological receptors 
exposed to surface soil, surface water and sediment are unlikely or are not ecologically 
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significant.  Therefore, no further ecological evaluation of SWMU-31 is considered 
necessary. 
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5. Recommendations 

Based on the data collected as part of this and previous investigations, and the results 
of the HHRA and ERA, NFA is required for SWMU-31.  Data collected as part of the 
RFI and RFI addendum investigation indicate that the observed levels of site-related 
constituents in the lagoons and underlying groundwater do not pose an unacceptable 
risk to either human or ecological receptors.     

Future development plans at RAAP may include ongoing use of the lagoons for the 
adjacent Drinking Water Plant.  Therefore the HHRA and ERA evaluated current (i.e., 
pond remains) exposure scenarios.  Based upon the results of the risk assessments, 
there are presently no chemical constituents present in the pond or surrounding media 
that would limit current or future activities at the site. 

Based on the data presented, no evidence exists of a release from this site.  Several 
constituents are present at the site at levels that exceed risk-based screening criteria.  
However, the site-specific risk assessments conclude that the site does not pose an 
unacceptable risk to human or ecological receptors.  Although PAHs were detected in 
one previous groundwater sample, their presence was not verified during the most 
recent sampling event.  Chloroform in the groundwater is associated backwash 
discharged to the lagoons by the  drinking water plant operation managed via the 
current VPDES permit.   The levels of metals present in groundwater are either 
consistent with naturally-occurring levels in groundwater, or are less than Federal 
MCLs.  Therefore, no further action is recommended at SWMU-31. 
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Table 1
Summary of Groundwater Sample Analytical Results for 31MW2

SWMU-31 (RAAP-026):  Coal Ash Settling Lagoons
Radford Army Ammunition Plan, Virginia

Location ID: 31MW2 31MW2
Date Collected: Units 04/01/98 06/18/08

PAHs
1-Methylnaphthalene ug/L NA <0.046 [<0.046]
2-Methylnaphthalene ug/L NA <0.046 [<0.046]
Acenaphthene ug/L <0.1 <0.046 [<0.046]
Acenaphthylene ug/L <1 <0.046 [<0.046]
Anthracene ug/L <0.1 <0.046 [<0.046]
Benzo(a)anthracene ug/L 0.022 J <0.046 [<0.046]
Benzo(a)pyrene ug/L 0.022 J <0.046 [<0.046]
Benzo(b)fluoranthene ug/L 0.027 J <0.046 [<0.046]
Benzo(g,h,i)perylene ug/L <0.1 <0.046 [<0.046]
Benzo(k)fluoranthene ug/L <0.05 <0.046 [<0.046]
Chrysene ug/L <0.05 <0.046 [<0.046]
Dibenzo(a,h)anthracene ug/L <0.1 <0.046 [<0.046]
Fluoranthene ug/L <0.1 <0.046 [<0.046]
Fluorene ug/L <0.1 <0.046 [<0.046]
Indeno(1,2,3-cd)pyrene ug/L <0.05 <0.046 J [<0.046 UJ]
Naphthalene ug/L <0.1 L <0.046 [<0.046]
Phenanthrene ug/L <0.05 <0.046 [<0.046]
Pyrene ug/L <0.05 <0.046 [<0.046]

Duplicate sample results are provided in brackets.
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Table 2 
Summary of Potential Human Health Risks and Hazards 

SWMU-31 (RAAP-026):  Coal Ash Settling Lagoons 
Radford Army Ammunition Plan, Virginia 

 

(a) NA Not Applicable.  No risk drivers were identified because the potential cancer risk and HI was 
less than the USEPA target risk range and/or benchmark for non-cancer effects. 

(b) Manganese and arsenic concentrations are less than background levels, and thus, were not 
identified as COCs.| 

(c) Although the cumulative HI was greater than one, the target organ/critical effect HIs were less 
than one.  Therefore, no risk drivers were identified based on the non-cancer endpoint. 

Receptor Media Cumulative Risk Hazard Index Risk Driver 

Maintenance 
worker 

soil, sediment, 
surface water, 
groundwater 

3 x 10-6 0.1 Not Applicable (a) 

Industrial worker soil, sediment, 
groundwater 6 x 10-5 1 Not Applicable 

Excavation worker 
soil, sediment, 
surface water, 
groundwater 

2 x 10-6 5 arsenic in sediment 
manganese in soil (b) 

Adult residents 
soil, sediment, 
surface water, 
groundwater 

4 x 10-4 2 (c) benzo(a)pyrene, 
chloroform 

Child resident 
soil, sediment, 
surface water, 
groundwater 

2 x 10-4 9 
benzo(a)pyrene, 

arsenic, chloroform, 
iron, vanadium 
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Groundwater Sample Log 













Appendix B 

 

Laboratory Data Report 

(Provided on CD)
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