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From: Geiger.William@epamail.epa.gov
Sent: Monday, June 15, 2009 1:56 PM
To: McKenna, Jim J Mr CIV USA AMC
Cc: Wisbeck, Diane; jim spencer; Parks, Jeffrey N; jeremy.flint@atk.com; 
jerome.redder@atk.com; jlcutler@deq.virginia.gov; Mendoza, Richard R 
Mr CIV USA IMCOM; Timothy.Leahy@shawgrp.com; Llewellyn, Tim; 
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Subject: AOC A RFI Comments

VDEQ comments on AOC A RFI.

The characterization of the site appears to be sufficient based on the results 
of the soil sampling.  However, I disagree with the inclusion of subsurface 
soil data to calculate an exposure point concentration to assess residential 
risk.  Although subsurface soil data is important for screening assessments 
(you need to know if high risk potential exist), the expected exposure 
scenario should be the same 0-1 feet that is used in the industrial worker 
scenario.

Also it appears that industrial soil RSLs were used to screen (Sect.
3.1, page 7 and Figure 4) but residential exposure was considered for the 
actual risk assessment.  Please clarify.

William A. Geiger
Office of Remediation (3LC20)
USEPA Region III
1650 Arch Street
Philadelphia, PA 19103
(215)814-3413
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Classification: UNCLASSIFIED
Caveats: FOUO

Will and Jim Cutler,

Thought that if we could get some feedback on the draft RFIs for AOC A,
RAAP-047 by June 15 would be helpful, otherwise there would be little to talk 
about on these sites.  Similarly feedback is needed for SWMU 31--I think we 
were waiting to hear back from Jim C. discussion with DEQ Roanoke about ground 
water monitoring.

Jeff Parks,

Please start preparing the draft agenda by soliciting input from URS and 
ARCADIS.  I'd like to see an internal draft agenda by 10 June 2009.

URS & ARCADIS, please assist Jeff in this effort.

Thanks,
Jim

Classification: UNCLASSIFIED
Caveats: FOUO
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Executive Summary 

ARCADIS U.S, Inc. (ARCADIS) has been retained by the United States Army 
Environmental Command to perform Installation Restoration Program activities at 
Radford Army Ammunition Plant (RFAAP), located in Radford Virginia.  This document 
is the Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) 
Report for RAAP-031 (AOC A – Nitrocellulose Rainwater Ditch).  Site investigations 
conducted in 2003 and 2006 identified the presence of 2,4- dinitrotoluene (DNT), 
Aroclor-1254, and arsenic in soil at concentrations greater than health-based screening 
levels.  The results from these investigations were presented in a Site Screening 
Process (SSP) Report (URS, 2007) and an RFI was recommended.  RFI field 
investigations were conducted in June and December 2008.  Sampling was designed 
to verify the presence of 2,4- DNT and 2,6-DNT in surface soil at previously sampled 
locations and to delineate the horizontal and vertical extent of constituents in soil. 

2,4-DNT, 2,6-DNT, and DNT mix were detected in 2008 above screening levels in the 
surface samples collected from the two soil borings (ASB3 and ASB5) with previous 
detections.  However, concentrations were less than the screening levels in the soil 
samples collected from the delineation locations, indicating DNT is limited the 
immediate vicinity of ASB3 and ASB5, an area of approximately 100 square feet at the 
north end of the concrete stormwater conveyance.  Similarly, Aroclor-1254 and iron 
were detected at or marginally above industrial screening levels in a very small area 
which is currently covered by concrete.  Because this area is capped with a concrete 
surface water conveyance, mobilization of these compounds is not considered to be a 
concern.  Furthermore these compounds were not detected in the samples collected at 
greater depths confirming that vertical transport is not occurring.  In addition, the levels 
of metals present in soil are consistent with background levels at Radford Army 
Ammunition Plant.  

There are no current future development plans for RAAP-031 (AOC A) and active 
industrial operations are expected to remain at the site.  The results of the screening 
level human health risk assessment indicate that the observed levels of constituents in 
soil do not pose an unacceptable risk to either current commercial/industrial workers or 
to hypothetical future residents.  Based on the data presented in this report, clean 
closure with no further action is recommended for RAAP-031 (AOC A).  
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1. Introduction 

ARCADIS U.S, Inc. (ARCADIS) has been retained by the United States Army 
Environmental Command to perform Installation Restoration Program activities at 
RFAAP, located in Radford Virginia (Figure 1).  This work in being conducted under a 
performance based contract 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. 

This RFI addresses RAAP-031 (AOC A – Nitrocellulose Rainwater Ditch) located within 
the Main Manufacturing Area of RFAAP.  

1.1 Project Scope and Objectives  

The purpose of this RFI Report is to present the results of field investigations, risk 
assessments, and the resulting conclusions for RAAP-031 (AOC A).  Field 
investigation activities discussed in this report were conducted in 2003, 2006, and 
2008. 

The results of the 2003 and 2006 (URS, 2007) sampling identified the presence of 2,4- 
DNT, Aroclor-1254, and arsenic at concentrations greater than screening levels used 
at that time (Region 3 Risk-Based Concentrations [RBCs]).  Based on those results, an 
RFI was recommended to delineate constituents in soil.  A work plan was developed to 
address this recommendation and associated fieldwork was conducted in June and 
December 2008 by ARCADIS.  The work was designed to: 

• Verify the presence of 2,4- DNT and 2,6-DNT in surface soil at previously sampled 
locations ASB5A and ASB3A; and 

• Delineate the horizontal and vertical extent of previous detected constituents in 
soil. 

1.2 Site Location and Description 

The RFAAP is located in the New River Valley in southwest Virginia.  The installation is 
composed of two discrete properties, the NRU and the Main Manufacturing Area 
(MMA), located about 6 miles apart.  RAAP-031 is located in the MMA, an active 
ammunition production facility that straddles the Pulaski and County Montgomery 
County line, approximately 5 miles west of Blacksburg, Virginia.  The New River flows 
through the MMA, dividing the installation into two parts: the Horseshoe Area, and the 
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South Bank Area (Figure 1).  RAAP-031 is located within the South Bank Area, within 
an active industrial portion of the plant.    

AOC A, located directly east of the mix house (Building 1508) driveway, is a former 
unlined ditch less than a twentieth of an acre in size now (Figure 2).  The ditch was 
converted to an open concrete culvert approximately 3.5 feet (ft) wide.  To the east of 
the ditch is a steep grassy slope with numerous utility poles and support structures.   

1.3 Background 

The AOC was initially identified as an area of discolored soil by United States 
Environmental Protection Agency (USEPA) personnel during the 1987 Visual Site 
Inspection visit.  In 2002 a second visit occurred and revealed that a concrete culvert 
had been constructed to contain and convey rainwater to the storm water system.  
Access to the area is tightly controlled, due to the nature of operations in Building 1508.   

1.4 Site Conceptual Model 

AOC-A is located in the south bank area of the MMA.  As such surface and 
groundwater flow paths are generally northerly towards the New River where it flows 
west to east between the South Bank Area and the Horseshoe Area to the north.   
More than 35 ft of unconsolidated soils overlie the carbonate bedrock in this area.  
Unison-urban land complex soils are present in this area and most of the South Bank 
Area (SCS, 1985).   As described in the site screening report the immediate subsurface 
materials at this location are composed of sandy silt and clay with interbedded silty 
sand with coarser deposits at depth.  This stratigraphy has been confirmed by soil 
borings in the adjoining area conducted by ARCADIS is 2008. 

AOC-A is a concrete lined surface runoff conveyance approximately 3.5 ft wide and 
130 ft long, leading towards an inlet to the site storm water system.   The former ditch 
lies between a grassy slope with overhead process lines, and a flat paved driveway 
used to access the adjacent building.  The approximately conveyance parallels the 
1,790 foot mean sea level elevation contour.  The depth to groundwater is between 23 
and 28 ft below ground surface (bgs). 
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2. Investigation Activities 

RAAP-031 was investigated in 2003 and 2006 as part of a RCRA SSP (URS, 2007).  
This report summarized previous investigation results and presents the investigational 
activities that have been conducted since the SSP. 

2.1 Scope of Work 

RAAP-031 has undergone several phase of investigation.  All sample locations from 
the 2003, 2006, June 2008, and December 2008 field events are shown on Figure 3.  
Three soil borings (ASB1 through ASB3) were advanced during the first phase of 
investigation in October 2003:  

• ASB1 was advanced adjacent to the concrete swale to the depth of groundwater 
(32 ft bgs).  Soil samples were collected from surface (0 to 1 ft bgs), intermediate 
(10 to 12 ft bgs), and terminal (26 to 28 ft bgs) intervals. 

• ASB2 was advanced adjacent to the concrete swale to the depth of groundwater 
(24 ft bgs).  Soil samples were collected from surface (0 to 1 ft bgs), intermediate 
(10 to 12 ft bgs), and terminal (21 to 23 ft bgs) intervals. 

• ASB3 was advanced adjacent to the concrete swale to refusal (14.7 ft bgs).  Soil 
samples were collected from surface (0 to 1 ft bgs), intermediate (6 to 8 ft bgs), 
and terminal (13 to 14.7 ft bgs) intervals. 

In April 2006, two additional soil borings (ASB4 and ASB5) were completed to evaluate 
for the presence or absence of constituents in surface soil and subsurface soil:  

• ASB4 was advanced in the center of the concrete swale to the depth of 
groundwater (32 ft bgs).  Samples were collected from surface (0 to 1 ft bgs), 
intermediate (10 to 11 ft bgs), and terminal (20 ft bgs) intervals. 

• ASB5 was advanced at the terminus of the concrete swale.  Due to overhead 
piping, boring ASB5 was advanced using a hand-auger.  Samples were collected 
from surface (0 to 1 ft bgs) and intermediate (7 ft bgs) intervals.  

Samples collected were submitted to be analyzed for Target Compound List (TCL) 
Volatile Organic Compounds (VOCs); TCL Semivolatile Organic Compounds (SVOCs); 
Polycyclic Aromatic Hydrocarbons (PAHs); explosives; and Target Analyte List (TAL) 
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inorganics.  The surface sample from ASB2 and all samples collected from ASB4 and 
ASB5 were also analyzed for TCL Polychlorinated Biphenyls (PCBs), TCL Herbicides, 
and TCL Pesticides,  Samples ASB1 (22 to 24 ft bgs) and ASB2 (14 to 16 ft bgs) were 
analyzed site specific physical soil testing data.   

Additional work was conducted by ARCADIS in June and December 2008 to 
supplement the data previously collected at AOC-A and complete the source area 
characterization and impact delineation.   

In June 2008, 12 samples were collected from seven locations in accordance with 
Work Plan Addendum 26 (ARCADIS, 2008a): 

• Surface soil samples (0 to 1 ft bgs) were collected adjacent to the concrete swale 
at ASB3 and ASB5 for confirmation of previous detections. 

• Surface (0 to 1 ft bgs) and subsurface (5 to 6 ft bgs) were collected at ASB6 and 
ASB7 to provide delineation samples east of ASB3. 

• Surface (0 to 1 ft bgs) and subsurface (5 to 6 ft bgs) were collected at ASB8, 
ASB9, and ASB10 to provide delineation down-slope from ASB5.   

Samples were submitted to Empirical Laboratories to be analyzed for SVOCs using 
USEPA Method 8270C, PCBs using USEPA Method 8082, and inorganics using 
USEPA Method 6010. 

In December 2008, ARCADIS collected an additional 21 samples from 11 locations in 
accordance with Work Plan Addendum 29 (ARCADIS, 2008b): 

• Surface (0 to 1 ft bgs) and subsurface (5 to 6 ft bgs) soil samples were collected 
beneath the concrete at locations ASB3A and ASB4A to assess the condition of 
soil underneath the swale and to provide delineation to the west of ASB3 and 
ASB4, respectively.  

• A surface (0 to 1 ft bgs) soil sample was collected at ASB11 to provide down-slope 
delineation of ASB9. 

• Surface (1 to 2 ft bgs, due to gravel fill from 0 to 1 ft bgs) and subsurface (5 to 6 ft 
bgs) soil samples were collected at ASB12 to provide delineation to the east and 
west of ASB5 and the ditch terminus. 
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• Surface (0 to 1 ft bgs) and subsurface (5 to 6 ft bgs) soil samples were collected at 
ASB13 to provide delineation to the east and west of ASB5 and the ditch terminus. 

• Surface (0 to 1 ft bgs or directly below fill material) and subsurface (5 to 6 ft bgs) 
soil samples were collected at ASB14, ASB15, ASB 16, and ASB17 to provide 
delineation around ASB3.  ASB14 and ASB 17 were collected beneath the 
concrete swale. 

• Surface (0 to 1 ft bgs) and subsurface (5 to 6 ft bgs) soil samples were collected 
through the concrete at ASB18 and ASB19 to assess the condition of soil 
underneath the concrete swale and to provide horizontal delineation of the 
concrete stormwater conveyance.   

With the exception of the sample collected from ASB11, samples were submitted to 
Empirical Laboratories to be analyzed for PCBs by USEPA Method 8082 and  2,4-
DNT, 2,6-DNT, and DNT mix by USEPA Method 8270C.  The surface sample collected 
from location ASB11 was submitted for PCB analysis only.  

2.2 Field Methods 

Soil sampling events were conducted in 2003 and 2006 field events by URS, in 
accordance with the RFAAP Master Work Plan (URS, 2003).  With the exception of the 
surface and subsurface soil samples collected at location ASB5, soil samples during 
these events were collected using direct push sample collection methodology.  The 
samples at ASB5 were collected using a hand auger because of overhead utilities.  
Concrete coring was completed prior to sampling at locations ASB3A, ASB4A, ASB15, 
ASB17, ASB18, and ASB19 to access the soil beneath the ditch.  Surface soil samples 
collected from locations ASB3A, ASB4A, ASB13, ASB16, ASB17, ASB18, and ASB19 
were collected using a hand auger to increase recovery volume.  Both the surface and 
subsurface samples collected from location ASB14 were collected using a hand auger 
due to limited overhead access.  The remaining samples were collected using 
Geoprobe™ and macrocore direct push sampling equipment.   

Borings were completed by backfilling using bentonite chips.  Soil cuttings, 
decontamination water, sample liners, and other disposable sampling equipment were 
contained in drums for off-site treatment and disposal.  Boring logs are provided in 
Appendix A. 
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2.3 QA/QC 

Quality assurance/quality control (QA/QC) samples were collected and analyzed at the 
frequency prescribed by the Master Quality Assurance Plan and the Quality Assurance 
Plan Addendum (QAPA).  Field QC samples included field duplicates, field blanks, and 
trip blanks.  All samples collected in 2008 were analyzed by Empirical Laboratories, 
LLC located in Nashville, TN.  Data was validated in accordance with the QAPA. 
 Based on the data review only results for benzaldehyde were qualified as rejected due 
to poor accuracy in recovery of the compound.  Benzaldehyde is a common poor-
performer and its poor recovery does not indicate significant technical deficiencies with 
analytical procedures used in this study. With the exception of the rejected 
benzaldehyde data, all other data were determined to be usable for the intended 
purpose as qualified during the data validation. Some values were qualified as 
estimated due to minor QC deficiencies.  Additional details on the data review are 
presented in the validation reports.  The applicable data flags have been appended to 
the project database and are presented on the summary tables provided with this 
report.  The laboratory analytical reports and associated data validation reports are 
provided in Appendix B and C, respectively. 
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3. RFI investigation Results 

This section presents the field observations and results of laboratory analysis of 
surface and subsurface soil samples collected during the RFI field investigations in 
2003, 2006, and June and December 2008.  Laboratory analytical results were 
compared to health-based screening levels as a comparison.  Soil analytical results 
were compared to the adjusted industrial soil Regional Screening Levels (RSLs) and 
Soil to Groundwater Soil Screening Levels adjusted to dilution attenuation factor of 20 
(SSL-DAF 20) (USEPA, September 2008a), and to the 95 percent Upper Tolerance 
Levels (95% UTLs) established for naturally occurring metals in soils at the facility (IT, 
2001). 

3.1 Soil Sampling Results 

Soil samples were collected at 21 locations (Figure 3).  Tables 3-1 and 3-2 present the 
screening levels and the results for those analytes that were detected in at least one of 
the soil samples.  Analytes detected at concentrations greater than the industrial soil 
RSLs and/or soil to groundwater SSL are shown on Figure 4.  A complete set of 
analytic results is included as Appendix D.  This section presents the detected 
concentrations by analyte group.   

3.1.1 VOCs 

Soil samples collected in 2003 and 2006 were submitted for VOC analysis by USEPA 
Method 8260.  With the exception of methylene chloride, no VOCs were detected.  
Methylene chloride was detected at concentrations greater than the industrial soil RSL 
in the six soil samples collected in 2006, as well as the associated blank.  The 
presence of methylene chloride is likely due to laboratory contamination, and is 
therefore not considered site-related.   

3.1.2 SVOCs 

Soil samples collected in 2003, 2006, and 2008 were analyzed for SVOCs using 
USEPA Method 8270C.  Six constituents (2,4-DNT, 2,6-DNT, di-n-butyl phthalate, DNT 
mix, benzo(a)anthracene, N-nitroso-di-n-phenylamine) were detected at concentrations 
greater than their soil to groundwater SSLs; three constituents had concentrations 
greater than the industrial soil RSL (benzo(a)anthracence, dibenzo(a)anthracene, and 
DNT Mix). 

• ASB3 and vicinity: ASB3 is located in the north end of the concrete lined ditch 
(Figure 3).  2,4-DNT and 2,6-DNT were detected in the surface soil collected from 
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ASB3 in 2003, and the confirmation surface sample collected in June 2008.  
Detected concentrations were greater than the soil to groundwater SSL (1.36 
mg/kg) but below the industrial soil RSL (120 mg/kg).  DNT mix was also detected 
in concentrations greater than the industrial RSL in both of these samples.  DNTs 
were not detected in concentrations greater than the screening levels in the 
subsurface samples (6 to 8 ft bgs and 13 to 14.7 ft bgs) collected at this location.   

To provide delineation to the east of ASB3 soil boring ASB7 and ASB8 were 
advanced in June 2008. DNTs were detected in concentrations above the 
groundwater SSLs.  In December 2008 soil borings ASB14, ASB15, ASB16, and 
ASB17 were advanced adjacent to the concrete swell to provide further horizontal 
delineation in the area of ASB3.  Soil boring ASB3A was also advanced in 
December 2008 through the concrete.  DNT mix was detected in the surface 
sample collected from location ASB14 at a concentration greater than the soil to 
groundwater SSL, but less than the industrial soil RSL; however the concentration 
of 2,4-DNT and 2,6,DNT were below both screening levels.  With the exception of 
the surface sample collected at ASB14, DNTs were not detected in the samples 
collected from these locations, indicating the affected soil is limited to surface soils 
in the immediate vicinity of ASB3.    

Di-n-butylphthalate was detected in the confirmation surface soil sample collected 
at ASB3 in 2008 a concentration greater than the groundwater SSL (220 mg/kg) 
but lower than the industrial soil RSL (6,200 mg/kg).  Di-n-butylphthalate was not 
detected in the previous soil sample at locations ASB3 at a concentration greater 
than the screening levels.  N-Nitrosodiphenylamine was detected in the surface 
soil sample collected from ASB3 in 2006 as well as the 2008 sample at 
concentrations greater than the soil to groundwater SSL (3.4 mg/kg) but less than 
the industrial soil RSL (350 mg/kg).  N-Nitrosodiphenylamine was not detected in 
the sample taken from ASB3A, indicating a limited area of affected soil. 

• ASB5 and vicinity:  ASB5 is located in the north of the concrete lined ditch (Figure 
3).  2,4-DNT was detected in the surface soil samples collected from location 
ASB5 in 2006 and 2008 concentrations greater than the soil to groundwater SSL 
but below the industrial soil RSL.  DNT mix was detected at a concentration 
greater than the industrial RSL in both of these samples.  DNTs were not detected 
in the subsurface sample (7 ft bgs).  In June 2008, soil borings ASB9, ASB10, and 
ASB11 were advanced down-gradient of ASB-5 to provide delineation of the 
previous detections.  DNTs were not detected in these samples.  In December 
2008 soil borings ASB12 and ASB13 were advanced to the east and west of ASB5 
to further bound previous detections.  DNTs were not detected in either of these 
samples, indicating DNT concentrations are limited to the surface soil immediately 
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surrounding location ASB5. 
 
Benzo(a)pyrene and dibenzo(a,h)anthracene were detected in the 2008 surface 
sample at ASB5.  Concentrations were greater than the soil to groundwater SSL 
(6.2 mg/kg and 0.3 mg/kg, respectively) and industrial soil RSL (0.2mg/kg and 0.2 
mg/kg).  Neither constituent had previously been detected at concentrations above 
the screening levels, nor was it detected in any other sample collected in 2008.   

3.1.3 Pesticides 

Soil samples collected in 2006 were submitted and analyzed for TCL Pesticides.  
Dieldrin was detected in the surface and subsurface samples collected at ASB4 in 
2006 at concentrations less than the industrial soil RSL (0.11 mg/kg), but greater than 
the soil to groundwater SSL-DAF20 (0.0018 mg/kg).  Dieldrin was not detected in any 
other samples and no other pesticides were detected. 

3.1.4 PCBs 

Soil samples collected in 2003 and 2006 were submitted for PCB analysis by USEPA 
Method 8082.  Aroclor-1254 was the only PCB detected in soil samples.  The results 
are summarized below.  

• ASB3 and vicinity:  Samples collected from ASB3 (Figure 3) during the 2003 
sampling event were not analyzed for PCBs.  Surface soil (0 to 1 ft bgs) was 
collected from this location in June 2008 and analyzed for PCBs.  Aroclor 1254 
was detected at a concentration of greater than the soil to groundwater SSL and 
industrial soil RSL. 
 
In December 2008 samples were collected from ASB3A, ASB14, ASB15, ASB16, 
and ASB17 (Figure 3) to delineate PCBs in soil.  Samples at each location were 
collected at the 0 to 1 ft bgs and 5 to 6 ft bgs intervals.  No PCBs were detected at 
any of these locations indicating PCBs are limited to the shallow soils in the 
immediate vicinity of ASB3.  

• ASB5 and vicinity:  To confirm PCB detections observed at ASB5 (Figure 3) during 
the 2006 field event, surface soil (0 to 1 ft bgs) was collected at this location in July 
2008.  Aroclor-1254 was detected at a concentration greater than the soil to 
groundwater SSL industrial soil RSL.   
 
In June 2008 samples were collected from locations ASB8, ASB9, and ASB10 
(Figure 3) to provide down-gradient delineation of ASB5.  Samples at each location 
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were collected at the 0 to 1 ft bgs and 5 to 6 ft bgs intervals.  Aroclor 1254 was 
detected in the surface sample collected at ASB9 at a concentration is less than 
the quantification limit.  PCBs were not detected in any of the other samples 
indicated the affected soil is limited to the area immediately around ASB5. 
 
In December 2008, a surface soil sample (0 to 1 ft bgs) was collected from ASB11 
(Figure 3) to provide further down-gradient delineation of ASB5.  Surface and 
subsurface samples were collected from ASB12 and ASB13 (Figure 4) to provide 
delineation to the east and west of ASB5. No PCBs were detected at any of these 
locations indicating PCBs are limited to the shallow soils in the immediate vicinity 
of ASB5. 

• South end of ditch:  In December 2008 soil borings ASB19 and ASB18 were 
advanced through the concrete in the south end of the conveyance to assess the 
soils beneath the ditch and to provide complete coverage of the ditch.  Samples 
were collected from the 0 to 1 ft bgs and 5 to 6 ft bgs intervals.  No PCBs were 
detected in these samples indicating PCB concentrations are limited to the 
immediate vicinities of ASB3 and ASB5. 

3.1.5 Explosives 

Soil samples collected in 2003 and 2006 were analyzed using both USEPA SW-846 
Method 8330 (explosives) USEPA Method 8270C (SVOCs).  Compounds 2,4-DNT and 
2,6-DNT were both detected by these methods.  However, USEPA Method 8270C 
provides lower reporting limits and more reliable detection method; therefore results of 
the 8330 analysis are not discussed in this RFI.  All additional samples collected in 
2008 were analyzed using the SVOC method (USEPA Method 8270C).   

3.1.6 Inorganics 

Samples collected during the 2003, 2006, and June 2008 investigations were analyzed 
for inorganics.  Arsenic was detected above the industrial soil RSL (1.6 mg/kg) in most 
of the soil samples, however only one concentration, reported in the surface sample 
collected from location ASB5 in 2006, was greater than the background 95% UTL (15.8 
mg/kg).  Surface soil at ASB5 was resampled in June 2008 and the concentration of 
arsenic was less the background 95% UTL.  Cobalt and manganese were also 
detected at concentrations greater than the industrial soil RSL (30 mg/kg and 2,300 
mg/kg, respectively); however, concentrations were less than the background 95% 
UTL (72.3 mg/kg and 2,543 mg/kg), and therefore, are not site-related.   
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3.2 Summary of Results 

Soil samples were collected during the July and December 2008 investigations to verify 
and delineate the horizontal and vertical extent of previous detected constituents in 
soil.  The following analytical results were observed.  

• 2,4-DNT, 2,6-DNT, and DNT mix were detected above screening levels in the 
surface samples collected from ASB3 and ASB5 in 2006 and 2008. Concentrations 
were less than the screening levels at the delineation samples collected from 
locations ASB12 through ASB17.   

• Aroclor-1254 was also detected in the surface soil sample collected from ASB3 
and ASB5 during the 2006 field event at a concentration greater than the industrial 
soil SSL however PCBs were not detected in the delineation samples collected at 
locations ASB6 through ASB10 or ASB11 through ASB19.   

• These data indicate DNT and PCB concentrations are limited to surface soils in the 
immediate vicinity of ASB3 and ASB5.  Constituents were not detected in the 
samples collected at greater depths confirming that vertical transport to 
groundwater is not occurring.  
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4. Fate and Transport 

The fate and transport of site constituents depend upon the physical conditions at the 
site, the physical and chemical characteristics of the constituents, and the nature and 
extent of the constituent release.  This section evaluates the potential for constituents 
detected in soil to affect groundwater.  This screening level evaluation was conducted 
based on a comparison of detected concentration to USEPA (2008) Regional Soil 
Screening Levels (SSL) for the protection of groundwater pathway adjusted to reflect a 
Dilution Attenuation Factor of 20.  This comparison is presented in Table 3-1.   

As seen in Table 3-1, and summarized herein, the following constituents were detected 
in soil above the SSLs. The SSLs are based on an infinite source model and a default 
0.5 acres source area.  It should be noted that the area containing constituents above 
industrial SSLs is an estimated 45 square ft in the vicinity of ASB3 and 40 square ft 
(0.001 acres) in the vicinity of ASB5, thus the application of SSLs at this site may be 
overly conservative.  The following compounds were detected at concentrations 
greater than the SSLs. 

• The compounds 2,4- and 2,6-DNT were detected in historical and recent surface 
soil samples collected at ASB3 and ASB5 at concentrations greater than the SSLs.  
The concentrations of both compounds, as well and the combined DNT 
concentration (DNT mix), were less than the RSLs in the deeper sample at both 
locations. 

• Aroclor-1254 was detected at concentrations greater than the SSL in surface soil 
samples (0 to 1 ft bgs) collected at ASB3, ASB5, and ASB9.  However, the 
concentration of Aroclor-1254 in ASB3 and ASB9 were both less than the soil to 
groundwater SSL.  The concentration of Aroclor-1254 (0.16 mg/kg) in the deep 
sample at ASB5 (7 ft bgs) was slightly greater than the SSL (0.10 mg/kg).   

• Dieldrin was detected at a concentration greater than the SSL (0.0018 mg/kg) in 
both the surface (0.014 mg/kg) and deeper soil sample (0.0046 mg/kg) at ASB4 in 
2006.  These detected concentrations are both less than the quantification limit 
(0.025 mg/kg) and thus are estimated concentrations.  Dieldrin was not detected in 
any other sample.  

The only constituents greater than the soil to groundwater screening levels are located 
underneath the concrete stormwater conveyance and therefore are protected from 
infiltrating water.  With the exception of ASB5, soil samples collected at greater than 5 
ft bgs from the sample locations where surficial detections have occurred indicate that 
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deeper soils are not affected.  This indicates that infiltration is limited and the 
constituents themselves are generally immobile in the subsurface.    
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5. Screening Level Risk Assessment  

This section presents a Screening Level Human Health Risk Assessment (SLHHRA) 
for AOC A. The purpose of this risk assessment is to evaluate the potential current and 
future risks and potential hazards to human health associated with constituents 
detected in surface and subsurface soil along the nitrocellulose ditch in AOC A.  Given 
the small area of the site, approximately 1,964 ft2 (0.045 acres), and single medium of 
concern (i.e., soil), a SLHHRA was performed.  The SLHHRA follows USEPA guidance 
for selecting constituents of Potential Concern (COPCs) (USEPA, 1989, 1993) and 
calculating the exposure point concentrations (EPCs) (USEPA, 1989, 2002a, 2007).  
However, instead of a formal exposure and toxicity characterization, a risk ratio method 
of comparison to the USEPA RSLs is performed.  Ratios between the constituent 
concentrations and readily available health-based RSLs for residential and industrial 
land use were calculated to estimate potential risks and hazards.  The relative risks 
and hazards were summed to estimate the cumulative risks and hazards for the current 
and reasonably anticipated future industrial and hypothetical future residential land 
uses. 

A screening level ecological risk assessment was not conducted for AOC A due to the 
relatively small area (0.045 acres) and lack of habitat.  AOC A is a concrete lined 
drainage ditch within an industrialized area; therefore, there is virtually no habitat 
available for use at AOC A.  In addition, AOC A is located within the industrialized area 
of the base. Therefore, no habitat is available and potential exposure to soil by 
terrestrial and avian receptors would be minimal.  Because of the nature of the site and 
surrounding area, it is concluded that AOC A does not provide a sufficient or suitable 
habitat for ecological receptors.  Therefore, no further evaluation of ecological risk was 
performed. 

5.1 Constituent Characterization 

A total of 23 surface and 24 subsurface soil samples were have been collected.  All 
data were used in the SLHHRA. 

5.1.1 Data Evaluation 

The data were evaluated as outlined below to identify the datasets to be used in the 
human health risk assessment. 
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5.1.2 Sample Type 

The following criteria were employed to determine whether a particular sample result is 
usable for risk assessment purposes:  

• All soil samples were considered usable for the risk assessment regardless of date 
collected.  

• Analytical results from soil samples collected from different depths at the same 
sampling location during the same sampling event were evaluated as independent 
samples.  

• Analytical results from soil samples collected from the same sampling location 
during different sampling events (confirmation samples) were evaluated as 
independent samples.  

• Analytical results from duplicate samples collected from the same sampling 
location during the same sampling event were generally considered usable for risk 
assessment. During statistical analysis of the data, duplicate samples were treated 
as follows. Where a chemical was detected in both the original sample and the 
duplicate sample, the results were averaged. For sample locations where one 
sample result showed no detectable concentration and a duplicate sample showed 
a detected concentration, only the detected concentration was included in the 
dataset (without averaging). If a chemical was not detected in either the original 
sample or the duplicate sample, then the lowest reporting limit from the two 
samples was used to estimate the concentration for that sample. 

• Analytical results for the same chemical in one sample obtained by two different 
analytical methods were generally considered usable for risk assessment. During 
statistical analysis of the data, data for the same analyte acquired by two analytical 
methods was treated as follows. In the case where an analyte was detected by 
both methods, the higher concentration was conservatively used. If an analyte was 
detected in only one method, the detected concentration was used. Where the 
analyte was not detected by either method, the lower detection method was used. 

5.1.3 Evaluation of Data Qualifiers 

The following criteria were employed to determine whether a particular sample result is 
usable for risk assessment purposes:  
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• Sample results rejected during data validation were not considered usable for risk 
assessment. These data, indicated by an “R” data qualifier, would have been 
eliminated from the dataset.  Only one compound, benzaldehyde, was qualified “R” 
due to poor spike recovery.  Benzaldehyde is typically a poor performer and does 
reflect laboratory technical performance deficiencies.  Benzaldehyde was recently 
appended to the USEPA’s Contract Laboratory Program Target Compounds List.  
However, is not expected to be present on site.  

• Tentatively identified compounds (TICs) are generally not considered usable for 
risk assessment unless the compound is also included as a standard analyte in the 
QAPP, or there are adequate toxicity data available to assess potential risks. 
There were relatively few TICs identified, and the concentrations were low, 
generally less than 1 mg/kg.  Therefore, following USPEA (1989) guidance, TICs, 
were not quantitatively evaluated this risk assessment. 

• N – identification of analyte is not confirmed and is considered presumptive.  Only 
TICs were qualified “N”, therefore, no additional data were excluded from the 
analysis as a result of this qualification. 

Laboratory-qualified data with the following data qualifiers were retained within the 
dataset: 

• L, K, J – concentration is estimated (L – biased low; K – biased high) 

• B – for organic chemicals, analyte was also detected in the blank, and for metals, 
analyte concentration is estimated 

• D – a secondary dilution was required prior to analysis 

• E – concentration exceeds the calibration range of the instrument and represents 
the maximum possible concentration.  Bis(2-ethylhexyl)phthalate and 2,6- DNT in 
historical sample ASB3 (0-1) were qualified “E” by the laboratory.  However, the 
data validation concluded that the exceedance of the calibration range was not 
significant, and thus applied a final qualifier of “J” indicating that the data were 
considered estimated.  Therefore, these data were used quantitatively in the risk 
assessment.  In addition, during the recent sampling event, a confirmation sample 
was collected at location ASB3 (0-1) and the results were similar to previously 
detected concentration, confirming both their presence and reported 
concentrations. 
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• U – the analyte was not detected at the reporting limit.  

5.1.4 Evaluation of Vertical and Spatial Data Distribution 

Site soil data are usually subdivided into “risk-assessment datasets” based on vertical 
and spatial distribution for the various exposure scenarios. Soil data was subdivided 
vertically to generate both a surface soil and surface and combined subsurface soil 
datasets.    

• Surface soil, soil samples collected from depths of 0 to 1 foot bgs, was used to 
evaluate both the commercial/industrial worker and the hypothetical future 
residential exposure scenarios.  

• Combined surface and subsurface soil analytical results from samples collected at 
depths of 0 to 15 ft bgs (corresponding to typical excavation depths in the region) 
were used in a second analysis of the hypothetical future residential exposure 
scenario, assuming that subsurface soil could be brought to the surface during 
redevelopment.  

5.2 Selection of Constituents of Potential Concern 

Data were evaluated for usability in risk assessment by evaluating the sample type, the 
data qualifiers, the detection limits for non-detect results, and the spatial and vertical 
distribution of the data. Upon completion of that evaluation, the risk assessment 
datasets identified were summarized. The data summaries include the number of 
samples, the number of detections, the frequency of detection, the minimum and 
maximum detected concentration, and the EPC. Surface soil and surface and 
subsurface soil risk assessment data sets are summarized in Table 5-1 and Table 5-2, 
respectively. 

The objective of the COPCs evaluation is to identify the most toxic, persistent, and 
prevalent constituents at the site that are expected to contribute the majority of 
potential exposure and risk, consistent with USEPA (1989) guidance.  COPCs were 
identified to focus the SLHHRA 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 was compared to the USEPA Regional 
Screening Levels (RSLs; USEPA, 2008).  

Both residential and industrial soil RSLs were used in the selection of COPCs to allow 
for COPCs for specific receptors.  RSLs based on non-cancer effects were adjusted by 



g:\prjcts\radford\raap31\rfi report\final\raap-031 rfi report_final.doc 18 

 
 
RFI Report 
RAAP-031: AOC-A Nitrocellulose 
Rainwater Ditch 

 

a factor of 0.1 to account for cumulative effects following USEPA (1993) Region 3 
guidance.  Maximum concentrations in soil to a depth of 15 ft bgs were compared to 
both residential and industrial RSLs.  Constituents present at concentrations greater 
than the RSLs that were not essential nutrients or those without an identified RSL were 
considered COPCs for that exposure pathway.  The COPC selection is presented in 
Table 5-3 for soil.   

The COPCs for soil by data set and scenario are: 

• Surface soil exposure for the current commercial/industrial worker and future 
hypothetical resident 

Dinitrotoluene mixture; Aroclor 1254; benzo(a)pyrene; dibenzo(a,h)anthracene; 
indeno(1,2,3)pyrene; dimethylphthalate; di-n-octylphthalate; arsenic; cobalt; and 
manganese. (Note, although arsenic, cobalt and manganese were detected within 
background concentrations, they were carried forward in the SLHHRA to evaluate 
cumulative risks.  Their contribution to the cumulative risk is discussed in Section 5.6). 

• Surface and combined surface and subsurface soil exposure for the hypothetical 
future residential scenario under a redevelopment scenario 

2,4-DNT; dinitrotoluene mixture; Aroclor 1254; benzo(a)anthracene; 
benzo(b)fluoranthene; benzo(a)pyrene; dibenzo(a,h)anthracene; indeno(1,2,3)pyrene; 
dimethylphthalate; di-n-octylphthalate; aluminum; arsenic; chromium; cobalt; copper; 
iron; manganese; and vanadium. (Note, although arsenic, cobalt, manganese, and 
vanadium were detected within background concentrations, they were carried forward 
in the SLHHRA to evaluate cumulative risks.  Their contribution to the cumulative risk is 
discussed in Section 5.6). 

5.3 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 possible 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 
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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. 

5.3.1 Potential Receptors 

AOC A is a 0.045-acre (1,964 ft2) area consisting of a shallow concrete ditch 
approximately two-ft wide flanked by concrete berms located between a paved 
driveway and the base of a grassy bank. The site lies in a relatively flat area. The 
majority of the area is paved, so the inclusion of soil samples collected from beneath 
the pavement for current exposures is conservative because the pavement will act as a 
barrier to exposure. Under the current land-use exposure to COPCs in soil by industrial 
workers could occur. Hypothetical future exposure of residential receptors under two 
scenarios also was considered. One future hypothetical residential scenario considered 
exposure to surface soil only, assuming no change in site conditions.  A second 
scenario considering redevelopment of the site was also evaluated.  Under 
redevelopment, it was assumed that subsurface soils could be exposed or brought to 
the surface and thus, exposure to combined surface and subsurface soil was 
evaluated.  

5.3.2 Exposure Parameters 

This SLHHRA relies on the RSLs developed by the USEPA (2008) to evaluate 
exposure. The exposure assumptions used to derive the RSLs are provided in the 
following subsections. 

5.3.2.1 Industrial Worker 

An industrial worker may be exposed to site-related constituents in soil through 
incidental ingestion, dermal contact and/or inhalation of particulates.  Inhalation of 
vapors is not a complete pathway as none of the COPCs identified are considered to 
be volatile (i.e., Henry’s Law constants of 1 x10-5 atm-m3/mole or greater with a 
molecular weight of less than 200 g/mole).  These exposure pathways are consistent 
with those used to derive the RSLs.  The exposure assumptions for this receptor are: 
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• Adult body weight of 70 kilograms (kg); 

• Exposure duration of 25 years; 

• Exposure frequency of 250 days per year; 

• Soil ingestion rate of 100 milligrams per day (mg/day); 

• Skin surface area of 3,300 square centimeters (cm2); 

• Dermal adherence factor of 0.2 milligrams per square centimeter (mg/cm2);  

• Particulate emission factor of 1.36 x 109 m3/kg; and 

• Exposure time of 8 hours per day. 

5.3.2.2 Adult and Child Resident 

If AOC A were redeveloped for residential uses, hypothetical future adult and child 
residents could be exposed to site-related constituents through contact with soil 
through incidental ingestion, dermal contact and/or inhalation of particulates.  The 
potential exposure pathways at  AOC A are consistent with those used to derive the 
RSLs.  For noncarcinogens, the soil RSLs were derived based on exposure of a young 
child while the RSLs for potential carcinogens are based on an age-adjusted exposure. 
In addition, three COPCs identified in soil [benzo(a)pyrene, dibenzo(a,h)anthracene, 
and indeno(1,2,3-cd)pyrene] are considered to be mutagens , and therefore, require 
additional consideration by age. The exposure assumptions for the child receptor are: 

• Body weight of 15 kg; 

• Exposure duration of 6 years; 

• Exposure frequency of 350 days per year; 

• Soil ingestion rate of 200 mg/day; 

• Skin surface area of 2,800 cm2; 

• Dermal adherence factor of 0.2 mg/cm2;  

• Particulate emission factor of 1.36 x 109 m3/kg; and 
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• Exposure time of 24 hours per day. 

The exposure assumptions for the combined adult and child receptor are: 

• Age-adjusted soil ingestion rate of 114 milligrams-year per kilogram-day (mg-
year/kg-day); 

• Age-adjusted dermal contact factor of 361 mg-year/kg-day;  

• Exposure time of 24 hours per day; 

• Exposure duration of 30 years;  

• Particulate emission factor of 1.36 x 109 m3/kg; and 

• Exposure frequency of 350 days per year. 

The exposure assumptions for the mutagens are: 

• Age-adjusted soil ingestion rate of 489.5 mg-year/kg-day; 

• Age-adjusted dermal contact factor of 1,445 mg-year/kg-day;  

• Exposure time of 24 hours per day; 

• Exposure duration of 30 years;  

• Particulate emission factor of 1.36 x 109 m3/kg; and 

• Exposure frequency of 350 days per year. 

5.3.3 Exposure Point Concentration 

The EPC is the representative concentration of a constituent in an environmental 
medium that is potentially contacted by the receptor (USEPA, 1989).  The EPC is 
defined as “the arithmetic average of the concentration that is contacted over the 
exposure period” (USEPA, 1989).  To assure that the estimate of the arithmetic 
average is conservative and was not underestimated, the upper confidence limit on the 
mean (UCL) concentration was used as an estimate of the EPC (USEPA, 1989; 
2002a).  Calculation of UCLs was performed using the USEPA’s ProUCL (Version 4.0; 
USEPA 2007).  The maximum concentration was retained as the EPC where the 
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datasets were not of sufficient sample size and/or the frequency of detection was 
small, which precluded the estimation of the UCL via ProUCL4.0. EPCs were 
presented with the soil risk assessment dataset in Tables 5-1 (surface) and 5-2 
(combined surface and subsurface). 

5.4 Toxicity Characterization 

The toxicity values used to calculate the RSLs are provided in USEPA (2008).  No 
additional toxicity characterization was performed.  Toxicity values used to calculate 
the RSLs are summarized on Table 5-4.  In addition, target sites and/or critical effects 
are summarized.   

5.5 Human Health 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.   

5.5.1 Hazard Quotient for Noncancer 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 non-
cancer toxicity value.  Thus, an HQ greater than 1 indicates that the estimated 
exposure level for that constituent is greater than the non-cancer toxicity value.  This 
ratio does not provide the probability of an adverse effect.  Although an HQ less than 1 
indicates that health effects are not expected to occur, an HQ greater than 1 does not 
imply that health effects will occur, but that health effects are potentially possible.   

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, in the event that the total HI for an 
exposure scenario is greater than 1, it is incumbent on a risk assessor to segregate 
HQs by target organ/critical effect (USEPA, 1989).  Therefore, if the calculated HI is 
greater than 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, 
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the HIs may be segregated by effect and mechanism of action to derive separate HIs 
for each target-organ/critical-effect group (USEPA, 1989). 

5.5.2 Excess Lifetime Cancer Risk 

The ELCR is an estimate of the 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 value.  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.  The risk estimate is compared to USEPA’s target risk range is from 1x10-4 to 
1x10-6.   

5.6  Receptor-Specific Excess Lifetime Risk and Hazard Evaluation 

Risk estimates were calculated based on USEPA default exposure assumptions and 
toxicity values using the EPCs for the COPCs and the RSLs for both the residential 
and industrial scenario.   For non carcinogens, the EPC was divided by the RSL to 
estimate a preliminary constituent-specific HQ.  HQs were summed to get an HI) for 
the receptor.  For carcinogens, the EPC was divided by the RSL and multiplied by 
1x10-6 to estimate a preliminary constituent-specific ELCR.  Constituent-specific 
ELCRs were summed to get a total ELCR for the receptor.  Where the total HI 
exceeded one, target organ specific HI were calculated. Arsenic is a COPC, but its 
EPC is less than background; as a result, risk and hazard calculations excluding 
arsenic as a COPC were also prepared and are discussed below. 

The preliminary risk evaluations are presented in Tables 5-5, 5-6 and 5-7.   Table 5-5 
presents the results for commercial/industrial worker exposure to surface soil; Table 5-
6 presents the results for hypothetical future residential exposure to surface soil; and 
Table 5-7 presents the results for hypothetical future residential exposure to combined 
surface and subsurface soil.  The results of the preliminary risk evaluation are also 
summarized in Table 5-8 and discussed by receptor below.   

5.6.1 Commercial/Industrial  Worker Exposure to Surface Soil 

Industrial workers were assumed to contact surface (current) soil.  This is a 
conservative assumption since most of the area is paved and exposure to soil is 
unlikely to occur while the pavement is intact. The evaluated exposure pathways 
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included incidental soil ingestion, dermal contact with soil and inhalation of COPCs 
adhered to dust.  The calculated ELCR for industrial work exposure to surface soil 
(2×10-5) was within USEPA’s accepted target risk range, and the calculated HI was 0.2, 
below the benchmark of 1, as seen in Table 5-5.  Several metals detected in surface 
soil (arsenic, cobalt, and manganese) are within the background range.  Following 
USEPA (2002b) guidance, potential risks were recalculated excluding background.  
The calculated potential risk associated with site-related constituent is 1×10-5, i.e., 
excluding metals detected within background levels (i.e., arsenic, cobalt and 
manganese).  The calculated HI for only site-related constituents was calculated to be 
0.1.   

5.6.2 Hypothetical Future Residential Exposure to Surface Soil 

Potential risks for the hypothetical future resident were evaluated assuming no change 
in site conditions, and thus, they would only be exposed to surface soil  Exposure 
pathways included incidental soil ingestion, dermal contact with soil and inhalation of 
COPCs adhered to dust and as vapors.  The calculated ELCR for residential exposure 
to surface soil was 1×10-4 which is within USEPA’s accepted target risk range.  Several 
metals detected in soil (arsenic, cobalt, manganese) are within the background range.  
Following USEPA (2002b) guidance, potential risks were recalculated excluding 
background.  The potential risk associated with site-related COPCs is 9x10-5, which is 
within the generally accepted target risk range (Table 5-6).  The site-related noncancer 
hazard for all constituents was greater than 1 (HI=4).  When potential hazards were 
recalculated excluding background, the HI was 3. Following USEPA (1989) guidance, 
the hazard index was reevaluated looking at critical effects or target organs.  The site-
related organ-specific HIs were less than or equal to 1, as shown in Table 5-6. 

5.6.3 Hypothetical Future Residential Exposure to Combined Surface and Subsurface Soil 

Potential risks for the hypothetical future residents were also evaluated under a 
redevelopment scenario.    During redevelopment, it is likely that subsurface soils 
would be brought to the surface during soil moving activities, for example if the site 
were regraded.  Thus exposure to both surface and subsurface soil was evaluation.  
Exposure pathways included incidental soil ingestion, dermal contact with soil and 
inhalation of COCPs adhered to dust and as vapors.  The calculated ELCR for 
residential exposure to combined surface and subsurface soil was 9×10-5 which is 
within USEPA’s accepted target risk range.  Several metals detected in soil (arsenic, 
cobalt, manganese and vanadium) are within the background range.  Following 
USEPA (2002b) guidance, potential risks were recalculated excluding background.  
The potential risk associated with site-related COPCs is 7x10-5, which is within the 
generally accepted target risk range (Table 5-7).  The site-related noncancer hazard 



g:\prjcts\radford\raap31\rfi report\final\raap-031 rfi report_final.doc 25 

 
 
RFI Report 
RAAP-031: AOC-A Nitrocellulose 
Rainwater Ditch 

 

was greater than 1 (HI=2). Following USEPA (1989) guidance, the hazard index was 
reevaluated looking at critical effects or target organs.  The site-related organ-specific 
HIs were below 1, as shown in Table 5-7.     

5.7 Uncertainty 

The risk estimate presented here is a conservative estimate of potential risks 
associated with exposure to constituents detected in soil at AOC A.  Uncertainty is 
inherent in the risk assessment process, and a discussion of these uncertainties is 
presented in this section.  Each of the three basic building blocks for risk assessment 
(data, exposure scenarios, and toxicity values) contributes uncertainties. Each of the 
uncertainties is accounted for by using conservative assumptions wherever specific 
data are unavailable. 

This risk assessment is based on the assumption that the available data adequately 
describe the occurrence of constituents in media at the site.  Environmental sampling 
itself introduces uncertainty.  This source of uncertainty can be reduced through a well-
designed sampling plan, use of appropriate sampling techniques, and implementation 
of laboratory data validation and QA/QC.  The data utilized in this report meet QA/QC 
requirements and are appropriate for use in a risk assessment.  

The assumption that the concentrations will remain constant throughout the exposure 
period is a conservative approach, since ongoing natural attenuation and degradation 
processes likely will reduce the concentrations over time.  Using the UCL or the 
maximum concentration as the EPC is also conservative.  It is highly unlikely that 
receptors would be exposed to those upper bound concentrations over an extended 
period of time.   

Potential exposure scenarios contribute uncertainty to the risk assessment as well.  
The evaluation of the hypothetical future residential scenarios is a highly conservative 
assumption as the reasonably anticipated future use is military/industrial.  

RSLs were unavailable for two compounds: dimethyl phthalate and di-n-octyl phthalate. 
RSLs cannot be calculated as no peer-reviewed toxicity values are available in the 
United States or internationally, (International Toxicity Estimates for Risk Assessments 
[TERA] database search performed April 15, 2009).  USEPA has evaluated the 
carcinogenicity of dimethyl phthalate and classifies this chemical as D - not classifiable 
as to human carcinogenicity. 

Dimethyl phthalate was detected in 2 of 12 samples at the reporting limit (0.21 mg/kg).  
Di-n-octylphthalate was detected in 3 of 12 samples at concentrations below the 
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reporting limit (0.012 to 0.038 mg/kg).  The RSLs for other phthalates detected range 
from 120 mg/kg to 490,000 mg/kg.  The limited presence and their presence at levels 
several orders of magnitude below similar compounds’ screening levels indicates that 
their omission from the SLHHRA is likely not significant.  It should also be noted that 
potential risks and hazards could be not calculated following formal risk assessment 
practices either due to the lack of available toxicity data.  

5.8 Risk Assessment Summary  

The AOC A screening level risk assessment evaluated current commercial/industrial 
worker exposure to surface soil, and future hypothetical residential exposure both to 
surface soil and to combined surface/subsurface soil.  

Under the reasonably anticipated current commercial/industrial worker scenario and 
the hypothetical future residential land-use scenarios, the estimated potential risks 
were within the USEPA generally accepted target risk range (1x10-4 to 1x10-6) and the  
potential hazards were less than or equal to the benchmark hazard index threshold of 
1, when segregated by target site/critical effect.  Therefore, site-related constituents in 
soil do not pose an unacceptable risk under either scenario.  

The site is in an industrialized area.  It does not provide a suitable habitat for ecological 
receptors.  
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6. Conclusions and Recommendations 

Site investigations were conducted at AOC-A between 2002 and 2008.  The results of 
these investigations indicate that while site-related constituents are present in soil 
underneath the concrete storm water conveyance, they are limited to surface soil in the 
immediate vicinity of sample locations ASB3 and ASB5, an area of approximately 100 
square ft at the north end of the concrete stormwater conveyance.  The compounds 
that are present above screening levels include iron, Aroclor-1254 and DNTs (2,4-DNT 
and 2,6-DNT).  These compounds are at or marginally above industrial screening 
levels in a very small area which is currently covered by concrete.  DNT and PCB 
concentrations in shallow soil were greater their SSLs at location ASB3 however 
because this area is capped with a concrete surface water conveyance, mobilization of 
these compounds is not a concern.  Furthermore these compounds were not detected 
in the samples collected at greater depths confirming that vertical transport is not 
occurring.  In addition, the levels of metals present in soil are consistent with 
background levels at Radford Army Ammunition Plant.  

There are no current future development plans for RAAP-031 (AOC A); however, the 
SLHHRA evaluated hypothetical future potential residential land use (i.e., unrestricted 
land-use scenario) under two scenarios (no change in site conditions and future 
redevelopment).  The results of the SLHHRA indicate that the observed levels of 
constituents in surface soil and in the combined surface and subsurface soil do not 
pose an unacceptable risk to hypothetical future residential receptors and that there 
are presently no constituents present in the soil that would limit current or future 
activities at the site.   

Based on the data presented in this report, clean closure with no action is 
recommended for RAAP-031 (AOC A).  No action is appropriate based on the following 
major findings: 

• Site-related constituents are limited to surface soil in a small area, capped by a 
concrete storm water conveyance; and 

• There are no unacceptable risks at RAAP-031 under the current 
commercial/industrial or both of the hypothetical future residential use scenarios 
evaluated. 
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Table 3-1. Summary of Analytical Data for Detected Organic Compounds in Soil
RAAP-031 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: ASB1 ASB1 ASB1 ASB2 ASB2 ASB2 ASB3 ASB3 ASB3 ASB3 A31-SB003A A31-SB003A
Sample Depth(Feet): 0 - 1 10 - 12 26 - 28 0 - 1 10 - 12 21 - 23 0 - 1 0 - 1 6 - 8 13 - 14.7 0 - 1 5 - 6

Date Collected: Units 10/11/03 10/11/03 10/11/03 10/11/03 10/11/03 10/11/03 10/11/03 06/30/08 10/11/03 10/11/03 12/30/08 12/30/08
Volatile Organics
Acetone 110,000 {sat} 88 mg/kg 0.015 J,B 0.019 J,B 0.029 ,B 0.016 J,B 0.023 J,B [0.024 J,B] 0.023 J,B 0.012 J,B NA 0.019 J,B 0.018 J,B NA NA
Benzene 5.6 {ca*} 0.056 mg/kg <0.0061 <0.0064 <0.0065 <0.0062 <0.0066 [<0.0069] <0.0068 <0.0062 NA <0.0062 <0.0060 NA NA
Ethylbenzene 29 {ca} 17.8 mg/kg <0.0061 <0.0064 <0.0065 <0.0062 <0.0066 [<0.0069] <0.0068 <0.0062 NA <0.0062 <0.0060 NA NA
Methyl acetate 29,000 {sat} 152 mg/kg <0.024 <0.026 <0.026 ,J <0.025 <0.026 [<0.028] <0.027 <0.025 NA <0.025 <0.024 NA NA
Methylene Chloride 54 {ca} 0.026 mg/kg 0.0049 J 0.0059 J 0.0066 J,B 0.0045 J 0.0077 J [0.0070 J] 0.011 J 0.0053 J NA 0.0066 J 0.0037 J NA NA
Toluene 930 {sat} 15.2 mg/kg <0.0061 <0.0064 <0.0065 <0.0062 <0.0066 [<0.0069] <0.0068 <0.0062 NA <0.0062 <0.0060 NA NA
Xylenes (total) 300 {sat} 220 mg/kg <0.0061 <0.0064 <0.0065 <0.0062 <0.0066 [<0.0069] <0.0068 <0.0062 NA <0.0062 <0.0060 NA NA
Semivolatile Organics
1,1'-Biphenyl 260 {sat} 460 mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 <0.38 <0.21 <0.20 NA NA
2,4-Dinitrotoluene 120 {nc} 1.36 mg/kg 0.85 J <0.22 <0.22 <1.0 <0.22 [<0.22] <0.23 28 J 98 0.023 J <0.20 <0.42 J <0.44 J
2,6-Dinitrotoluene 62 {nc} 0.68 mg/kg 0.082 J <0.22 <0.22 0.10 J <0.22 [<0.22] <0.23 3.3 E,J 4.6 J <0.21 <0.20 <0.42 <0.44
2-Methylnaphthalene 440 {sat} 18 mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 <0.38 <0.21 <0.20 NA NA
Acenaphthene 3,300 {nc} 540 mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 <0.38 <0.21 <0.20 NA NA
Acenaphthylene 3,300 {nc} - - mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 <0.38 <0.21 <0.20 NA NA
Anthracene 170,000 {max} 9,000 mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 <0.38 <0.21 <0.20 NA NA
Benzo(a)anthracene 2.1 {ca**} 0.28 mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 <0.15 <0.21 <0.20 NA NA
Benzo(a)pyrene 0.21 {ca**} 6.2 mg/kg 0.0090 J <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 0.010 J,J <0.15 <0.21 <0.20 NA NA
Benzo(b)fluoranthene 2.1 {ca**} 0.94 mg/kg 0.016 J,J <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 ,J <0.15 <0.21 <0.20 NA NA
Benzo(g,h,i)perylene 1,700 {nc} - - mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA
Benzo(k)fluoranthene 21 {ca**} 9.2 mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 ,J <0.38 <0.21 <0.20 NA NA
bis(2-Ethylhexyl)phthalate 120 {ca*} 40 mg/kg 1.4 0.022 J 0.017 J 0.11 J 0.022 J [0.016 J] 0.034 J 1.2 E,J 3.4 0.020 J 0.022 J NA NA
Butylbenzylphthalate 120,000 {max} 2,800 mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] 0.0090 J 0.24 <0.38 <0.21 <0.20 NA NA
Carbazole 86 {ca**} 1.54 mg/kg NA NA NA NA NA NA NA <0.38 J NA NA NA NA
Chrysene 210 {ca**} 28 mg/kg 0.015 J <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 0.057 J <0.21 0.20 J NA NA
Dibenzo(a,h)anthracene 0.21 {ca**} 0.3 mg/kg NA NA NA NA NA NA NA <0.15 NA NA NA NA
Diethylphthalate 490,000 {max} 260 mg/kg 0.014 J 0.0080 J 0.010 J 0.010 J 0.010 J [<0.22] 0.0080 J 0.014 J 0.16 J 0.010 J 0.0080 J NA NA
Dimethylphthalate - - - - mg/kg 0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 <0.38 <0.21 <0.20 NA NA
Di-n-Butylphthalate 6,200 {nc} 220 mg/kg 5.1 0.093 J 0.13 J 4.3 0.59 [0.64] 0.60 130 410 J 0.32 0.32 NA NA
Dinitrotoluene Mix 2.5 {ca} 0.0019 mg/kg 0.93 J <0.22 <0.22 0.10 J <0.22 [<0.22] <0.23 31 J 100 J 0.023 J <0.20 <0.42 <0.44
Di-n-Octylphthalate - - - - mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 0.038 J <0.38 <0.21 <0.20 NA NA
Fluoranthene 2,200 {nc} 4,200 mg/kg 0.030 J <0.22 <0.22 0.0030 J <0.22 [<0.22] <0.23 0.0088 J <0.38 <0.21 0.20 J NA NA
Fluorene 2,200 {nc} 660 mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 <0.38 <0.21 <0.20 NA NA
Indeno(1,2,3-cd)pyrene 2.1 {ca**} 3.2 mg/kg 0.0060 J <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 J,J <0.15 <0.21 <0.20 NA NA
N-Nitrosodiphenylamine 350 {ca**} 3.4 mg/kg 1.0 <0.22 <0.22 0.12 J <0.22 [<0.22] <0.23 4.7 J 22 J 0.0080 J <0.20 NA NA
Pentachlorophenol 9 {ca} 0.14 mg/kg <0.40 <0.42 <0.43 <0.41 <0.43 [<0.43] <0.45 <0.41 <1.5 <0.41 <0.39 NA NA
Phenanthrene 170,000 {max} - - mg/kg 0.011 J <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 0.0038 J NA <0.21 0.20 J NA NA
Pyrene 1,700 {nc} 3,000 mg/kg 0.026 J <0.22 <0.22 0.0030 J <0.22 [<0.22] <0.23 0.0067 J <0.38 <0.21 0.20 J NA NA
PAHs
Benzo(a)anthracene 2.1 {ca**} 0.28 mg/kg <0.026 <0.027 <0.027 0.0036 J <0.028 [<0.029] <0.065 <0.026 NA <0.026 ,L <0.025 NA NA
Chrysene 210 {ca**} 28 mg/kg 0.0050 J <0.027 <0.027 0.0037 J <0.028 [<0.029] <0.065 <0.026 NA <0.026 ,L 0.0018 J NA NA
Fluoranthene 2,200 {nc} 4,200 mg/kg 0.017 J,J <0.027 <0.027 0.0077 J <0.028 [<0.029] <0.065 <0.026 NA <0.026 ,L 0.0087 J NA NA
Indeno(1,2,3-cd)pyrene 2.1 {ca**} 3.2 mg/kg <0.026 <0.027 <0.027 0.0062 J <0.028 [<0.029] <0.065 <0.026 NA <0.026 ,L <0.025 NA NA
Phenanthrene 170,000 {max} - - mg/kg 0.0031 J <0.027 <0.027 0.0040 J <0.028 [<0.029] <0.065 0.0019 J NA <0.026 ,L 0.0030 J NA NA
Pyrene 1,700 {nc} 3,000 mg/kg 0.011 J <0.027 <0.027 0.021 J <0.028 [<0.029] <0.065 <0.026 NA <0.026 ,L 0.0099 J NA NA
Organochlorine Pesticides
Dieldrin 0.11 {ca} 0.0018 mg/kg NA NA NA <0.025 NA NA NA NA NA NA NA NA
PCBs
Aroclor-1242 0.74 {ca**} 0.06 mg/kg NA NA NA NA NA NA NA <0.019 NA NA <0.021 <0.022
Aroclor-1254 0.74 {ca*} 0.102 mg/kg NA NA NA 0.0099 J NA NA NA 2.4 J NA NA <0.021 <0.022
Explosives
2,4-Dinitrotoluene 120 {nc} 1.36 mg/kg <0.5 <0.5 <0.5 <0.5 <0.5 [<0.5] 0.2 J 20 NA <0.5 <0.5 NA NA
2,6-Dinitrotoluene 62 {nc} 0.68 mg/kg <1 <1 <1 <1 <1 [<1] <1 <1 NA <1 <1 NA NA
Dinitrotoluene Mix 2.5 {ca} 0.0019 mg/kg <1 <1 <1 <1 <1 [<1] 0.2 J 20 NA <1 <1 NA NA
Notes:
(a)  USEPA (2008) Regional Screening Levels (RSLs). Region Screening Level Key
(b)  USEPA (2008) Protection of Groundwater Soil Screening Level (SSL) DAF 20. ca - RSL based on cancer endpoint
Italics - results detected above Protection of Groundwater SSL nc - RSL basedon non-cancer endpoint
Shaded - results detected above adjusted Industrial Soil RSL max - RSL based on ceiling limit
Results in brackets [ ## ] represent duplicate sample concentrations. sat - RSL based on saturation limit
NA - parameter not analyzed ca* - where nc screening level < 100X ca screening level
J - concentration is estimated ca** - where nc screening level < 10X ca screening level

Adjusted Soil Screening 
Values-Industrial

Soil to Groundwater 
SSL (DAF 20)
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Table 3-1. Summary of Analytical Data for Detected Organic Compounds in Soil
RAAP-031 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID:
Sample Depth(Feet):

Date Collected: Units
Volatile Organics
Acetone 110,000 {sat} 88 mg/kg
Benzene 5.6 {ca*} 0.056 mg/kg
Ethylbenzene 29 {ca} 17.8 mg/kg
Methyl acetate 29,000 {sat} 152 mg/kg
Methylene Chloride 54 {ca} 0.026 mg/kg
Toluene 930 {sat} 15.2 mg/kg
Xylenes (total) 300 {sat} 220 mg/kg
Semivolatile Organics
1,1'-Biphenyl 260 {sat} 460 mg/kg
2,4-Dinitrotoluene 120 {nc} 1.36 mg/kg
2,6-Dinitrotoluene 62 {nc} 0.68 mg/kg
2-Methylnaphthalene 440 {sat} 18 mg/kg
Acenaphthene 3,300 {nc} 540 mg/kg
Acenaphthylene 3,300 {nc} - - mg/kg
Anthracene 170,000 {max} 9,000 mg/kg
Benzo(a)anthracene 2.1 {ca**} 0.28 mg/kg
Benzo(a)pyrene 0.21 {ca**} 6.2 mg/kg
Benzo(b)fluoranthene 2.1 {ca**} 0.94 mg/kg
Benzo(g,h,i)perylene 1,700 {nc} - - mg/kg
Benzo(k)fluoranthene 21 {ca**} 9.2 mg/kg
bis(2-Ethylhexyl)phthalate 120 {ca*} 40 mg/kg
Butylbenzylphthalate 120,000 {max} 2,800 mg/kg
Carbazole 86 {ca**} 1.54 mg/kg
Chrysene 210 {ca**} 28 mg/kg
Dibenzo(a,h)anthracene 0.21 {ca**} 0.3 mg/kg
Diethylphthalate 490,000 {max} 260 mg/kg
Dimethylphthalate - - - - mg/kg
Di-n-Butylphthalate 6,200 {nc} 220 mg/kg
Dinitrotoluene Mix 2.5 {ca} 0.0019 mg/kg
Di-n-Octylphthalate - - - - mg/kg
Fluoranthene 2,200 {nc} 4,200 mg/kg
Fluorene 2,200 {nc} 660 mg/kg
Indeno(1,2,3-cd)pyrene 2.1 {ca**} 3.2 mg/kg
N-Nitrosodiphenylamine 350 {ca**} 3.4 mg/kg
Pentachlorophenol 9 {ca} 0.14 mg/kg
Phenanthrene 170,000 {max} - - mg/kg
Pyrene 1,700 {nc} 3,000 mg/kg
PAHs
Benzo(a)anthracene 2.1 {ca**} 0.28 mg/kg
Chrysene 210 {ca**} 28 mg/kg
Fluoranthene 2,200 {nc} 4,200 mg/kg
Indeno(1,2,3-cd)pyrene 2.1 {ca**} 3.2 mg/kg
Phenanthrene 170,000 {max} - - mg/kg
Pyrene 1,700 {nc} 3,000 mg/kg
Organochlorine Pesticides
Dieldrin 0.11 {ca} 0.0018 mg/kg
PCBs
Aroclor-1242 0.74 {ca**} 0.06 mg/kg
Aroclor-1254 0.74 {ca*} 0.102 mg/kg
Explosives
2,4-Dinitrotoluene 120 {nc} 1.36 mg/kg
2,6-Dinitrotoluene 62 {nc} 0.68 mg/kg
Dinitrotoluene Mix 2.5 {ca} 0.0019 mg/kg
Notes:
(a)  USEPA (2008) Regional Screening Levels (RSLs).
(b)  USEPA (2008) Protection of Groundwater Soil Screening Level (SSL) DAF 20.
Italics - results detected above Protection of Groundwater SSL
Shaded - results detected above adjusted Industrial Soil RSL
Results in brackets [ ## ] represent duplicate sample concentrations.
NA - parameter not analyzed
J - concentration is estimated

Adjusted Soil Screening 
Values-Industrial

Soil to Groundwater 
SSL (DAF 20)

ASB4 ASB4 ASB4 A31-SB004A A31-SB004A ASB5 ASB5 ASB5 ASB6 ASB6 ASB7 ASB7
0 - 1 10 - 11 20 0 - 1 5 - 6 0 - 1 0 - 1 7 0 - 1 5 - 6 0 - 1 5 - 6

04/20/06 04/20/06 04/20/06 12/30/08 12/30/08 04/20/06 06/30/08 04/20/06 06/30/08 06/30/08 06/30/08 06/30/08

0.38 J,B [0.38 J,B] 0.39 J,B 0.46 J,B NA NA 0.42 J,B NA 0.37 J,B NA NA NA NA
0.013 J [<0.065] <0.064 <0.075 NA NA <0.063 NA <0.068 NA NA NA NA
0.015 J [<0.065] <0.064 <0.075 NA NA <0.063 NA <0.068 NA NA NA NA
0.085 J [0.089 J] 0.19 J 0.081 J NA NA 0.14 J NA 0.076 J NA NA NA NA

0.094 JB [0.097 JB] 0.099 JB 0.11 JB,B NA NA 0.094 JB,B NA 0.10 JB,B NA NA NA NA
0.081 [<0.065] <0.064 <0.075 NA NA <0.063 NA <0.068 NA NA NA NA
0.10 J [<0.19] <0.19 <0.22 NA NA <0.19 NA <0.21 NA NA NA NA

<0.022 [<0.022] <0.022 <0.025 NA NA 0.0022 J <0.44 [<0.45] <0.023 <0.41 <0.40 <0.38 <0.50
<0.044 [<0.044] <0.044 <0.051 <0.41 J <0.40 J 11 2.8 J [7.3 J] <0.047 <0.41 <0.40 0.31 J <0.50
<0.022 [<0.022] <0.022 <0.025 <0.41 <0.40 0.49 0.17 J [0.43 J] <0.023 <0.41 <0.40 <0.38 <0.50
<0.022 [<0.022] <0.022 <0.025 NA NA 0.0049 J <0.44 [<0.45] <0.023 <0.41 <0.40 <0.38 <0.50
<0.022 [<0.022] <0.022 <0.025 NA NA 0.0066 J <0.44 [<0.45] <0.023 <0.41 <0.40 <0.38 <0.50
<0.022 [<0.022] <0.022 <0.025 NA NA 0.021 J <0.44 [0.057 J] <0.023 <0.41 <0.40 <0.38 <0.50
<0.022 [<0.022] <0.022 <0.025 NA NA 0.021 J <0.44 [0.064 J] <0.023 <0.41 <0.40 <0.38 <0.50
<0.022 [<0.022] <0.022 <0.025 NA NA 0.072 <0.17 J [0.45 J] <0.023 <0.16 <0.16 <0.15 <0.20
<0.022 [<0.022] <0.022 <0.025 NA NA 0.022 <0.17 J [0.38 J] <0.023 <0.16 <0.16 <0.15 <0.20
<0.022 [<0.022] <0.022 <0.025 NA NA 0.12 <0.17 J [0.48 J] <0.023 <0.16 <0.16 <0.15 <0.20

NA NA NA NA NA NA <0.44 [0.28 J] NA <0.41 <0.40 <0.38 <0.50
<0.022 [<0.022] <0.022 <0.025 NA NA 0.036 <0.44 [0.38 J] <0.023 <0.41 <0.40 <0.38 <0.50
0.16 ,J [0.31 ,J] 0.42 0.038 J NA NA 5.7 0.90 J [2.5 J] 0.13 <0.41 <0.40 1.0 <0.50
<0.087 [<0.088] <0.087 <0.10 NA NA 0.16 <0.44 [<0.45] <0.093 <0.41 <0.40 <0.38 <0.50

NA NA NA NA NA NA <0.44 J [0.077 J] NA <0.41 <0.40 J <0.38 J <0.50 J
<0.022 [<0.022] <0.022 <0.025 NA NA 0.087 0.042 J [0.66] <0.023 <0.41 <0.40 0.041 J <0.50

NA NA NA NA NA NA <0.17 [0.29] NA <0.16 <0.16 <0.15 <0.20
0.026 [0.0068 J] 0.0084 J 0.0077 J NA NA 0.024 <0.44 [<0.45] 0.0039 J <0.41 <0.40 <0.38 <0.50
<0.022 [<0.022] <0.022 <0.025 NA NA 0.21 <0.44 [<0.45] <0.023 <0.41 <0.40 <0.38 <0.50

0.15 [0.10] 0.47 0.0098 J NA NA 62 15 J [68 J] 0.089 0.060 J <0.40 J 2.7 J <0.50 J
<0.044 [<0.044] <0.044 <0.051 <0.41 <0.40 12 3.0 J [7.7 J] <0.047 <0.41 <0.40 0.31 J <0.50
0.014 J [0.012 J] 0.013 J <0.025 NA NA 0.055 <0.44 [<0.45] <0.023 <0.41 <0.40 <0.38 <0.50
<0.022 [<0.022] <0.022 <0.025 NA NA 0.43 <0.44 J [1.3 J] <0.023 <0.41 <0.40 <0.38 <0.50
<0.022 [<0.022] <0.022 <0.025 NA NA 0.014 J <0.44 [<0.45] <0.023 <0.41 <0.40 <0.38 <0.50
<0.087 [<0.088] <0.087 <0.10 NA NA <0.086 <0.17 [0.39] <0.093 <0.16 <0.16 <0.15 <0.20
1.0 ,J [0.34 ,J] 0.15 <0.025 NA NA 2.9 0.93 [1.4] 0.0052 J <0.41 <0.40 0.20 J <0.50

<0.044 [<0.044] <0.044 <0.051 NA NA 0.10 <1.7 [<1.8] <0.047 <1.6 <1.6 <1.5 <2.0
<0.022 [<0.022] <0.022 <0.025 NA NA 0.16 NA <0.023 NA NA NA NA
<0.022 [<0.022] <0.022 <0.025 NA NA 0.24 <0.44 J [0.81 J] <0.023 <0.41 <0.40 <0.38 <0.50

NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA

0.014 J,J [0.0032 J,J] 0.0046 J,J <0.03 NA NA <0.51 NA <0.027 NA NA NA NA

NA NA NA <0.020 <0.020 NA <0.022 [<0.022] NA <0.020 <0.020 <0.019 <0.025
0.00014 [0.030 J] 0.041 J <0.049 <0.020 <0.020 2.4 1.2 J [0.34 J] 0.16 <0.020 <0.020 0.096 J <0.025

<0.5 [<0.5] <0.5 <0.5 NA NA 1.3 NA <0.5 NA NA NA NA
<1 [<1] <1 <1 NA NA 0.25 J,J NA <1 NA NA NA NA
<1 [<1] <1 <1 NA NA 1.55 J NA <1 NA NA NA NA

Region Screening Level Key
ca - RSL based on cancer endpoint
nc - RSL basedon non-cancer endpoint
max - RSL based on ceiling limit
sat - RSL based on saturation limit
ca* - where nc screening level < 100X ca screening level
ca** - where nc screening level < 10X ca screening level
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Table 3-1. Summary of Analytical Data for Detected Organic Compounds in Soil
RAAP-031 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID:
Sample Depth(Feet):

Date Collected: Units
Volatile Organics
Acetone 110,000 {sat} 88 mg/kg
Benzene 5.6 {ca*} 0.056 mg/kg
Ethylbenzene 29 {ca} 17.8 mg/kg
Methyl acetate 29,000 {sat} 152 mg/kg
Methylene Chloride 54 {ca} 0.026 mg/kg
Toluene 930 {sat} 15.2 mg/kg
Xylenes (total) 300 {sat} 220 mg/kg
Semivolatile Organics
1,1'-Biphenyl 260 {sat} 460 mg/kg
2,4-Dinitrotoluene 120 {nc} 1.36 mg/kg
2,6-Dinitrotoluene 62 {nc} 0.68 mg/kg
2-Methylnaphthalene 440 {sat} 18 mg/kg
Acenaphthene 3,300 {nc} 540 mg/kg
Acenaphthylene 3,300 {nc} - - mg/kg
Anthracene 170,000 {max} 9,000 mg/kg
Benzo(a)anthracene 2.1 {ca**} 0.28 mg/kg
Benzo(a)pyrene 0.21 {ca**} 6.2 mg/kg
Benzo(b)fluoranthene 2.1 {ca**} 0.94 mg/kg
Benzo(g,h,i)perylene 1,700 {nc} - - mg/kg
Benzo(k)fluoranthene 21 {ca**} 9.2 mg/kg
bis(2-Ethylhexyl)phthalate 120 {ca*} 40 mg/kg
Butylbenzylphthalate 120,000 {max} 2,800 mg/kg
Carbazole 86 {ca**} 1.54 mg/kg
Chrysene 210 {ca**} 28 mg/kg
Dibenzo(a,h)anthracene 0.21 {ca**} 0.3 mg/kg
Diethylphthalate 490,000 {max} 260 mg/kg
Dimethylphthalate - - - - mg/kg
Di-n-Butylphthalate 6,200 {nc} 220 mg/kg
Dinitrotoluene Mix 2.5 {ca} 0.0019 mg/kg
Di-n-Octylphthalate - - - - mg/kg
Fluoranthene 2,200 {nc} 4,200 mg/kg
Fluorene 2,200 {nc} 660 mg/kg
Indeno(1,2,3-cd)pyrene 2.1 {ca**} 3.2 mg/kg
N-Nitrosodiphenylamine 350 {ca**} 3.4 mg/kg
Pentachlorophenol 9 {ca} 0.14 mg/kg
Phenanthrene 170,000 {max} - - mg/kg
Pyrene 1,700 {nc} 3,000 mg/kg
PAHs
Benzo(a)anthracene 2.1 {ca**} 0.28 mg/kg
Chrysene 210 {ca**} 28 mg/kg
Fluoranthene 2,200 {nc} 4,200 mg/kg
Indeno(1,2,3-cd)pyrene 2.1 {ca**} 3.2 mg/kg
Phenanthrene 170,000 {max} - - mg/kg
Pyrene 1,700 {nc} 3,000 mg/kg
Organochlorine Pesticides
Dieldrin 0.11 {ca} 0.0018 mg/kg
PCBs
Aroclor-1242 0.74 {ca**} 0.06 mg/kg
Aroclor-1254 0.74 {ca*} 0.102 mg/kg
Explosives
2,4-Dinitrotoluene 120 {nc} 1.36 mg/kg
2,6-Dinitrotoluene 62 {nc} 0.68 mg/kg
Dinitrotoluene Mix 2.5 {ca} 0.0019 mg/kg
Notes:
(a)  USEPA (2008) Regional Screening Levels (RSLs).
(b)  USEPA (2008) Protection of Groundwater Soil Screening Level (SSL) DAF 20.
Italics - results detected above Protection of Groundwater SSL
Shaded - results detected above adjusted Industrial Soil RSL
Results in brackets [ ## ] represent duplicate sample concentrations.
NA - parameter not analyzed
J - concentration is estimated

Adjusted Soil Screening 
Values-Industrial

Soil to Groundwater 
SSL (DAF 20)

ASB8 ASB8 ASB9 ASB9 ASB10 ASB10 A31-SB011 A31-SB012 A31-SB012 A31-SB013 A31-SB013 A31-SB014 A31-SB014
0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 1 - 2 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6

06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08

NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA

<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA NA NA NA NA
<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA <0.42 J <0.45 J <0.41 J [<0.42] <0.42 J 0.50 J <0.42 J
<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA <0.42 <0.45 <0.41 [<0.42] <0.42 <0.42 <0.42
<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA NA NA NA NA
<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA NA NA NA NA
<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA NA NA NA NA
<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA NA NA NA NA
<0.18 <0.19 <0.18 <0.17 <0.17 <0.18 NA NA NA NA NA NA NA
<0.18 <0.19 <0.18 <0.17 <0.17 <0.18 NA NA NA NA NA NA NA
<0.18 <0.19 <0.18 <0.17 <0.17 <0.18 NA NA NA NA NA NA NA
<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA NA NA NA NA
<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA NA NA NA NA
<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA NA NA NA NA
<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA NA NA NA NA

<0.45 J <0.49 J <0.45 J <0.43 J <0.43 J <0.44 J NA NA NA NA NA NA NA
<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA NA NA NA NA
<0.18 <0.19 <0.18 <0.17 <0.17 <0.18 NA NA NA NA NA NA NA
<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA NA NA NA NA
<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA NA NA NA NA

<0.45 J <0.49 J 0.12 J <0.43 J <0.43 J <0.44 J NA NA NA NA NA NA NA
<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA <0.42 <0.45 <0.41 [<0.42] <0.42 0.50 J <0.42
<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA NA NA NA NA
<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA NA NA NA NA
<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA NA NA NA NA
<0.18 <0.19 <0.18 <0.17 <0.17 <0.18 NA NA NA NA NA NA NA
<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA NA NA NA NA
<1.8 <1.9 <1.8 <1.7 <1.7 <1.8 NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA

<0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA NA

<0.023 <0.024 <0.022 <0.022 0.015 J <0.022 <0.020 <0.021 <0.022 <0.020 [<0.021 <0.021 <0.021 <0.021
<0.023 <0.024 0.20 J <0.022 0.011 J 0.016 J <0.020 <0.021 <0.022 <0.020 [<0.021 <0.021 <0.021 <0.021

NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA

Region Screening Level Key
ca - RSL based on cancer endpoint
nc - RSL basedon non-cancer endpoint
max - RSL based on ceiling limit
sat - RSL based on saturation limit
ca* - where nc screening level < 100X ca screening level
ca** - where nc screening level < 10X ca screening level
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Table 3-1. Summary of Analytical Data for Detected Organic Compounds in Soil
RAAP-031 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID:
Sample Depth(Feet):

Date Collected: Units
Volatile Organics
Acetone 110,000 {sat} 88 mg/kg
Benzene 5.6 {ca*} 0.056 mg/kg
Ethylbenzene 29 {ca} 17.8 mg/kg
Methyl acetate 29,000 {sat} 152 mg/kg
Methylene Chloride 54 {ca} 0.026 mg/kg
Toluene 930 {sat} 15.2 mg/kg
Xylenes (total) 300 {sat} 220 mg/kg
Semivolatile Organics
1,1'-Biphenyl 260 {sat} 460 mg/kg
2,4-Dinitrotoluene 120 {nc} 1.36 mg/kg
2,6-Dinitrotoluene 62 {nc} 0.68 mg/kg
2-Methylnaphthalene 440 {sat} 18 mg/kg
Acenaphthene 3,300 {nc} 540 mg/kg
Acenaphthylene 3,300 {nc} - - mg/kg
Anthracene 170,000 {max} 9,000 mg/kg
Benzo(a)anthracene 2.1 {ca**} 0.28 mg/kg
Benzo(a)pyrene 0.21 {ca**} 6.2 mg/kg
Benzo(b)fluoranthene 2.1 {ca**} 0.94 mg/kg
Benzo(g,h,i)perylene 1,700 {nc} - - mg/kg
Benzo(k)fluoranthene 21 {ca**} 9.2 mg/kg
bis(2-Ethylhexyl)phthalate 120 {ca*} 40 mg/kg
Butylbenzylphthalate 120,000 {max} 2,800 mg/kg
Carbazole 86 {ca**} 1.54 mg/kg
Chrysene 210 {ca**} 28 mg/kg
Dibenzo(a,h)anthracene 0.21 {ca**} 0.3 mg/kg
Diethylphthalate 490,000 {max} 260 mg/kg
Dimethylphthalate - - - - mg/kg
Di-n-Butylphthalate 6,200 {nc} 220 mg/kg
Dinitrotoluene Mix 2.5 {ca} 0.0019 mg/kg
Di-n-Octylphthalate - - - - mg/kg
Fluoranthene 2,200 {nc} 4,200 mg/kg
Fluorene 2,200 {nc} 660 mg/kg
Indeno(1,2,3-cd)pyrene 2.1 {ca**} 3.2 mg/kg
N-Nitrosodiphenylamine 350 {ca**} 3.4 mg/kg
Pentachlorophenol 9 {ca} 0.14 mg/kg
Phenanthrene 170,000 {max} - - mg/kg
Pyrene 1,700 {nc} 3,000 mg/kg
PAHs
Benzo(a)anthracene 2.1 {ca**} 0.28 mg/kg
Chrysene 210 {ca**} 28 mg/kg
Fluoranthene 2,200 {nc} 4,200 mg/kg
Indeno(1,2,3-cd)pyrene 2.1 {ca**} 3.2 mg/kg
Phenanthrene 170,000 {max} - - mg/kg
Pyrene 1,700 {nc} 3,000 mg/kg
Organochlorine Pesticides
Dieldrin 0.11 {ca} 0.0018 mg/kg
PCBs
Aroclor-1242 0.74 {ca**} 0.06 mg/kg
Aroclor-1254 0.74 {ca*} 0.102 mg/kg
Explosives
2,4-Dinitrotoluene 120 {nc} 1.36 mg/kg
2,6-Dinitrotoluene 62 {nc} 0.68 mg/kg
Dinitrotoluene Mix 2.5 {ca} 0.0019 mg/kg
Notes:
(a)  USEPA (2008) Regional Screening Levels (RSLs).
(b)  USEPA (2008) Protection of Groundwater Soil Screening Level (SSL) DAF 20.
Italics - results detected above Protection of Groundwater SSL
Shaded - results detected above adjusted Industrial Soil RSL
Results in brackets [ ## ] represent duplicate sample concentrations.
NA - parameter not analyzed
J - concentration is estimated

Adjusted Soil Screening 
Values-Industrial

Soil to Groundwater 
SSL (DAF 20)

A31-SB015 A31-SB015 A31-SB016 A31-SB016 A31-SB017 A31-SB017 A31-SB018 A31-SB018 A31-SB019 A31-SB019
2 - 3 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6

12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA
<0.42 J <0.41 J <0.42 J <0.42 J <0.42 J <0.41 J <0.46 J <0.42 J <0.42 J <0.42 J
<0.42 <0.41 <0.42 <0.42 <0.42 J <0.41 <0.46 J <0.42 J <0.42 J <0.42

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA

<0.42 <0.41 <0.42 <0.42 <0.42 <0.41 <0.46 <0.42 <0.42 <0.42
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA

<0.021 <0.020 <0.021 <0.021 <0.021 <0.020 <0.023 <0.021 <0.021 <0.021
<0.021 <0.020 <0.021 <0.021 <0.021 <0.020 <0.023 <0.021 <0.021 <0.021

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA

Region Screening Level Key
ca - RSL based on cancer endpoint
nc - RSL basedon non-cancer endpoint
max - RSL based on ceiling limit
sat - RSL based on saturation limit
ca* - where nc screening level < 100X ca screening level
ca** - where nc screening level < 10X ca screening level
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Table 3-2. Summary of Analytical Data for Detected Inorganic Compounds in Soil
RAAP-031 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: ASB1 ASB1 ASB1 ASB2 ASB2 ASB2 ASB3 ASB3 ASB3 ASB3 A31-SB003AA31-SB003A ASB4 ASB4 ASB4
Sample Depth(Feet): 0 - 1 10 - 12 26 - 28 0 - 1 10 - 12 21 - 23 0 - 1 0 - 1 6 - 8 13 - 14.7 0 - 1 5 - 6 0 - 1 10 - 11 20

Date Collected: Units 10/11/03 10/11/03 10/11/03 10/11/03 10/11/03 10/11/03 10/11/03 06/30/08 10/11/03 10/11/03 12/30/08 12/30/08 04/20/06 04/20/06 04/20/06

Inorganics
Aluminum 990,000 {max} - - 40,041 mg/kg 32,000 30,800 36,300 28,500 32,300 [34,800] 35,000 32,100 26,100 28,300 24,500 NA NA 33,000 ,J [28,000 ,J] 26,000 ,J 27,000 ,J
Antimony 41 {nc} - - - - mg/kg 0.0860 J <0.500 0.180 J 0.0710 J <0.500 [0.0680 J] <0.500 <0.500 <3.40 <0.500 <0.500 NA NA 0.100 J,J [0.240 J,J] <0.500 ,J 0.140 J,J
Arsenic 1.6 {ca} - - 15.8 {C} mg/kg 3.00 1.80 8.10 2.90 3.40 [4.70] 4.50 1.90 4.90 1.60 2.20 NA NA 2.00 ,J [1.70 ,J] 1.60 ,J 4.20 ,J
Barium 190,000 {max} - - 209 {N} mg/kg 86.0 99.0 115 61.0 77.0 [98.0] 88.0 114 203 63.0 50.0 NA NA 67.0 ,J [57.0 ,J] 50.0 ,J 86.0 ,J
Beryllium 200 {nc} - - 1.02 {N} mg/kg 0.530 J 0.900 J 1.80 0.550 J 1.30 [0.860 J] 0.590 J 0.620 J 0.900 J 0.570 J 0.640 J NA NA 0.550 J,J [0.640 J,J] 0.590 J,J 1.10 ,J
Cadmium 81 {nc} - - 0.69 {N} mg/kg 0.940 J <1.00 0.460 J 0.260 J 0.360 J [<1.00] <1.00 <1.00 0.470 J 0.750 J <1.00 NA NA 0.0760 J,J [0.170 J,J] 0.0360 J,J 0.150 J,J
Calcium - - - - - - mg/kg 2,570 408 126 J 6,100 867 [380] 310 3,910 15,900 644 293 NA NA 2,200 ,J [2,100 ,J] 710 ,J 320 ,J
Chromium 1,460 {ca**} - - 65.3 {N} mg/kg 38.0 ,J 31.0 ,J 40.0 ,J 36.0 ,J 39.0 ,J [41.0 ,J] 52.0 ,J 33.0 ,J 44.7 30.0 ,J 41.0 ,J NA NA 29.0 ,J [43.0 ,J] 28.0 ,J 21.0 ,J
Cobalt 30 {nc} - - 72.3 mg/kg 8.80 ,J 24.0 ,J 15.0 ,J 9.30 ,J 14.0 ,J [22.0 ,J] 20.0 ,J 24.0 ,J 9.90 12.0 ,J 11.0 ,J NA NA 6.20 ,J [6.20 ,J] 6.30 ,J 33.0 ,J
Copper 4,100 {nc} - - 53.5 {N} mg/kg 155 20.0 43.0 57.0 19.0 [23.0] 22.0 36.0 245 17.0 14.0 NA NA 460 ,J [560 ,J] 15.0 ,J 30.0 ,J
Cyanide 2,000 {nc} - - - - mg/kg 0.0600 J <0.500 0.470 J 0.230 J 0.180 J [0.140 J] <0.500 0.150 J NA <0.500 <0.500 NA NA <0.260 [<0.260] <0.260 0.720
Iron 720,000 {max} - - 50,962 {N} mg/kg 41,600 37,500 42,200 38,100 40,300 [38,000] 40,200 38,300 49,500 36,500 33,600 NA NA 40,000 ,J [66,000 ,J] 33,000 ,J 55,000 ,J
Lead 750 { } - - 26.8 mg/kg 76.0 26.0 19.0 25.0 8.80 ,J [13.0 ,J] 12.0 34.0 170 11.0 12.0 NA NA 30.0 ,J [34.0 ,J] 13.0 ,J 25.0 ,J
Magnesium - - - - - - mg/kg 2,450 2,050 5,870 3,180 5,220 J [2,800 J] 2,120 2,090 7,190 1,980 1,160 NA NA 2,600 ,J [2,400 ,J] 1,300 ,J 3,900 ,J
Manganese 2,300 {nc} - - 2,543 {N} mg/kg 315 1,750 1,170 426 648 [859] 704 2,400 397 483 330 NA NA 290 ,J [350 ,J] 260 ,J 1,700 ,J
Mercury 3.1 {sat} 2 0.13 mg/kg 0.0670 J 0.0190 J 0.0750 J 0.0450 J 0.0140 J [0.0220 J] 0.0200 J 0.0520 J 0.0970 0.0300 J 0.0250 J NA NA 0.0410 J,J [0.0350 J,J 0.0330 J,J 0.0250 J,J
Nickel 2,000 {nc} - - 62.8 {N} mg/kg 13.0 16.0 28.0 13.0 36.0 ,J [21.0 J] 20.0 12.0 20.1 13.0 14.0 NA NA 16.0 ,J [13.0 ,J] 12.0 ,J 32.0 ,J
Potassium - - - - - - mg/kg 1,540 1,840 3,780 1,220 2,750 J [1,560 J] 1,260 1,410 1,540 1,670 1,010 NA NA 1,600 ,J [1,500 ,J] 1,200 ,J 2,600 ,J
Selenium 510 {nc} - - - - mg/kg 0.560 J 0.520 J 0.990 J 0.470 J 0.600 J [0.500 J] 0.450 J 0.300 J <1.80 0.400 J 0.400 J NA NA <1.00 ,J [0.0700 J,J] 0.0700 J,J 0.100 J,J
Silver 510 {nc} - - - - mg/kg 0.0700 J 0.0610 J 0.110 J 0.0720 J 0.0930 J [0.0940 J] 0.0750 J 0.0540 J <2.30 0.0480 J 0.0740 J NA NA 0.100 J,J [0.0650 J,J] 0.0450 J,J 0.190 J,J
Sodium - - - - - - mg/kg 95.0 J 122 54.0 J 77.0 J 77.0 J [50.0 J] 50.0 J 207 <1,150 237 131 NA NA 120 ,J [49.0 J,J] 330 ,J <100 ,J
Thallium 6.6 {nc} - - 2.11 {N} mg/kg 0.240 J,B 0.430 J 0.450 J 0.230 J,B .230 J,B [0.220 J,B 0.210 J,B 0.480 J <2.30 0.200 J,B 0.150 J,B NA NA 0.320 J,J [0.240 J,J] 0.190 J,J 0.370 J,J
Vanadium 520 {nc} - - 108 {N} mg/kg 68.0 ,L 66.0 ,L 56.0 ,L 63.0 ,L 55.0 L [49.0 L] 54.0 ,L 68.0 ,L 66.5 66.0 ,L 42.0 ,L NA NA 91.0 ,J [75.0 ,J] 71.0 ,J 77.0 ,J
Zinc 310,000 {max} - - 202 {N} mg/kg 78.0 56.0 109 58.0 45.0 [37.0] 40.0 56.0 313 46.0 44.0 NA NA 76.0 ,J [140 ,J] 47.0 ,J 37.0 ,J
Notes:
(a)  USEPA (2008) Regional Screening Levels (RSLs). Region Screening Level Key
(b)  USEPA (2008) Protection of Groundwater Soil Screening Level (SSL) DAF 20. ca - RSL based on cancer endpoint
Bold - results detected above facility-wide background values nc - RSL basedon non-cancer endpoint
Italics - results detected above Protection of Groundwater SSL max - RSL based on ceiling limit
Shaded - results detected above adjusted Industrial Soil RSL sat - RSL based on saturation limit
Results in brackets [ ## ] represent duplicate sample concentrations. ca* - where nc screening level < 100X ca screening level
NA - parameter not analyzed ca** - where nc screening level < 10X ca screening level
J - concentration is estimated

Adjusted Soil 
Screening 

Values-Industrial

Soil to 
Groundwater 
SSL (DAF 20)

Facility-Wide 
Background 

Values
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Table 3-2. Summary of Analytical Data for Detected Inorganic Compounds in Soil
RAAP-031 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID:
Sample Depth(Feet):

Date Collected: Units

Inorganics
Aluminum 990,000 {max} - - 40,041 mg/kg
Antimony 41 {nc} - - - - mg/kg
Arsenic 1.6 {ca} - - 15.8 {C} mg/kg
Barium 190,000 {max} - - 209 {N} mg/kg
Beryllium 200 {nc} - - 1.02 {N} mg/kg
Cadmium 81 {nc} - - 0.69 {N} mg/kg
Calcium - - - - - - mg/kg
Chromium 1,460 {ca**} - - 65.3 {N} mg/kg
Cobalt 30 {nc} - - 72.3 mg/kg
Copper 4,100 {nc} - - 53.5 {N} mg/kg
Cyanide 2,000 {nc} - - - - mg/kg
Iron 720,000 {max} - - 50,962 {N} mg/kg
Lead 750 { } - - 26.8 mg/kg
Magnesium - - - - - - mg/kg
Manganese 2,300 {nc} - - 2,543 {N} mg/kg
Mercury 3.1 {sat} 2 0.13 mg/kg
Nickel 2,000 {nc} - - 62.8 {N} mg/kg
Potassium - - - - - - mg/kg
Selenium 510 {nc} - - - - mg/kg
Silver 510 {nc} - - - - mg/kg
Sodium - - - - - - mg/kg
Thallium 6.6 {nc} - - 2.11 {N} mg/kg
Vanadium 520 {nc} - - 108 {N} mg/kg
Zinc 310,000 {max} - - 202 {N} mg/kg
Notes:
(a)  USEPA (2008) Regional Screening Levels (RSLs).
(b)  USEPA (2008) Protection of Groundwater Soil Screening Level (SSL) DAF 20.
Bold - results detected above facility-wide background values
Italics - results detected above Protection of Groundwater SSL
Shaded - results detected above adjusted Industrial Soil RSL
Results in brackets [ ## ] represent duplicate sample concentrations.
NA - parameter not analyzed
J - concentration is estimated

Adjusted Soil 
Screening 

Values-Industrial

Soil to 
Groundwater 
SSL (DAF 20)

Facility-Wide 
Background 

Values

A31-SB004AA31-SB004A ASB5 ASB5 ASB5 ASB6 ASB6 ASB7 ASB7 ASB8 ASB8 ASB9 ASB9 ASB10 ASB10 A31-SB011
0 - 1 5 - 6 0 - 1 0 - 1 7 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1

12/30/08 12/30/08 04/20/06 06/30/08 04/20/06 06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 12/30/08

NA NA 21,000 ,J 32,300 [35,400] 36,000 ,J 37,000 31,900 28,600 34,700 38,100 35,600 37,100 34,800 38,800 42,300 NA
NA NA 0.630 ,J <3.60 [<3.80] <0.500 ,J <3.60 <3.40 <3.30 <4.10 <4.00 <4.40 <4.00 <3.70 <3.90 <3.80 NA
NA NA 20.0 ,J 10.4 [11.0] 1.80 ,J 3.60 2.30 4.60 3.60 4.20 3.30 6.40 2.80 6.30 3.60 NA
NA NA 150 ,J 114 [90.9] 94.0 ,J 54.1 49.8 55.7 85.3 42.8 78.1 74.4 76.9 55.5 74.2 NA
NA NA 0.590 J,J 0.790 J [0.800 J] 0.840 J,J 0.760 J 0.680 J 0.530 J 0.850 J 0.780 J 0.880 J 0.790 J 0.900 J 0.710 J 0.940 J NA
NA NA 1.30 ,J 0.850 J [0.520 J] 0.0720 J,J <1.20 <1.10 0.230 J <1.40 <1.30 <1.50 <1.30 <1.20 <1.30 <1.30 NA
NA NA 18,000 ,J 6,700 [9,020] 220 J,J 1,120 J <1,130 722 J <1,370 1,620 420 J 1,890 <1,250 1,480 <1,250 NA
NA NA 100 ,J 46.4 [59.7] 30.0 ,J 30.7 24.2 39.0 43.8 27.6 24.1 39.2 23.0 47.3 41.3 NA
NA NA 6.90 ,J 7.60 [6.30] 22.0 ,J 5.30 3.90 4.00 21.0 3.80 J 7.40 5.40 32.7 3.60 J 6.40 NA
NA NA 150 ,J 113 [68.1] 21.0 ,J 21.1 14.6 30.9 17.7 20.2 20.0 90.5 19.2 18.7 20.1 NA
NA NA 0.210 j NA 0.600 NA NA NA NA NA NA NA NA NA NA NA
NA NA 33,000 ,J 44,400 [45,300] 47,000 ,J 46,900 33,400 38,500 44,300 47,700 44,300 48,000 46,100 56,400 50,100 NA
NA NA 330 ,J 78.4 [95.7] 24.0 ,J 18.0 10.9 22.9 16.0 16.3 10.7 29.0 20.6 18.5 20.0 NA
NA NA 10,000 ,J 4,480 [5,030] 2,700 ,J 1,560 1,210 1,050 J 1,230 J 1,700 2,350 1,710 2,170 1,540 1,540 NA
NA NA 310 ,J 329 [244] 950 ,J 226 135 168 772 152 232 272 836 117 364 NA
NA NA 0.140 ,J 0.0880 [0.0810] 0.0620 J,J 0.0670 0.0290 J 0.0720 0.0860 0.0560 0.0280 J 0.0930 0.0700 0.180 0.0290 J NA
NA NA 13.0 ,J 18.4 [13.3] 19.0 ,J 12.4 11.2 8.50 12.9 12.6 15.2 12.7 14.2 10.6 14.7 NA
NA NA 1,100 ,J 1,510 [1,520] 2,600 ,J 1,250 1,350 922 J 1,520 1,450 2,390 1,540 2,370 967 J 1,890 NA
NA NA 0.320 J,J <1.90 [<2.00 J] 0.160 J,J <1.90 <1.80 <1.80 <2.20 <2.10 J <2.40 <2.10 <2.00 <2.10 <2.00 NA
NA NA 0.180 J,J <2.40 [<2.50] 0.0640 J,J <2.40 <2.30 <2.20 <2.70 <2.70 <2.90 <2.70 <2.50 <2.60 <2.50 NA
NA NA 41.0 J,J <1,210 [<1,270] <100 ,J <1,190 <1,130 <1,120 <1,370 <1,340 <1,470 546 J <1,250 <1,290 <1,250 NA
NA NA 0.210 J,J <2.40 [<2.50] 0.390 J,J <2.40 <2.30 <2.20 <2.70 <2.70 <2.90 <2.70 <2.50 <2.60 <2.50 NA
NA NA 56.0 ,J 77.6 [83.5] 96.0 ,J 88.3 64.0 74.3 84.2 86.1 85.8 86.5 85.8 98.2 91.6 NA
NA NA 1,400 ,J 540 [375] 69.0 ,J 43.6 35.8 48.9 53.9 43.8 53.4 123 51.7 52.7 58.4 NA

Region Screening Level Key
ca - RSL based on cancer endpoint
nc - RSL basedon non-cancer endpoint
max - RSL based on ceiling limit
sat - RSL based on saturation limit
ca* - where nc screening level < 100X ca screening level
ca** - where nc screening level < 10X ca screening level
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Table 3-2. Summary of Analytical Data for Detected Inorganic Compounds in Soil
RAAP-031 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID:
Sample Depth(Feet):

Date Collected: Units

Inorganics
Aluminum 990,000 {max} - - 40,041 mg/kg
Antimony 41 {nc} - - - - mg/kg
Arsenic 1.6 {ca} - - 15.8 {C} mg/kg
Barium 190,000 {max} - - 209 {N} mg/kg
Beryllium 200 {nc} - - 1.02 {N} mg/kg
Cadmium 81 {nc} - - 0.69 {N} mg/kg
Calcium - - - - - - mg/kg
Chromium 1,460 {ca**} - - 65.3 {N} mg/kg
Cobalt 30 {nc} - - 72.3 mg/kg
Copper 4,100 {nc} - - 53.5 {N} mg/kg
Cyanide 2,000 {nc} - - - - mg/kg
Iron 720,000 {max} - - 50,962 {N} mg/kg
Lead 750 { } - - 26.8 mg/kg
Magnesium - - - - - - mg/kg
Manganese 2,300 {nc} - - 2,543 {N} mg/kg
Mercury 3.1 {sat} 2 0.13 mg/kg
Nickel 2,000 {nc} - - 62.8 {N} mg/kg
Potassium - - - - - - mg/kg
Selenium 510 {nc} - - - - mg/kg
Silver 510 {nc} - - - - mg/kg
Sodium - - - - - - mg/kg
Thallium 6.6 {nc} - - 2.11 {N} mg/kg
Vanadium 520 {nc} - - 108 {N} mg/kg
Zinc 310,000 {max} - - 202 {N} mg/kg
Notes:
(a)  USEPA (2008) Regional Screening Levels (RSLs).
(b)  USEPA (2008) Protection of Groundwater Soil Screening Level (SSL) DAF 20.
Bold - results detected above facility-wide background values
Italics - results detected above Protection of Groundwater SSL
Shaded - results detected above adjusted Industrial Soil RSL
Results in brackets [ ## ] represent duplicate sample concentrations.
NA - parameter not analyzed
J - concentration is estimated

Adjusted Soil 
Screening 

Values-Industrial

Soil to 
Groundwater 
SSL (DAF 20)

Facility-Wide 
Background 

Values

A31-SB012 A31-SB012 A31-SB013 A31-SB013 A31-SB014 A31-SB014 A31-SB015 A31-SB015 A31-SB016 A31-SB016 A31-SB017 A31-SB017 A31-SB018 A31-SB018 A31-SB019 A31-SB019
1 - 2 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6 2 - 3 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6

12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Region Screening Level Key
ca - RSL based on cancer endpoint
nc - RSL basedon non-cancer endpoint
max - RSL based on ceiling limit
sat - RSL based on saturation limit
ca* - where nc screening level < 100X ca screening level
ca** - where nc screening level < 10X ca screening level
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Table 5-1. Data Summary for Surface Soil (0-1 foot), AOC A - Area 31, Radford, VA

Frequency Percent Maximum Exposure Point
Detects [b] Minimum – Maximum Location Concentration [c]

Constituent [a] (mg/kg)

Explosives
2,4-Dinitrotoluene 7 / 20 35 % med 0.31 - 98 ASB003 16.57
2,6-Dinitrotoluene 6 / 20 30 % med 0.082 - 4.6 ASB003 1.011
Dinitrotoluene mixture 8 / 20 40 % med 0.31 - 102.6 ASB003 17.43
Polychlorinated Biphenyls
Aroclor 1242 1 / 19 5 % lo 0.015 - 0.015 ASB010 0.015 m
Aroclor 1254 8 / 19 42 % med 0.0099 - 2.4 ASB5 0.661
Organochlorine Pesticides
Dieldrin 1 / 3 33 % med 0.014 - 0.014 ASB4 0.014 m
Volatile Organic Compounds
Acetone 5 / 5 100 % hi 0.012 - 0.42 ASB5 0.42 m
Benzene 1 / 5 20 % med 0.013 - 0.013 ASB4 0.013 m
Ethylbenzene 1 / 5 20 % med 0.015 - 0.015 ASB4 0.015 m
Methyl acetate 2 / 5 40 % med 0.089 - 0.14 ASB5 0.14 m
Methylene Chloride 5 / 5 100 % hi 0.0045 - 0.097 ASB4 0.097 m
Toluene 1 / 5 20 % med 0.081 - 0.081 ASB4 0.081 m
Xylenes (total) 1 / 5 20 % med 0.1 - 0.1 ASB4 0.1 m
Semivolatile Organic Compounds
1,1'-Biphenyl 1 / 12 8 % lo 0.0022 - 0.0022 ASB5 0.0022 m
2-Methylnaphthalene 1 / 12 8 % lo 0.0049 - 0.0049 ASB5 0.0049 m
Acenaphthene 1 / 12 8 % lo 0.0066 - 0.0066 ASB5 0.0066 m
Acenaphthylene 2 / 12 17 % med 0.021 - 0.057 ASB005 0.057 m
Anthracene 2 / 12 17 % med 0.021 - 0.064 ASB005 0.064 m
Benzo(a)anthracene 3 / 12 25 % med 0.0036 - 1.072 ASB5 1.072 m
Benzo(a)pyrene 4 / 12 33 % med 0.009 - 0.38 ASB005 0.38 m
Benzo(b)fluoranthene 3 / 12 25 % med 0.016 - 0.48 ASB005 0.48 m
Benzo(g,h,i)perylene 1 / 12 8 % lo 0.28 - 0.28 ASB005 0.28 m
Benzo(k)fluoranthene 2 / 12 17 % med 0.036 - 0.38 ASB005 0.38 m
bis(2-Ethylhexyl)phthalate 8 / 12 67 % hi 0.11 - 5.7 ASB5 2.285
Butylbenzylphthalate 2 / 12 17 % med 0.16 - 0.24 ASB3 0.24 m
Carbazole 1 / 7 14 % lo 0.077 - 0.077 ASB005 0.077 m
Chrysene 6 / 12 50 % hi 0.0037 - 0.66 ASB005 0.183
Dibenzo(a,h)anthracene 1 / 12 8 % lo 0.29 - 0.29 ASB005 0.29 m
Diethylphthalate 6 / 12 50 % hi 0.01 - 0.16 ASB003 0.0842
Dimethylphthalate 2 / 12 17 % med 0.21 - 0.21 ASB1,ASB5 0.21 m
Di-n-Butylphthalate 10 / 12 83 % hi 0.06 - 410 ASB003 207.5
Di-n-Octylphthalate 3 / 12 25 % med 0.014 - 0.055 ASB5 0.055 m
Fluoranthene 5 / 12 42 % med 0.0077 - 1.3 ASB005 0.378
Fluorene 1 / 12 8 % lo 0.014 - 0.014 ASB5 0.014 m
Indeno(1,2,3-cd)pyrene 3 / 12 25 % med 0.006 - 0.39 ASB005 0.39 m
N-Nitrosodiphenylamine 8 / 12 67 % hi 0.12 - 22 ASB003 6.199
Pentachlorophenol 1 / 12 8 % lo 0.1 - 0.1 ASB5 0.1 m
Phenanthrene 4 / 5 80 % hi 0.0038 - 0.16 ASB5 0.16 m
Pyrene 5 / 12 42 % med 0.0067 - 0.81 ASB005 0.265
Footnotes are on last page.

Range of Detects
Detects / Total

(mg/kg)
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Table 5-1. Data Summary for Surface Soil (0-1 foot), AOC A - Area 31, Radford, VA

Frequency Percent Maximum Exposure Point
Detects [b] Minimum – Maximum Location Concentration [c]

Constituent [a] (mg/kg)

Range of Detects
Detects / Total

(mg/kg)

Inorganics
Aluminum 12 / 12 100 % hi 21,000 - 38,800 ASB010 35,128
Antimony 4 / 12 33 % med 0.071 - 0.63 ASB5 0.63 m
Arsenic 12 / 12 100 % hi 1.9 - 20 ASB5 8.824
Barium 12 / 12 100 % hi 42.8 - 203 ASB003 117.5
Beryllium 12 / 12 100 % hi 0.53 - 0.9 ASB003 0.747
Cadmium 7 / 12 58 % hi 0.17 - 1.3 ASB5 0.809
Calcium 12 / 12 100 % hi 722 - 18,000 ASB5 9,675
Chromium 12 / 12 100 % hi 27.6 - 100 ASB5 54.79
Cobalt 12 / 12 100 % hi 3.6 - 24 ASB3 10.83
Copper 12 / 12 100 % hi 18.7 - 560 ASB4 231.1
Cyanide 4 / 5 80 % hi 0.06 - 0.23 ASB2 0.23 m
Iron 12 / 12 100 % hi 33,000 - 66,000 ASB4 50,449
Lead 12 / 12 100 % hi 16.3 - 330 ASB5 160.2
Magnesium 12 / 12 100 % hi 1,050 - 10,000 ASB5 4,987
Manganese 12 / 12 100 % hi 117 - 2,400 ASB3 1,235
Mercury 12 / 12 100 % hi 0.041 - 0.18 ASB010 0.104
Nickel 12 / 12 100 % hi 8.5 - 20.1 ASB003 15.19
Potassium 12 / 12 100 % hi 922 - 1,600 ASB4 1,462
Selenium 5 / 11 45 % med 0.07 - 0.56 ASB1 0.496
Silver 5 / 12 42 % med 0.054 - 0.18 ASB5 0.136
Sodium 6 / 12 50 % hi 41 - 546 ASB009 318.3
Thallium 5 / 12 42 % med 0.21 - 0.48 ASB3 0.385
Vanadium 12 / 12 100 % hi 56 - 98.2 ASB010 84.27
Zinc 12 / 12 100 % hi 43.6 - 1,400 ASB5 1,373

[a] Detected constituents only are summarized here.

[b]   

[c]

m maximum used as the exposure point concentration.
mg/kg Milligrams per kilogram.

The exposure point concentration (EPC) was set equal to the lower of the upper confidence limit on the mean (UCL) calculated by ProUCL 4.0 
(USEPA, 2007) and the maximum concentration.  Where a UCL was not calculable, the maximum concentration was used as the EPC.

Data from two methods and data from duplicate samples were combined so that the higher detect and the lowest detection limit were used in the 
risk assessment dataset.

The percent non-detects in each data set is indicated as low "lo " (15 percent or less), medium "med " (between 15 and 50 percent), or high "hi " (50 
percent or more).
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Table 5-2. Data Summary for Surface and Subsurface Soil (0-15 foot), AOC A - Area 31, Radford, VA

Frequency Percent Maximum Exposure Point
Detects [b] Minimum – Maximum Location Concentration [c]

Constituent [a] (mg/kg)

Explosives
2,4-Dinitrotoluene 8 / 43 19 % med 0.023 - 98 ASB003 7.631
2,6-Dinitrotoluene 6 / 43 14 % lo 0.082 - 4.6 ASB003 0.517
Dinitrotoluene mixture 9 / 43 21 % med 0.023 - 102.6 ASB003 8.048
Polychlorinated Biphenyls
Aroclor 1242 1 / 38 3 % lo 0.015 - 0.015 ASB010 0.015 m
Aroclor 1254 11 / 38 29 % med 0.0099 - 2.4 ASB5 0.341
Organochlorine Pesticides
Dieldrin 2 / 5 40 % med 0.0046 - 0.014 ASB4 0.014 m
Volatile Organic Compounds
Acetone 11 / 11 100 % hi 0.012 - 0.42 ASB5 0.42 m
Benzene 1 / 11 9 % lo 0.013 - 0.013 ASB4 0.013 m
Ethylbenzene 1 / 11 9 % lo 0.015 - 0.015 ASB4 0.015 m
Methyl acetate 4 / 11 36 % med 0.076 - 0.19 ASB4 0.19 m
Methylene Chloride 11 / 11 100 % hi 0.0037 - 0.1 ASB5 0.1 m
Toluene 1 / 11 9 % lo 0.081 - 0.081 ASB4 0.081 m
Xylenes (total) 1 / 11 9 % lo 0.1 - 0.1 ASB4 0.1 m
Semivolatile Organic Compounds
1,1'-Biphenyl 1 / 23 4 % lo 0.0022 - 0.0022 ASB5 0.0022 m
2-Methylnaphthalene 1 / 23 4 % lo 0.0049 - 0.0049 ASB5 0.0049 m
Acenaphthene 1 / 23 4 % lo 0.0066 - 0.0066 ASB5 0.0066 m
Acenaphthylene 2 / 23 9 % lo 0.021 - 0.057 ASB005 0.057 m
Anthracene 2 / 23 9 % lo 0.021 - 0.064 ASB005 0.064 m
Benzo(a)anthracene 3 / 23 13 % lo 0.0036 - 1.072 ASB5 1.072 m
Benzo(a)pyrene 4 / 23 17 % med 0.009 - 0.38 ASB005 0.38 m
Benzo(b)fluoranthene 3 / 23 13 % lo 0.016 - 0.48 ASB005 0.48 m
Benzo(g,h,i)perylene 1 / 23 4 % lo 0.28 - 0.28 ASB005 0.28 m
Benzo(k)fluoranthene 2 / 23 9 % lo 0.036 - 0.38 ASB005 0.38 m
bis(2-Ethylhexyl)phthalate 14 / 23 61 % hi 0.016 - 5.7 ASB5 1.287
Butylbenzylphthalate 2 / 23 9 % lo 0.16 - 0.24 ASB3 0.24 m
Carbazole 1 / 12 8 % lo 0.077 - 0.077 ASB005 0.077 m
Chrysene 7 / 23 30 % med 0.0037 - 0.66 ASB005 0.116
Dibenzo(a,h)anthracene 1 / 23 4 % lo 0.29 - 0.29 ASB005 0.29 m
Diethylphthalate 12 / 23 52 % hi 0.0039 - 0.16 ASB003 0.0461
Dimethylphthalate 2 / 23 9 % lo 0.21 - 0.21 ASB1,ASB5 0.21 m
Di-n-Butylphthalate 16 / 23 70 % hi 0.06 - 410 ASB003 215.7
Di-n-Octylphthalate 4 / 23 17 % med 0.013 - 0.055 ASB5 0.055 m
Fluoranthene 6 / 23 26 % med 0.0077 - 1.3 ASB005 0.222
Fluorene 1 / 23 4 % lo 0.014 - 0.014 ASB5 0.014 m
Indeno(1,2,3-cd)pyrene 3 / 23 13 % lo 0.006 - 0.39 ASB005 0.39 m
N-Nitrosodiphenylamine 11 / 23 48 % med 0.0052 - 22 ASB003 3.195
Pentachlorophenol 1 / 23 4 % lo 0.1 - 0.1 ASB5 0.1 m
Phenanthrene 5 / 11 45 % med 0.0038 - 0.2 ASB3 0.0792
Pyrene 6 / 23 26 % med 0.0067 - 0.81 ASB005 0.16
Footnotes are on last page.

Range of Detects
Detects / Total

(mg/kg)
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Table 5-2. Data Summary for Surface and Subsurface Soil (0-15 foot), AOC A - Area 31, Radford, VA

Frequency Percent Maximum Exposure Point
Detects [b] Minimum – Maximum Location Concentration [c]

Constituent [a] (mg/kg)

Range of Detects
Detects / Total

(mg/kg)

Inorganics
Aluminum 23 / 23 100 % hi 21,000 - 42,300 ASB010 34,344
Antimony 5 / 23 22 % med 0.068 - 0.63 ASB5 0.269
Arsenic 23 / 23 100 % hi 1.6 - 20 ASB5 5.635
Barium 23 / 23 100 % hi 42.8 - 203 ASB003 95.57
Beryllium 23 / 23 100 % hi 0.53 - 1.3 ASB2* 0.818
Cadmium 11 / 23 48 % med 0.036 - 1.3 ASB5 0.64
Calcium 19 / 23 83 % hi 220 - 18,000 ASB5 7,507
Chromium 23 / 23 100 % hi 23 - 100 ASB5 44.25
Cobalt 23 / 23 100 % hi 3.6 - 32.7 ASB009 14.8
Copper 23 / 23 100 % hi 14 - 560 ASB4 326.5
Cyanide 6 / 11 55 % hi 0.06 - 0.6 ASB5 0.294
Iron 23 / 23 100 % hi 33,000 - 66,000 ASB4 46,160
Lead 23 / 23 100 % hi 10.7 - 330 ASB5 110.8
Magnesium 23 / 23 100 % hi 1,050 - 10,000 ASB5 4,722
Manganese 23 / 23 100 % hi 117 - 2,400 ASB3 763.4
Mercury 23 / 23 100 % hi 0.019 - 0.18 ASB010 0.0779
Nickel 23 / 23 100 % hi 8.5 - 36 ASB2* 16.72
Potassium 23 / 23 100 % hi 922 - 2,750 ASB2* 1,785
Selenium 11 / 22 50 % hi 0.07 - 0.6 ASB2* 0.449
Silver 11 / 23 48 % med 0.045 - 0.18 ASB5 0.0979
Sodium 11 / 23 48 % med 41 - 546 ASB009 243.1
Thallium 11 / 23 48 % med 0.15 - 0.48 ASB3 0.336
Vanadium 23 / 23 100 % hi 42 - 98.2 ASB010 80.8
Zinc 23 / 23 100 % hi 35.8 - 1,400 ASB5 418.5

[a] Detected constituents only are summarized here.

[b]   

[c]

m maximum used as the exposure point concentration.
mg/kg Milligrams per kilogram.

The exposure point concentration (EPC) was set equal to the lower of the upper confidence limit on the mean (UCL) calculated by 
ProUCL 4.0 (USEPA, 2007) and the maximum concentration.  Where a UCL was not calculable, the maximum concentration was used
as the EPC.

Data from two methods and data from duplicate samples were combined so that the higher detect and the lowest detection limit were 
used in the risk assessment dataset.

The percent non-detects in each data set is indicated as low "lo " (15 percent or less), medium "med " (between 15 and 50 percent), or 
high "hi " (50 percent or more).
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Table 5-3. Selection of Constituents of Potential Concern in Soil, AOC A - Area 31, Radford, VA

Maximum Screening Levels (mg/kg) [a] Screening Level Used [a] Constituent of Potential Concern? [b]
Concentration Residential Scenario Industrial Scenario Residential Industrial Residential Industrial

(0-15 foot) cancer noncancer cancer noncancer Scenario Scenario Scenario Scenario
Constituent (mg/kg) (cRSL) (ncRSL) (cRSL) (ncRSL) (mg/kg) (mg/kg) (Yes/no) Rational (Yes/no) Rational

Explosives
2,4-Dinitrotoluene 98 NA 12 NA 120 12 120 Yes ASL no BSL

2,6-Dinitrotoluene 4.6 NA 6.1 NA 62 6.1 62 no BSL no BSL

Dinitrotoluene mixture 102.6 0.71 12 2.5 120 0.71 2.5 Yes ASL Yes ASL

Polychlorinated Biphenyls
Aroclor 1242 0.015 0.22 NA 0.74 NA 0.22 0.74 no BSL no BSL

Aroclor 1254 2.4 0.22 0.11 0.74 1.1 0.11 0.74 Yes ASL Yes ASL

Organochlorine Pesticides
Dieldrin 0.014 0.03 0.31 0.11 3.1 0.03 0.11 no BSL no BSL

Volatile Organics
Acetone 0.42 NA 6,100 NA 61,000 6,100 61,000 no BSL no BSL

Benzene 0.013 1.1 9 5.6 47 1.1 5.6 no BSL no BSL

Ethylbenzene 0.015 5.7 360 29 2,200 5.7 29 no BSL no BSL

Methyl acetate 0.19 NA 7,800 NA 100,000 7,800 100,000 no BSL no BSL

Methylene Chloride 0.1 11 170 54 940 11 54 no BSL no BSL

Toluene 0.081 NA 500 NA 4,600 500 4,600 no BSL no BSL

Xylenes (total) 0.1 NA 60 NA 260 60 260 no BSL no BSL

Semivolatile Organics
1,1'-Biphenyl 0.0022 NA 390 NA 5,100 390 5,100 no BSL no BSL

2-Methylnaphthalene 0.0049 NA 31 NA 410 31 410 no BSL no BSL

Acenaphthene 0.0066 NA 340 NA 3,300 340 3,300 no BSL no BSL

Acenaphthylene [c] 0.057 NA 340 NA 3,300 340 3,300 no BSL no BSL

Anthracene 0.064 NA 1,700 NA 17,000 1,700 17,000 no BSL no BSL

Benzo(a)anthracene 1.072 0.15 NA 2.1 NA 0.15 2.1 Yes ASL no BSL

Benzo(a)pyrene 0.38 0.015 NA 0.21 NA 0.015 0.21 Yes ASL Yes ASL

Benzo(b)fluoranthene 0.48 0.15 NA 2.1 NA 0.15 2.1 Yes ASL no BSL

Benzo(g,h,i)perylene [d] 0.28 NA 170 NA 1,700 170 1,700 no BSL no BSL

Benzo(k)fluoranthene 0.38 1.5 NA 21 NA 1.5 21 no BSL no BSL

Footnotes are on last page.
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Table 5-3. Selection of Constituents of Potential Concern in Soil, AOC A - Area 31, Radford, VA

Maximum Screening Levels (mg/kg) [a] Screening Level Used [a] Constituent of Potential Concern? [b]
Concentration Residential Scenario Industrial Scenario Residential Industrial Residential Industrial

(0-15 foot) cancer noncancer cancer noncancer Scenario Scenario Scenario Scenario
Constituent (mg/kg) (cRSL) (ncRSL) (cRSL) (ncRSL) (mg/kg) (mg/kg) (Yes/no) Rational (Yes/no) Rational

Bis(2-ethylhexyl)phthalate 5.7 35 120 120 1,200 35 120 no BSL no BSL

Butylbenzylphthalate 0.24 NA 260 NA 910 260 910 no BSL no BSL

Carbazole 0.077 24 NA 86 NA 24 86 no BSL no BSL

Chrysene 0.66 15 NA 210 NA 15 210 no BSL no BSL

Dibenzo(a,h)anthracene 0.29 0.015 NA 0.21 NA 0.015 0.21 Yes ASL Yes ASL

Diethylphthalate 0.16 NA 4,900 NA 49,000 4,900 49,000 no BSL no BSL

Dimethylphthalate 0.21 NA NA NA NA NA NA Yes NSL Yes NSL

Di-n-Butylphthalate 410 NA 610 NA 6,200 610 6,200 no BSL no BSL

Di-n-Octylphthalate 0.055 NA NA NA NA NA NA Yes NSL Yes NSL

Fluoranthene 1.3 NA 230 NA 2,200 230 2,200 no BSL no BSL

Fluorene 0.014 NA 230 NA 2,200 230 2,200 no BSL no BSL

Indeno(1,2,3-cd)pyrene 0.39 0.15 NA 2.1 NA 0.15 2.1 Yes ASL no BSL

N-Nitrosodiphenylamine 22 99 NA 350 NA 99 350 no BSL no BSL

Pentachlorophenol 0.1 3 140 9 1,200 3 9 no BSL no BSL

Phenanthrene [e] 0.2 NA 1,700 NA 17,000 1,700 17,000 no BSL no BSL

Pyrene 0.81 NA 170 NA 1,700 170 1,700 no BSL no BSL

Inorganics
Aluminum 42,300 NA 7,700 NA 99,000 7,700 99,000 Yes ASL no BSL

Antimony 0.63 NA 3.1 NA 41 3.1 41 no BSL no BSL

Arsenic 20 0.39 2.2 1.6 26 0.39 1.6 Yes ASL Yes ASL

Barium 203 NA 1,500 NA 19,000 1,500 19,000 no BSL no BSL

Beryllium 1.3 1400 16 6900 200 16 200 no BSL no BSL

Cadmium 1.3 1800 7 9300 81 7 81 no BSL no BSL

Calcium 18,000 NA NA NA NA NA NA no EN no EN

Chromium [f] 100 39 230 200 310 39 200 Yes ASL no BSL

Cobalt 32.7 NA 2.3 NA 30 2.3 30 Yes ASL Yes ASL

Copper 560 NA 310 NA 4,100 310 4,100 Yes ASL no BSL

Cyanide 0.6 NA 160 NA 2,000 160 2,000 no BSL no BSL

Iron 66,000 NA 5,500 NA 72,000 5,500 72,000 Yes ASL no BSL

Lead [g] 330 NA NA NA NA 400 800 no BSL no BSL

Footnotes are on last page.
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Table 5-3. Selection of Constituents of Potential Concern in Soil, AOC A - Area 31, Radford, VA

Maximum Screening Levels (mg/kg) [a] Screening Level Used [a] Constituent of Potential Concern? [b]
Concentration Residential Scenario Industrial Scenario Residential Industrial Residential Industrial

(0-15 foot) cancer noncancer cancer noncancer Scenario Scenario Scenario Scenario
Constituent (mg/kg) (cRSL) (ncRSL) (cRSL) (ncRSL) (mg/kg) (mg/kg) (Yes/no) Rational (Yes/no) Rational

Magnesium 10,000 NA NA NA NA NA NA no EN no EN

Manganese 2,400 NA 180 NA 2,300 180 2,300 Yes ASL Yes ASL

Mercury 0.18 NA 0.67 NA 2.8 0.67 2.8 no BSL no BSL

Nickel [h] 36 NA 160 NA 2,000 160 2,000 no BSL no BSL

Potassium 2,750 NA NA NA NA NA NA no EN no EN

Selenium 0.6 NA 39 NA 510 39 510 no BSL no BSL

Silver 0.18 NA 39 NA 510 39 510 no BSL no BSL

Sodium 546 NA NA NA NA NA NA no EN no EN

Thallium 0.48 NA 0.51 NA 6.6 0.51 6.6 no BSL no BSL

Vanadium 98.2 NA 39 NA 520 39 520 Yes ASL no BSL

Zinc 1,400 NA 2,300 NA 31,000 2,300 31,000 no BSL no BSL

[a]   USEPA (2008) Regional Screening Level (RSL) for residential or industrial soil based on cancer risk of 1E-06 or noncancer hazard of 0.1.
The lowest of the cancer and the adjusted non-cancer RSL was used as the screening level.

[b] Constituent with maximum concentration exceeding the screening level and those with no screening level were considered COPCs unless they were essential human nutrients.
[c] Acenaphthene used as a surrogate for the RSL value.
[d] Pyrene used as a surrogate for the RSL value.
[e] Anthracene used as a surrogate for the RSL value.
[f] Chromium VI particulates used as a surrogate for the RSL value.
[g] Exposure to lead is assessed by estimating blood lead levels.
[h] Nickel "soluble salts" was used as a surrogate for the RSL value.

ASL Above screening level. mg/kg Milligrams per kilogram.
BSL Below screening level. NA Not available.
EN Essential nutrient. NSL No screening level available.
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Table 5-4. Summary of Toxicity Values and Target Sites AOC A - Area 31, Radford, VA

Target Site/Critical Effect
Constituent Oral Slope Factor Inh. Unit Risk Oral Ref. Dose Ref. Concentration Oral Inhalation

(mg/kg-day)-1 (ug/m3)-1 (mg/kg-day) (mg/m3)

Explosives
2,4-Dinitrotoluene -- -- 2.0E-03 -- CNS, blood NA
Dinitrotoluene mixture 6.8E-01 -- -- -- NA NA
Polychlorinated Biphenyls
Aroclor 1254 2.0E+00 5.7E-04 2.0E-05 -- eye, nails, immune system NA
Semivolatile Organic Compounds
Benzo(a)anthracene 7.3E-01 1.1E-04 -- -- NR NA
Benzo(a)pyrene 7.3E+00 1.1E-03 -- -- kidney NA
Benzo(b)fluoranthene 7.3E-01 1.1E-04 -- -- liver, kidney, blood NA
Dibenz(a,h)anthracene 7.3E+00 1.2E-03 -- -- NA NA
Dimethylphthalate [a] -- -- -- -- kidney NA
Di-n-octylphthalate [a] -- -- -- -- liver NA
Indeno(1,2,3-cd)pyrene 7.3E-01 1.1E-04 -- -- kidney NA
Inorganics
Aluminum -- -- 1.0E+00 5.0E-03 developmental NS NA
Arsenic 1.5E+00 4.3E-03 3.0E-04 3.0E-05 skin, vascular NA
Chromium [b] -- 8.4E-02 3.0E-03 8.0E-06 NR lung
Cobalt -- 9.0E-03 3.0E-04 6.0E-06 skin NA
Copper -- -- 4.0E-02 -- GI NA
Iron -- -- 7.0E-01 -- blood, liver, GI NA
Manganese -- -- 1.4E-01 5.0E-05 CNS CNS
Vanadium -- -- 5.0E-03 -- liver NA

[a]   RSLs were unavailable for these COPCs.
[b] Chromium VI particulates used as a surrogate for the RSL value.

CNS Central nervous system.
COPC Constituent of Potential Concern.
GI Gastrointestinal tract.
NA Not available.
NR Not Reported.
NS Nervous system.

Cancer Non-Cancer
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Table 5-5. Preliminary Risk and Hazard Estimates for Commercial/Industrial Worker Exposure to Soil (0-1 foot), AOC A - Area 31, Radford, VA

Exposure Point Screening Level (mg/kg) [a] Preliminary Hazards and Risks [b]
COPC? Concentration cancer noncancer Carcinogenic Non-carcinogenic

Constituent (Yes/no) (mg/kg) (cRSL) (ncRSL) Risk Hazard

Explosives
2,4-Dinitrotoluene no – NA 1.20E+03 –  –  
Dinitrotoluene mixture Yes 17.43 2.50E+00 1.20E+03 6.97E-06 42% 1.45E-02 7%
Polychlorinated Biphenyls   
Aroclor 1254 Yes 0.661 7.40E-01 1.10E+01 8.93E-07 5% 6.01E-02 30%
Semivolatile Organic Compounds   
Benzo(a)anthracene no – 2.10E+00 NA –  –  
Benzo(a)pyrene Yes 0.38 m 2.10E-01 NA 1.81E-06 11% –  
Benzo(b)fluoranthene no – 2.10E+00 NA –  –  
Dibenz(a,h)anthracene Yes 0.29 m 2.10E-01 NA 1.38E-06 8% –  
Dimethylphthalate Yes 0.21 m NA NA –  –  
Di-n-octylphthalate Yes 0.055 m NA NA –  –  
Indeno(1,2,3-cd)pyrene no – 2.10E+00 NA –  –  
Inorganics   
Aluminum no – NA 9.90E+05 –  –  
Arsenic Yes 8.824 1.60E+00 2.60E+02 5.52E-06 33% 3.39E-02 17%
Chromium [c] no – 2.00E+02 3.10E+03 –  –  
Cobalt Yes 10.83 NA 3.00E+02 –  3.61E-02 18%
Copper no – NA 4.10E+04 –  –  
Iron no – NA 7.20E+05 –  –  
Manganese Yes 1,235 NA 2.30E+04 –  5.37E-02 27%
Vanadium no – NA 7.20E+03 –  –  

Total hazard and risk 2E-05 0.2
Total risk without Arsenic [d] 1E-05 0.1

[a]   USEPA (2008) Regional Screening Level (RSL) for a Industrial Scenario. 

[b] Cancer risk = concentration x 1 x10-6 / cRSL; Noncancer hazard = concentration x 1 / ncRSL.

[c] Chromium VI particulates used as a surrogate for the RSL value.
[d]

– Not applicable. mg/kg Milligrams per kilogram. NA Not available.
COPC Constituent of Potential Concern. m EPC is based on maximum concentration

Metals detected within background are not considered to represent site-related afftects.  Therefore, this calculation excludes risks and hazards associated 
with arsenic, cobalt, manganese and vanadium.
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Table 5-6. Preliminary Risk and Hazard Estimates for Hypothetical Future Residential Exposure to Surface Soil (0-1 foot), AOC A - Area 31, Radford, VA

Exposure Point Screening Level (mg/kg) [a] Preliminary Hazards and Risks [b] Target Site/Critical Effect
COPC? Concentration cancer noncancer Carcinogenic Non-carcinogenic Oral Inhalation

Constituent (Yes/no) (mg/kg) (cRSL) (ncRSL) Risk Hazard

Explosives
2,4-Dinitrotoluene Yes 16.57 NA 1.20E+02 –  1.38E-01 3% CNS, blood NA
Dinitrotoluene mixture Yes 17.43 7.10E-01 1.20E+02 2.45E-05 23% 1.45E-01 3% NA NA
Polychlorinated Biphenyls   
Aroclor 1254 Yes 0.661 2.20E-01 1.10E+00 3.00E-06 3% 6.01E-01 14% eye, nails, immune system NA
Semivolatile Organic Compounds   
Benzo(a)anthracene Yes 1.072 m 1.50E-01 NA 7.15E-06 7% –  NR NA
Benzo(a)pyrene Yes 0.38 m 1.50E-02 NA 2.53E-05 23% –  kidney NA
Benzo(b)fluoranthene Yes 0.48 m 1.50E-01 NA 3.20E-06 3% –  liver, kidney, blood NA
Dibenz(a,h)anthracene Yes 0.29 m 1.50E-02 NA 1.93E-05 18% –  NA NA
Dimethylphthalate Yes 0.21 m NA NA –  –  kidney NA
Di-n-octylphthalate Yes 0.055 m NA NA –  –  liver NA
Indeno(1,2,3-cd)pyrene Yes 0.39 m 1.50E-01 NA 2.60E-06 2% –  kidney NA
Inorganics   
Aluminum Yes 35,128 NA 7.70E+04 –  4.56E-01 11% developmental NS NA
Arsenic Yes 8.824 3.90E-01 2.20E+01 2.26E-05 21% 4.01E-01 9% skin, vascular NA
Chromium [c] Yes 54.79 2.80E+02 2.30E+02 1.96E-07 <1% 2.38E-01 6% NR lung
Cobalt Yes 10.83 NA 2.30E+01 –  4.71E-01 11% skin NA
Copper Yes 231.1 NA 3.10E+03 –  7.45E-02 2% GI NA
Iron Yes 50,449 NA 5.50E+04 –  9.17E-01 21% blood, liver, GI NA
Manganese Yes 1,235 NA 1.80E+03 –  6.86E-01 16% CNS CNS
Vanadium Yes 84.27 NA 5.50E+02 –  1.53E-01 4% liver NA

Total hazard and risk 1E-04 4
Total risk excluding metals within background levels [d] 9E-05 3 **

**  HI Segregated by Target Site/Critical Effect [d] : HI (liver) = 0.9 HI (skin, vascular) = --
HI (eye) = 0.6 HI (immune system) = 0.6

HI (CNS) = 0.1 HI (nails) = 0.6
HI (blood) = 1 HI (fetus, developmental) = 0.5

HI (GI) = 1 HI (NA, NR) = 0.4

[a] USEPA (2008) Regional Screening Level (RSL) for a Residential  Scenario. 

[b] Cancer risk = concentration x 1 x10-6 / cRSL; Noncancer hazard = concentration x 1 / ncRSL.

[c] Chromium VI particulates used as a surrogate for the RSL value.
[d] Metals detected within background are not considered to represent site-related afftects.  Therefore, this calculation excludes risks and hazards associated with arsenic, cobalt, manganese and vanadium.

– Not applicable. mg/kg Milligrams per kilogram.
COPC Constituent of Potential Concern. NA Not available.
CNS Central nervous system. NR Not Reported.
GI Gastrointestinal tract. NS Nervous system.
m EPC is based on maximum concentration
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Table 5-7. Preliminary Risk and Hazard Estimates for Hypothetical Future Residential Exposure to Combined Surface and Subsurface Soil (0-15 foot), AOC A - Area 31, Radford, VA

Exposure Point Screening Level (mg/kg) [a] Preliminary Hazards and Risks [b] Target Site/Critical Effect
COPC? Concentration cancer noncancer Carcinogenic Non-carcinogenic Oral Inhalation

Constituent (Yes/no) (mg/kg) (cRSL) (ncRSL) Risk Hazard

Explosives
2,4-Dinitrotoluene Yes 7.631 NA 1.20E+02 –  6.36E-02 2% CNS, blood NA
Dinitrotoluene mixture Yes 8.048 7.10E-01 1.20E+02 1.13E-05 13% 6.71E-02 2% NA NA
Polychlorinated Biphenyls   
Aroclor 1254 Yes 0.341 2.20E-01 1.10E+00 1.55E-06 2% 3.10E-01 9% eye, nails, immune system NA
Semivolatile Organic Compounds   
Benzo(a)anthracene Yes 1.072 m 1.50E-01 NA 7.15E-06 8% –  NR NA
Benzo(a)pyrene Yes 0.38 m 1.50E-02 NA 2.53E-05 30% –  kidney NA
Benzo(b)fluoranthene Yes 0.48 m 1.50E-01 NA 3.20E-06 4% –  liver, kidney, blood NA
Dibenz(a,h)anthracene Yes 0.29 m 1.50E-02 NA 1.93E-05 23% –  NA NA
Dimethylphthalate Yes 0.21 m NA NA –  –  kidney NA
Di-n-octylphthalate Yes 0.055 m NA NA –  –  liver NA
Indeno(1,2,3-cd)pyrene Yes 0.39 m 1.50E-01 NA 2.60E-06 3% –  kidney NA
Inorganics   
Aluminum Yes 34,344 NA 7.70E+04 –  4.46E-01 13% developmental NS NA
Arsenic Yes 5.635 3.90E-01 2.20E+01 1.44E-05 17% 2.56E-01 7% skin, vascular NA
Chromium [c] Yes 44.25 2.80E+02 2.30E+02 1.58E-07 <1% 1.92E-01 6% NR lung
Cobalt Yes 14.8 NA 2.30E+01 –  6.43E-01 18% skin NA
Copper Yes 326.5 NA 3.10E+03 –  1.05E-01 3% GI NA
Iron Yes 46,160 NA 5.50E+04 –  8.39E-01 24% blood, liver, GI NA
Manganese Yes 763.4 NA 1.80E+03 –  4.24E-01 12% CNS CNS
Vanadium Yes 80.8 NA 5.50E+02 –  1.47E-01 4% liver NA

Total hazard and risk 9E-05 3
Total risk excluding metals within background levels [d] 7E-05 2 **

**  HI Segregated by Target Site/Critical Effect [d] : HI (liver) = 0.8 HI (skin, vascular) = --
HI (eye) = 0.3 HI (immune system) = 0.3

HI (CNS) = 0.1 HI (nails) = 0.3
HI (blood) = 0.9 HI (fetus, developmental) = 0.4

HI (GI) = 0.9 HI (NA, NR) = 0.3

[a] USEPA (2008) Regional Screening Level (RSL) for a Residential  Scenario. 

[b] Cancer risk = concentration x 1 x10-6 / cRSL; Noncancer hazard = concentration x 1 / ncRSL.

[c] Chromium VI particulates used as a surrogate for the RSL value.
[d] Metals detected within background are not considered to represent site-related afftects.  Therefore, this calculation excludes risks and hazards associated with arsenic, cobalt, manganese and vanadiu

– Not applicable. mg/kg Milligrams per kilogram.
COPC Constituent of Potential Concern. NA Not available.
CNS Central nervous system. NR Not Reported.
GI Gastrointestinal tract. NS Nervous system.
m EPC is based on maximum concentration

Page 1 of 1



Table 5-8.

Total Excess Total
RECEPTOR Calculation Lifetime Non-Cancer

Exposure Medium - Scenario Table Cancer Risk Hazard

Commercial/Industrial Worker

Soil (0-1 foot depth interval) Table 5-5 2E-05 0.20
Site-Related Constituents 1E-05 0.07

Hypothetical Future Resident (Surface Soil)

Soil (0-1 foot depth interval) Table 5-6 1E-04 4
Site-Related Constituents 9E-05 3 *

* HI for 0-1 foot depth interval segregated by target site/critical Effect:

HI (liver) = 1 HI (skin, vascular) = --
HI (eye) = 0.6 HI (immune system) = 0.6
HI (CNS) = 0.1 HI (nails) = 0.6
HI (blood) = 1 HI (fetus, developmental) = 0.5
HI (GI) = 1 HI (NA, NR) = 0.4

Hypothetical Future Resident (Combined Surface and Subsurface Soil)

Soil (0-15 foot depth interval) Table 5-7 9E-05 3.5
Site-Related Constituents 7E-05 2.0 **

** HI for 0-15 foot depth interval segregated by target site/critical effect:

HI (liver) = 1 HI (skin, vascular) = --
HI (eye) = 0.3 HI (immune system) = 0.3
HI (CNS) = 0.1 HI (nails) = 0.3
HI (blood) = 1 HI (fetus, developmental) = 0.4
HI (GI) = 0.9 HI (NA, NR) = 0.3

Summary of Calculated Risks and Hazards, AOC A - Area 31, Radford, VA

Page 1 of 1
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A31-SB003A
Depth(Feet) (0 - 1) (5 - 6)
Date 12/30/2008 12/30/2008
All Analytes < screening levels < screening levels

A31-SB004A
Depth(Feet) (0 - 1) (5 - 6)
Date 12/30/2008 12/30/2008
All Analytes < screening levels < screening levels

A31-SB011
Depth(Feet) (0 - 1)
Date 12/30/2008
All Analytes < screening levels

A31-SB012
Depth(Feet) (1 - 2) (5 - 6)
Date 12/30/2008 12/30/2008
All Analytes < screening levels < screening levels

A31-SB013
Depth(Feet) (0 - 1) (5 - 6)
Date 12/30/2008 12/30/2008
All Analytes < screening levels < screening levels

A31-SB014
Depth(Feet) (0 - 1) (5 - 6)
Date 12/30/2008 12/30/2008
SVOCs
Dinitrotoluene Mix 0.50 J <0.42

A31-SB015
Depth(Feet) (2 - 3) (5 - 6)
Date 12/30/2008 12/30/2008
All Analytes < screening levels < screening levels

A31-SB016
Depth(Feet) (0 - 1) (5 - 6)
Date 12/30/2008 12/30/2008
All Analytes < screening levels < screening levels

A31-SB017
Depth(Feet) (0 - 1) (5 - 6)
Date 12/30/2008 12/30/2008
All Analytes < screening levels < screening levels

A31-SB018
Depth(Feet) (0 - 1) (5 - 6)
Date 12/30/2008 12/30/2008
All Analytes < screening levels < screening levels

A31-SB019
Depth(Feet) (0 - 1) (5 - 6)
Date 12/30/2008 12/30/2008
All Analytes < screening levels < screening levels

ASB1
Depth(Feet) (0 - 1) (10 - 12) (26 - 28)
Date 10/11/2003 10/11/2003 10/11/2003
SVOCs
Dinitrotoluene Mix 0.93 J <0.22 <0.22
Inorganics
Arsenic 3.00 1.80 8.10

ASB10
Depth(Feet) (0 - 1) (5 - 6)
Date 6/30/2008 6/30/2008
Inorganics
Arsenic 6.30 3.60

ASB2
Depth(Feet) (0 - 1) (10 - 12) (21 - 23)
Date 10/11/2003 10/11/2003 10/11/2003
Explosives
Dinitrotoluene Mix <1 <1 [<1] 0.2 J
SVOCs
Dinitrotoluene Mix 0.10 J <0.22 [<0.22] <0.23
Inorganics
Arsenic 2.90 3.40 [4.70] 4.50

ASB3
Depth(Feet) (0 - 1) (0 - 1) (6 - 8) (13 - 14.7)
Date 10/11/2003 6/30/2008 10/11/2003 10/11/2003
Explosives
2,4-Dinitrotoluene 20 NA <0.5 <0.5
Dinitrotoluene Mix 20 NA <1 <1
PCBs
Aroclor-1254 NA 2.4 J NA NA
SVOCs
2,4-Dinitrotoluene 28 J 98 0.023 J <0.20
2,6-Dinitrotoluene 3.3 J 4.6 J <0.21 <0.20
Di-n-Butylphthalate 130 410 J 0.32 0.32
Dinitrotoluene Mix 31 J 100 J 0.023 J <0.20
N-Nitrosodiphenylamine 4.7 J 22 J 0.0080 J <0.20
Inorganics
Arsenic 1.90 4.90 1.60 2.20
Manganese 2,400 397 483 330

ASB4
Depth(Feet) (0 - 1) (10 - 11) (20)
Date 4/20/2006 4/20/2006 4/20/2006
Organochlorine Pesticides
Dieldrin 0.014 J [0.0032 J] 0.0046 J <0.03
Inorganics
Arsenic 1.60 ,J 4.20 ,J
Cobalt 6.20 ,J [6.20 ,J] 6.30 ,J 33.0 ,J

ASB5
Depth(Feet) (0 - 1) (0 - 1) (7)
Date 4/20/2006 6/30/2008 4/20/2006
Explosives
Dinitrotoluene Mix 1.55 J NA <1
PCBs
Aroclor-1254 2.4 1.2 J [0.34 J] 0.16
SVOCs
2,4-Dinitrotoluene 11 2.8 J [7.3 J] <0.047
Benzo(a)anthracene 0.072 <0.17 J [0.45 J] <0.023
Benzo(a)pyrene 0.022 <0.17 J [0.38 J] <0.023
Dibenzo(a,h)anthracene NA <0.17 [0.29] NA
Dinitrotoluene Mix 12 3.0 J [7.7 J] <0.047
Inorganics
Arsenic 20.0 ,J 10.4 [11.0] 1.80 ,J

ASB6
Depth(Feet) (0 - 1) (5 - 6)
Date 6/30/2008 6/30/2008
Inorganics
Arsenic 3.60 2.30

ASB7
Depth(Feet) (0 - 1) (5 - 6)
Date 6/30/2008 6/30/2008
SVOCs
Dinitrotoluene Mix 0.31 J <0.50
Inorganics
Arsenic 4.60 3.60

ASB8
Depth(Feet) (0 - 1) (5 - 6)
Date 6/30/2008 6/30/2008
Inorganics
Arsenic 4.20 3.30

ASB9
Depth(Feet) (0 - 1) (5 - 6)
Date 6/30/2008 6/30/2008
PCBs
Aroclor-1254 0.20 J <0.022
Inorganics
Arsenic 6.40 2.80
Cobalt 5.40 32.7

ASB17

2.4 J

32.7

COMPOUND

2,4-Dinitrotoluene 1,200 1.36
2,6-Dinitrotoluene 620 0.68
Aroclor-1254 0.74 0.102
Arsenic 1.6 --
Benzo(a)anthracene 2.1 0.28
Benzo(a)pyrene 0.21 6.2
Cobalt 30 --
Dibenzo(a,h)anthracene 0.21 0.3
Dieldrin 0.11 0.0018
Di-n-Butylphthalate 6,200 220
Dinitrotoluene Mix 2.5 0.0019
N-Nitrosodiphenylamine 350 3.4
Manganese 2300 --

2.00 ,J [1.70 ,J]

RSL for
industrial soil

Soil to
Groundwater SSL



Appendix A

Soil Sampling Logs









SM

0.0

0.0

0.0

4.0

4.0

4.0

4.0

Groundwater
Level(s)

SC

4.0

4-19-06

Drilling
Contractor

Reviewed By

4 ft x 2 in Macrocore Sampler with
Liner

Borehole
Backfill

Parratt Wolff

Logged By

Ground Surface
Elevation
Hammer
Data

B. Fisher

8

Sampling
Method

Truck - Mounted Geoprobe

Total Depth
of Borehole

NA

GM

12:25 Chemical
Sample ASB4-C
taken

12:00 Chemical
Sample ASB4-B
taken

11:30 Chemical
Sample ASB4-A plus
Dup-1 taken

Boring Terminated at 32.0 ft bgs.

7

6

5

4

3

2

1

Comments

10YR 5/6 yellowish brown, slightly clayey SILT, soft, moist, trace very fine sand
Medium dense silty CLAY with very fine sandy clay

10YR 5/6 yellow brown SILT, fine sandy silt, some clay moist very moist/very soft

7.5YR 5/6 GRAVEL, sandy and silty, gravel is fine to medium rounded, with fine
to coarse sand and silt, moist, with occasional, reddish yellow lenses

Sitly SAND, sand is fine

Sitly SAND, sand is fine

7.5YR 5/8 very fine SAND, silty, micaceous, moist

7.5YR 3/2 dark brown, very fine sandy SILT, some clay, moist grades to fine silty
sand at 0.6.  At 0.6 1/2" green stain
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Log of Borehole ASB4

Project Number:  11656628

Project: Radford Army Ammunition Plant- SSP
Project Location:   Radford, Virginia

G
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og

Geoprobe - Direct Push Technology

Bentonite Pellets

20

J. Spangler

4 ft x 2 in Rectractable Macrocore
Sampler

Drill Bit
Size/Type

32.0 feet

Drill Rig
Type

SAMPLES

FIELD NOTES

N
um

be
r

Date(s)
Drilled
Drilling
Method



4 ft x 2 in Macrocore Sampler with
Liner

4-19-06Date(s)
Drilled

Comments

Drilling
Contractor

Reviewed By

Borehole
Backfill

Parratt Wolff

Logged By

Ground Surface
Elevation

Geoprobe - Direct Push Technology

Bentonite Pellets

Sampling
Method

4 ft x 2 in Rectractable Macrocore
Sampler

Drill Bit
Size/Type

7.0 feet

Drill Rig
Type

B. Fisher

1

Boring Refusal at 7.0 ft bgs at possible gravel zone.

GM
7.5YR 4/2 brown, fine SAND, silty, moist, medium dense gravels at surface

CL

13:50 Chemical
Sample ASB5B taken

13:30 Chemical
Sample ASB5A taken

7.5YR 5/8 strong brown, fine sandy CLAY, silty, moist, trace gravels

Truck - Mounted Geoprobe

Total Depth
of Borehole

NA

2

Groundwater
Level(s)

Hammer
Data

3.0

4.0
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Project Number:  11656628
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ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0031.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 1 Foot Hole Diameter inches
Length and Diameter
of Coring Device 4 feet / 1.75 inches

Land-Surface Elev. N/A feet Surveyed Other 3-foot strokes used to increase recovery volume

Drilling Fluid Used N/A Drilling Method Hand Auger

Drilling
Contractor Columbia Technologies Driller Helper
Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (feet) (ppm) Sample/Core Description

0 1 1 0.0 0 - 1.8'  brown, SILT and fine SAND, little gravel, trace fill material, moist.

END OF BORING

Josh Ketchum --

--

ASB-3

6/30/2008 17:25 6/30/2008 17:30

1.75 Soil Samples Collected ASB003(0-1) at 17:30

Boring Logs_June 2008.xls.xls
ASB-3



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0031.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 1 Foot Hole Diameter inches
Length and Diameter
of Coring Device 4 feet / 1.75 inches

Land-Surface Elev. N/A feet Surveyed Other 3-foot strokes used to increase recovery volume

Drilling Fluid Used N/A Drilling Method Hand Auger

Drilling
Contractor Columbia Technologies Driller Helper
Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (feet) (ppm) Sample/Core Description

0 1 1 0.0 0 - 1.8'  reddish brown, SILT, root hairs present, trace sand and gravel, moist.

END OF BORING

*ASBDUP001(0-1) at 17:15

Josh Ketchum --

--

ASB-5

6/30/2008 17:10 6/30/2008 17:15

1.75 Soil Samples Collected ASB005(0-1)* at 17:15

Boring Logs_June 2008.xls.xls
ASB-5



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0031.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 6 Feet Hole Diameter inches

Length and Diameter
of Coring Device 4 feet / 1.75 inches

Land-Surface Elev. N/A feet Surveyed Other 3-foot strokes used to increase recovery volume

Drilling Fluid Used N/A Drilling Method Geoprobe 

Drilling
Contractor Columbia Technologies Driller Helper
Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (feet) (ppm) Sample/Core Description

0 3 3 0.0 0 - 1'  reddish brown, SILT and CLAY, trace fine sand, root hairs present, stiff, dry.

1 - 3'  reddish brown, SILT and CLAY, trace fine sand, root hairs present, trace black

staining, very stiff, crumbly, dry.
3 6 3 0.0 0 - 3'  yellowish brown, mottled, SILT, little clay, trace fine sand, trace black speckles 1-3',

stiff.

END OF BORING

ASB007(5-6) at 16:40

Josh Ketchum --

--

ASB-7

6/30/2008 16:30 6/30/2008 16:40

1.75 Soil Samples Collected ASB007(0-1) at 16:35

Boring Logs_June 2008.xls.xls
ASB-7



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0031.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 6 Feet Hole Diameter inches
Length and Diameter
of Coring Device 4 feet / 1.75 inches

Land-Surface Elev. N/A feet Surveyed Other 3-foot strokes used to increase recovery volume

Drilling Fluid Used N/A Drilling Method Geoprobe 

Drilling
Contractor Columbia Technologies Driller Helper
Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (feet) (ppm) Sample/Core Description

0 3 2.8 0.0 0 - 1.8'  medium brown, SILT and CLAY, trace sand, gravel, and road bed material, 

very stiff.
0.0 1.8 - 2.8'  reddish brown, SILT, trace fine sand, moist.

3 6 3 0.0 0 - 3'  reddish brown, SILT, trace fine sand, moist.

END OF BORING

*MS/MSD

Josh Ketchum --

--

ASB009(5-6) at 16:10

ASB-9

6/30/2008 16:00 6/30/2008 16:10

1.75 Soil Samples Collected ASB009(0-1)* at 16:05

Boring Logs_June 2008.xls.xls
ASB-9



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0031.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 6 Feet Hole Diameter inches

Length and Diameter
of Coring Device 4 feet / 1.75 inches

Land-Surface Elev. N/A feet Surveyed Other 3-foot strokes used to increase recovery volume

Drilling Fluid Used N/A Drilling Method Geoprobe 

Drilling
Contractor Columbia Technologies Driller Helper
Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (feet) (ppm) Sample/Core Description

0 3 3 0.0 0 - 0.5'  top soil, asphalt, and roadbed material.

0.5 - 3'  reddish brown, SILT and CLAY, trace fine micacous sand, very stiff.
3 6 3 0.0 0 - 1'  reddish brown, SILT and CLAY, trace fine micacous sand, very stiff.

1 - 3'  reddish brown, SILT, some fine micacous sand, medium stiff, crumbly, moist.

END OF BORING

ASB008(5-6) at 16:30

Josh Ketchum --

--

ASB-8

6/30/2008 16:20 6/30/2008 16:30

1.75 Soil Samples Collected ASB008(0.5-1.5) at 16:25

Boring Logs_June 2008.xls.xls
ASB-8



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0031.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 6 Feet Hole Diameter inches

Length and Diameter
of Coring Device 4 feet / 1.75 inches

Land-Surface Elev. N/A feet Surveyed Other 3-foot strokes used to increase recovery volume

Drilling Fluid Used N/A Drilling Method Geoprobe 

Drilling
Contractor Columbia Technologies Driller Helper
Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (feet) (ppm) Sample/Core Description

0 3 3 0.0 0 - 1.5'  reddish brown, SILT and CLAY, trace fine sand, root hairs present, very stiff.

1.5 - 3'  reddish brown mottled SILT and CLAY, trace fine micacous sand, dry, very stiff.
3 6 3 0.0 0 - 0.5'  reddish brown mottled SILT and CLAY, trace fine micacous sand, dry, very stiff.

0.5 - 3'  orange brown, SILT, trace fine sand, medium stiff, moist.

END OF BORING

ASB010(0-1) at 15:50

ASB010(5-6) at 15:55

Josh Ketchum --

--

ASB-10

6/30/2008 15:45 6/30/2008 15:55

1.75 Soil Samples Collected

Boring Logs_June 2008.xls.xls
ASB-10



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0031.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 8 Feet Hole Diameter inches

Length and Diameter
of Coring Device 4 feet / 1.75 inches

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe 

Drilling
Contractor ARCADIS U.S., Inc. Driller Helper
Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (feet) (ppm) Sample/Core Description

0 1* 1 NA 0 - 1'  red orange CLAY and SILT, little sand, trace mica, dry, low to medium plasticity.
(*collected by hand auger)

1 4 2.4 NA 0 - 2.4'  red orange CLAY and SILT, little fine to medium sand, trace mica, dry, stiff,

low to medium plasticity.
4 8 2.5 NA 0 - 2.5'  red orange CLAY and SILT, little fine to medium sand, trace mica, dry, stiff,

low to medium plasticity.

END OF BORING

ASB-3A

12/30/2008 10:50 12/30/2008 11:00

1.75 Soil Samples Collected A31-SB003A(0-1) at 8:40

Keith Carr --

--

A31-SB003A(5-6) at 11:00

Boring Logs_Dec 2008.xls.xls
ASB-3A



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0031.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 8 Feet Hole Diameter inches

Length and Diameter
of Coring Device 4 feet / 1.75 inches

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe 

Drilling
Contractor ARCADIS U.S., Inc. Driller Helper
Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (feet) (ppm) Sample/Core Description

0 1* 1 NA 0 - 1'  red orange CLAY and SILT, little sand, trace mica, dry, low to medium plasticity.
(*collected by hand auger)

1 4 2 NA 0 - 2'  red orange CLAY and SILT, some sand, trace mica, stiff, dry to moist, no

plasticity.
4 8 2 NA 0 - 1.4'  red orange CLAY and SILT, some sand, trace mica, stiff, dry to moist, no

plasticity.

NA 1.4 - 2'  CLAY (30%) and fine SAND (50%), some silt (15%), stiff, dry, no plasticity.

END OF BORING

ASB-4A

12/30/2008 10:00 12/30/2008 10:10

1.75 Soil Samples Collected A31-SB004A(0-1) at 8:50

A31-SB004A(5-6) at 10:10

Keith Carr --

--

Boring Logs_Dec 2008.xls.xls
ASB-4A



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0031.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 8 Feet Hole Diameter inches

Length and Diameter
of Coring Device 4 feet / 1.75 inches

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe 

Drilling
Contractor ARCADIS U.S., Inc. Driller Helper
Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (feet) (ppm) Sample/Core Description

0 4 2.3 NA 0 - 0.8'  gravel / roadbed
NA 0.8 - 1'  GRAVEL and orange CLAY.
NA 1 - 2.3'  orange brown CLAY and SILT, little sand, trace mica, stiff, dry to slightly moist,

no plasticity.
4 8 2.5 NA 0 - 2.5'  red orange CLAY and SILT, trace sand and mica flakes, slightly moist, low

plasticity.

END OF BORING

ASB-12

12/30/2008 11:40 12/30/2008 11:50

1.75 Soil Samples Collected A31-SB012(1-2) at 11:45

A31-SB012(5-6) at 11:50

Keith Carr --

--

Boring Logs_Dec 2008.xls.xls
ASB-12



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0031.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 8 Feet Hole Diameter inches
Length and Diameter
of Coring Device 4 feet / 1.75 inches *duplicate sample collected

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe 

Drilling
Contractor ARCADIS U.S., Inc. Driller Helper
Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (feet) (ppm) Sample/Core Description

0 1* 1 NA 0 - 1'  red orange CLAY and SILT, little sand, trace mica, stiff, dry to slightly moist, low
(*collected by hand auger) to medium plasticity.

1 4 1.5 NA 0 - 1.5'  red orange CLAY and SILT, little sand, trace mica, stiff, dry to slightly moist,

low to medium plasticity.
4 8 2.3 NA 0 - 2.3'  red orange CLAY and SILT, little sand, trace mica, little fine gravel (2-4mm, 

angular) from 1.5 -2', stiff, dry to slightly moist, low to medium plasticity.

END OF BORING

A31-SB013(5-6) at 12:15

Keith Carr --

--

ASB-13

12/30/2008 12:05 12/30/2008 12:15

1.75 Soil Samples Collected A31-SB013(0-1)* at 9:05

Boring Logs_Dec 2008.xls.xls
ASB-13



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0031.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 8 Feet Hole Diameter inches

Length and Diameter
of Coring Device 4 feet / 1.75 inches

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method hand auger

Drilling
Contractor ARCADIS U.S., Inc. Driller Helper
Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (feet) (ppm) Sample/Core Description

0 1 1 NA 0 - 1'  red orange CLAY (60%) and SILT (30%), little fine sand (10%), trace mica, dry

to slightly moist, low to medium plasticity.
1 2 1 NA 0 - 1'  red orange CLAY and SILT, little sand, trace mica, dry, stiff, low plasticity.
2 3 1 NA 0 - 1'  red orange CLAY and SILT, little sand, trace mica, dry, stiff, low plasticity.
3 4 1 NA 0 - 1'  red orange CLAY and SILT, little sand, trace mica, dry, stiff, low plasticity.
4 5 1 NA 0 - 1'  red orange CLAY and SILT, little sand, trace mica, dry, stiff, low plasticity.
5 6 1 NA 0 - 1'  red orange CLAY and SILT, little sand, trace mica, dry, stiff, low plasticity.

END OF BORING

ASB-14

12/30/2008 8:10 12/30/2008 10:00

1.75 Soil Samples Collected A31-SB014(0-1) at 8:40

A31-SB014(5-6) at 11:00

Keith Carr --

--

Boring Logs_Dec 2008.xls.xls
ASB-14



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0031.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 8 Feet Hole Diameter inches
Length and Diameter
of Coring Device 4 feet / 1.75 inches

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe 

Drilling
Contractor ARCADIS U.S., Inc. Driller Helper
Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (feet) (ppm) Sample/Core Description

0 4 4 NA 0 - 2'  gravel associated with roadbed.
NA 2 - 4'  red orange SILT and CLAY, little sand, trace mica, stiff, dry, no plasticity.

4 8 2 NA 0 - 2'  red orange SILT and CLAY, little sand, trace mica, stiff, dry, no plasticity.

END OF BORING

ASB-15

12/30/2008 11:05 12/30/2008 11:35

1.75 Soil Samples Collected A31-SB015(2-3)* at 11:25
*submitted for MS/MSD

Keith Carr --

--

A31-SB015(5-6) at 11:35

Boring Logs_Dec 2008.xls.xls
ASB-15



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0031.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 8 Feet Hole Diameter inches

Length and Diameter
of Coring Device 4 feet / 1.75 inches

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe 

Drilling
Contractor ARCADIS U.S., Inc. Driller Helper
Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (feet) (ppm) Sample/Core Description

0 1* 1 NA 0 - 1'  red orange CLAY and SILT, trace sand and mica flakes, dry to slightly moist,
(*collected by hand auger) low plasticity. 

1 4 2.5 NA 0 - 2.5'  red orange CLAY and SILT, trace sand and mica flakes, dry to slightly moist,

low plasticity. 
4 8 2.8 NA 0 - 2.8'  red orange CLAY and SILT, trace sand and mica flakes, some red mottling, 

very stiff, dry to slightly moist, low plasticity. 

END OF BORING

ASB-16

12/30/2008 12:20 12/30/2008 12:30

1.75 Soil Samples Collected A31-SB016(0-1) at 9:15

A31-SB016(5-6) at 12:30

Keith Carr --

--

Boring Logs_Dec 2008.xls.xls
ASB-16



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0031.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 8 Feet Hole Diameter inches

Length and Diameter
of Coring Device 4 feet / 1.75 inches

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe 

Drilling
Contractor ARCADIS U.S., Inc. Driller Helper
Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (feet) (ppm) Sample/Core Description

0 1* 1 NA 0 - 1'  red orange CLAY and SILT, little sand, trace mica, dry, low to medium plasticity.
(*collected by hand auger)

1 4 2 NA 0 - 2'  red orange CLAY and SILT, little sand, trace mica, dry, stiff, low to medium

plasticity.  Clay content and plasticity decreasing with depth. 
4 8 2 NA 0 - 2'  red orange CLAY and SILT, little sand, trace mica, dry, stiff, no plasticity.

END OF BORING

ASB-17

12/30/2008 10:30 12/30/2008 10:45

1.75 Soil Samples Collected A31-SB017(0-1) at 8:45

A31-SB017(5-6) at 10:40

Keith Carr --

--

Boring Logs_Dec 2008.xls.xls
ASB-17



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0031.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 8 Feet Hole Diameter inches

Length and Diameter
of Coring Device 4 feet / 1.75 inches

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe 

Drilling
Contractor ARCADIS U.S., Inc. Driller Helper
Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (feet) (ppm) Sample/Core Description

0 1* 1 NA 0 - 1'  red orange CLAY and SILT, some sand, trace mica, dry, medium plasticity.
(*collected by hand auger)

1 4 2 NA 0 - 2'  red orange CLAY and SILT, little sand, trace mica flakes, dry, stiff, low to no

plasticity.  Silt content increasing with depth.
4 8 2.5 NA 0 - 2.5'  red orange CLAY and SILT, little sand, trace mica flakes, dry, stiff, low to no

plasticity.  Silt and sand content increasing with depth.

END OF BORING

ASB-18

12/30/2008 10:50 12/30/2008 11:00

1.75 Soil Samples Collected A31-SB018(0-1) at 8:55

A31-SB018(5-6) at 9:50

Keith Carr --

--

Boring Logs_Dec 2008.xls.xls
ASB-18



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0031.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 8 Feet Hole Diameter inches

Length and Diameter
of Coring Device 4 feet / 1.75 inches

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe 

Drilling
Contractor ARCADIS U.S., Inc. Driller Helper
Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (feet) (ppm) Sample/Core Description

0 1* 1 NA 0 - 1'  red orange CLAY and SILT, little fine to medium sand, trace mica flakes, low
(*collected by hand auger) to medium plasticity.

1 4 2 NA 0 - 2'  red orange CLAY and SILT, little fine to medium sand, trace mica flakes, stiff,

dry, no plasticity.
4 8 3 NA 0 - 3'  red orange CLAY and SILT, little fine to medium sand, trace mica flakes, stiff,

dry, no plasticity.

END OF BORING

ASB-19

12/30/2008 9:20 12/30/2008 9:35

1.75 Soil Samples Collected A31-SB019(0-1) at 8:20

A31-SB019(5-6) at 9:35

Keith Carr --

--

Boring Logs_Dec 2008.xls.xls
ASB-19
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RADFORD ARMY AMMUNITION PLANT
ELECTRONIC VALIDATION REVIEW REPORT

RADFORD 004

Analytical data was evaluated in accordance with applicable USEPA SW-846 method requirements, 
“USEPA Contract Laboratory Program National Functional Guidelines for Organic Data Review” 
(October 1999), “USEPA Contract Laboratory Program National Functional Guidelines for Inorganic 
Data Review” (July 2002),  “USEPA Region III National Functional Guidelines for Organic Data 
Review” (September 1994), “USEPA Region III National Functional Guidelines for Inorganic Data 
Review” (June 1995), site-specific requirements defined in Radford Master Work Plan (URS, 2003), 
and site-specific requirements defined in the Quality Assurance Plan Addendum (Arcadis, 2008).

The data review summarized in this report includes a review of all sample collection documentation 
and the electronic data validation of the analytical data housed in the project database.  Sample 
collection documentation included sample collection logs and chains of custody.  The electronic data 
validation was performed utilizing the EQuIS Data Qualification Module (DQM).  DQM checks for 
the following parameters:

ν Holding times and preservation;

ν Blank contamination;

Method blanks,

Trip blanks,

Equipment blanks;

ν Matrix spike and Duplicate sample recovery;

ν Matrix Spike and Matrix Spike Duplicate relative percent differences;

ν Laboratory Control Sample and Duplicate recovery; 

ν Laboratory Control Sample and Duplicate relative percent differences; 

ν Surrogate recovery (organic analyses only); and

ν Field duplicate relative percent difference.

Manually review was performed on the following items: 

ν Sample dilutions and reporting limits

ν Case Narratives

Reviewed data was generated by Empirical Laboratories.  Data qualifiers were applied 
electronically to the database with any additional qualifiers added manually.  A summary of the 
data as amended by data qualifiers is included with the original hard copy reports.  The attached 
table summarizes the data that were qualified due to QC deficiencies.  The table indicates 
compounds/analytes qualified based on electronic and manual validation.  Refer to the associated 
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RADFORD ARMY AMMUNITION PLANT
ELECTRONIC VALIDATION REVIEW REPORT

RADFORD 004

The following samples were included in this SDG:

Sample
Delivery Group Sample ID

Sample
Date

Duplicate
Parent Sample ID

0806207 31MW002(061808) 6/18/08
0806207 31MWDUP001(061808) 6/18/08 31MW002(061808)
0806207 EB001(061808) 6/18/08
0806274 5GP027(25-28)(062508) 6/25/08
0806274 TB-2(062508) 6/25/08
0806275 1041006(0.5-1) 6/25/08
0806275 1041007(0.5-1) 6/25/08
0806275 1041008(0.5-1) 6/25/08
0806303 1041DUP001(8-9) 6/26/08 1041SB011(8-9)
0806303 1041SB009(7-8) 6/26/08
0806303 1041SB010(7-8) 6/26/08
0806303 1041SB011(8-9) 6/26/08
0806303 1041SB014(6-7) 6/26/08
0806310 1041DUP001(22-25)(062708) 6/27/08 1041HP018(22-25)(062708)
0806310 1041HP015(062708) 6/27/08
0806310 1041HP016(17-28)(062708) 6/27/08
0806310 1041HP017(22-25)(062708) 6/27/08
0806310 1041HP017(30-33)(062708) 6/27/08
0806310 1041HP018(22-25)(062708) 6/27/08
0806310 1041HP018(31-34)(062708) 6/27/08
0806310 TB-3(062708) 6/27/08
0806311 1041SB018(6-7) 6/27/08
0806311 1041SB019(6-7) 6/27/08
0807007 1041HP001A(062908) 6/29/08
0807007 1041HP019(18-28)(063008) 6/30/08
0807007 5GP029(15-22)(062808) 6/28/08
0807007 5GP029(35-38)(062808) 6/28/08
0807007 5GP030(14-23.5)(062908) 6/29/08
0807007 5GP031(15-19.5)(062808) 6/28/08
0807007 5GP031(35-38)(062908) 6/29/08
0807007 5GP032(15-18.5)(063008) 6/30/08
0807007 5GP033(17-24)(062908) 6/29/08
0807007 5GP034(27-30)(063008) 6/30/08
0807007 5GPDUP001(15-19.5)(062808) 6/28/08 5GP031(15-19.5)(062808)
0807007 EB001(062908) 6/29/08
0807007 TB-4(063008) 6/30/08
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RADFORD ARMY AMMUNITION PLANT
ELECTRONIC VALIDATION REVIEW REPORT

RADFORD 004

Sample
Delivery Group Sample ID

Sample
Date

Duplicate
Parent Sample ID

0807029 ASB003(0-1) 6/30/08
0807029 ASB005(0-1) 6/30/08
0807029 ASB006(0-1) 6/30/08
0807029 ASB006(5-6) 6/30/08
0807029 ASB007(0-1) 6/30/08
0807029 ASB007(5-6) 6/30/08
0807029 ASB008(0-1) 6/30/08
0807029 ASB008(5-6) 6/30/08
0807029 ASB009(0-1) 6/30/08
0807029 ASB009(5-6) 6/30/08
0807029 ASB010(0-1) 6/30/08
0807029 ASB010(5-6) 6/30/08
0807029 ASBDUP001(0-1) 6/30/08 ASB005(0-1)
0807029 EB-2(063008) 6/30/08
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RADFORD ARMY AMMUNITION PLANT
ELECTRONIC VALIDATION REVIEW REPORT

RADFORD 004

DATA PACKAGE DOCUMENTATION

Reported
Performance 
Acceptable

Items Reviewed No Yes No Yes Not Required
1.  Sampling dates noted X X
2.  Sampling team indicated X X
3.  Sampling identification traceable to

location collected X X

4.  Sample location X X
5.  Sample depth for water X
6.  Collection technique (bailer, pump, etc.) X X
7.  Sample container type X X
8. Preservation methods X X
9. Chain-of-custody form completed X X
10. Required analytical methods requested X X
11. Field (water and soil) sample logs

completed properly  X

12. Number and type of field QC samples 
collected (blanks, replicates, splits, etc.) X

13. Sample shipping X X
14. Laboratory task order X X

Field sampling logs = water and/or soil/sediment sampling logs QC - quality control

Comments:
Field documentation (Water Sampling Logs, Field Instrument Calibration, and Daily Logs) were not 
reviewed for the above referenced sampling.
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RADFORD ARMY AMMUNITION PLANT
ELECTRONIC VALIDATION REVIEW REPORT

RADFORD 004

VOLATILE ORGANIC COMPOUNDS (VOCs)

Items Reviewed
Deficiency

Qualification 
Applied

No Yes No Yes Not Required
1. Holding times/Preservation X X
2. Reporting limits X X
3. Blanks

 A.  Method blanks X X
 B.  Equipment blanks X X
 C.  Trip blanks X X

4. Surrogate spike recoveries X X
5. Laboratory control sample (LCS)

 A.  LCS %R X X
 B.  LCS duplicate (LCSD) %R X
 C.  LCS/LCSD RPD X

6. Matrix spike (MS)
 A.  MS %R X X
 B.  MS duplicate (MSD) %R X X
 C.  MS/MSD precision (RPD) X X

7. Field Duplicate precision (RPD) X X
M – Manual Review %R - percent recovery  RPD - relative percent difference DQM – Data Qualification Module

Comments:
This section presents a discussion of any additions or changes to the electronic data validation for 
compounds analyzed by EPA SW-846 Method 8260B.

Note: The “Y” flag was used by the laboratory to indicate that the percent difference (%D) for the 
analyte exceeded the control limit in the continuing calibration verification (CCV) with a 
negative bias.  The “Y” value was changed to a “J” during this validation to indicate that the 
reported value should be considered as an estimated concentration. See the attached 
qualification summary for details of the qualifications.

3A-C. Acetone, methylene chloride, chloroform, and toluene were detected in one or more of the trip, 
equipment, and/or laboratory method blanks. The sample results for acetone and methylene 
chloride that were detected at less than ten times the blank concentrations have been qualified 
as not detected ("UB") at the reported concentrations.  Detections of chloroform and toluene 
in the field samples that are less than 5 times the blank concentration, are qualified as non-
detect (UB) at the reported value.
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Cyclohexane and isopropylbenzene were detected in one or more of the laboratory method 
blanks. These compounds were not detected in any of the associated samples, so data 
qualification is not warranted.

5A-C. The recovery of chloromethane and toluene were above the upper control limit (UCL) in the 
LCS analyzed on 7/2/08. Since these compounds were not detected in the associated samples 
and the bias is high, data qualification is not warranted.

The recovery of acetone was above the UCL in the LCS analyzed on 7/1/08. Data qualification 
is not warranted since the high bias may be due to the contamination evident in the blanks and 
since all acetone results in the associated samples have been already qualified as not detected.

6A-C. 1041HP018(31-34) was utilized as a site-specific MS/MSD sample in SDG 0806310. The 
recoveries of chloromethane and toluene were above the UCL and the recoveries of methyl 
acetate and 1,3-dichlorobenzene were below the lower control limit (LCL). These compounds 
were not detected in the parent sample. Qualification of chloromethane and toluene is not 
warranted. Methyl acetate and 1,3-dichlorobenzene have been qualified as estimated not 
detected ("UJ") in the parent sample with a potential low bias.

5GP033(17-24)(062908) was utilized as a site-specific MS/MSD sample. The recovery of 1,4-
dioxane was below the LCL and the RPD of bromomethane was above the control limit. These 
compounds were not detected in the parent sample. Qualification of bromomethane is not 
warranted since the recoveries were within the control limits. 1,4-Dioxane has been qualified as 
estimated not detected ("UJ") in the parent sample.
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SEMI-VOLATILE ORGANIC COMPOUNDS (SVOCs)

Items Reviewed
Deficiency

Qualification 
Applied

No Yes No Yes Not Required
1. Holding times/Preservation X X
2. Reporting limits X X
3. Blanks

 A.  Method blanks X X
 B.  Equipment blanks X X

4. Surrogate spike recoveries X X
5. Laboratory control sample (LCS)

 A.  LCS %R X X
 B.  LCS duplicate (LCSD) %R X X
 C.  LCS/LCSD RPD X X

6. Matrix spike (MS)
 A.  MS %R X X
 B.  MS duplicate (MSD) %R X X
 C.  MS/MSD precision (RPD) X X

7. Field Duplicate precision (RPD) X X
M – Manual Review %R - percent recovery  RPD - relative percent difference DQM – Data Qualification Module

Comments:
This section presents a discussion of any additions or changes to the electronic data validation for 
compounds analyzed by EPA SW-846 Method 8270C.

Note: The “Y” flag was used by the laboratory to indicate that the %D for the analyte exceeded the 
control limit in the continuing calibration verification (CCV) with a negative bias.  The “Y” 
value was changed to a “J” during this validation to indicate that the reported value should be 
considered as an estimated concentration. See the attached qualification summary for details of 
the qualifications.

The “X” flag was used by the laboratory to indicate that the %D for the analyte exceeded the 
control limit in the initial calibration verification (ICV) with a positive bias. The “X” value was
changed to a “J” during this validation to indicate that reported value should be considered as 
estimated. See the attached qualification summary for details of the qualifications.

2. No non-detected results were reported with elevated reporting limits due to dilutions
associated with elevated concentrations of target compounds.

3A-B. Caprolactam was detected below the RL in the water laboratory method blank, benzaldehyde 
and caprolactam were detected below the RLs in the equipment blank EB2(063008), and 2-
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methylnaphthalene was detected above the RL in the equipment blank EB001(061808). Since 
these compounds were not detected in any of the project samples, data qualification is not 
warranted.

5A-C. (SDG 0807029) In the water LCS/LCSD, the recovery of caprolactam was below the LCL, 
the recoveries of 4,6-dinitro-2-methylphenol, 2,4-dinitrophenol, and pentachlorophenol were 
above the UCL, and the RPD of 2,4-dimethylphenol was above the control limit.  These 
compounds were not detected in the associated sample (i.e. equipment blank). Since the bias is 
high for the phenols, data qualification is not warranted. Caprolactam is already qualified as 
estimated in the equipment blank so further qualification is unnecessary.

(SDG 0807029) In both soil LCS/LCSD pairs, the recovery of benzaldehyde was below the 
LCL and the recoveries were less than 10%. The associated field samples have been qualified 
as unusable ("R") for benzaldehyde. The recovery of 2,4-dinitrophenol was above the UCL and 
the RPD was above the control limit. Since 2,4-dinitrophenol was not detected in the samples 
and the bias is high, data qualification is not warranted.

6A-C. (SDG 0807029) ASB009(0-1) was utilized as a site-specific MS/MSD sample. Benzaldehyde 
was not recovered (i.e. zero percent recovery) in the MS and MSD.  The associated field 
samples have been qualified as unusable ("R") for benzaldehyde. The recovery of di-n-butyl 
phthalate was above the UCL in the MS and the RPD was above the control limit. Di-n-butyl 
phthalate has been qualified as estimated ("J" or "UJ") for the associated project samples.

7. (SDG 0807029) The 70% RPD control limit was exceeded in the soil field duplicate analysis 
for 2,4-dinitrotoluene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, bis(2-
ethylhexyl) phthalate, di-n-butyl phthalate, fluoranthene, and indeno(1,2,3-cd)pyrene. These 
compounds have been qualified as estimated ("J" or "UJ") in the field duplicate samples, 
ASB005(0-1) and ASBDUP001(0-1).
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POLYCHLORINATED BIPHENYLS (PCBs)

Items Reviewed
Deficiency

Qualification 
Applied

No Yes No Yes Not Required
1. Holding times/Preservation X X
2. Reporting limits X X
3. Blanks

 A.  Method blanks X X
 B.  Equipment blanks X X

4. Surrogate spike recoveries X X
5. Laboratory control sample (LCS)

 A.  LCS %R X X
 B.  LCS duplicate (LCSD) %R X
 C.  LCS/LCSD RPD X

6. Matrix spike (MS)
 A.  MS %R X X
 B.  MS duplicate (MSD) %R X
 C.  MS/MSD precision (RPD) X X

7. Field Duplicate precision (RPD) X X
M – Manual Review %R - percent recovery  RPD - relative percent difference DQM – Data Qualification Module

Comments:
This section presents a discussion of any additions or changes to the electronic data validation for 
compounds analyzed by EPA SW-846 Method 8082.

Note: The “1” flag was used by the laboratory to indicate that the chromatographic pattern of the 
detected Aroclor did not compare well with the chromatographic pattern of the calibration 
standards and that the identification was based on the closest match. Since the detector used in 
the analysis only responds to halogenated compounds, the detected Aroclor patterns may be 
different from the standard due to weathering or the presence of more than one Aroclor. The 
“1” value was changed to a “J” during this validation to indicate that the detection is estimated 
and the reported value should be used as an estimated concentration. See the attached 
qualification summary for details of the qualifications.

4B. The recovery of Aroclor-1016 was slightly above the UCL in the LCS. All detected results 
have already been qualified as estimated, so further qualification is not warranted.

6B. ASB009(0-1) was utilized as a site-specific MS/MSD sample. The recoveries in the MSD were 
slightly above the UCL. All detected results have already been qualified as estimated, so further 
qualification is not warranted.
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METALS

Items Reviewed
Deficiency

Qualification 
Applied

No Yes No Yes Not Required
1. Holding times/Preservation X X
2. Reporting limits X X
3. Blanks

 A.  Method blanks X X
 B.  Equipment blanks X

4. Laboratory duplicate sample X X
5. Laboratory control sample (LCS)

 A.  LCS %R X X
 B.  LCS duplicate (LCSD) %R X
 C.  LCS/LCSD RPD X

6. Matrix spike (MS)
 A.  MS %R X X
 B.  MS duplicate (MSD) %R X X
 C.  MS/MSD precision (RPD) X X

7. Post digestion spike sample %R X X
8. Serial dilution X
9. Field Duplicate precision (RPD) X X

M – Manual Review %R - percent recovery RPD - relative percent difference DQM – Data Qualification Module

Comments:
This section presents a discussion of any additions or changes to the electronic data validation for 
compounds analyzed utilizing EPA SW-846 Methods 6010B and 7471A.

Note: Metals detected between the MDL and RL were flagged with a “B” by the laboratory.  The 
“B” was changed in this validation to a “J” to indicate that the concentration is an estimated 
value.

3A. Lead was detected below the RL in one of the calibration blanks and in the laboratory method 
blank. The lead concentrations in the project samples were greater than ten times the blank 
amounts, so data qualification is not warranted.

6A-B. ASB009(0-1) was utilized as a site-specific MS/MSD sample. The recoveries of aluminum and 
iron exceeded the control limits. The sample concentrations of aluminum and iron in the parent 
sample were greater than four times the spiking amount, so the recovery calculations are not 
reliable indicators of method performance, and thus data qualification is not warranted.
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VALIDATION CHECKLIST
SUMMARY AND DATA QUALIFIER CODES

Sample ID Analyte(s) Qualifier Reason(s)

VOCs
5GP027(25-28)(062508)
1041DUP001(22-25)(062708)
1041HP016(17-28)(062708)
1041HP017(22-25)(062708)
1041HP017(30-33)(062708)
1041HP018(22-25)(062708)
1041HP018(31-34)
1041SB019(6-7)
1041HP019(18-28)(063008)
5GP029(15-22)(062808)
5GP029(35-38)(062808)
5GP030(14-23.5)(062908)
5GP031(15-19.5)(062808)
5GP031(35-38)(062908)
5GP032(15-18.5)(063008)
5GP033(17-24)(062908)
5GP034(27-30)(063008)

Acetone UB Detected in Blank(s)

5GP027 (25-28)(062508)
1041DUP001(8-9)
1041SB009(7-8)
1041SB010(7-8)
1041SB011(8-9)
1041SB014(6-7)
1041SB018 (6-7)
1041SB019 (6-7)

Dichloromethane UB Detected in Blank(s)

5GP027 (25-28)(062508)
1041HP015(062708)
5GP029(15-22)(062808)
5GP029(35-38)(062808)
5GP034(27-30)(063008)

Chloroform UB Detected in Blank(s)
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Sample ID Analyte(s) Qualifier Reason(s)
1041DUP001(8-9)
1041SB009(7-8)
1041SB010(7-8)
1041SB011(8-9)
1041SB014(6-7)
1041DUP001(22-25)(062708)
1041HP015 (062708)
1041HP016(17-28)(062708)
1041HP017 (22-25)(062708)
1041HP017 (30-33)(062708)
1041HP018 (22-25)(062708)
1041HP018 (31-34)
TB-3 (062708)
1041SB018(6-7)
1041SB019(6-7)
1041HP019(18-28)(063008)
5GP029(15-22)(062808)
5GP029(35-38)(062808)
5GP030(14-23.5)(062908)
5GP031(15-19.5)(062808)
5GP031(35-38)(062908)
5GP032(15-18.5)(063008)
5GP034(27-30)(063008)
5GPDUP001(15-19.5)(062808)
EB001(062908)
TB-4(063008)

1,4-Dioxane UJ CCV rec. < LCL

1041HP019(18-28)(063008)
5GP029(15-22)(062808)
5GP029(35-38)(062808)
5GP030(14-23.5)(062908)
5GP031(15-19.5)(062808)
5GP031(35-38)(062908)
5GP032(15-18.5)(063008)
5GP033(17-24)(062908)
5GP034(27-30)(063008)
5GPDUP001(15-19.5)(062808)
EB001(062908)
TB-4(063008)

Bromomethane
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene

UJ CCV rec. < LCL

5GP033(17-24)(062908) 1,4-Dioxane UJ CCV rec. < LCL
MS/MSD rec. < LCL

1041HP018 (31-34) m-Dichlorobenzene
Methyl acetate

UJ MS/MSD rec. < LCL
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Sample ID Analyte(s) Qualifier Reason(s)

SVOCs
31MW002(061808)
31MWDUP001(061808)
EB001(061808)

Indeno(1,2,3-cd)pyrene UJ CCV rec. < LCL

ASB003(0-1)
ASB005(0-1)
ASB006(0-1)
ASB006(5-6)
ASB007(0-1)
ASB007(5-6)
ASB008(0-1)
ASB008(5-6)
ASB009(0-1)
ASB009(5-6)
ASB010(0-1)
ASB010(5-6)
ASBDUP001(0-1)

Benzaldehyde R MS/MSD & LCS/LCSD 
rec. < 10%

ASB003(0-1)
ASB005(0-1)
ASB006(5-6)
ASB007(0-1)
ASB007(5-6)
ASB008(0-1)
ASB008(5-6)
ASB009(0-1)
ASB009(5-6)
ASB010(0-1)
ASB010(5-6)
ASBDUP001(0-1)
EB-2(063008)

2,4-Dimethylphenol
3,3'-Dichlorobenzidine

3-Nitroaniline
4-Nitrophenol

Atrazine
Carbazole

Hexachlorocyclopentadiene
p-Chloroaniline

J or UJ CCV rec. < LCL

ASB005(0-1)
ASBDUP001(0-1)

2,4-Dinitrotoluene
Benzo(a)anthracene

Benzo(a)pyrene
Benzo(b)fluoranthene

bis(2-Ethylhexyl)phthalate
Fluoranthene

Indeno(1,2,3-cd)pyrene

J or UJ Field dup. RPD > CL

ASBDUP001(0-1) Pyrene J ICV rec. > UCL
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Sample ID Analyte(s) Qualifier Reason(s)
ASB003(0-1)
ASB005(0-1)
ASB006(0-1)
ASB006(5-6)
ASB007(0-1)
ASB007(5-6)
ASB008(0-1)
ASB008(5-6)
ASB009(0-1)
ASB009(5-6)
ASB010(0-1)
ASB010(5-6)
ASBDUP001(0-1)

Di-n-butylphthalate J MS rec. > UCL; 
MS/MSD RPD > CL; 
Field dup. RPD > CL

PCBs
ASB003(0-1) Aroclor-1254 J Result > calibration range

Metals
ASB006(5-6)
ASB008(5-6)
ASB010(5-6)

Mercury J < RL

ASB003(0-1)
ASB005(0-1)
ASB006(0-1)
ASB006(5-6)
ASB007(0-1)
ASB007(5-6)
ASB008(0-1)
ASB008(5-6)
ASB009(0-1)
ASB009(5-6)
ASB010(0-1)
ASB010(5-6)
ASBDUP001(0-1)

Beryllium J < RL

ASB003(0-1)
ASB005(0-1)
ASB007(0-1)
ASBDUP001(0-1)

Cadmium J < RL

ASB006(0-1)
ASB007(0-1)
ASB008(5-6)

Calcium J < RL
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Sample ID Analyte(s) Qualifier Reason(s)
ASB008(0-1)
ASB010(0-1)

Cobalt J < RL

ASB007(0-1)
ASB007(5-6)

Magnesium J < RL

ASB007(0-1)
ASB010(0-1)

Potassium J < RL

ASB008(0-1)
ASBDUP001(0-1)

Selenium J < RL

ASB009(0-1) Sodium J < RL

Qualifier Definitions:
J –  Result is considered to be estimated at the value reported.
UJ – Result is considered not detected but estimated due to QC deficiencies.
%R - percent recovery RPD - relative percent difference %D - percent difference
LCL- lower control limit CL – control limit
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Analytical data was evaluated in accordance with applicable USEPA SW-846 method requirements, “USEPA
Contract Laboratory Program National Functional Guidelines for Organic Data Review” (October 1999),
“USEPA Contract Laboratory Program National Functional Guidelines for Inorganic Data Review” (July
2002), “USEPA Region III National Functional Guidelines for Organic Data Review” (September 1994),
“USEPA Region III National Functional Guidelines for Inorganic Data Review” (June 1995), site-specific
requirements defined in Radford Master Work Plan (URS, 2003), and site-specific requirements defined in the
Quality Assurance Plan Addendum (Arcadis, 2008). The validation presented in this review was performed at
the RAAP defined Level I.

The data review summarized in this report includes a review of all sample collection documentation and the
electronic data validation of the analytical data housed in the project database. Sample collection
documentation included sample collection logs and chains of custody. The electronic data validation was
performed utilizing the EQuIS Data Qualification Module (DQM). DQM checks for the following parameters:

 Holding times and preservation;

 Blank contamination;

Method blanks,

Trip blanks,

Equipment blanks;

 Matrix spike and Duplicate sample recovery;

 Matrix Spike and Matrix Spike Duplicate relative percent differences;

 Laboratory Control Sample and Duplicate recovery;

 Laboratory Control Sample and Duplicate relative percent differences;

 Surrogate recovery (organic analyses only); and

 Field duplicate relative percent difference.

Manually review was performed on the following items:

 Sample dilutions and reporting limits;

 Case Narratives; and

 Total versus dissolved metals concentrations.

Reviewed data was generated by Empirical Laboratories. Data qualifiers were applied electronically to the
database with any additional qualifiers added manually. A summary of the data as amended by data
qualifiers is included with the original hard copy reports. The attached table summarizes the data that were
qualified due to QC deficiencies. The table indicates compounds/analytes qualified based on electronic and
manual validation. Refer to the associated method section of the validation checklist for a detailed
explanation of qualification. All other data in this SDG are considered usable as reported.
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The following list of data qualifiers and definitions were applied in accordance with qualification criteria
defined in the above guidance documents:

UB Compound/analyte detected in blank or associated blank, qualified as a non-detect at listed value.

J The analyte was positively identified, but the associated numerical value is the approximate
concentration of the analyte in the sample.

UJ The analyte was not detected above the reporting limit; however, the reported quantitation limit is
approximate and may, or may not represent the actual limit of quantitation necessary to accurately and
precisely measure analyte in the sample.

R The sample result is rejected due to serious deficiencies in the ability to analyze the sample and meet
quality control criteria; and the presence or absence of the analyte cannot be verified.

DQM RUN BY: Rachelle Borne 02/04/09

REVIEW PERFORMED BY: Rachelle Borne 02/04/09

SIGNATURE: 02/05/09

PEER REVIEW: Jane Kennedy 02/04/09
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The following samples were included in this SDG:

SDG Sample ID
Sample

Date Parent sample
0812359 A31-IDW 12/30/2008
0812363 A31-EB001 (123008) 12/30/2008
0812363 A31-SB003A (0-1) 12/30/2008
0812363 A31-SB003A (5-6) 12/30/2008
0812363 A31-SB004A (0-1) 12/30/2008
0812363 A31-SB004A (5-6) 12/30/2008
0812363 A31-SB011 (0-1) 12/30/2008
0812363 A31-SB012 (1-2) 12/30/2008
0812363 A31-SB012 (5-6) 12/30/2008
0812363 A31-SB013 (0-1) 12/30/2008
0812363 A31-SB013 (5-6) 12/30/2008
0812363 A31-SB014 (0-1) 12/30/2008
0812363 A31-SB014 (5-6) 12/30/2008
0812363 A31-SB015 (2-3) 12/30/2008
0812363 A31-SB015 (5-6) 12/30/2008
0812363 A31-SB016 (0-1) 12/30/2008
0812363 A31-SB016 (5-6) 12/30/2008
0812363 A31-SB017 (0-1) 12/30/2008
0812363 A31-SB017 (5-6) 12/30/2008
0812363 A31-SB018 (0-1) 12/30/2008
0812363 A31-SB018 (5-6) 12/30/2008
0812363 A31-SB019 (0-1) 12/30/2008
0812363 A31-SB019 (5-6) 12/30/2008
0812363 A31-SBDUP002 (0-1) 12/30/2008 A31-SB013 (0-1)
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DATA PACKAGE DOCUMENTATION
Items Reviewed Reported

Performance
Acceptable Not

No Yes No Yes Required
1. Sampling dates noted X X
2. Sampling team indicated X X
3. Sampling identification traceable to

location collected X X

4. Sample location X X
5. Sample depth for water X X
6. Collection technique (bailer, pump,
etc.) X X

7. Sample container type X X
8. Preservation methods X X
9. Chain-of-custody form completed X X
10. Required analytical methods
requested X X

11. Field (water and soil) sample logs
completed properly X X

12. Number and type of field QC
samples collected (blanks, replicates,
splits, etc.)

X X

13. Sample shipping X X
14. Laboratory task order X X

Field sampling logs = water and/or soil/sediment sampling logs QC - quality control
Comments:
All field documentation (Water Sampling Logs, Field Instrument Calibration, and Daily Logs) were reviewed
for the above referenced sampling event.

Note: (0812363) The temperature of the cooler upon receipt was 0.5 degrees C. No qualification is
necessary since none of the samples were frozen.

All soils were reported on a dry weight basis.

(0812359) The laboratory receipt checklist noted that there was only one amber bottle received for
sample A31-IDW. There was sufficient sample volume to complete all required analyses.
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SEMI-VOLATILE ORGANIC COMPOUNDS

Items Reviewed
DQM Deficiency Qualification

Applied
No Yes No Yes

1. Holding times/Preservation DQM DQM
2. Reporting limits M M
3. Blanks

A. Method blanks DQM DQM
B. Equipment blanks DQM DQM

4. Surrogate spike recoveries DQM DQM
5. Laboratory control sample (LCS)

A. LCS %R DQM DQM
B. LCS duplicate (LCSD) %R DQM DQM
C. LCS/LCSD RPD DQM DQM

6. Matrix spike (MS)
A. MS %R DQM DQM
B. MS duplicate (MSD) %R DQM DQM
C. MS/MSD precision (RPD) DQM DQM

7. Field Duplicate precision (RPD) DQM DQM
M – Manual Review %R - percent recovery RPD - relative percent difference DQM – Data Qualification Module

Comments:
This section presents a discussion of any additions or changes to the electronic data validation for compounds
analyzed by Method 8270.

Note: (0812359 and 0812363) The case narrative noted that 2,4-dinitrotoluene exceeded the ICV
with a negative bias. All detections of this compound in the associated field samples are
qualified as estimated. See attached qualification summary for details.

(0812363) The case narrative noted that analysis of A31-SB017(0-1) was started 2 minutes
beyond the 12 hour tune. No qualification is necessary.

4. (0812363) One surrogate recovery was below the control limit in A31-SB015(5-6). Only one
surrogate recovery was outside the control limit. No qualification is necessary.

(0812363) Three or more surrogate recoveries were below the control limit in A31-SB017(0-
1), A31-SB018(0-1), A31-SB018(5-6), and A31-SB019(0-1). All SVOC results in these
samples are qualified as estimated.

5. (0812363) The recovery of 2,4-dinitrotoluene was below the control limit in the LCS. The
associated field samples are qualified as estimated for this compound. See attached
qualification summary for details.
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6. (0812363) A31-SB015(2-3) was used for the MS/MSD. The recoveries and RPDs were
acceptable.

7. (0812363) A31-SBDUP002 (0-1) was collected as a field duplicate of A31-SB013 (0-1). The
RPDs were acceptable at non-detect.
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POLYCHLORINATED BIPHENYLS (PCBs)

Items Reviewed
DQM Deficiency Qualification

Applied
No Yes No Yes

1. Holding times/Preservation DQM DQM
2. Reporting limits M M
3. Blanks

A. Method blanks DQM DQM
B. Equipment blanks NA NA

4. Surrogate spike recoveries DQM DQM
5. Laboratory control sample (LCS)

A. LCS %R DQM DQM
B. LCS duplicate (LCSD) %R DQM DQM
C. LCS/LCSD RPD DQM DQM

6. Matrix spike (MS)
A. MS %R DQM DQM
B. MS duplicate (MSD) %R DQM DQM
C. MS/MSD precision (RPD) DQM DQM

7. Field Duplicate precision (RPD) DQM DQM
M – Manual Review %R - percent recovery RPD - relative percent difference DQM – Data Qualification Module

Comments:
This section presents a discussion of any additions or changes to the electronic data validation for compounds
analyzed by Method 8082.

4. (0812359) Two surrogate recoveries were below the control limit in A31-IDW. All results are
qualified as estimated.

6. (0812359) A31-SB011(0-1) and A31-SB015(2-3) were used for MS/MSDs. The recoveries
and RPDs were acceptable.

7. (0812363) A31-SBDUP002 (0-1) was collected as a field duplicate of A31-SB013 (0-1). The
RPDs were acceptable at non-detect.
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RADFORD 007

WET CHEMISTRY

Items Reviewed DQM Deficiency Qualification Applied

No Yes No Yes
1. Holding times DQM DQM
2. Reporting limits M M
3. Blanks

A. Method blanks DQM DQM
B. Equipment blanks NA NA

5. Laboratory control sample (LCS)
A. LCS %R DQM DQM
B. LCS duplicate (LCSD) %R NA NA
C. LCS/LCSD RPD NA NA

6. Matrix spike
A. Matrix spike (MS) %R DQM DQM
B. Matrix spike duplicate (MSD) %R DQM DQM
C. MS/MSD precision (RPD) DQM DQM

7. Field Duplicate precision (RPD) NA NA
M – Manual Review %R - percent recovery RPD - relative percent difference DQM – Data Qualification Module

Comments:
This section presents a discussion of any additions or changes to the electronic data validation for compounds
analyzed utilizing Method SM5210B for BOD and Method 410.4 for COD.

2. A31-IDW was analyzed at a 6x dilution due to elevated concentrations.

5. The recovery for the BOD was above the control limit in the LCS. A31-IDW is qualified as
estimated for BOD.

6. A31-IDW was used as the MS/MSD for COD. The recoveries and RPD were acceptable.



Radford 07
Qualification Summary

SDG Sample ID Method Analyte Result Qualifier Reason Units Dilution
0812359 A31-IDW SM 5210 B BOD 42.8 J LCS Recovery mg/l 6
0812359 A31-IDW SW8082 PCB-1242 <1.0 UJ Surrogate Recovery ug/l 1
0812359 A31-IDW SW8082 PCB-1260 <1.0 UJ Surrogate Recovery ug/l 1
0812359 A31-IDW SW8082 PCB-1254 <1.0 UJ Surrogate Recovery ug/l 1
0812359 A31-IDW SW8082 PCB-1221 <1.0 UJ Surrogate Recovery ug/l 1
0812359 A31-IDW SW8082 PCB-1232 <1.0 UJ Surrogate Recovery ug/l 1
0812359 A31-IDW SW8082 PCB-1248 <1.0 UJ Surrogate Recovery ug/l 1
0812359 A31-IDW SW8082 PCB-1016 <1.0 UJ Surrogate Recovery ug/l 1

0812363 A31-SB003A (0-1) SW8270 2,4-DINITROTOLUENE <420.0 UJ LCS Recovery ug/kg 1
0812363 A31-SB003A (5-6) SW8270 2,4-DINITROTOLUENE <440.0 UJ LCS Recovery ug/kg 1

0812363 A31-SB004A (0-1) SW8270 2,4-DINITROTOLUENE <410.0 UJ LCS Recovery ug/kg 1
0812363 A31-SB004A (5-6) SW8270 2,4-DINITROTOLUENE <400.0 UJ LCS Recovery ug/kg 1

0812363 A31-SB012 (1-2) SW8270 2,4-DINITROTOLUENE <440.0 UJ LCS Recovery ug/kg 1
0812363 A31-SB012 (5-6) SW8270 2,4-DINITROTOLUENE <450.0 UJ LCS Recovery ug/kg 1

0812363 A31-SB013 (0-1) SW8270 2,4-DINITROTOLUENE <410.0 UJ LCS Recovery ug/kg 1

0812363 A31-SB013 (5-6) SW8270 2,4-DINITROTOLUENE <420.0 UJ LCS Recovery ug/kg 1

0812363 A31-SB014 (0-1) SW8270 2,4-DINITROTOLUENE 500 J ICV Recovery and LCS Recovery ug/kg 1

0812363 A31-SB014 (5-6) SW8270 2,4-DINITROTOLUENE <420.0 UJ LCS Recovery ug/kg 1

0812363 A31-SB015 (2-3) SW8270 2,4-DINITROTOLUENE <420.0 UJ LCS Recovery ug/kg 1

0812363 A31-SB015 (5-6) SW8270 2,4-DINITROTOLUENE <410.0 UJ LCS Recovery ug/kg 1

0812363 A31-SB016 (0-1) SW8270 2,4-DINITROTOLUENE <420.0 UJ LCS Recovery ug/kg 1

0812363 A31-SB016 (5-6) SW8270 2,4-DINITROTOLUENE <420.0 UJ LCS Recovery ug/kg 1

0812363 A31-SB017 (0-1) SW8270 2,6-DINITROTOLUENE <420.0 UJ Surrogate Recovery ug/kg 1
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Radford 07
Qualification Summary

SDG Sample ID Method Analyte Result Qualifier Reason Units Dilution
0812363 A31-SB017 (0-1) SW8270 2,4-DINITROTOLUENE <420.0 UJ Surrogate Recovery and LCS Recovery ug/kg 1

0812363 A31-SB017 (5-6) SW8270 2,4-DINITROTOLUENE <410.0 UJ LCS Recovery ug/kg 1

0812363 A31-SB018 (0-1) SW8270 2,6-DINITROTOLUENE <460.0 UJ Surrogate Recovery ug/kg 1
0812363 A31-SB018 (0-1) SW8270 2,4-DINITROTOLUENE <460.0 UJ Surrogate Recovery and LCS Recovery ug/kg 1

0812363 A31-SB018 (5-6) SW8270 2,4-DINITROTOLUENE <420.0 UJ Surrogate Recovery and LCS Recovery ug/kg 1
0812363 A31-SB018 (5-6) SW8270 2,6-DINITROTOLUENE <420.0 UJ Surrogate Recovery ug/kg 1

0812363 A31-SB019 (0-1) SW8270 2,4-DINITROTOLUENE <420.0 UJ Surrogate Recovery and LCS Recovery ug/kg 1
0812363 A31-SB019 (0-1) SW8270 2,6-DINITROTOLUENE <420.0 UJ Surrogate Recovery ug/kg 1

0812363 A31-SB019 (5-6) SW8270 2,4-DINITROTOLUENE <420.0 UJ LCS Recovery ug/kg 1
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Laboratory Reports





















































































































































































































































































































































































































































































































































Appendix D

Analytical Data



Appendix D. Summary of Soil Sample Analytical Results RAAP-031

Location ID: ASB1 ASB1 ASB1 ASB2 ASB2 ASB2 ASB3 ASB3 ASB3 ASB3 A31-SB003A A31-SB003A ASB4 ASB4 ASB4
Sample Depth(Feet): 0 - 1 10 - 12 26 - 28 0 - 1 10 - 12 21 - 23 0 - 1 0 - 1 6 - 8 13 - 14.7 0 - 1 5 - 6 0 - 1 10 - 11 20

Date Collected: Units 10/11/03 10/11/03 10/11/03 10/11/03 10/11/03 10/11/03 10/11/03 06/30/08 10/11/03 10/11/03 12/30/08 12/30/08 04/20/06 04/20/06 04/20/06
Volatile Organics
Acetone mg/kg 0.015 J,B 0.019 J,B 0.029 ,B 0.016 J,B 0.023 J,B [0.024 J,B] 0.023 J,B 0.012 J,B NA 0.019 J,B 0.018 J,B NA NA 0.38 J,B [0.38 J,B] 0.39 J,B 0.46 J,B
Benzene mg/kg <0.0061 <0.0064 <0.0065 <0.0062 <0.0066 [<0.0069] <0.0068 <0.0062 NA <0.0062 <0.0060 NA NA 0.013 J [<0.065] <0.064 <0.075
Ethylbenzene mg/kg <0.0061 <0.0064 <0.0065 <0.0062 <0.0066 [<0.0069] <0.0068 <0.0062 NA <0.0062 <0.0060 NA NA 0.015 J [<0.065] <0.064 <0.075
Methyl acetate mg/kg <0.024 <0.026 <0.026 ,J <0.025 <0.026 [<0.028] <0.027 <0.025 NA <0.025 <0.024 NA NA 0.085 J [0.089 J] 0.19 J 0.081 J
Methylene Chloride mg/kg 0.0049 J 0.0059 J 0.0066 J,B 0.0045 J 0.0077 J [0.0070 J] 0.011 J 0.0053 J NA 0.0066 J 0.0037 J NA NA 0.094 JB,B [0.097 JB,B] 0.099 JB,B 0.11 JB,B
Toluene mg/kg <0.0061 <0.0064 <0.0065 <0.0062 <0.0066 [<0.0069] <0.0068 <0.0062 NA <0.0062 <0.0060 NA NA 0.081 [<0.065] <0.064 <0.075
Xylenes (total) mg/kg <0.0061 <0.0064 <0.0065 <0.0062 <0.0066 [<0.0069] <0.0068 <0.0062 NA <0.0062 <0.0060 NA NA 0.10 J [<0.19] <0.19 <0.22
Semivolatile Organics
1,1'-Biphenyl mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 <0.38 <0.21 <0.20 NA NA <0.022 [<0.022] <0.022 <0.025
1,2,4,5-Tetrachlorobenzene mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
2,4,5-Trichlorophenol mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
2,4,6-Trichlorophenol mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
2,4-Dichlorophenol mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
2,4-Dimethylphenol mg/kg NA NA NA NA NA NA NA <1.5 J NA NA NA NA NA NA NA
2,4-Dinitrophenol mg/kg NA NA NA NA NA NA NA <1.5 NA NA NA NA NA NA NA
2,4-Dinitrotoluene mg/kg 0.85 J <0.22 <0.22 <1.0 <0.22 [<0.22] <0.23 28 J 98 0.023 J <0.20 <0.42 J <0.44 J <0.044 [<0.044] <0.044 <0.051
2,6-Dinitrotoluene mg/kg 0.082 J <0.22 <0.22 0.10 J <0.22 [<0.22] <0.23 3.3 E,J 4.6 J <0.21 <0.20 <0.42 <0.44 <0.022 [<0.022] <0.022 <0.025
2-Chloronaphthalene mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
2-Chlorophenol mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
2-Methylnaphthalene mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 <0.38 <0.21 <0.20 NA NA <0.022 [<0.022] <0.022 <0.025
2-Methylphenol mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
2-Nitroaniline mg/kg NA NA NA NA NA NA NA <1.5 NA NA NA NA NA NA NA
2-Nitrophenol mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
3,3'-Dichlorobenzidine mg/kg NA NA NA NA NA NA NA <0.38 J NA NA NA NA NA NA NA
3-Nitroaniline mg/kg NA NA NA NA NA NA NA <1.5 J NA NA NA NA NA NA NA
4,6-Dinitro-2-methylphenol mg/kg NA NA NA NA NA NA NA <1.5 NA NA NA NA NA NA NA
4-Bromophenyl-phenylether mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
4-Chloro-3-Methylphenol mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
4-Chloroaniline mg/kg NA NA NA NA NA NA NA <0.38 J NA NA NA NA NA NA NA
4-Chlorophenyl-phenylether mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
4-Methylphenol mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
4-Nitroaniline mg/kg NA NA NA NA NA NA NA <1.5 NA NA NA NA NA NA NA
4-Nitrophenol mg/kg NA NA NA NA NA NA NA <1.5 J NA NA NA NA NA NA NA
Acenaphthene mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 <0.38 <0.21 <0.20 NA NA <0.022 [<0.022] <0.022 <0.025
Acenaphthylene mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 <0.38 <0.21 <0.20 NA NA <0.022 [<0.022] <0.022 <0.025
Acetophenone mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
Anthracene mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 <0.38 <0.21 <0.20 NA NA <0.022 [<0.022] <0.022 <0.025
Atrazine mg/kg NA NA NA NA NA NA NA <0.38 J NA NA NA NA NA NA NA
Benzaldehyde mg/kg NA NA NA NA NA NA NA R NA NA NA NA NA NA NA
Benzo(a)anthracene mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 <0.15 <0.21 <0.20 NA NA <0.022 [<0.022] <0.022 <0.025
Benzo(a)pyrene mg/kg 0.0090 J <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 0.010 J,J <0.15 <0.21 <0.20 NA NA <0.022 [<0.022] <0.022 <0.025
Benzo(b)fluoranthene mg/kg 0.016 J,J <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 ,J <0.15 <0.21 <0.20 NA NA <0.022 [<0.022] <0.022 <0.025
Benzo(g,h,i)perylene mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
Benzo(k)fluoranthene mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 ,J <0.38 <0.21 <0.20 NA NA <0.022 [<0.022] <0.022 <0.025
bis(2-Chloroethoxy)methane mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
bis(2-Chloroethyl)ether mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
bis(2-Chloroisopropyl)ether mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
bis(2-Ethylhexyl)phthalate mg/kg 1.4 0.022 J 0.017 J 0.11 J 0.022 J [0.016 J] 0.034 J 1.2 E,J 3.4 0.020 J 0.022 J NA NA 0.16 ,J [0.31 ,J] 0.42 0.038 J
Butylbenzylphthalate mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] 0.0090 J 0.24 <0.38 <0.21 <0.20 NA NA <0.087 [<0.088] <0.087 <0.10
Caprolactam mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
Carbazole mg/kg NA NA NA NA NA NA NA <0.38 J NA NA NA NA NA NA NA
Chrysene mg/kg 0.015 J <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 0.057 J <0.21 0.20 J NA NA <0.022 [<0.022] <0.022 <0.025
Dibenzo(a,h)anthracene mg/kg NA NA NA NA NA NA NA <0.15 NA NA NA NA NA NA NA
Dibenzofuran mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
Diethylphthalate mg/kg 0.014 J 0.0080 J 0.010 J 0.010 J 0.010 J [<0.22] 0.0080 J 0.014 J 0.16 J 0.010 J 0.0080 J NA NA 0.026 [0.0068 J] 0.0084 J 0.0077 J
Dimethylphthalate mg/kg 0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 <0.38 <0.21 <0.20 NA NA <0.022 [<0.022] <0.022 <0.025
Di-n-Butylphthalate mg/kg 5.1 0.093 J 0.13 J 4.3 0.59 [0.64] 0.60 130 410 J 0.32 0.32 NA NA 0.15 [0.10] 0.47 0.0098 J
Dinitrotoluene Mix mg/kg 0.93 J <0.22 <0.22 0.10 J <0.22 [<0.22] <0.23 31 J 100 J 0.023 J <0.20 <0.42 <0.44 <0.044 [<0.044] <0.044 <0.051
Di-n-Octylphthalate mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 0.038 J <0.38 <0.21 <0.20 NA NA 0.014 J [0.012 J] 0.013 J <0.025
Fluoranthene mg/kg 0.030 J <0.22 <0.22 0.0030 J <0.22 [<0.22] <0.23 0.0088 J <0.38 <0.21 0.20 J NA NA <0.022 [<0.022] <0.022 <0.025
Fluorene mg/kg <0.21 <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 <0.38 <0.21 <0.20 NA NA <0.022 [<0.022] <0.022 <0.025
Hexachlorobenzene mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
Hexachlorobutadiene mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
Hexachlorocyclopentadiene mg/kg NA NA NA NA NA NA NA <0.38 J NA NA NA NA NA NA NA
Hexachloroethane mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
Indeno(1,2,3-cd)pyrene mg/kg 0.0060 J <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 <0.21 J,J <0.15 <0.21 <0.20 NA NA <0.087 [<0.088] <0.087 <0.10
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Appendix D. Summary of Soil Sample Analytical Results RAAP-031

Location ID: ASB1 ASB1 ASB1 ASB2 ASB2 ASB2 ASB3 ASB3 ASB3 ASB3 A31-SB003A A31-SB003A ASB4 ASB4 ASB4
Sample Depth(Feet): 0 - 1 10 - 12 26 - 28 0 - 1 10 - 12 21 - 23 0 - 1 0 - 1 6 - 8 13 - 14.7 0 - 1 5 - 6 0 - 1 10 - 11 20

Date Collected: Units 10/11/03 10/11/03 10/11/03 10/11/03 10/11/03 10/11/03 10/11/03 06/30/08 10/11/03 10/11/03 12/30/08 12/30/08 04/20/06 04/20/06 04/20/06
Isophorone mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
Naphthalene mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
Nitrobenzene mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
N-Nitroso-di-n-propylamine mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
N-Nitrosodiphenylamine mg/kg 1.0 <0.22 <0.22 0.12 J <0.22 [<0.22] <0.23 4.7 J 22 J 0.0080 J <0.20 NA NA 1.0 ,J [0.34 ,J] 0.15 <0.025
Pentachlorophenol mg/kg <0.40 <0.42 <0.43 <0.41 <0.43 [<0.43] <0.45 <0.41 <1.5 <0.41 <0.39 NA NA <0.044 [<0.044] <0.044 <0.051
Phenanthrene mg/kg 0.011 J <0.22 <0.22 <0.21 <0.22 [<0.22] <0.23 0.0038 J NA <0.21 0.20 J NA NA <0.022 [<0.022] <0.022 <0.025
Phenol mg/kg NA NA NA NA NA NA NA <0.38 NA NA NA NA NA NA NA
Pyrene mg/kg 0.026 J <0.22 <0.22 0.0030 J <0.22 [<0.22] <0.23 0.0067 J <0.38 <0.21 0.20 J NA NA <0.022 [<0.022] <0.022 <0.025
PAHs
Benzo(a)anthracene mg/kg <0.026 <0.027 <0.027 0.0036 J <0.028 [<0.029] <0.065 <0.026 NA <0.026 ,L <0.025 NA NA NA NA NA
Chrysene mg/kg 0.0050 J <0.027 <0.027 0.0037 J <0.028 [<0.029] <0.065 <0.026 NA <0.026 ,L 0.0018 J NA NA NA NA NA
Fluoranthene mg/kg 0.017 J,J <0.027 <0.027 0.0077 J <0.028 [<0.029] <0.065 <0.026 NA <0.026 ,L 0.0087 J NA NA NA NA NA
Indeno(1,2,3-cd)pyrene mg/kg <0.026 <0.027 <0.027 0.0062 J <0.028 [<0.029] <0.065 <0.026 NA <0.026 ,L <0.025 NA NA NA NA NA
Phenanthrene mg/kg 0.0031 J <0.027 <0.027 0.0040 J <0.028 [<0.029] <0.065 0.0019 J NA <0.026 ,L 0.0030 J NA NA NA NA NA
Pyrene mg/kg 0.011 J <0.027 <0.027 0.021 J <0.028 [<0.029] <0.065 <0.026 NA <0.026 ,L 0.0099 J NA NA NA NA NA
Organochlorine Pesticides
Dieldrin mg/kg NA NA NA <0.025 NA NA NA NA NA NA NA NA 0.014 J,J [0.0032 J,J] 0.0046 J,J <0.03
PCBs
Aroclor-1016 mg/kg NA NA NA NA NA NA NA <0.019 NA NA <0.021 <0.022 NA NA NA
Aroclor-1221 mg/kg NA NA NA NA NA NA NA <0.019 NA NA <0.021 <0.022 NA NA NA
Aroclor-1232 mg/kg NA NA NA NA NA NA NA <0.019 NA NA <0.021 <0.022 NA NA NA
Aroclor-1242 mg/kg NA NA NA NA NA NA NA <0.019 NA NA <0.021 <0.022 NA NA NA
Aroclor-1248 mg/kg NA NA NA NA NA NA NA <0.019 NA NA <0.021 <0.022 NA NA NA
Aroclor-1254 mg/kg NA NA NA 0.0099 J NA NA NA 2.4 J NA NA <0.021 <0.022 0.00014 [0.030 J] 0.041 J <0.049
Aroclor-1260 mg/kg NA NA NA NA NA NA NA <0.019 NA NA <0.021 <0.022 NA NA NA
Explosives
2,4-Dinitrotoluene mg/kg <0.5 <0.5 <0.5 <0.5 <0.5 [<0.5] 0.2 J 20 NA <0.5 <0.5 NA NA <0.5 [<0.5] <0.5 <0.5
2,6-Dinitrotoluene mg/kg <1 <1 <1 <1 <1 [<1] <1 <1 NA <1 <1 NA NA <1 [<1] <1 <1
Dinitrotoluene Mix mg/kg <1 <1 <1 <1 <1 [<1] 0.2 J 20 NA <1 <1 NA NA <1 [<1] <1 <1
Inorganics
Aluminum mg/kg 32,000 30,800 36,300 28,500 32,300 [34,800] 35,000 32,100 26,100 28,300 24,500 NA NA 33,000 ,J [28,000 ,J] 26,000 ,J 27,000 ,J
Antimony mg/kg 0.0860 J <0.500 0.180 J 0.0710 J <0.500 [0.0680 J] <0.500 <0.500 <3.40 <0.500 <0.500 NA NA 0.100 J,J [0.240 J,J] <0.500 ,J 0.140 J,J
Arsenic mg/kg 3.00 1.80 8.10 2.90 3.40 [4.70] 4.50 1.90 4.90 1.60 2.20 NA NA 2.00 ,J [1.70 ,J] 1.60 ,J 4.20 ,J
Barium mg/kg 86.0 99.0 115 61.0 77.0 [98.0] 88.0 114 203 63.0 50.0 NA NA 67.0 ,J [57.0 ,J] 50.0 ,J 86.0 ,J
Beryllium mg/kg 0.530 J 0.900 J 1.80 0.550 J 1.30 [0.860 J] 0.590 J 0.620 J 0.900 J 0.570 J 0.640 J NA NA 0.550 J,J [0.640 J,J] 0.590 J,J 1.10 ,J
Cadmium mg/kg 0.940 J <1.00 0.460 J 0.260 J 0.360 J [<1.00] <1.00 <1.00 0.470 J 0.750 J <1.00 NA NA 0.0760 J,J [0.170 J,J] 0.0360 J,J 0.150 J,J
Calcium mg/kg 2,570 408 126 J 6,100 867 [380] 310 3,910 15,900 644 293 NA NA 2,200 ,J [2,100 ,J] 710 ,J 320 ,J
Chromium mg/kg 38.0 ,J 31.0 ,J 40.0 ,J 36.0 ,J 39.0 ,J [41.0 ,J] 52.0 ,J 33.0 ,J 44.7 30.0 ,J 41.0 ,J NA NA 29.0 ,J [43.0 ,J] 28.0 ,J 21.0 ,J
Cobalt mg/kg 8.80 ,J 24.0 ,J 15.0 ,J 9.30 ,J 14.0 ,J [22.0 ,J] 20.0 ,J 24.0 ,J 9.90 12.0 ,J 11.0 ,J NA NA 6.20 ,J [6.20 ,J] 6.30 ,J 33.0 ,J
Copper mg/kg 155 20.0 43.0 57.0 19.0 [23.0] 22.0 36.0 245 17.0 14.0 NA NA 460 ,J [560 ,J] 15.0 ,J 30.0 ,J
Cyanide mg/kg 0.0600 J <0.500 0.470 J 0.230 J 0.180 J [0.140 J] <0.500 0.150 J NA <0.500 <0.500 NA NA <0.260 [<0.260] <0.260 0.720
Iron mg/kg 41,600 37,500 42,200 38,100 40,300 [38,000] 40,200 38,300 49,500 36,500 33,600 NA NA 40,000 ,J [66,000 ,J] 33,000 ,J 55,000 ,J
Lead mg/kg 76.0 26.0 19.0 25.0 8.80 ,J [13.0 ,J] 12.0 34.0 170 11.0 12.0 NA NA 30.0 ,J [34.0 ,J] 13.0 ,J 25.0 ,J
Magnesium mg/kg 2,450 2,050 5,870 3,180 5,220 ,J [2,800 ,J] 2,120 2,090 7,190 1,980 1,160 NA NA 2,600 ,J [2,400 ,J] 1,300 ,J 3,900 ,J
Manganese mg/kg 315 1,750 1,170 426 648 [859] 704 2,400 397 483 330 NA NA 290 ,J [350 ,J] 260 ,J 1,700 ,J
Mercury mg/kg 0.0670 J 0.0190 J 0.0750 J 0.0450 J 0.0140 J [0.0220 J] 0.0200 J 0.0520 J 0.0970 0.0300 J 0.0250 J NA NA 0.0410 J,J [0.0350 J,J] 0.0330 J,J 0.0250 J,J
Nickel mg/kg 13.0 16.0 28.0 13.0 36.0 ,J [21.0 ,J] 20.0 12.0 20.1 13.0 14.0 NA NA 16.0 ,J [13.0 ,J] 12.0 ,J 32.0 ,J
Potassium mg/kg 1,540 1,840 3,780 1,220 2,750 ,J [1,560 ,J] 1,260 1,410 1,540 1,670 1,010 NA NA 1,600 ,J [1,500 ,J] 1,200 ,J 2,600 ,J
Selenium mg/kg 0.560 J 0.520 J 0.990 J 0.470 J 0.600 J [0.500 J] 0.450 J 0.300 J <1.80 0.400 J 0.400 J NA NA <1.00 ,J [0.0700 J,J] 0.0700 J,J 0.100 J,J
Silver mg/kg 0.0700 J 0.0610 J 0.110 J 0.0720 J 0.0930 J [0.0940 J] 0.0750 J 0.0540 J <2.30 0.0480 J 0.0740 J NA NA 0.100 J,J [0.0650 J,J] 0.0450 J,J 0.190 J,J
Sodium mg/kg 95.0 J 122 54.0 J 77.0 J 77.0 J [50.0 J] 50.0 J 207 <1,150 237 131 NA NA 120 ,J [49.0 J,J] 330 ,J <100 ,J
Thallium mg/kg 0.240 J,B 0.430 J 0.450 J 0.230 J,B 0.230 J,B [0.220 J,B] 0.210 J,B 0.480 J <2.30 0.200 J,B 0.150 J,B NA NA 0.320 J,J [0.240 J,J] 0.190 J,J 0.370 J,J
Vanadium mg/kg 68.0 ,L 66.0 ,L 56.0 ,L 63.0 ,L 55.0 ,L [49.0 ,L] 54.0 ,L 68.0 ,L 66.5 66.0 ,L 42.0 ,L NA NA 91.0 ,J [75.0 ,J] 71.0 ,J 77.0 ,J
Zinc mg/kg 78.0 56.0 109 58.0 45.0 [37.0] 40.0 56.0 313 46.0 44.0 NA NA 76.0 ,J [140 ,J] 47.0 ,J 37.0 ,J

Notes: Region Screening Level Key
(a)  USEPA (2008) Regional Screening Levels (RSLs). ca - RSL based on cancer endpoint
(b)  USEPA (2008) Protection of Groundwater Soil Screening Level (SSL) DAF 20. nc - RSL basedon non-cancer endpoint
Results in brackets [ ## ] represent duplicate sample concentrations. max - RSL based on ceiling limit
NA - parameter not analyzed sat - RSL based on saturation limit
J - concentration is estimated ca* - where nc screening level < 100X ca screening level
B - compound also detected in associated blank ca** - where nc screening level < 10X ca screening level
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Appendix D. Summary of Soil Sample Analytical Results RAAP-031

Location ID:
Sample Depth(Feet):

Date Collected: Units
Volatile Organics
Acetone mg/kg
Benzene mg/kg
Ethylbenzene mg/kg
Methyl acetate mg/kg
Methylene Chloride mg/kg
Toluene mg/kg
Xylenes (total) mg/kg
Semivolatile Organics
1,1'-Biphenyl mg/kg
1,2,4,5-Tetrachlorobenzene mg/kg
2,4,5-Trichlorophenol mg/kg
2,4,6-Trichlorophenol mg/kg
2,4-Dichlorophenol mg/kg
2,4-Dimethylphenol mg/kg
2,4-Dinitrophenol mg/kg
2,4-Dinitrotoluene mg/kg
2,6-Dinitrotoluene mg/kg
2-Chloronaphthalene mg/kg
2-Chlorophenol mg/kg
2-Methylnaphthalene mg/kg
2-Methylphenol mg/kg
2-Nitroaniline mg/kg
2-Nitrophenol mg/kg
3,3'-Dichlorobenzidine mg/kg
3-Nitroaniline mg/kg
4,6-Dinitro-2-methylphenol mg/kg
4-Bromophenyl-phenylether mg/kg
4-Chloro-3-Methylphenol mg/kg
4-Chloroaniline mg/kg
4-Chlorophenyl-phenylether mg/kg
4-Methylphenol mg/kg
4-Nitroaniline mg/kg
4-Nitrophenol mg/kg
Acenaphthene mg/kg
Acenaphthylene mg/kg
Acetophenone mg/kg
Anthracene mg/kg
Atrazine mg/kg
Benzaldehyde mg/kg
Benzo(a)anthracene mg/kg
Benzo(a)pyrene mg/kg
Benzo(b)fluoranthene mg/kg
Benzo(g,h,i)perylene mg/kg
Benzo(k)fluoranthene mg/kg
bis(2-Chloroethoxy)methane mg/kg
bis(2-Chloroethyl)ether mg/kg
bis(2-Chloroisopropyl)ether mg/kg
bis(2-Ethylhexyl)phthalate mg/kg
Butylbenzylphthalate mg/kg
Caprolactam mg/kg
Carbazole mg/kg
Chrysene mg/kg
Dibenzo(a,h)anthracene mg/kg
Dibenzofuran mg/kg
Diethylphthalate mg/kg
Dimethylphthalate mg/kg
Di-n-Butylphthalate mg/kg
Dinitrotoluene Mix mg/kg
Di-n-Octylphthalate mg/kg
Fluoranthene mg/kg
Fluorene mg/kg
Hexachlorobenzene mg/kg
Hexachlorobutadiene mg/kg
Hexachlorocyclopentadiene mg/kg
Hexachloroethane mg/kg
Indeno(1,2,3-cd)pyrene mg/kg

A31-SB004A A31-SB004A ASB5 ASB5 ASB5 ASB6 ASB6 ASB7 ASB7 ASB8 ASB8 ASB9 ASB9 ASB10 ASB10 A31-SB011 A31-SB012 A31-SB012
0 - 1 5 - 6 0 - 1 0 - 1 7 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 1 - 2 5 - 6

12/30/08 12/30/08 04/20/06 06/30/08 04/20/06 06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 12/30/08 12/30/08 12/30/08

NA NA 0.42 J,B NA 0.37 J,B NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA <0.063 NA <0.068 NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA <0.063 NA <0.068 NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA 0.14 J NA 0.076 J NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA 0.094 JB,B NA 0.10 JB,B NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA <0.063 NA <0.068 NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA <0.19 NA <0.21 NA NA NA NA NA NA NA NA NA NA NA NA NA

NA NA 0.0022 J <0.44 [<0.45] <0.023 <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <1.7 J [<1.8 J] NA <1.6 <1.6 J <1.5 J <2.0 J <1.8 J <1.9 J <1.8 J <1.7 J <1.7 J <1.8 J NA NA NA
NA NA NA <1.7 [<1.8] NA <1.6 <1.6 <1.5 <2.0 <1.8 <1.9 <1.8 <1.7 <1.7 <1.8 NA NA NA

<0.41 J <0.40 J 11 2.8 J [7.3 J] <0.047 <0.41 <0.40 0.31 J <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA <0.42 J <0.45 J
<0.41 <0.40 0.49 0.17 J [0.43 J] <0.023 <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA <0.42 <0.45

NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA 0.0049 J <0.44 [<0.45] <0.023 <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <1.7 [<1.8] NA <1.6 <1.6 <1.5 <2.0 <1.8 <1.9 <1.8 <1.7 <1.7 <1.8 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 J [<0.45 J] NA <0.41 Y <0.40 J <0.38 J <0.50 J <0.45 J <0.49 J <0.45 J <0.43 J <0.43 J <0.44 J NA NA NA
NA NA NA <1.7 J [<1.8 J] NA <1.6 <1.6 J <1.5 J <2.0 J <1.8 J <1.9 J <1.8 J <1.7 J <1.7 J <1.8 J NA NA NA
NA NA NA <1.7 [<1.8] NA <1.6 <1.6 <1.5 <2.0 <1.8 <1.9 <1.8 <1.7 <1.7 <1.8 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 J [<0.45 J] NA <0.41 <0.40 J <0.38 J <0.50 J <0.45 J <0.49 J <0.45 J <0.43 J <0.43 J <0.44 J NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <1.7 [<1.8] NA <1.6 <1.6 <1.5 <2.0 <1.8 <1.9 <1.8 <1.7 <1.7 <1.8 NA NA NA
NA NA NA <1.7 J [<1.8 J] NA <1.6 Y <1.6 J <1.5 J <2.0 J <1.8 J <1.9 J <1.8 J <1.7 J <1.7 J <1.8 J NA NA NA
NA NA 0.0066 J <0.44 [<0.45] <0.023 <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA 0.021 J <0.44 [0.057 J] <0.023 <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA 0.021 J <0.44 [0.064 J] <0.023 <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 J [<0.45 J] NA <0.41 Y <0.40 J <0.38 J <0.50 J <0.45 J <0.49 J <0.45 J <0.43 J <0.43 J <0.44 J NA NA NA
NA NA NA R [R] NA R R R R R R R R R R NA NA NA
NA NA 0.072 <0.17 J [0.45 J] <0.023 <0.16 <0.16 <0.15 <0.20 <0.18 <0.19 <0.18 <0.17 <0.17 <0.18 NA NA NA
NA NA 0.022 <0.17 J [0.38 J] <0.023 <0.16 <0.16 <0.15 <0.20 <0.18 <0.19 <0.18 <0.17 <0.17 <0.18 NA NA NA
NA NA 0.12 <0.17 J [0.48 J] <0.023 <0.16 <0.16 <0.15 <0.20 <0.18 <0.19 <0.18 <0.17 <0.17 <0.18 NA NA NA
NA NA NA <0.44 [0.28 J] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA 0.036 <0.44 [0.38 J] <0.023 <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA 5.7 0.90 J [2.5 J] 0.13 <0.41 <0.40 1.0 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA 0.16 <0.44 [<0.45] <0.093 <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 J [0.077 J] NA <0.41 <0.40 J <0.38 J <0.50 J <0.45 J <0.49 J <0.45 J <0.43 J <0.43 J <0.44 J NA NA NA
NA NA 0.087 0.042 J [0.66] <0.023 <0.41 <0.40 0.041 J <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.17 [0.29] NA <0.16 <0.16 <0.15 <0.20 <0.18 <0.19 <0.18 <0.17 <0.17 <0.18 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA 0.024 <0.44 [<0.45] 0.0039 J <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA 0.21 <0.44 [<0.45] <0.023 <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA 62 15 J [68 J] 0.089 0.060 J <0.40 J 2.7 J <0.50 J <0.45 J <0.49 J 0.12 J <0.43 J <0.43 J <0.44 J NA NA NA

<0.41 <0.40 12 3.0 J [7.7 J] <0.047 <0.41 <0.40 0.31 J <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA <0.42 <0.45
NA NA 0.055 <0.44 [<0.45] <0.023 <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA 0.43 <0.44 J [1.3 J] <0.023 <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA 0.014 J <0.44 [<0.45] <0.023 <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 J [<0.45 J] NA <0.41 <0.40 J <0.38 J <0.50 J <0.45 J <0.49 J <0.45 J <0.43 J <0.43 J <0.44 J NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA <0.086 <0.17 [0.39] <0.093 <0.16 <0.16 <0.15 <0.20 <0.18 <0.19 <0.18 <0.17 <0.17 <0.18 NA NA NA
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Appendix D. Summary of Soil Sample Analytical Results RAAP-031

Location ID:
Sample Depth(Feet):

Date Collected: Units
Isophorone mg/kg
Naphthalene mg/kg
Nitrobenzene mg/kg
N-Nitroso-di-n-propylamine mg/kg
N-Nitrosodiphenylamine mg/kg
Pentachlorophenol mg/kg
Phenanthrene mg/kg
Phenol mg/kg
Pyrene mg/kg
PAHs
Benzo(a)anthracene mg/kg
Chrysene mg/kg
Fluoranthene mg/kg
Indeno(1,2,3-cd)pyrene mg/kg
Phenanthrene mg/kg
Pyrene mg/kg
Organochlorine Pesticides
Dieldrin mg/kg
PCBs
Aroclor-1016 mg/kg
Aroclor-1221 mg/kg
Aroclor-1232 mg/kg
Aroclor-1242 mg/kg
Aroclor-1248 mg/kg
Aroclor-1254 mg/kg
Aroclor-1260 mg/kg
Explosives
2,4-Dinitrotoluene mg/kg
2,6-Dinitrotoluene mg/kg
Dinitrotoluene Mix mg/kg
Inorganics
Aluminum mg/kg
Antimony mg/kg
Arsenic mg/kg
Barium mg/kg
Beryllium mg/kg
Cadmium mg/kg
Calcium mg/kg
Chromium mg/kg
Cobalt mg/kg
Copper mg/kg
Cyanide mg/kg
Iron mg/kg
Lead mg/kg
Magnesium mg/kg
Manganese mg/kg
Mercury mg/kg
Nickel mg/kg
Potassium mg/kg
Selenium mg/kg
Silver mg/kg
Sodium mg/kg
Thallium mg/kg
Vanadium mg/kg
Zinc mg/kg

A31-SB004A A31-SB004A ASB5 ASB5 ASB5 ASB6 ASB6 ASB7 ASB7 ASB8 ASB8 ASB9 ASB9 ASB10 ASB10 A31-SB011 A31-SB012 A31-SB012
0 - 1 5 - 6 0 - 1 0 - 1 7 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 1 - 2 5 - 6

12/30/08 12/30/08 04/20/06 06/30/08 04/20/06 06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 06/30/08 12/30/08 12/30/08 12/30/08
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA 2.9 0.93 [1.4] 0.0052 J <0.41 <0.40 0.20 J <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA 0.10 <1.7 [<1.8] <0.047 <1.6 <1.6 <1.5 <2.0 <1.8 <1.9 <1.8 <1.7 <1.7 <1.8 NA NA NA
NA NA 0.16 NA <0.023 NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA <0.44 [<0.45] NA <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA
NA NA 0.24 <0.44 J [0.81 J] <0.023 <0.41 <0.40 <0.38 <0.50 <0.45 <0.49 <0.45 <0.43 <0.43 <0.44 NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

NA NA <0.51 NA <0.027 NA NA NA NA NA NA NA NA NA NA NA NA NA

<0.020 <0.020 NA <0.022 [<0.022] NA <0.020 <0.020 <0.019 <0.025 <0.023 <0.024 <0.022 <0.022 <0.022 <0.022 <0.020 <0.021 <0.022
<0.020 <0.020 NA <0.022 [<0.022] NA <0.020 <0.020 <0.019 <0.025 <0.023 <0.024 <0.022 <0.022 <0.022 <0.022 <0.020 <0.021 <0.022
<0.020 <0.020 NA <0.022 [<0.022] NA <0.020 <0.020 <0.019 <0.025 <0.023 <0.024 <0.022 <0.022 <0.022 <0.022 <0.020 <0.021 <0.022
<0.020 <0.020 NA <0.022 [<0.022] NA <0.020 <0.020 <0.019 <0.025 <0.023 <0.024 <0.022 <0.022 0.015 J <0.022 <0.020 <0.021 <0.022
<0.020 <0.020 NA <0.022 [<0.022] NA <0.020 <0.020 <0.019 <0.025 <0.023 <0.024 <0.022 <0.022 <0.022 <0.022 <0.020 <0.021 <0.022
<0.020 <0.020 2.4 1.2 J [0.34 J] 0.16 <0.020 <0.020 0.096 J <0.025 <0.023 <0.024 0.20 J <0.022 0.011 J 0.016 J <0.020 <0.021 <0.022
<0.020 <0.020 NA <0.022 [<0.022] NA <0.020 <0.020 <0.019 <0.025 <0.023 <0.024 <0.022 <0.022 <0.022 <0.022 <0.020 <0.021 <0.022

NA NA 1.3 NA <0.5 NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA 0.25 J,J NA <1 NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA 1.55 J NA <1 NA NA NA NA NA NA NA NA NA NA NA NA NA

NA NA 21,000 ,J 32,300 [35,400] 36,000 ,J 37,000 31,900 28,600 34,700 38,100 35,600 37,100 34,800 38,800 42,300 NA NA NA
NA NA 0.630 ,J <3.60 [<3.80] <0.500 ,J <3.60 <3.40 <3.30 <4.10 <4.00 <4.40 <4.00 <3.70 <3.90 <3.80 NA NA NA
NA NA 20.0 ,J 10.4 [11.0] 1.80 ,J 3.60 2.30 4.60 3.60 4.20 3.30 6.40 2.80 6.30 3.60 NA NA NA
NA NA 150 ,J 114 [90.9] 94.0 ,J 54.1 49.8 55.7 85.3 42.8 78.1 74.4 76.9 55.5 74.2 NA NA NA
NA NA 0.590 J,J 0.790 J [0.800 J] 0.840 J,J 0.760 J 0.680 J 0.530 J 0.850 J 0.780 J 0.880 J 0.790 J 0.900 J 0.710 J 0.940 J NA NA NA
NA NA 1.30 ,J 0.850 J [0.520 J] 0.0720 J,J <1.20 <1.10 0.230 J <1.40 <1.30 <1.50 <1.30 <1.20 <1.30 <1.30 NA NA NA
NA NA 18,000 ,J 6,700 [9,020] 220 J,J 1,120 J <1,130 722 J <1,370 1,620 420 J 1,890 <1,250 1,480 <1,250 NA NA NA
NA NA 100 ,J 46.4 [59.7] 30.0 ,J 30.7 24.2 39.0 43.8 27.6 24.1 39.2 23.0 47.3 41.3 NA NA NA
NA NA 6.90 ,J 7.60 [6.30] 22.0 ,J 5.30 3.90 4.00 21.0 3.80 J 7.40 5.40 32.7 3.60 J 6.40 NA NA NA
NA NA 150 ,J 113 [68.1] 21.0 ,J 21.1 14.6 30.9 17.7 20.2 20.0 90.5 19.2 18.7 20.1 NA NA NA
NA NA 0.210 j NA 0.600 NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA 33,000 ,J 44,400 [45,300] 47,000 ,J 46,900 33,400 38,500 44,300 47,700 44,300 48,000 46,100 56,400 50,100 NA NA NA
NA NA 330 ,J 78.4 [95.7] 24.0 ,J 18.0 10.9 22.9 16.0 16.3 10.7 29.0 20.6 18.5 20.0 NA NA NA
NA NA 10,000 ,J 4,480 [5,030] 2,700 ,J 1,560 1,210 1,050 J 1,230 J 1,700 2,350 1,710 2,170 1,540 1,540 NA NA NA
NA NA 310 ,J 329 [244] 950 ,J 226 135 168 772 152 232 272 836 117 364 NA NA NA
NA NA 0.140 ,J 0.0880 [0.0810] 0.0620 J,J 0.0670 0.0290 J 0.0720 0.0860 0.0560 0.0280 J 0.0930 0.0700 0.180 0.0290 J NA NA NA
NA NA 13.0 ,J 18.4 [13.3] 19.0 ,J 12.4 11.2 8.50 12.9 12.6 15.2 12.7 14.2 10.6 14.7 NA NA NA
NA NA 1,100 ,J 1,510 [1,520] 2,600 ,J 1,250 1,350 922 J 1,520 1,450 2,390 1,540 2,370 967 J 1,890 NA NA NA
NA NA 0.320 J,J <1.90 [<2.00 J] 0.160 J,J <1.90 <1.80 <1.80 <2.20 <2.10 J <2.40 <2.10 <2.00 <2.10 <2.00 NA NA NA
NA NA 0.180 J,J <2.40 [<2.50] 0.0640 J,J <2.40 <2.30 <2.20 <2.70 <2.70 <2.90 <2.70 <2.50 <2.60 <2.50 NA NA NA
NA NA 41.0 J,J <1,210 [<1,270] <100 ,J <1,190 <1,130 <1,120 <1,370 <1,340 <1,470 546 J <1,250 <1,290 <1,250 NA NA NA
NA NA 0.210 J,J <2.40 [<2.50] 0.390 J,J <2.40 <2.30 <2.20 <2.70 <2.70 <2.90 <2.70 <2.50 <2.60 <2.50 NA NA NA
NA NA 56.0 ,J 77.6 [83.5] 96.0 ,J 88.3 64.0 74.3 84.2 86.1 85.8 86.5 85.8 98.2 91.6 NA NA NA
NA NA 1,400 ,J 540 [375] 69.0 ,J 43.6 35.8 48.9 53.9 43.8 53.4 123 51.7 52.7 58.4 NA NA NA

Notes: Region Screening Level Key
(a)  USEPA (2008) Regional Screening Levels (RSLs). ca - RSL based on cancer endpoint
(b)  USEPA (2008) Protection of Groundwater Soil Screening Level (SSL) DAF 20. nc - RSL basedon non-cancer endpoint
Results in brackets [ ## ] represent duplicate sample concentrations. max - RSL based on ceiling limit
NA - parameter not analyzed sat - RSL based on saturation limit
J - concentration is estimated ca* - where nc screening level < 100X ca screening level
B - compound also detected in associated blank ca** - where nc screening level < 10X ca screening level
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Appendix D. Summary of Soil Sample Analytical Results RAAP-031

Location ID:
Sample Depth(Feet):

Date Collected: Units
Volatile Organics
Acetone mg/kg
Benzene mg/kg
Ethylbenzene mg/kg
Methyl acetate mg/kg
Methylene Chloride mg/kg
Toluene mg/kg
Xylenes (total) mg/kg
Semivolatile Organics
1,1'-Biphenyl mg/kg
1,2,4,5-Tetrachlorobenzene mg/kg
2,4,5-Trichlorophenol mg/kg
2,4,6-Trichlorophenol mg/kg
2,4-Dichlorophenol mg/kg
2,4-Dimethylphenol mg/kg
2,4-Dinitrophenol mg/kg
2,4-Dinitrotoluene mg/kg
2,6-Dinitrotoluene mg/kg
2-Chloronaphthalene mg/kg
2-Chlorophenol mg/kg
2-Methylnaphthalene mg/kg
2-Methylphenol mg/kg
2-Nitroaniline mg/kg
2-Nitrophenol mg/kg
3,3'-Dichlorobenzidine mg/kg
3-Nitroaniline mg/kg
4,6-Dinitro-2-methylphenol mg/kg
4-Bromophenyl-phenylether mg/kg
4-Chloro-3-Methylphenol mg/kg
4-Chloroaniline mg/kg
4-Chlorophenyl-phenylether mg/kg
4-Methylphenol mg/kg
4-Nitroaniline mg/kg
4-Nitrophenol mg/kg
Acenaphthene mg/kg
Acenaphthylene mg/kg
Acetophenone mg/kg
Anthracene mg/kg
Atrazine mg/kg
Benzaldehyde mg/kg
Benzo(a)anthracene mg/kg
Benzo(a)pyrene mg/kg
Benzo(b)fluoranthene mg/kg
Benzo(g,h,i)perylene mg/kg
Benzo(k)fluoranthene mg/kg
bis(2-Chloroethoxy)methane mg/kg
bis(2-Chloroethyl)ether mg/kg
bis(2-Chloroisopropyl)ether mg/kg
bis(2-Ethylhexyl)phthalate mg/kg
Butylbenzylphthalate mg/kg
Caprolactam mg/kg
Carbazole mg/kg
Chrysene mg/kg
Dibenzo(a,h)anthracene mg/kg
Dibenzofuran mg/kg
Diethylphthalate mg/kg
Dimethylphthalate mg/kg
Di-n-Butylphthalate mg/kg
Dinitrotoluene Mix mg/kg
Di-n-Octylphthalate mg/kg
Fluoranthene mg/kg
Fluorene mg/kg
Hexachlorobenzene mg/kg
Hexachlorobutadiene mg/kg
Hexachlorocyclopentadiene mg/kg
Hexachloroethane mg/kg
Indeno(1,2,3-cd)pyrene mg/kg

A31-SB013 A31-SB013 A31-SB014 A31-SB014 A31-SB015 A31-SB015 A31-SB016 A31-SB016 A31-SB017 A31-SB017 A31-SB018 A31-SB018 A31-SB019 A31-SB019
0 - 1 5 - 6 0 - 1 5 - 6 2 - 3 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6

12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08

NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA

<0.41 J [<0.42] <0.42 J 0.50 J <0.42 J <0.42 J <0.41 J <0.42 J <0.42 J <0.42 J <0.41 J <0.46 J <0.42 J <0.42 J <0.42 J
<0.41 [<0.42] <0.42 <0.42 <0.42 <0.42 <0.41 <0.42 <0.42 <0.42 J <0.41 <0.46 J <0.42 J <0.42 J <0.42

NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA

<0.41 [<0.42] <0.42 0.50 J <0.42 <0.42 <0.41 <0.42 <0.42 <0.42 <0.41 <0.46 <0.42 <0.42 <0.42
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
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Appendix D. Summary of Soil Sample Analytical Results RAAP-031

Location ID:
Sample Depth(Feet):

Date Collected: Units
Isophorone mg/kg
Naphthalene mg/kg
Nitrobenzene mg/kg
N-Nitroso-di-n-propylamine mg/kg
N-Nitrosodiphenylamine mg/kg
Pentachlorophenol mg/kg
Phenanthrene mg/kg
Phenol mg/kg
Pyrene mg/kg
PAHs
Benzo(a)anthracene mg/kg
Chrysene mg/kg
Fluoranthene mg/kg
Indeno(1,2,3-cd)pyrene mg/kg
Phenanthrene mg/kg
Pyrene mg/kg
Organochlorine Pesticides
Dieldrin mg/kg
PCBs
Aroclor-1016 mg/kg
Aroclor-1221 mg/kg
Aroclor-1232 mg/kg
Aroclor-1242 mg/kg
Aroclor-1248 mg/kg
Aroclor-1254 mg/kg
Aroclor-1260 mg/kg
Explosives
2,4-Dinitrotoluene mg/kg
2,6-Dinitrotoluene mg/kg
Dinitrotoluene Mix mg/kg
Inorganics
Aluminum mg/kg
Antimony mg/kg
Arsenic mg/kg
Barium mg/kg
Beryllium mg/kg
Cadmium mg/kg
Calcium mg/kg
Chromium mg/kg
Cobalt mg/kg
Copper mg/kg
Cyanide mg/kg
Iron mg/kg
Lead mg/kg
Magnesium mg/kg
Manganese mg/kg
Mercury mg/kg
Nickel mg/kg
Potassium mg/kg
Selenium mg/kg
Silver mg/kg
Sodium mg/kg
Thallium mg/kg
Vanadium mg/kg
Zinc mg/kg

A31-SB013 A31-SB013 A31-SB014 A31-SB014 A31-SB015 A31-SB015 A31-SB016 A31-SB016 A31-SB017 A31-SB017 A31-SB018 A31-SB018 A31-SB019 A31-SB019
0 - 1 5 - 6 0 - 1 5 - 6 2 - 3 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6 0 - 1 5 - 6

12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08 12/30/08
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA NA NA

<0.020 [<0.021] <0.021 <0.021 <0.021 <0.021 <0.020 <0.021 <0.021 <0.021 <0.020 <0.023 <0.021 <0.021 <0.021
<0.020 [<0.021] <0.021 <0.021 <0.021 <0.021 <0.020 <0.021 <0.021 <0.021 <0.020 <0.023 <0.021 <0.021 <0.021
<0.020 [<0.021] <0.021 <0.021 <0.021 <0.021 <0.020 <0.021 <0.021 <0.021 <0.020 <0.023 <0.021 <0.021 <0.021
<0.020 [<0.021] <0.021 <0.021 <0.021 <0.021 <0.020 <0.021 <0.021 <0.021 <0.020 <0.023 <0.021 <0.021 <0.021
<0.020 [<0.021] <0.021 <0.021 <0.021 <0.021 <0.020 <0.021 <0.021 <0.021 <0.020 <0.023 <0.021 <0.021 <0.021
<0.020 [<0.021] <0.021 <0.021 <0.021 <0.021 <0.020 <0.021 <0.021 <0.021 <0.020 <0.023 <0.021 <0.021 <0.021
<0.020 [<0.021] <0.021 <0.021 <0.021 <0.021 <0.020 <0.021 <0.021 <0.021 <0.020 <0.023 <0.021 <0.021 <0.021

NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Notes: Region Screening Level Key
(a)  USEPA (2008) Regional Screening Levels (RSLs). ca - RSL based on cancer endpoint
(b)  USEPA (2008) Protection of Groundwater Soil Screening Level (SSL) DAF 20. nc - RSL basedon non-cancer endpoint
Results in brackets [ ## ] represent duplicate sample concentrations. max - RSL based on ceiling limit
NA - parameter not analyzed sat - RSL based on saturation limit
J - concentration is estimated ca* - where nc screening level < 100X ca screening level
B - compound also detected in associated blank ca** - where nc screening level < 10X ca screening level
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