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1. Introduction 

ARCADIS U.S., Inc. (ARCADIS) has been retained by the United States Army 
Environmental Command (AEC) to perform Installation Restoration Program (IRP) 
activities at the Radford Army Ammunition Plant (RFAAP).  The RFAAP facility is 
located in the mountains of southwestern Virginia and consists of two noncontiguous 
units: the Main Manufacturing Area (MMA) and the New River Unit (NRU).  The MMA 
is located approximately 5 miles northeast of the City of Radford, in Montgomery 
County, Virginia.  The NRU is located about six miles west of the MMA, near the town 
of Dublin, in Pulaski County, Virginia (Figure 1-1).  The IRP activities for both the 
RFAAP-MMA and the NRU are being conducted as part of a Performance Based 
Contract (PBC) awarded to ARCADIS under contract W91ZLK-05-D-0015: Task Order 
0002. The RFAAP-NRU is managed under the Comprehensive Environmental 
Response and Compensation Liability Act (CERCLA). 

This site-specific Response Action Completion and Closure Report has been prepared 
to summarize the remedial activities completed at the Northern Burning Ground (NBG) 
area at RFAAP-NRU.  This report also provides certification that the activities achieved 
the remedial action objectives that were outlined for the NBG in the Removal Action 
Work Plan (ARCADIS 2009a), the Engineering Evaluation/Cost Analysis (EE/CA) 
Report (ARCADIS 2009c), and the Action Memorandum for the Soil Removal Action at 
the Northern Burning Ground (RFAAP 2009).   The following major sections are 
included in this report: 

• Introduction; 

• Remedial Action Requirements; 

• Remedial Action Implementation; 

• Quality Assurance/Quality Control 

• Final Site Inspection; 

• Construction Alterations; 

• Future Requirements; and, 

• Certification. 



 1-2 

Response Action 
Completion and Closure 
Report for the Northern 
Burning Ground 
 
Introduction 

 

Each section discusses specific site issues leading to the completion of the remedial 
action activities.  Data collected throughout the closure activities are summarized in 
tables or appended for reference as supporting documentation. 

1.1 Site History 

The RFAAP-NRU was established in 1940, and was originally known as the New River 
Ordinance Works (NROW).  The NROW was incorporated into the RFAAP in 1945.  
The RFAAP-NRU facility operated as a bag manufacturing and loading plant for 
artillery, cannon, and mortar projectiles during World War II.  Although active 
manufacturing activities at the RFAAP-NRU were reported to have ceased in the 
1940’s (after World War II), portions of the RFAAP-NRU are still utilized as storage 
facilities for operations at the MMA. 

The area of the RFAAP-NRU identified as the NBG was temporarily utilized as a 
burning ground for the facility.  Anecdotal evidence suggests that the burning 
operations may have been conducted to remove energetics from components used in, 
or impacted by, the former manufacturing activities at the site.   No buildings have 
existed at the NBG site; burning operations were conducted directly on the ground 
surface.  

1.2 Purpose and Objectives of Remedial Action 

Based on the elevated risk levels presented by lead and chromium in soil at the NBG, 
a remedial action was deemed necessary for the site.  In order to guide the remedial 
process, two primary Remedial Action Objectives (RAOs) were identified for the NBG.  
The first RAO was to minimize the potential for human exposure to soils containing 
lead and chromium at concentrations above applicable cleanup levels, thus reducing 
the potential for adverse health affects associated with exposure to lead and chromium 
in soil.  The second RAO was to minimize the potential for elevated concentrations of 
lead and chromium in soil to migrate to un-impacted areas.  Following the evaluation of 
the available remedial options presented within the EE/CA, a soil removal action was 
selected for the NBG that achieved both of the RAO’s and will allow for unrestricted 
future development of the site. The selected removal action was excavation and off-
site disposal of soils containing lead and chromium at concentrations above their 
respective Remedial Action Levels RALs (see Section 2.2).  This removal action will be 
the final remedy for the NBG.   
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1.3 Statutory and Regulatory Authority 

The removal action at the NBG was undertaken by the United States Army as part of 
the IRP at Radford Army Ammunition Plant.  The remediation activities at the NRU are 
being managed under CERCLA, with the Virginia Department of Environmental Quality 
(VDEQ) as the lead review agency.  The investigation, reporting, and remedial actions 
conducted at the NRU are being conducted in accordance with the requirements 
outlined in National Oil and Hazardous Substances Pollution Contingency Plan (aka 
National Contingency Plan [NCP]), 40 Code of Federal Regulations (CFR) Part 300.  

The NBG site presented a relatively time-sensitive, non-complex problem that could be 
addressed relatively cost effectively.  Based on the considerations outlined in 40 CFR 
300.415(b)(2)(iv), the removal action conducted at the NBG was appropriate due to the 
presence of elevated levels of hazardous substances (i.e., chromium and lead) in soils 
that were largely at or near the surface which had the potential to migrate to adjacent 
soils, drainage ditch sediments, and groundwater. The removal action at the NBG 
complied with all Applicable or Relevant and Appropriate Requirements (ARARs) 
outlined in the EE/CA. 
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2. Remedial Action Requirements 

2.1 Cleanup Levels 

Based on the assessment of the available remedial alternatives for the NBG site 
presented in the EE/CA, excavation and off-site disposal of impacted soils was 
determined to be the most effective option for achieving the RAOs and protecting 
human health and the environment.  Although the current and reasonably anticipated 
future use of the NBG site is military/industrial, a cost benefit analysis indicated that in 
this specific case it was to the ARMY’s advantage to remediate to residential levels and 
eliminate the need for long term monitoring and/or land use controls (LUCs).  In the 
absence of any state mandated soil clean-up levels, the United States Environmental 
Protection Agency’s (USEPA) Regional Screening Levels (RSLs) for residential soil 
(USEPA 2009) were used as the Cleanup Levels for the site. The residential soil RSLs 
for chromium and lead are 280 mg/kg and 400 mg/kg, respectively.     

2.2 Attainment of Cleanup Levels 

To facilitate the evaluation of the attainment of the residential cleanup levels, 
Remediation Action Levels (RALs) were developed as part of the EE/CA following 
USEPA’s Guidance on Surface Soil Cleanup at Hazardous Waste Sites (USEPA 
2005).  As defined by USEPA (2005), the RAL is the maximum concentration that may 
be left in place within an exposure unit such that the predicted average concentration is 
at or below the Cleanup Level.    RALs for lead (3,000 mg/kg) and chromium (1,620 
mg/kg) were established as the not-to-exceed levels for the NBG in the EE/CA. 

2.3 Planned Response Action Area 

The comprehensive soil sampling events completed at the site between 1997 and 
2008 clearly indicated that the highest concentrations of lead and chromium at the 
NBG were confined to the central portion of the site.  This area is believed to be where 
the former burning activities were completed.  The planned response action area was 
approximately 110 ft by 70 ft, and encompassed the central portion of the site where 
the highest lead and chromium concentrations were historically detected (Figure 2-1).  
The impacts within this area were primarily confined to the interval from ground surface 
to approximately 1 ft below ground surface (bgs).  However, lead and chromium were 
detected at elevated concentrations at a depth of approximately 4 ft bgs within a small 
(approximately 35 ft by 10 ft) portion of the site.   
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3. Remedial Action Implementation 

The field activities for the NBG remedial action were initiated on December 7, 2009 and 
were completed by December 11, 2009.  This section provides an outline of the project 
organization, and details the various activities that were completed during 
implementation of the remedial action at the Northern Burning Ground.   

3.1 Project Organization 

ARCADIS served as the prime contractor for the remedial action implementation at the 
NBG.  ARCADIS utilized internal staff to perform the majority of the related site work, 
including the site preparation, excavation, confirmation sampling, and site restoration 
activities.  However, ARCADIS did utilize the services of various subcontractors to 
assist with the performance of several key components, including; utility location, waste 
coordination, waste hauling, backfill delivery, and laboratory analytical services.  
Following is a list of the key personnel/subcontractors involved in the performance of 
the work: 

 Project Manager:   Diane Wisbeck (ARCADIS) 

 Site Manager:    Christopher Kalinowski (ARCADIS) 

 Construction Crew: ARCADIS – Construction and Environmental 
Services (CES) Division  

 Facility Work Permits:  Matt Alberts (Alliant Techsystems, Inc.) 

 Construction Supervisor:   David Kingsley (ARCADIS) 

 Confirmation Sampling:  Jason Tillotson (ARCADIS) 

 Utility Clearance:     Mid-Atlantic Utility Locating, LLC 

 Waste Coordinator:   Terri Fort (Capitol Environmental Services, Inc.) 

 Waste Hauler:   US Bulk Transport, Inc. 

 Backfill Delivery:   JWB Contractors, LLC 

 Laboratory Analytical Services: Empirical Laboratories, Inc. 
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 Health and Safety Supervisor: Christopher Kalinowski (ARCADIS) 

3.2 Chronological Summary of Response Action Activities 

The following table provides a daily chronology of activities that were completed during 
the NBG response action.  Further details on the various activities completed during 
the response action are also provided in Sections 3-3 through 3-5. 

Date Description of Activities 
  
7 December 2009 Mobilized personnel and equipment to the site, obtained facility 

work permits, performed utility location, installed silt fencing, 
cleared vegetation from work area, and laid out initial/planned 
boundaries of the excavation. 

  
8 December 2009 Performed excavation perimeter confirmation sampling, set up 

truck loading and decontamination pad, improved dirt access 
road on the east side of the site, began excavation of lead and 
chromium impacted soils, loaded four (4) dump trailers for 
transportation to the disposal facility.  

  
9 December 2009 Continued excavation of lead and chromium impacted soils, 

loaded a total of ten (10) dump trailers for transportation to the 
disposal facility, performed confirmation soil sampling in areas 
where target depth was reached. 

  
10 December 2009 Completed excavation of lead and chromium impacted soils, 

loaded two (2) dump trailers for transportation to the disposal 
facility, completed confirmation soil sampling from excavation 
base and the boundaries of the expanded footprint, 
decontaminated equipment used in excavation activities, 
backfilled excavation area 

  
11 December 2009 Seeded excavation area and put down straw ground cover, 

demobilized equipment and personnel from the site. 
  
21 January 2010 Performed final site inspection. 
  
Summer 2010 Planned abandonment of groundwater monitoring wells and 

removal of silt fencing from NBG site.  Reseeding as necessary.   
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3.3 Site Preparation Activities 

3.3.1 Mobilization and Work Permits 

ARCADIS’ field personnel and equipment were mobilized to RFAAP-NRU on 
December 7, 2009 for performance of the removal action activities at the NBG site.  
Prior to conducting any work on-site, an Area Entry Permit and a Hot Work Permit 
were obtained from the RFAAP Safety Department.  No other permits were required for 
the performance of this work. 

3.3.2 Subsurface Utility Clearance 

Prior to initiating any intrusive activities at the site, ARCADIS’ field personnel 
completed a preliminary site inspection along with the RFAAP Safety Department to 
identify any potential surface or subsurface impedances to the proposed work.  
ARCADIS also utilized the subcontract services of Mid-Atlantic Utility Locating, LLC, to 
perform utility clearance services at the site on December 7, 2009.  No utilities or other 
subsurface impedances were identified at the site. 

3.3.3 Erosion and Sediment Control 

ARCADIS erected silt fencing along the northern perimeter of the excavation area to 
prevent sediment transport from the work area to the drainage ditch and culvert on the 
northern perimeter of the site.  Hay bales were also placed along the drainage ditch to 
provide additional protection for the storm-water culvert that passes underneath the 
paved surface road on the north side of the NBG.  The silt fencing and hay bales will 
be left in place until site vegetation has been re-established.  The silt fencing is 
tentatively scheduled to be removed during the summer of 2010.  The location of the 
silt fencing and hay bales are depicted in Figure 3-1.   

3.3.4 Site Clearing 

ARCADIS cleared a total of 10 trees and several small woody shrubs from the 
excavation footprint and surrounding area prior to initiating the excavation activities.  All 
cleared vegetation was spread into the wooded areas surrounding the NBG site and 
will be allowed to decay naturally (i.e., trees were laid down in wooded areas and large 
branches were removed).  Tree stumps outside the excavation area were cut down to 
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near ground surface and left in place, while tree stumps within the excavation footprint 
were removed during the excavation activities and disposed of with the excavated soil.    

3.3.5 Truck and Equipment Access/Egress Routes and Loading/Decontamination Pad 

Due to wet weather conditions and site access restrictions, the truck and equipment 
access/egress routes, and the truck loading/decontamination areas were revised from 
the locations presented in the Removal Action Work Plan (ARCADIS, 2009a).  Rather 
than have the trucks/dump trailers (used for soil transportation to the disposal facility) 
utilize the dirt road that loops around the south side of the site to access the work area, 
the trucks/trailers were kept on the paved road on the north side of the site.  A truck 
loading and decontamination pad constructed with 10-mil polyethylene tarps was set 
up on the paved road to collect any debris spilled during the truck loading process.  
The location of the truck loading and decontamination pad is depicted in Figure 3-2.  
Because the dump trailers were direct loaded and were kept on the paved surface 
road, minimal on-site truck cleaning/decontamination was required during the removal 
action.  Upon completion of the excavation activities, the excavation equipment was 
cleaned on the decontamination pad.  The decontamination materials and water were 
disposed of with the soil. 

Due to wet soil conditions, a portion of the dirt access road on the western side of the 
NBG was improved with a gravel base layer to allow dump trucks transporting backfill 
material to the site to access the work area and to minimize the potential for tracking 
soil onto the paved roads.  The extent of the gravel road improvements are depicted in 
Figure 3-2.  The gravel road improvements were left in place upon completion of the 
site work. 

3.4 Excavation and Disposal Activities 

3.4.1 Pre-Excavation Survey and Boundary Confirmation Sampling 

Prior to commencing the excavation activities, ARCADIS clearly marked the planned 
boundaries of the excavation footprint presented in Figure 2-1.  The boundaries were 
defined based on measurements from pre-surveyed benchmark locations (i.e., 
Monitoring Wells NBG-MW01 and NBG-MW02). To confirm that the planned 
boundaries of the excavation would encompass the surface soils containing lead and 
chromium at concentrations above their respective RALs of 3,000 mg/kg and 1,620 
mg/kg, eight soil samples (NBG-XRF001 through NBG-XRF008) were collected along 
the northern perimeter of the planned excavation area.  These eight sample locations 
are depicted in Figure 3-3.  As discussed in the Removal Action Work Plan, boundary 
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confirmation samples were not required on the southern half of the excavation due to 
the abundance of samples collected in that portion of the site during the historical site 
characterization process.   The perimeter confirmation samples were analyzed on-site 
for lead and chromium using an Innov-X Systems™ portable XRF device that had 
been calibrated for soil screening.   

The results from the initial perimeter confirmation samples indicated that 6 of the 8 
samples (NBG-XRF001, NBG-XRF002, NBG-XRF003, NBG-XRF006, NBG-XRF007, 
and NBG-XRF008) had lead and chromium concentrations below their respective 
RALs.  However, two of the samples (NBG-XRF004 and NBG-XRF005) had lead 
concentrations in excess of the lead RAL of 3,000 mg/kg.  As shown in Figure 3-3, 
sample locations NBG-XRF004 and NBG-XRF005 were located near the northern tip 
of the planned excavation footprint.   

In response to the lead detections at NBG-XRF004 and NBG-XRF005, the northern 
boundary of the excavation footprint was expanded approximately 6 ft to the north.  
The boundaries of the expanded footprint are depicted in Figure 3-3.   XRF analyses 
conducted on three soil samples (NBG-XRF032, NBG-XRF033, and NBG-XRF036) 
collected along the expanded excavation boundary indicated that lead and chromium 
concentrations were well below their respective RALs.  These results confirmed that 
the excavation footprint would encompass the target lead and chromium 
concentrations. 

The results of all XRF analyses for the perimeter soil samples are presented in Table 
3-1 and Figure 3-3.   

In addition to the field XRF analyses, 3 of the 11 samples collected during the 
boundary confirmation sampling activities were submitted for laboratory analysis of 
lead and chromium by USEPA Method 6010B.  The results from these samples, which 
included NBG-XRF002(0-0.5), NBG-XRF005(0-0.5) and NBG-XRF007(0-0.5) are 
presented along with the XRF results in Table 3-1. The laboratory analytical reports are 
presented in Appendix A.  The analytical results indicated that the chromium 
concentrations in all three samples were far lower the chromium RAL of 1,620 mg/kg.  
The lead concentrations detected in NBG-XRF002(0-0.5) and NBG-XRF007(0-0.5) 
were also well below the lead RAL of 3,000 mg/kg.  The lead concentration detected at 
NBG-XRF005(0-0.5) was higher than the RAL, which corresponds with the field XRF 
result for this location.  As discussed above, the excavation boundary was expanded at 
the NBG-XRF005 sample location due to the non-complying lead concentration. 
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3.4.2 Excavation Activities  

The excavation of the lead and chromium impacted soils at the NBG commenced on 
December 8 and was completed on December 10, 2009.  The excavation was 
performed using a DEERE Model 200C-LC excavator equipped with a 48-inch wide 
bucket and was sequenced from south to north so that the excavator did not have to 
track back through areas where excavation was complete.  The excavator was utilized 
for both excavation and truck loading, therefore, no other equipment was required 
during the excavation activities. 

The excavation was completed to the planned 1-ft and 4-ft depth intervals shown in 
Figure 2-1.  However, the depth of excavation was increased in two areas within the 
north-central portion of the excavation footprint because debris/ash from the former 
burning operations was encountered below ground surface during the course of 
excavation (see site photographs in Appendix B).  XRF analyses of the debris/ash 
indicated that lead concentrations were in excess of the 3,000 mg/kg RAL; therefore, 
the depth of the excavation was increased to the bottom of the debris/ash layers in 
these areas.  The debris/ash layers extended to a depth of approximately 2 ft bgs in 
one area and ranged from 2 to 3 ft bgs in the other.  Field sampling confirmed that the 
lead and chromium concentrations at the base of the debris layers were below their 
respective RALs.  The final depths of excavation and the approximate locations of the 
debris/ash, which correspond to confirmation sample locations NBG-XRF021, NBG-
XRF023 and NBG-XRF026, are depicted in Figure 3-4.  No other debris/ash was 
encountered during the course of site work.   

3.4.3 Confirmation Sampling 

A total of 25 sample locations (NBG-XRF009 through NBG-XRF035) were laid out 
within the base of the excavation for the purpose of collecting soil samples to confirm 
that the vertical extent of the excavation was sufficient to remove soils containing lead 
and chromium at levels greater than the RALs..   The first round of confirmation 
samples included 22 samples from the base of the 1-ft deep excavation area.  XRF 
analysis of the excavation base confirmation samples, which represented the 1.0 to 1.5 
ft bgs interval, indicated that 19 of the 22 the samples contained lead and chromium at 
concentrations below their respective RALs.  However, as discussed in Section 3.4.2, 
three excavation base confirmation samples [NBG-XRF021(1-1.5), NBG-XRF023(1-
1.5), and NBG-XRF026(1-1.5)] were collected within debris/ash layers uncovered 
during excavation and contained lead at concentrations above the 3,000 mg/kg RAL.  
As a result of the lead detections, the depth of excavation was increased in the vicinity 
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of the 3 non-complying samples to the bottom of the debris/ash layer (see Figure 3-4, 
which depicts the final depth of excavation). 

A second round of confirmation samples were collected at sample locations NBG-
XRF021, NBG-XRF023, and NBG-XRF026 once the debris/ash layers detected in 
these areas had been fully excavated.  The depth of the excavation in the vicinity of 
NBG-XRF023 and NBG-XRF025 ranged from approximately 2 to 3 ft bgs; therefore the 
samples collected at these locations [NBG-XRF023(3-3.5) and NBG-XRF026(2-2.5)] 
represent the soils underneath the debris layer.  The depth of the excavation near 
NBG-XRF021 extended to approximately 2 ft bgs; therefore the sample collected at 
this location [NBG-XRF021(3-3.5)] represents the 2.0 to 2.5 ft bgs interval.  XRF 
analysis of these three samples indicated that lead and chromium concentrations were 
well below their respective RALs; therefore, no additional excavation was required. 

The last group of confirmation soil samples were collected from the base of the small 
4-ft deep excavation area located near the central portion of the excavation footprint 
(see Figures 2-1 and 3-4).  A total of three samples [NBG-XRF016(4-4.5), NBG-
XRF024(4-4.5) and NBG-XRF025(4-4.5)] were collected from the deep area, 
representing the 4.0 to 4.5 ft bgs interval.  XRF analysis indicated that lead and 
chromium concentrations were well below their respective RALs in each of these three 
samples; therefore, no additional excavation was required in this area. 

The XRF results of all 28 soil samples collected during the confirmation sampling 
program are presented in Table 3-2 and Figure 3-4.  The results indicate that soils 
containing lead and chromium at concentrations greater than their respective RALS 
were successfully removed from the NBG site. 

In addition to the field XRF analyses, 12 of the 28 samples collected during the 
excavation base confirmation sampling activities were split and submitted for laboratory 
analysis of lead and chromium by USEPA Method 6010B.  The results from these 
samples, which included NBG-XRF010(1-1.5), NBG-XRF013(1-1.5), NBG-XRF015(1-
1.5), NBG-XRF017(1-1.5), NBG-XRF020(1-1.5), NBG-XRF022(1-1.5), NBG-
XRF023(3-3.5), NBG-XRF025(4-4.5), NBG-XRF028(1-1.5), and NBG-XRF031(1-1.5), 
are presented along with the XRF results in Table 3-2. The laboratory analytical reports 
are presented in Appendix A.  Overall the laboratory analytical results correlated well 
with the XRF results for chromium and lead.   

The results indicated that the chromium concentrations in all 12 samples were far lower 
the chromium RAL of 1,620 mg/kg, which corresponds with the XRF results.  The 
laboratory lead results also agree with the XRF results in that the lead concentrations 
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detected in 10 of the 12 samples were lower than the lead RAL of 3,000 mg/kg and 
that lead was greater than the RAL in 2 of the samples.  The two samples where the 
laboratory and XRF results indicated lead concentrations higher than the RAL [NBG-
XRF021(1-1.5) and NBG-XRF026(1-1.5)] were collected from the debris/ash layers 
that were removed from the site during the excavation. 

3.4.4 Transportation and Disposal 

The excavated soils and decontamination materials from the NBG removal action were 
direct loaded onto a total of 16 plastic-lined dump trailers for transportation to the 
disposal facility.  The waste was transported by U.S. Bulk Transport, Inc. under 
approved Uniform Hazardous Waste Manifests to the Environmental Quality Company 
(EQ) in Belleville, Michigan and disposed of at the Wayne Disposal, Inc. (Wayne 
Disposal) landfill facility.  Wayne Disposal (EPA ID: MID 048 090 633) is a Subtitle C 
landfill that is fully permitted to receive RCRA hazardous waste.  The soil was originally 
planned to be disposed of at EQ’s Subtitle D landfill facility (Michigan Disposal, Inc.) 
after stabilization; however, due to the possible presence of low-level dioxins in the soil 
(as indicated by historical data), EQ elected to dispose of the material in the Subtitle C 
facility instead.  Based on the truck weigh tickets, a total of 384.1 tons of material were 
disposed of at the landfill.    Table 3-3, provides a summary of the shipping information 
on each load (i.e., manifest number, load weight, facility receipt date).  Copies of the 
finalized waste manifests, weigh tickets, and Certificates of Disposal are provided in 
Appendix C.  

3.5 Site Restoration 

3.5.1 Backfill 

Once all excavation and field confirmation sampling activities were completed, the 
excavated area was backfilled with common backfill material and graded to be level 
with the surrounding terrain.  After placement and grading of the common backfill, an 
approximately 3-inch layer of top soil was placed throughout the excavation footprint to 
assist in re-vegetating the area. Both the common backfill material and the vegetative 
top soil were obtained from JWB Contractors, LLC of Dublin, Virginia.   

Prior to delivery of the backfill material to the site, samples of both the common backfill 
(NBG-Backfill) and the vegetative top soil (NBG-Topsoil) were submitted for laboratory 
analyses to ensure that the material came from a “clean” source.  The samples were 
analyzed for volatile organic compounds (VOCs) by USEPA Method 8260B, semi-
volatile organic compounds (SVOCs) by USEPA Method 8270C, metals by USEPA 
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Method 6010B, pesticides by USEPA Method 8081A, and herbicides by USEPA 
Method 8151A.  

The analytical results for the common backfill and top soil samples are summarized in 
Table 3-4 and laboratory analytical reports are provided in Appendix D. The data 
indicated that the top soil backfill contained arsenic, cobalt and manganese at 
concentrations slightly above the residential RSLs.  Arsenic was the only constituent 
detected in the common backfill material at a concentration above the residential RSL.  
While these constituents were present at concentrations slightly higher than the RSL 
values, the concentrations were all below the naturally occurring background metals 
concentrations reported in the Facility-Wide Background Study Report (IT 2001) and 
thus are consistent with levels of these metals in the native soil.  No other constituents 
were detected at concentrations above applicable residential RSLs; however, some 
organic compounds were detected at low concentrations in both the common backfill 
and the topsoil samples.  However, all or the organic constituents were at 
concentrations  below applicable residential RSLs.  

The chromium concentration in the common backfill (33.mg/kg) and top soil (30.8 
mg/kg) were both lower than the natural background chromium concentration (65.3 
mg/kg) at the facility.  The lead concentration in the common backfill material (17 
mg/kg) was also below the facility-wide background lead concentration (26.8 mg/kg).  
The laboratory analytical results for lead from the top soil sample (37.6 mg/kg) 
indicated that the lead concentration was only slightly higher than the background 
value, but well below the 400 mg/kg clean up level for lead.   

3.5.2 Vegetation 

Upon completion of the backfilling activities the excavation footprint, and any other 
areas of RFAAP-NRU that may have been disturbed by off road vehicle traffic during 
implementation of the NBG response action, were heavily seeded with annual (winter) 
ryegrass.  The ryegrass seed was sown to help re-establish a vegetative layer in the 
disturbed areas so as to provide soil stabilization until natural vegetation is re-
established.  A heavy straw layer was also placed throughout the disturbed areas to 
help protect the seed and to provide some measure of soil stabilization until the grass 
is able to grow.  Pictures of the seeded and straw covered excavation footprint are 
presented in Appendix B. 
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3.5.3 Demobilization 

Equipment and personnel were demobilized from the site on Friday, December 11, 
2009.  Prior to departing the site the crew picked up all trash from the site and made 
sure that the large braches were removed from the pine trees that had been cleared 
during the removal action.  The crew also repaired several soil ruts where vehicles 
used in performance of the work had driven off of the narrow paved surface.  Grass 
seed and straw were placed in these areas to help stabilize the soil.  
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4. Quality Assurance/Quality Control 

In accordance with the quality assurance/quality control (QA/QC) procedures outlined 
in the Master Quality Assurance Project Plan (QAPP) (URS 2003) and ARCADIS’ 

Quality Assurance Plan Addendum (QAPA) (ARCADIS 2008), the laboratory data 
collected during the performance of this site work was validated to verify data usability 
and to ensure compliance with the data quality objectives.  This section summarizes 
the findings of the laboratory data validation process. 

4.1 Summary of the Electronic Validation Review Report 

The Electronic Validation Review Report addresses the results of the data validation 
effort for soil samples collected in support of the site closure at the NBG (see Appendix 
E).  The purpose of the validation review is to determine the reliability of the chemical 
analyses and the accuracy and precision of information acquired from the laboratory.  
Data quality was assessed through the review and evaluation of field sampling 
activities and Quality Control (QC) samples and data associated with the chemical 
analytical results.  An evaluation of QC samples and implications for data quality is 
provided in full within Appendix E.  In general, only minor deficiencies were identified 
and the data were qualified as appropriate.  Overall, the analytical data associated with 
this investigation event are considered quantitative and usable for the intended 
purpose.  The validation identified only minor deficiencies with the data.  The data were 
qualified, as appropriate, using guidance from the USEPA.  One hundred percent of 
the results are valid for their intended purpose, as qualified by the data validation.  

The laboratory data is presented in full within Appendix A. 
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5. Final Inspection 

A final inspection of the NBG site was conducted by representatives of ARCADIS and 
the US Army – RAAP on January 21, 2010.  Two comments were generated as a 
result of the site walk.  The first comment was in regards to the removal of the 
temporary erosion control devices.  It was agreed that the temporary erosion control 
devices will be removed from the site during the summer of 2010, once vegetation has 
been re-established at the site. The second comment concerned the re-vegetation 
efforts for the site.  It was agreed that additional grass seed may be spread at the site 
during the spring or summer of 2010 if required to stabilize the backfilled area. The 
attendees at this inspection were as follows: 

• James McKenna – US Army - RFAAP; and, 

• Christopher Kalinowski - ARCADIS. 
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6. Alterations to Planned Response Action 

The remedial activities for the NBG were conducted in accordance with the Removal 
Action Work Plan and achieved the RAOs outlined in the EE/CA for the site.  The only 
deviations from the Work Plan involved the placement of the truck loading and 
decontamination area; the expansion of the horizontal and vertical extent of the 
excavation area.  The truck loading and decontamination area was moved to the 
location presented in Figure 3-2 due to site access restrictions.  As discussed in 
Section 3.4.1, the horizontal extent of the excavation was expanded slightly on the 
northern, boundaries based on the results of the XRF field screening conducted during 
the pre-excavation boundary confirmation sampling.  The depth of the excavation was 
also increased in two discrete areas during the excavation process due to the 
presence of debris/ash and the detection of lead at concentrations above the RAL at 
the planned 1-ft depth interval.  Figures 2-1 and 3-4 depict the excavation area as 
originally intended, and the final expanded excavation area, respectively.   
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7. Future Requirements 

The remedial actions for the lead and chromium impacted soils have been completed 
at the NBG site.  The results of the sampling program conducted during the excavation 
activities confirmed that the response action was successful at removing the site soils 
containing lead and chromium at concentrations above their respective RALs.  
Therefore, the site is suitable for clean closure and future development of the site 
should be unrestricted.  Long term monitoring and inspection of the site will not be 
required.   

The only future requirements for the site will include removal of the silt fencing and hay 
bales that were left at the site as temporary erosion control measures.  The silt fencing 
and hay bales are scheduled to be removed from the site during the summer of 2010, 
once site vegetation has been re-established.  ARCADIS will also re-seed the area 
during the spring or summer of 2010, if the seed sowed during the removal action does 
not establish adequate ground cover.   
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8. Certification 

This Response Action Completion and Closure Report documents the remedial actions 
that were completed for the Northern Burning Ground study area at RAAP-NRU.  The 
actions were completed as discussed in the Removal Action Work Plan for the 
Northern Burning Ground and achieved the Remedial Action Objectives outlined in the 
EE/CA and Action Memorandum for the site.  No deficiencies in the work are believed 
to exist, nor were any documented during confirmation sampling or subsequent 
inspection.  No additional remedial actions are required for the site.  As such the site is 
suitable for clean closure and unrestricted future development. 
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Tables



Chromium Lead Chromium Lead

NBG-XRF001 0 - 0.5 12/08/09 no <108 1,216 NA NA
NBG-XRF002 0 - 0.5 12/08/09 no <83 634 83.5 1,580

NBG-XRF003* 0 - 0.5 12/08/09 no <119 1,417 NA NA
NBG-XRF004* 0 - 0.5 12/08/09 no 429 6,036 NA NA
NBG-XRF005* 0 - 0.5 12/08/09 no <125 3,445 226 3,230
NBG-XRF006 0 - 0.5 12/08/09 no 195 2,403 NA NA
NBG-XRF007 0 - 0.5 12/08/09 no <109 436 85.7 742
NBG-XRF008 0 - 0.5 12/08/09 no 188 1,889 NA NA

NBG-XRF032 0 - 0.5 12/10/09 no <107 615 NA NA
NBG-XRF033 0 - 0.5 12/10/09 no <116 445 NA NA
NBG-XRF036 0 - 0.5 12/10/09 no <101 915 NA NA

Chromium
(mg/kg)

Lead
(mg/kg)

65.3 26.8
1,620 3,000

Notes:  

* The boundaries of the excavation were expanded at NBG-XRF003, NBG-XRF004, and NBG-XRF005; therefore , the soils at these 
locations were removed from the site.

Remedial Action Level

Debris 
Present 
(yes/no)

XRF Screening Results
(mg/kg)

Laboratory Analytical 
Results

Table 3-1: Boundary Confirmation Soil Sampling Results, Northern Burning Ground
New River Unit, Radford Army Ammunition Plant, Radford, Virginia

Screening Criteria

1. From Facility-Wide Background Study Report. (IT 2001)
NA - Not detected.

Sample Location ID Sample Depth
(Feet) Sample Date

Original Boundary Confirmation Samples

Expanded Boundary Samples

Facility-Wide Background1



Chromium Lead Chromium Lead

NBG-XRF009 1 - 1.5 12/09/09 no <96 35 NA NA
NBG-XRF010 1 - 1.5 12/09/09 no <101 31 21.7 106
NBG-XRF011 1 - 1.5 12/09/09 no <88 23 NA NA
NBG-XRF012 1 - 1.5 12/09/09 no <98 60 NA NA
NBG-XRF013 1 - 1.5 12/09/09 no <101 17 21.2 37.9
NBG-XRF014 1 - 1.5 12/09/09 no 379 1,856 NA NA
NBG-XRF015 1 - 1.5 12/09/09 no <99 39 17.3 40.0
NBG-XRF017 1 - 1.5 12/09/09 no <97 48 24.2 158
NBG-XRF018 1 - 1.5 12/09/09 no 421 2,476 NA NA
NBG-XRF019 1 - 1.5 12/09/09 no <93 210 NA NA
NBG-XRF020 1 - 1.5 12/09/09 no <133 597 22.3 293

NBG-XRF021* 1 - 1.5 12/09/09 yes 128 6,281 407 5,920

NBG-XRF022 1 - 1.5 12/09/09 no <116 631 124 1,540
NBG-XRF023* 1 - 1.5 12/09/09 yes <128 3,748 NA NA
NBG-XRF026* 1 - 1.5 12/09/09 yes 166 4,458 214 4,040

NBG-XRF027 1 - 1.5 12/09/09 no <99 29 NA NA
NBG-XRF028 1 - 1.5 12/09/09 no <123 902 68.3 1,230
NBG-XRF029 1 - 1.5 12/10/09 no 148 1,912 NA NA
NBG-XRF030 1 - 1.5 12/10/09 no <98 295 NA NA
NBG-XRF031 1 - 1.5 12/10/09 no 117 40 24.7 94.8
NBG-XRF034 1 - 1.5 12/10/09 no <98 356 NA NA
NBG-XRF035 1 - 1.5 12/10/09 no <98 422 NA NA

NBG-XRF021 2 - 2.5 12/10/09 no <117 327 NA NA
NBG-XRF023 3 - 3.5 12/09/09 no 147 43 23.2 59.4 J
NBG-XRF026 2 - 2.5 12/10/09 no <83 461 NA NA

NBG-XRF016 4 - 4.5 12/09/09 no <147 29 NA NA
NBG-XRF024 4 - 4.5 12/09/09 no <149 24 NA NA
NBG-XRF025 4 - 4.5 12/09/09 no <114 <11 22.2 66.7

Chromium
(mg/kg)

Lead
(mg/kg)

65.3 26.8
1,620 3,000

Notes:  

* The depth of excavation was increased at  NBG-XRF021, NBG-XRF023, and NBG-XRF026 to remove the debris and soil 
containing lead at concentrations above the 3,000 mg/kg RAL.

Shallow Area Samples (1 ft Deep Excavation)

Shalllow Area Samples (Base of Debris Layers)

Deep Area Samples (4 ft Deep Excavation)

Sample Location ID
Sample 
Depth
(Feet)

1. From Facility-Wide Background Study Report. (IT 2001)
NA - Not detected.

Table 3-2:  Summary of XRF and Laboratory Analytical Results for Excavation Base Confirmation Samples

New River Unit, Radford Army Ammunition Plant, Radford, Virginia

Facility-Wide Background1

Remedial Action Level

Debris Present 
(yes/no)

Northern Burning Ground

XRF Screening Results
(mg/kg)

Laboratory Analytical 
Results
(mg/kg)

Screening Criteria

Sample Date



Manifest #
Facility Receipt 

Date
Facility Receipt 

ID Disposal Company/Site
Load Weight

(tons)

004173234JJK 12/9/2009 1180367 Environmental Quality Company / Wayne Disposal, Inc. 23.77
004173235JJK 12/9/2009 1180368 Environmental Quality Company / Wayne Disposal, Inc. 25.27
004173237JJK 12/9/2009 1180366 Environmental Quality Company / Wayne Disposal, Inc. 20.71
004173249JJK 12/9/2009 1180365 Environmental Quality Company / Wayne Disposal, Inc. 26.23
004173236JJK 12/11/2010 1180399 Environmental Quality Company / Wayne Disposal, Inc. 17.14
004173238JJK 12/11/2009 1180391 Environmental Quality Company / Wayne Disposal, Inc. 23.88
004173239JJK 12/11/2009 1180408 Environmental Quality Company / Wayne Disposal, Inc. 24.63
004173240JJK 12/11/2009 1180402 Environmental Quality Company / Wayne Disposal, Inc. 23.09
004173241JJK 12/11/2009 1180404 Environmental Quality Company / Wayne Disposal, Inc. 25.52
004173242JJK 12/11/2009 1180397 Environmental Quality Company / Wayne Disposal, Inc. 23.70
004173243JJK 12/11/2009 1180424 Environmental Quality Company / Wayne Disposal, Inc. 21.81
004173244JJK 12/11/2009 1180394 Environmental Quality Company / Wayne Disposal, Inc. 22.31
004173245JJK 12/11/2009 1180398 Environmental Quality Company / Wayne Disposal, Inc. 19.61
004173246JJK 12/11/2009 1180395 Environmental Quality Company / Wayne Disposal, Inc. 23.58
004173247JJK 12/11/2009 1180400 Environmental Quality Company / Wayne Disposal, Inc. 26.85
004173248JJK 12/11/2009 1180425 Environmental Quality Company / Wayne Disposal, Inc. 36.00

TOTAL (tons) 384.10

Table 3-3: Waste Disposal Summary, Northern Burning Ground
New River Unit, Radford Army Ammunition Plant, Radford, Virginia



NBG-Backfill NBG-Topsoil

Soil Soil

11/24/2009 11/24/2009
Volatile and Semivolatile Organic Compounds (mg/kg)
Dibenzofuran 17,000 (a) - - ND 0.141
Methylene chloride 11 - - 0.00158 0.00209
1-Methylnaphthalene 22 - - 2.69 2.22
2-Methylnaphthalene 310 - - 3.14 2.93
Naphthalene 3.6 - - 0.613 0.479
Phenanthrene 17,000 (a) - - 1.07 0.765
Pyrene 1,700 - - 0.212 0.179
Pesticides (mg/kg)
alpha-BHC 0.077 - - ND 0.000376
beta-BHC 0.27 - - ND 0.000677
gamma-BHC 0.52 - - ND 0.000413
Heptachlor epoxide 0.053 - - ND 0.000593
Herbicides (mg/kg)
Dicamba 1,800 - - ND 0.0212
Dinoseb 61 - - ND 0.0233
Metals (mg/kg)
Mercury 5.6 0.13 0.0629 0.025
Aluminum 77,000 40,041 34,500 13,200
Antimony 31 - - ND ND
Arsenic 0.39 15.8 7.99 12.2
Barium 15,000 209 50.3 82.8
Beryllium 160 1.02 1.21 1.22
Cadmium 70 0.69 ND ND
Calcium NA (b) - - 6,030 1,580
Chromium 280 (c) 65.3 33 30.8
Cobalt 23 72.3 14.1 38.1
Copper 3,100 53.5 17.7 17.4
Iron 55,000 50,962 32,600 53,400
Lead 400 26.8 17 37.6
Magnesium NA (b) - - 10,600 1,640
Manganese 1,800 2,543 343 2,030
Nickel 1,500 62.8 22.2 11.1
Potassium NA (b) - - 3,370 1,140
Selenium 390 - - ND ND
Silver 390 - - ND ND
Sodium NA (b) - - ND ND
Thallium 5.1 2.11 ND ND
Vanadium 390 108 56.7 104
Zinc 23,000 202 43.5 65.6

Notes:

Table 3-4:  Summary of Detected Analytes in Common Backfill and Top-Soil Samples
Northern Burning Ground

New River Unit, Radford Army Ammunition Plant, Radford, Virginia

Analyte

Regional 
Screening 

Level
(Residential)1

Facility-Wide 
Background 

Value2

1. From December 2009 RSL Table (USEPA 2009)

(a)  Anthracene used as a surrogate screening level for this Polynuclear Aromatic 
Hydrocarbon.
(b)  No screening level is available (NA) as this is considered to be an essential nutrient.
ND - Not detected.
(c) total chromium is not included in the December 2009 RSL Table; therefore, value obtained 
from July 2009 Table.

2. From Facility-Wide Background Study Report. (IT 2001)
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Appendix A

Laboratory Analytical Reports from 
Confirmation Sampling

































































Appendix B

Site Photographs



 

Photo 1 – Silt Fence installed in northwest portion of the work area prior to excavation. 

 

Photo 2 – Gravel added to dirt road on east side of work area. 



 

Photo 3 – View of plastic liner being installed in dump trailer prior to loading. 

 

Photo 4 – Debris/ash from historic burning operations encountered during excavation activities. 



 

Photo 5 – Southern portion of excavation footprint after target depth of 1-ft bgs achieved. 

 

Photo 6 – Central portion of site where target excavation depth was 4-ft bgs. 



 

Photo 7 – View of excavation area during backfill activities. 

 

Photo 8 – View of work area after grass seed and straw were placed. 



Appendix C

Waste Disposal Manifests, Weigh 
Tickets, and Certificates of Disposal



































































































Appendix D

Laboratory Analytical Reports for 
Backfill Material 























































































































































































































































































Appendix E

Laboratory Data Validation Review
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RADFORD ARMY AMMUNITION PLANT
ELECTRONIC VALIDATION REVIEW REPORT

SDG 0912138

Analytical data was evaluated in accordance with applicable USEPA SW-846 method requirements, “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;

1. Method blanks,

2. Trip blanks,

3. 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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RADFORD ARMY AMMUNITION PLANT
ELECTRONIC VALIDATION REVIEW REPORT

SDG 0912138

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 01/26/10

REVIEW PERFORMED BY: Rachelle Borne 01/26/10

SIGNATURE: 01/26/10

PEER REVIEW: 1/28/10
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RADFORD ARMY AMMUNITION PLANT
ELECTRONIC VALIDATION REVIEW REPORT

SDG 0912138

The following samples were included in this SDG:

SDG Sample ID
Sample

Date Parent sample
0912138 NBG-XRF002(0-0.5) 12/8/2009

0912138 NBG-XRF005(0-0.5) 12/8/2009

0912138 NBG-XRF007(0-0.5) 12/8/2009

0912138 NBG-XRF010(1-1.5) 12/9/2009

0912138 NBG-XRF013(1-1.5) 12/9/2009

0912138 NBG-XRF015(1-1.5) 12/9/2009

0912138 NBG-XRF017(1-1.5) 12/9/2009

0912138 NBG-XRF020(1-1.5) 12/9/2009

0912138 NBG-XRF021(1-1.5) 12/9/2009

0912138 NBG-XRF022(1-1.5) 12/9/2009

0912138 NBG-XRF023B(3-3.5) 12/9/2009

0912138 NBG-XRF025(4-4.5) 12/9/2009

0912138 NBG-XRF026(1-1.5) 12/9/2009

0912138 NBG-XRF028(1-1.5) 12/9/2009

0912138 NBG-XRF031(1-1.5) 12/10/2009

0912138 NBG-XRFDUP001(3-3.5) 12/9/2009 NBG-XRF023B(3-3.5)
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RADFORD ARMY AMMUNITION PLANT
ELECTRONIC VALIDATION REVIEW REPORT

SDG 0912138

ANALYTICAL DATA PACKAGE DOCUMENTATION
GENERAL INFORMATION

Reported
Performance
Acceptable Not

No Yes No Yes Required
1. Sample results X X

2. Parameters analyzed X X

3. Method of analysis X X

4. Sample collection date X X

5. Laboratory sample received date X X

6. Sample analysis date X X

7. Copy of chain-of-custody form signed by
lab sample custodian

X X

8. Narrative summary of QA or sample
problems provided

X X

QA - quality assurance

Comments:

All samples were reported on a dry weight basis.
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RADFORD ARMY AMMUNITION PLANT
ELECTRONIC VALIDATION REVIEW REPORT

SDG 0912138

METALS

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 accuracy (%R) DQM DQM
B. LCS duplicate (LCSD) %R NA NA
C. LCS/LCSD precision (RPD) NA NA

6. Matrix spike

A. Matrix spike (MS) %R NA NA

B. Matrix spike duplicate (MSD) %R NA NA

C. MS/MSD RPD NA NA

7. Total vs. dissolved NA NA
8. Field duplicate sample 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 utilizing Methods 6010B and 7470A.

2. Several samples required dilutions for lead.

8. Sample location NBG-XRFDUP001(3-3.5) was collected as a field duplicate of NBG-
XRF023B(3-3.5) The RPD for lead was above the control limit. The parent and the duplicate
are qualified as estimated for lead.
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RADFORD ARMY AMMUNITION PLANT
ELECTRONIC VALIDATION REVIEW REPORT

SDG 0912138

DATA VALIDATION QUALIFICATION SUMMARY

Sample ID Parameter Result Units Qualifier Reason

NBG-XRFDUP001(3-3.5) Lead 362.0 mg/kg J FD RPD

NBG-XRF023B(3-3.5) Lead 59.4 mg/kg J FD RPD

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.
UB – Non-detect at the Reporting Limit or at the concentration reported if greater than the RL due to

associated blank contamination.
R – Result is qualified as unusable, data point is rejected.

Explanation/Notes:




