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Action Memorandum for the Soil Removal Action at the Northern Burning Ground, New River Unit,
Radford Army Ammunition Plant, Radford, Virginia

1. Purpose

This action memorandum documents selection of the non-time-critical removal action recommended in
the Engineering Evaluation/Cost Analysis (EE/CA), dated July 2009 (Attachment 1), for the Northern
Burning Ground (NBG) located at the Radford Army Ammunition Plant — New River Unit (NRU). This
action is being conducted to remediate lead and chromium related impacts in soil at the site. This action
will be the final remedial action required for the site.

2. Site Conditions and Background

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

The area of the NRU identified as the NBG was temporarily utilized as a burning ground for the facility in
the past. Anecdotal evidence suggests that the burning operations may have been conducted to
remove energetics from metal components used in the former manufacturing activities at the NRU. No
buildings have existed at the NBG site; burning operations were conducted directly on the ground
surface. The burning ground operations are believed to have been the source of contaminants detected
in soil at the site.

The NBG is located in the northwest portion of the NRU, east of Gate 20 (Figure 1-2). A surface water
drainage ditch and paved road define the northern boundary of the site. A dirt access road also loops
around the NBG and defines the eastern, southern, and western boundaries of the site. The majority of
the area identified as the NBG is heavily wooded, with the exception of a small (approximately 350 t?)
area in the central portion of the site where burning operations are believed to have been performed.
This central portion of the site has a grass and shrub groundcover and a few small trees. Little to no
visible evidence of past burning activities is apparent. A site map depicting the layout of the NBG is
presented in Figure 1-3.

Although there is significant topographic relief across the RAAP-NRU, the majority of the NBG site is
relatively level at an elevation of approximately 2,100 feet above mean sea level (ft msl). Surface water
runoff from the NBG flows toward the drainage ditch that runs parallel to the paved surface road on the
northern boundary of the site.

Comprehensive environmental investigations were completed at the NBG site between 1997 and 2008.
These investigations included soil, sediment, and groundwater sampling activities; a geophysical
investigation; and on-site screening of soils using X-Ray Fluorescence (XRF). The findings from these



investigations indicate that soils in the former burn area of the site contain levels of several metals (e.g.
arsenic, chromium, and lead) at levels that exceed human health and ecological risk screening values.
Polycyclic aromatic hydrocarbons (PAHSs), polychlorinated biphenyls (PCBs), and dioxins/furans were also
detected in soil samples at levels greater than human health and/or ecological screening values;
although the presence of these constituent detections is limited to a few isolated samples. The findings
of the site investigation activities are discussed in detail within the July 2009 EE/CA for the NBG
(Attachment 1). Tables and site maps presenting historical analytical data collected from the NBG during
the course of environmental investigation are also provided within the EE/CA.

3. Threats to Public Health and the Environment

The EE/CA for the NBG presents the findings of a site-specific human-health and ecological risk
assessment that was conducted to evaluate potential risks and hazards associated with constituents
detected at the site. The risk assessment concluded that exposure to lead in surface and near surface
soil presented a potential risk or hazard to human receptors under hypothetical industrial site worker,
construction worker, and residential land use scenarios. Chromium in surface and near surface soil was
also found to present a potential risk; although only under a residential land use scenario. No other
constituents or media including the PCB’s PAH’s and dioxin/furans noted in section 2 above were
identified as risk drivers within the human-health risk assessment. The ecological risk assessment
concluded that no significant adverse effects are expected for environmental receptors at the site due
to the limited areal extent of contaminant detections.

4. Endangerment Determination

Based on the results of the risk assessments, actual or threatened releases of hazardous substances
from this site, if not addressed by implementing the Non-Time Critical Removal Action selected in this
Action Memorandum, may present an imminent and substantial endangerment to human health at the
Northern Burning Ground within RAAP-NRU.

5. Proposed Activities

The July 2009 EE/CA for the NBG examined three possible remedial alternatives for the site, including: 1)
No Action; 2) Excavation, Off-Site Stabilization and Disposal of Impacted Soils to Achieve Industrial Level
Closure; and 3) Excavation, Off-Site Stabilization and Disposal of Impacted Soils to Achieve Residential
Level Closure. The requisite No Action Alternative was included in this evaluation to establish a baseline
while the other alternatives were selected based on their ability to protect human health and the
environment and to comply with Applicable or Relevant and Appropriate Requirements (ARARs). The
three alternatives were screened using the criteria of effectiveness, implementability, and cost in
accordance with the USEPA’s Guidance on Conducting Non-Time Critical Removal Actions Under CERCLA
(USEPA, 1993). Based on the findings of the screening process, the most aggressive removal alternative,
Excavation, Off-Site Stabilization and Off-Site Disposal of Impacted Soils to Achieve Residential Level
Closure was recommended for the site and has been proposed for implementation. Following is a
summary of the activities that are included in this alternative:



e Soil containing lead at concentrations above the Remedial Action Level (RAL) of 3,000 mg/kg and
chromium at concentrations above the Remedial Action Level (RAL) of 1,620 mg/kg will be
excavated and removed from the site for further treatment (stabilization) and disposal. Based
on the extensive delineation work completed at the site, the footprint of the excavation area
will be approximately 110 ft by 50 ft. The depth of the excavation will be 1 ft below ground
surface (bgs) across the majority of the area, with the exception of a 35 ft by 10 ft area where
the depth of excavation will extend to 4 ft bgs. In total approximately 250 cubic yards of soil will
be removed.

e Prior to beginning the excavation activities, any trees or other large vegetation within the
excavation footprint will be cleared from the site.

e Excavated soils will be loaded directly onto dump trucks and transported to a permitted off-site
disposal facility. Once at the disposal facility, the soil will be mixed with a stabilizing agent to
reduce the potential for leachable constituent and then properly disposed of in the facility’s
approved landfill.

e During the removal activity verification soil samples from the northeast and northwest
perimeter of the excavation and the base of the excavation will be field screened using XRF to
ensure that soils containing lead and chromium at concentrations above the applicable RALs are
removed. A subset of these samples will also be submitted for laboratory analysis. If necessary,
the excavation footprint may be expanded to make sure the remedial goals are achieved. Itis
not anticipated that perimeter samples will need to be collected from the southern half of the
excavation. A sufficient number of soil samples have already been collected in these areas to
verify and confirm that the foot print of the excavation does not need to be expanded.

e Upon completion of the removal action, the excavated areas will be backfilled with clean soil
from a clean off-site source. The area will be prepared and seeded with grass to minimize the
potential for erosion.

The removal of soils containing lead and chromium at concentrations above their respective RALs will
reduce the average lead concentration at the NBG below the USEPA’s residential screening level of 400
mg/kg and the 95" upper concentration limit (UCL) for chromium to below the residential soil screening
level of 230 mg/kg. The residual risks and hazards at the site will be within the USEPA’s acceptable risk
range for residential land use scenarios; therefore, the requirements of a residential level closure will be
achieved. There will be no need for continued monitoring or restrictions on the long term development
of the site. The approximate life cycle cost for this action is $238,000.

6. Statutory and Regulatory Authority

The proposed removal action at the NBG is being undertaken by the United States Army as part of the
Installation Restoration Program (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 presents a relatively time-sensitive, non-complex problem that can and should be
addressed relatively cost effectively. Based on the considerations outlined in 40 CFR 300.415(b)(2)(iv),
the removal action proposed for the NBG within the EE/CA is appropriate due to the presence of
elevated levels of hazardous substances (i.e., chromium and lead) in soils that are largely at or near the
surface which could potentially migrate to adjacent soils, drainage ditch sediments, and groundwater.
The proposed removal action at the NBG will comply with all ARARs outlined in the EE/CA.

7. Public Participation

Following VDEQ review, the EE/CA for the Northern Burning Ground site was made available for public
review and comment beginning September 20, 2009 at the Christiansburg Branch of the Montgomery-
Floyd Regional Library System. The Notice of Availability for the EE/CA was published on September 20,
2009 in the Sunday Edition of the Roanoke Times. A public meeting was also held on October 14, 2009
at the New River Competitiveness Center located at 6580 Valley Center Drive in Radford, Virginia, that
provided an opportunity for public comment on the EE/CA. No member of the public attended this
meeting. The public comment period remained open until October 20, 2009. No written or verbal
comments were received from any members of the public during the open comment period.

8. Recommendation

The Virginia Department of Environmental Quality (VDEQ) has endorsed the EE/CA for the Northern
Burning Ground site at the RAAP-NRU. Based on the analysis of the available alternative presented
within the EE/CA, the recommended soil removal action is appropriate and will be implemented in
accordance with CERCLA and the applicable ARARs. This action will be the final required remedial action
for the site.
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Antonio Munera, Date
LTC, CM
Commanding




Attachments:

1) ARCADIS 2009. Final Engineering Evaluation/Cost Analysis for the Northern Burning Ground,
New River Unit (RAAP-044), Radford Army Ammunition Plant, Radford, Virginia. July.



PUBLIC NOTICE OF
AVAILABILITY

CERCLA Engineering
Evaluation / Cost Analysis
for the Northern Burning
Ground at the Radford Army
Ammunition Plant

PURPOSE OF NOTICE: The
US Army Radford Army
Ammunition Plant (RFAAP)
announces the availability
of a document relating to
the installation restoration
activities at the Northern
Burning Ground (NBG)
located within the New
River Unit.

FACTILITY NAME AND
LOCATION: The Northern
Burning Ground s located
within the New River Unit of
the RFAAP which is about
six miles west of the main
facility, near the town of
Dublin, Virginia. The NBG is
located in the northwest
portion of the New River
Unit. Burning operations
were conducted directly on
the ground surface at the
NBG in the past.

PROJECT DESCRIPTION:
The Engineering
Evaluation/Cost Analysis
(EE/CA) is a document that

PUBLIC COMMENT PERIOD:
Public comments will be
received for 30 days
beglnnlng September 20,
gDOQ ending October 20,

HOW TO COMMENT:
Radford Army Ammunitien
Plant will accept comments
by e-mail, fax, or postal
mail. All comments must
include the name, address,
and telephone number of
the person commenting and
be received by the Army
within the designated
comment period. All
comments must be directed
to Joy Case, Public Affairs
Officer, Radford Army
Ammunition Plant, Route
114, Pep;ers Ferry Road,
Building 220, Radford, VA
24141 9; phone (540)
731 5762; fax (540)
639-7789; e-mail
joy.case@us.army.mil.

PUBLIC MEETING: A public
meeting will be held on
October 14, 2009 from
7:00 pm to 8:00pm at the
New River Competitiveness
Center located at 6580
Valley Center Dr,, Radford
VA, 24141,

HOW THE DECISION IS
MADE: Following the public
comment period, all

ts will be revi d

evaluates three cleanup
alternatives for soils at the
NBG. The alternatives
include: 1) a no action
alternative as required to
establish a baseline to
compare the other

and off-site disposal of soil
containing lead and
chromium to achieve
Industrial closure; and 3)
excavation and off-site
disposal of soil containing
lead and chromium to

and considered. The

|selected alternative will be

documented in an Action
Memorandum, which will be
made available to the
;lubli: later this year, The
inal remediation decision
will be made jointly by the
Army and the Virginia
Department of
Environmental Quality.
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COMMONWEALT.

DEPARTMENT OF ENVIRONMENTAL QUALITY
Street address: 629 Fast Main Streat, Richmond, Virginia 23219

L. Preston Bryant, Ir. Mailing address: P.O. Box 1105, Richmend, Virginia 23218 David K. Paylor
Secretary of Matural Resources TDD (804} 698-402 | Director
www.deq.virginia.goy (804} 6984000

1-800-592-5:482

August 20, 2009

Mr. Jim McKenna

Radford Army Ammunition Plant
Route 114, P.O. Box 1

Radford, Virginia 24143-0100

Re: EE/CA, NBG-New River Unit (RAAP-044), Radford Army Ammunition Plant

Dear Mr. McEKenna:

The Virginia Department of Environmental Quality (VDEQ) has reviewed the Engineering
Evaluatior/Cost Analysis for the Northemn Burning Ground in the New River Unit dated July
2009 and approves the report as finalized.

Please contact me at (804) 698-4498 if you have any questions or comments regarding the above

Tames L. Cutler, Jr., CPG
Federal Facilities Project Manager

cc: Paige Holt, ATK
Durwood Willis, VDEQ
Beth Lohman, VDEQ-BRRO




ATK Armament Systems
Energetic Systems

Radford Army Ammuaition Plant
Route 114, PO, Box 1

Radfard, ¥ 241430100

wiyww.atk.com

August 14, 2009

Mr. James L. Cutler, Jr.

Virginia Depariment of Environmental Quality
629 East Main Street

Richmond, VA 24143-0104

Subject: Transmiltal Acknowledgement, Engineering Evaluation/Cost Analysis Northern Burning Ground,
New River Unit (RAAP-044), July 2009
EPA ID# VAL 210020730

Dear Mr. Cutler:

This letter is to acknowledge transmittal of the subject document that was sent to you on July 30, 2009,
Enclosed is a copy of the 30 July 2009 transmittal email as well as our response to your comments, We
anlicipate approval of (his report.

Flease coordinate with and provide any questions or comments to myself at (540} 639-8658, Jerry Redder
ATK staff (540) 639-7536 or Jim McKenna, ACO Staif (540) 731-5782.

igcerely,

(L—

P.W. Holt, Eavironmental Manager
Altiant Techsystems Ine.

€ Karen Sismour
Virginia Department of Environmental Quality
P. 0. Box 109
Richmond, VA 23240-0009

E. A. Lohman

Virginia Department of Environmental Quaiity
Blue Ridge Begional Office

3019 Peters Creek Road

Roanoke, VA 24019

Rich Mendoza

US. rrmy Environmental Command
1 Rock Island Arsepal

Bldg 90, 3 Floor, Room 304
IMAE-CDN

Rock Isiand, Hlinois 61299

09-815-134
JblcKenna




Tom Meyer

Corps of Engineers, Baltimore Disirict
ATTN: CENAB-EN-HM

10 Sonth Howard Street

Baltimore, MD 21201

02-815-134
JMcKenna




b Administrative File
1. McKenna, AQQ Siaff
Rob Davie-ACQ Staff
P.W. Holl
I. 1. Redder
Env. File

0%-5i5-134
JMcKenno
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Greene, Anne

From: McKenna, Jim

Sent: Thursday, July 30, 2009 3:46 P

To: ealohman@deq.virginia.goy; Druck, Dennis E Mr CIV USA MEDCOM CHPFPM;
diane.wisbeck@arcadis-us.cont; durwood willis2: Geiger.William®@epamail.epa.gov; Redder,
Jerome; jim spencer; jlcutier@deq.virginia.gov; kisismour@deq.virginia.gov; Llewellyn, Tim:;
Mendoza, Richard R Mr CIV USA IMCOM; Meyer, Tom NABOZ; Parks, Jeffrey N;
Timathy.Leahy@shawgrp.com; Tina_Devine@URSCorp.com

Subject: Tracking Numbers for the NRU NBG EE/CA {UNCLASSIFIED)

Importance: High

Classification: UNCLASSIFIED

Caveats: FOUQD
All:

Note the contractor will ship the subject document with a copy of this email to the POCs and
tracking numbers below.

Certification letter will follow from Radford AAP under separate cover.

Immediately below are the POCs with tracking numbers:

James McKenna - 7978 0620 1997: 2 Paper copies/2 CDs
Richard Mendoza - 7968 1896 77@3:1 Paper copy/1 CD
Susan Ryan - 7978 9622 6155: 1 €D

Tom Meyer - 7978 8623 9486: 1 Paper copy/1 CD

Dennis Druck - 7968 19@@ 1892: 1 Paper copy

James Cutler - 7968 1962 8@52: 1 Paper copy/1 CD

Elizabeth Lohman - 7978 25631 8423: 1 CD

Thank you for your support of the Radford AAP Installation Restoration Program,

Jim McKenna

Classification: UNCLASSIFIED
Caveats: FOUQ
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DEPARTMENT OF THE ARMY
US ARMY CENTER FOR HEALTH PROMOTION AND PREVENTIVE MEDICINE
5158 BLACKHAWK ROAD
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14 AUG 20m
MCHB-TS-REH

MEMORANDUM FOR Office of Environmental Quality, Radford Army Ammunition Plant
(SIMRF-OP-EQ/Mr. Jim McKenna), P.O. Box 2, Radford, VA 24143-0002

SUBJECT: Draft Engineering Evaluation/Cost Analysis Report for Northern Burning Ground,
New River Unit (RAAP-044), Radford Army Ammunition Plant, Virginia, July 2009

1. The US Army Center for Health Promotion and Preventive Medicine reviewed the subject
document on behalf of the Office of The Surgeon General pursuant to Army Regulation 200-1
(Environmental Protection and Enhancement). We appreciate the opportunity to review this
report. |

2. Our previous comments have been addressed and we concur with the recommended removal
action as being protective of human health and the environment.

3. The document was reviewed by Mr. Dennis Druck, Environmental Health Risk Assessment
Program. He can be reached at DSN 584-2953, commercial (410) 436-2953 or electronic mail,
dennis.druck@us.army.mil.

FOR THE COMMANDER:
JEFFREY S. KIRKPATRICK
Director, Health Risk Management
CF:

HQDA (DASG-PPM-NC)

IMCOM-NE (IMNE-PWD-E)

USACE (CEHNC-CX-ES)

USAEC (IMAE-CD/Mr. Rich Mendoza)

Readiness thru Health



DEPARTMENT OF THE ARMY
US ARMY CENTER FOR HEALTH PROMOTION AND PREVENTIVE MEDICINE
5158 BLACKHAWK ROAD
ABERDEEN PROVING GROUND MD 21010-5403

16 App
MCHB-TS-REH * 209

MEMORANDUM FOR Office of Environmental Quality, Radford Army Ammunition Plant
(SJMRF-OP-EQ/Mr. Jim McKenna), P.O. Box 2, Radford, VA 24143-0002 :

SUBJECT: Document Titled: “Draft Engineering Evaluation/Cost Analysis Report for Northern
Burning Ground, New River Unit (RAAP-044), Radford Army Ammunition Plant, Virginia,
March 2009”

1. The US Army Center for Health Promotion and Preventive Medicine reviewed the subject
document on behalf of the Office of The Surgeon General pursuant to Army Regulation 200-1
(Environmental Protection and Enhancement). We appreciate the opportunity to review this
report and concur with the revisions made to address our previous comments.

2. The document was reviewed by Mr. Dennis Druck, Environmental Health Risk Assessment
Program. He can be reached at DSN 584-2953, commercial (410) 436-2953 or electronic mail
“dennis.druck@us.army.mil”.

FOR THE COMMANDER:
JEFFREY S. KIRKPATRICK
Director, Health Risk Management
CF:

HQDA (DASG-PPM-NC)

IMCOM-NE (IMNE-PWD-E)

USACE (CEHNC-CX-ES)

USAEC (IMAE-CD/Mr. Rich Mendoza)

Readiness thru Health



_— WASTE DIVISION
ﬁ OFFICE OF REMEDIATION PROGRAMS

VIRGINIA DEPARTMENT OF
ENVIRONMENTAL QUALITY

MEMORANDUM

TO: Jim Cutler

CC: Pat McMurray, Karen Sismour
FROM: Ahmet Bulbulkaya

DATE: April 10, 2009

SUBJECT: Engineering Evaluation/Cost Analysis, Northern Burning Ground, New River

Unit, Radford Army Ammunition Plant

| haver
Human

eviewed the subject Engineering Evaluation/Cost Analysis (EE/CA) as well as the attached
Health Risk Assessment (HHRA) and Ecological Risk Assessment (ERA) and have the

following comments:

EE/CA:

1.

Early in the text of the EE/CA (Page 8, Section 2.3.1) the authors explain that two human
health risk assessments were conducted; one on current conditions and one based on
conditions following potential future removal actions. The ecological risk assessment
follows this same approach. The problem with this approach is that often removal plans
change. If the removal plans change then the conclusions of the risk assessment, which was
based on the original removal plans, are called into question. Strictly speaking each time the
removal plans are altered a new risk assessment should be performed that corresponds to the
new potential future conditions. This could lead to a very long iterative cycle of risk
assessments being produced, submitted and reviewed. To avoid this situation, only the
ecological and human health risk assessment based on current conditions will be considered
for this site. This will also be the case for other New River Unit sites that reach the risk
assessment phase.

The removal is being planned without any consideration of groundwater conditions. There is
awell in the middle of the site (NBG-MW-01) and to ignore the well because “groundwater
at the RFAAP-NRU is being investigated on a facility-wide basis” is not adequate rationale
for not presenting and/or discussing historical well monitoring results. It would seem that
the extent of possible groundwater impacts by site-related constituents should have some
bearing on the degree and extent of the planned soil removal.

Section 3.4: For lead the “area-average” approach for attaining cleanup goals for the site
seems appropriate as well as the Iterative Truncation Method used to develop Remedial
Action Levels (RALSs). However RALSs should be developed for chromium as well as lead.
They should be based on a site-wide 95% UCL and not the “area-average”.



4. Figure 4-2: The estimated footprint of the excavation that was selected and presented in this
figure will have to be re-evaluated. There appears to be a relative paucity of data in the more
contaminated areas of the site. This, along with having so much more data collected in the
unimpacted peripheral areas of the site, is most likely skewing the calculation of the lead
RAL downward thereby resulting in a smaller excavation footprint than is warranted. It was
also noted that there were two XRF sample points exceeding the RAL of 3,000 ppm for lead
outside of the proposed footprint. These were 1S1W (5,430 ppm) and 9SOW (11,000 ppm).
Also, NBGDW4 is designated as a Historical Sample with concentrations below 400 ppm of
lead in Figure 4-2 while in Figure 2-1 it is indicated that it is a Historic TCLP sample that
should not be included in the derivation of the footprint or the RAL and final area average.
These discrepancies should be resolved and considered in the re-evaluation of the planned
area of excavation.

Appendix B: Human Health Risk Assessment

5. As stated in the above comments, it does not seem to be appropriate to conduct a risk
assessment on future post-removal conditions. Only a base-line HHRA should be
conducted.

6. Page 14, last paragraph: In this paragraph it states that once the removal is completed the
maximum concentration of lead will be 348 mg/kg. This contradicts Section 3.4 of the
EE/CA which provides the RAL of 3,000 ppm (which allows for concentrations up to 3,000
ppm to remain on site). This appears to demonstrate that what the EE/CA considers post-
removal conditions is not the same as what the HHRA considers post-removal conditions
and also demonstrates the potential problems of conducting a risk assessment on potential
future conditions.

7. Table section: Please submit an intermediate table(s) that includes the risk algorithms
between the selection of the COPCs and the tabulation of the carcinogenic and non-
carcinogenic risk levels. Also, please include a table with the non-carcinogenic and
carcinogenic toxicity values that were used in the risk assessment. There is a discrepancy
with the non-carcinogenic risk presented for chromium in Table B-6. 12.6 is reported as the
HQ but 25.6 was calculated by VRP risk spreadsheets. Without the additional information
the source of the discrepancy cannot be determined.

Appendix C: Ecological Risk Assessment:

8. The predominant issue with the ERA is that it contains an ERA based on future conditions
and attempts to quantitatively demonstrate that ecological risk is acceptable based on this
predictive risk assessment. Otherwise the methodology and methods employed seemed
appropriate.



DEPARTMENT OF THE ARMY
US ARMY CENTER FOR HEALTH PROMOTION AND PREVENTIVE MEDICINE
5158 BLACKHAWK ROAD
ABERDEEN PROVING GROUND MD 21010-5403

13 s 2

MCHB-TS-REH

MEMORANDUM FOR Office of Environmental Quality, Radford Army Ammunition Plant
(SIMRF-OP-EQ/Mr. Jim McKenna), P.O. Box 2, Radford, VA 24143-0002

SUBIJECT: Document Titled: “Draft Engineering Evaluation/Cost Analysis for the Northern
Burning Ground, New River Unit (RAAP-044), Radford Army Ammunition Plant, Virginia,
January 2009”

1. The US Army Center for Health Promotion and Preventive Medicine reviewed the subject
document on behalf of the Office of The Surgeon General pursuant to Army Regulation 200-1
(Environmental Protection and Enhancement). We appreciate the opportunity to review this
report, comments and recommendations are enclosed.

2. The document was reviewed by Mr. Dennis Druck, Environmental Health Risk Assessment
Program. He can be reached at DSN 584-2953, commercial (410) 436-2953 or electronic mail
“dennis.druck@us.army.mil”.

FOR THE COMMANDER:

M1 5. Yagadeh

Encl JEFFREY S. KIRKPATRICK
Director, Health Risk Management

CF:

HQDA (DASG-PPM-NC) (wo/encl)
IMCOM-NE (IMNE-PWD-E) (w/encl)

USACE (CEHNC-CX-ES) (w/encl)

USAEC (IMAE-CD/Mr. Rich Mendoza) (w/encl)

Readiness thru Health



COMMENTS AND RECOMMENDATIONS
Draft Engineering Evaluation/Cost Analysis for the Northern Burning Ground, New River Unit
(RAAP-044), Radford Army Ammunition Plant, Virginia, January 2009

1. Page ES-2, Executive Summary

Site History and Characterization

Comment: The last sentence of the last paragraph of this section does not make the
distinction that chromium was only found to pose a non-cancer hazard for the hypothetical
residential land use scenario. .

Recommendation: Please consider rewriting the sentence to make clear that chromium only
presented a health hazard for residential land use as was done in the last sentence of section 2.4

on page 10.

2. Page ES-5, Executive Summary and Page 29, Section 6

Recommended Removal Action Alternative

Comment: Nothing is said here concerning how the recommended removal action will reduce
the potential for adverse impacts from exposure of ecological receptors to the current surface
soil.

Recommendation: Suggest addressing the impact that the planned removal action will have
on the potential for adverse ecological impacts as indicated by elevated HQs for exposure to
current soil conditions.

3. Appendix B, Page 9, Section 4.2.2

Hypothetical Future Resident

Comment: The statement is made that the RSLs for noncarcinogens are derived based on
exposure by young children. This is only correct for the soil pathway as the other residential
pathways use the 30-year combined adult and child resident to determine the noncancer RSLs.

Recommendation: Although only the soil pathway is evaluated in this risk assessment, for
clarity, please insert the word “soil” before “RSLs” in this section.

4. Appendix B, Page 15, Section 6

Summary and Conclusions

Comment: In the second and third paragraph of this section reference is made to potential
“risks and hazards” being within the USEPA target risk range.

Recommendation: It would be more accurate to just state that “risks” were within the target
risk range. ' ’

5. Appendix C, Page 2-6, Section 2.1.1.6; Tables C-4 and C-5

Description of Potentially Exposed Receptors

Comment: The receptors are identified as terrestrial plants and wildlife including mammals,
birds, reptiles, and invertebrates. Although there are USEPA Eco-SSLs for plants, soil
invertebrates, avian, and mammalian, Tables C-4 and C-5 only show one Eco-SSL for each
chemical of concern. It appears from the tables that only the Eco-SSLs for plants were used.
How does this provide a representative screen for the terrestrial wildlife when for instance

" ,
[ .
- ! .



cadmium and copper have avian (0.77, 28 mg/kg) and mammalian (0.36, 49 mg/kg) Eco-SSLs
that are lower than the plant Eco-SSLs (32, 70 mg/kg)? It is also not clear why the USEPA Eco- .
SSLs for plants were chosen when most of the Region 5 ESLs for soil that were used are based
on exposure to a masked shrew. It should also be pointed out in the text that although this risk
assessment lists reptiles as potentially exposed receptors, there are no or very few screening
values available.

Recommendation: Suggest that the ecological screening risk assessment include, when
available, the Eco-SSLs for terrestrial plants and the three categories of terrestrial wildlife. Or if
only one Eco-SSL is to be used to represent both plant and wildlife, then at least use the most
conservative value. In any event, the text needs to describe and justify in more detail how the
USEPA Eco-SSLs were selected.

6. Appendix C, Page 3-2, Section 3

Conclusions and Summary

Comment: The last paragraph states that impacts to terrestrial receptors are unlikely or are not
ecologically significant without stating that this is only true after the soil removal action to
protect human health has been taken.

Recommendation: Suggest qualifying this statement by referring to the removal action.




ATK Ammunition Systems
Energetic Systems

Radford Army Ammunition Plant
Route 114, P.0. Box 1

Radford, VA 24143-0100

www.atk.com

January 30, 2009

Mr. James L. Cutler, Jr.

Virginia Department of Environmental Quality
629 East Main Street

Richmond, VA 24143-0100

Subject: Draft Engineering Evaluation / Cost Analysis, Northern Burning Ground, New River Unit
(RAAP-044), Radford Army Ammunition Plant, January 2009
EPA ID# VA1 210020730

Dear Mr. Cutler:

This is to acknowledge that the subject document was sent to you on January 16, 2009. Enclosed is a copy
of the 16 January 2009 transmittal email message.

Please coordinate with, and provide any questions or comments to myself at (540) 639-8658, Jerry Redder
ATK staff (540) 639-7536 or Jim McKenna, ACO Staff (540) 731-5782.

ipcerely,
P.W. Holt, Environmental Manager
Alliant Techsystems Inc.

o Karen Sismour
Virginia Department of Environmental Quality
P. O. Box 10009
Richmond, VA 23240-0009

E. A. Lohman

Virginia Department of Environmental Quality
West Central Regional Office

3019 Peters Creek Road

Roanoke, VA 24019

Rich Mendoza

U.S. Army Environmental Command
1 Rock Island Arsenal

Bldg 90, 3" Floor, Room 30A
IMAE-CDN

Rock Island, Illinois 61299

Tom Meyer

Corps of Engineers, Baltimore District
ATTN: CENAB-EN-HM

10 South Howard Street

Baltimore, MD 21201

09-815-10
JMcKenna




bc:

09-815-10
JMcKenna

Tom Meyer
Corps of Engineers, Baltimore District
ATTN: CENAB-EN-HM
10 South Howard Street
Baltimore, MD 21201

Administrative File

J. McKenna, ACO Staff
Rob Davie-ACO Staff
M.A. Miano

P.W. Holt

J. J. Redder

Env. File

o~

Coordination: W ("Z/’/Lﬂ
. McKenna




Greene, Anne

From:
Sent:
To:

Subject:

Importance:

Classification:

Caveats: NONE

All:

McKenna, Jim

Friday, January 16, 2009 3:12 PM

Greene, Anne; ealohman@deq.virginia.gov; Druck, Dennis E Mr CIV USA MEDCOM CHPPM;
diane.wisbeck@arcadis-us.com; durwood willis2; Geiger.William@epamail.epa.gov; Redder,
Jerome; jim spencer; jlcutler@deq.virginia.gov; kisismour@deq.virginia.gov; Llewellyn, Tim;
Mendoza, Richard R Mr CIV USA IMCOM; Meyer, Tom NABO2; Parks, Jeffrey N;
Timothy.Leahy@shawgrp.com; Tina_Devine@URSCorp.com

Draft Northern Burning Ground Environmental Engineering / Cost Analysis (EE/CA), Radford
Army Ammunition Plant, January 2009. (UNCLASSIF IED)

High

UNCLASSIFIED

Note the contractor will ship the subject document with a copy of this email to the POCs
and tracking numbers below.

Follow up letter will be sent from Radford AAP under separate cover.

Thank you in advance for support of the Radford AAP Installation Restoration Program.
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EXECUTIVE SUMMARY

This Engineering Evaluation/Cost Analysis (EE/CA) was prepared to evaluate the Non-
Time Critical Removal Action (removal action) alternatives planned to address
impacted soils at the Northern Burning Ground {(NBG). The NBG is one of six Study
Areas that have been identified at the Radford Army Ammunition Plant (RFAAP), New
River Unit (NRU). The NBG has been selected for the removal action based on the
fact that the contamination at this site has been adequately characterized and
delineated, and soil contamination is present at levels that exceed human health and
ecological risk thresholds. Performing this removal action would be consistent with the
Superfund Accelerated Cleanup Model (SACM). This EE/CA identifies the objectives
of the removal action for the NBG, presents the various alternatives to satisfy the
removal action objectives, and recommends the most appropriate alternative.

Introduction and Background

Radford Army Ammunition Plant is planning a removal action to address impacted soils
that have been identified at the NBG at the RFAAP-NRU facility. The RFAAP facility is
located in the mountains of southwestern Virginia and consists of two noncontiguous
units: the NRU and the Main Manufacturing Area (MMA). The MMA is located
approximately 5 miles northeast of the City of Radford, Virginia. The NRU is located
about six miles west of the MMA, near the town of Dublin, Virginia. The NBG removal
action is being conducted under the guidance of the U.S. Environmental Protection
Agency (USEPA) and the Virginia Department of Environmental Quality (VDEQ)
pursuant to the authorities and procedures provided for under the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) and the National
Qil and Hazardous Substances Contingency Plan (NCP). The removal action
proposed in this EE/CA will be the final remedy for the NBG and a component of the
final remedy for the RFAAP-NRU.

Groundwater at the RFAAP-NRU has been investigated on a facility-wide basis.
Groundwater data collected from two monitoring wells at the NBG will be incorporated
into the facility-wide data set and evaluated during the RI/FS process for the overall
RFAAP-NRU facility.

Site History and Characterization
The RFAAP-NRU was established in 1940, and was criginally 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

Executive Summary
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Executive Summary

artillery, cannon, and mortar projectiles during World War 1. Although active
manufacturing activities at the RFAAP-NRU were reported to have ceased in the
1940’s (after World War 1), portions of the RFAAP-NRU are still utilized as storage
facilities for operations at the MMA.

The NBG is located in the northwest portion of the RFAAP-NRU, east of Gate 20,
along Guard Road. Anecdotal evidence suggests that buming operations may have
been conducted at the NBG in the past to remove energetics from metal components
used in the former manufacturing activities at the sife. No buildings have existed at
the NBG site; burning operations were conducted directly on the ground surface. The
majority of the area identified as the NBG is now heavily wooded, with the exception of
a small area in the central portion of the site where burning operations are believed to
have been performed. This central portion of the site has a grass and shrub
groundcover and a few small trees. Little to no visible evidence of past burning
activities is apparent. '

Several rounds of environmental investigations were conducted at the NBG between
1997 and 2008 to characterize the nature and extent of the impacts associated with the
former operations at the NBG site.  The findings from these investigations indicate that
soils in the former burn area of the site contain levels of several metals (e.g. arsenic,
chromium, and lead) at levels that exceed human health and ecclogical risk screening
values. PAHs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene], PCBs (Aroclor-1254), and
dioxinsffurans (2,3,4,7,8-PeCDF; 2,3,7,8 TCDF; OCDD) have also been detected in a
fimited number of samples at levels that exceed human heaith and ecological
screening values; although the extent of these constituent detections is limited in
comparison to the metals. Further evaluation of the available data within the site
specific human-health risk assessment concluded that lead in surface soils presented
a risk under current and hypothetical future industrial and residential land use
scenarios. Chromium was also found to present a non-cancer hazard under a
hypothetical future residential land use scenario. As such, lead and chromium were
determined to be the only drivers for remedial action at the NBG.

Identification of Removal Action Objectives

The following removal action objectives (RAOs) were determined for the NBG removal
action:
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* Minimize the potential for exposure to impacted soils contaminated at levels
exceeding remedial action levels appropriate for the current and/or reasonably
anticipated future land uses of the site.

* Minimize the potential for contaminants present in surface soil to migrate to other
areas.

Relevant federal, state, and facility requirements were reviewed to determine
applicable or relevant and appropriate requirements (ARARs} that could apply to the
remcval action and would need to be achieved by the removal action alternatives.

Identification and Analysis of Removal Action Alternatives

Three alternatives were developed for addressing the impacted soils present at the
NBG. In accordance with CERCLA requirements, the No Action Alternatives was
considered among the presented alternatives. The other alternatives were selected
based on their ability to protect human health and the environment and to comply with
the ARARs. A summary of the major components for each of the altematives is as
follows:

* Alternative 1 — No Additional Action. No additional action would be performed
at the NBG under this alternative. All impacted soils would be left in place and
there would be no change in the risks associated with the site.

* Alternative 2 — Excavation, Off-Site Stabilization, and Disposal of Impacted
Soils to Achieve Industrial Level Closure. This alternative proposes to
excavate impacted soils and dispose of the material off-site at an approved
disposal facility. The excavation would be performed to remove the impacted
surface solls from the former burning ground to a level sufficient to achieve an
industrial risk levet closure for the site. This option would necessarily include the
use of Land Use Controls (LUCs) to contro the future use of the area to industrial
only without further actions.

* Alternative 3 - Excavation, Off-Site Stabitization, and Disposal of Impacted
Soils to Achieve Residential Level Closure. This alternative is very similar to
Alternative 2 in that it involves the excavation and off-site disposal of the impacted
soils. However, the footprint of the excavation operation would be expanded to
achieve a residential risk level closure for the site. There would be no need for
future LUCs under this option.
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Other possible removal action alternatives involving on-site treatment were not
developed based on treatability and economic considerations associated with relatively
small volume of impacted material at the site.

The three proposed alternatives were screened using the following criteria in
accordance with the USEPA’s Guidance on Conducting Non-Time Critical Removal
Actions Under CERCLA (USEPA, 1993):

* Effectiveness - The ability of the alternative to meet the removal action objectives,
be protective of human health and the environment, and comply with the proposed
ARARs. Considerations include the reduction of toxicity, mobility, and/or volume of
contaminant through treatment, as well as a reduction in the risk to remediation
workers.

* Implementability - The measure of technical feasibility; administrative feasibility to
construct, operate and maintain the alternative method; and the local availability of
services and materials.

* Cost - The net present worth of the alternative to include capital expenditures
(labor, materials, and other construction costs), annuaf operation and maintenance
costs, and periodic costs (e.g., equipment replacement, 5-year reviews).

Comparative Analysis of Alternatives

For the comparative analysis of the alternatives, each aiternative was compared
against the others using the criteria of effectiveness, implementability, and cost in
meeting the remedial action objectives for the current and reasonably anticipated future
use. Alternative 1is not considered effective because the alternative does not perform
any removal action and is not protective of the public health and envircnment.

Because no action is being implemented, the ARARs and removal objectives are not
met. No costs are associated with this alternative.

Alternatives 2 and 3 provide methods to achieve ARARs and provide a reduction in
risk. Both alternatives can be readily implemented and will not expose the community,
Installation workers, or the environment to unacceptable additional risk. In comparing
the alternatives, there is a higher capital cost associated with Alternative 3; however,
tand use restrictions will not need to be applied to the site as with Alternative 2.
Alternative 2 also has long term inspection and/or maintenance requirements
associated with them that would have the potential to drive up future costs.
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Alternatives 2 and 3 provide a permanent reduction in the risk levels associated with
the site.

Recommended Removal Action Alternative

The removal action recommended for the NBG Removal Action is Alternative 3 —
Excavation and Disposal of impacted Soils fo Achieve Residential Closure. Although
the current and reasonably anticipated future use of the area is industrial, and
CERCLA only requires remediation to the reasonably anticipated future use, a cost
benefit analysis indicates that in this specific case it is to the Army’s advantage to
remediate to residential levels and eliminate the need for long term monitoring of
LUCs. The recommended removal action will also effectively minimize the spatial
distribution of the COPECs remaining on-site such that the potential for adverse
ecological effects would be unlikely. This alternative was selected in accordance with
the guidelines and procedures outlined in USEPA guidance (USEPA, 1993) and the
requirements of the NCP (40 CFR 300). The excavation and disposal of the impacted
soil would be the most protective of public health and the environment, achieve the
removal action objectives, and comply with ARARs. The life-cycle costs associated
with Alternative 3 were also less than those for Alternative 2.
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1. Introduction

ARCADIS U.S,, Inc. (ARCADIS) has heen 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 fwo noncontiguous
units: the New River Unit (NRU) and the Main Manufacturing Area (MMA). The MMA
is located approximately 5 miles northeast of the City of Radford, Virginia. The NRU is
located about six miles west of the MMA, near the town of Dublin, Virginia (Figure 1-1).
The IRP activities for both the RFAAP-MMA and the NRU are being conducted as part
of & Performance Based Contract (PBC) awarded to ARCADIS under contract
WO1ZLK-05-D-0015: Task Order 0002. The RFAAP-NRU is managed under the
Comprehensive Environmental Response and Compensation Liability Act (CERCLA).

ARCADIS has prepared this Engineering Evaluation/Cost Analysis (EE/CA) to evaluate
alternatives for addressing impacted soils at the Northermn Burning Ground (NBG). The
NBG is one of six study areas that have been identified at the RFAAP-NRU. The other
study areas include the Building Debris Disposal Trench (BDDT), the Bag Loading
Area (BLA), the Igniter Assembly Area (IAA), the Rail Yard (RY), and the Western
Burming Ground (WBG). Figure 1-2 depicts the layout of the six study areas within the
RFAAP-NRU. Groundwater at the RFAAP-NRU is being investigated on a facility-wide
basis; as such, the groundwater data collected at the NBG and other study areas will
be addressed during the RI/FS process for the overall facility, rather than specific to an
individual study area. '

1.1 Purpose and Objectives

The purpose of this EE/CA is to: {1) satisfy the environmental review requirements for
removal actions; (2) satisfy the administrative record requirements for documenting the
selection of removal actions; and (3) provide a framework for evaluating and selecting
remedial alternatives for addressing the impacted soils at the NBG. in doing so, the
EE/CA identifies the objectives of the NBG removal action and analyzes the
effectiveness, implementability, and cost of various alternatives that may satisfy these
objectives.

Metais, polycyclic aromatic hydrocarbons (PAHs), and the polychlorinated biphenyl
(PCB) Aroclor-1254 have been detected in soil at the NBG at concentrations
exceeding background concentrations and the health based screening levels for
residential and industrial soil developed by the United States Environmental Protection
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Agency (USEPA). The nature and extent of impacted media at the NBG has been Plant

adequately characterized and delineated over the course of several environmental
investigations at the NBG. In order to expedite the clean-up process, a Non-Time
Critical Removal Action (removal action) wilt be performed during the Remedial
Investigation/Feasibility Study (RI/FS) process to address the impacted area. The NBG
Removal Action selected in this EE/CA will be the final remedy for the NBG and a
component of the overall final remedy for the RFAAP-NRU.

This EE/CA for the NBG Removal Action has been prepared with the guidance set
forth in the National Oil and Hazardous Substances Contingency Plan (NCP) [40 Cade
of Federal Regulations (CFR) 300] and the USEPA guidance document on removal
actions, Guidance on Conducting Non-Time-Critical Removal Actions Under CERCLA
(USEPA, 1993). These documents provide information on the procedures and
activities to be followed while conducting non-time-critical removal actions under the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
and the NCP.

1.2 S8ite 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 Il. Although active
manufacturing activities at the RFAAP-NRU were repotted to have ceased in the
1940°s (after World War 1), 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 buming
operations may have been conducted to remaove energetics from metal components
used in the former manufacturing activities at the site. No buildings have existed at
the NBG site; burning operations were conducted directly on the ground surface.

1.3 Site Description

The NBG is located in the northwest portion of the RFAAP-NRU, east of Gate 20,
along Guard Road {Figure 1-2}. A dirt road follows the outer perimeter of the NBG and
defines the outermost boundary of the site. A drainage ditch parallels Guard Road on
the north side of the site. The majority of the area identified as the NBG is heavily
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wooded, with the exception of a small area in the central portion of the site where Plant

burning operations are believed to have heen performed. This central portion of the
site has a grass and shrub groundcover and a few small trees. Little to no visible
evidence of past burning activities is apparent. A site map depicting the layout of the
NBG is presented in Figure 1-3.

Although there is significant topographic relief across the RFAAP-NRU, the majority of
the NBG is relatively level at an elevation of approximately 2,100 feet above mean sea
level (ft msl). Land surface elavation in the western half of the RFAAP-NRU ranges
from 2,020 ft mslto 2,115 ft msl. Surface water runoff from the NBG flows toward the
drainage ditch that runs parallel to the paved surface read on the northern boundary of
the site.
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2. Site Characterization

Characterization of the contaminant distribution at the NBG and other study areas at
the RFAAP-NRU has been ongoing since 1997. The summary of the historical
investigations presented within the following sections provides an overview of the data
and information collected from the NBG to date. Section 2.1 presents a brief summary
of the environmental setting at the NBG. Section 2.2 presents a summary of the
nature and extent of contamination at the NBG. Section 2.3 presents the findings of a
streamlined human health and ecological risk assessment performed to addrass the
existing conditions at the NBG.

2.1 Environmental Setting

The NBG is located in the northwest portion of the RFAAP-NRU near the boundary of
the facility (Figure 1-2). There is little to no visual evidence of the past burning
operations conducted at the site; although, the area where the burning operations are
believed to have been conducted is not as heavily vegetated as the surrounding arsa.
In generally the site is wooded with pines and a sparse undergrowth of mimosa trees,
shrubs, and grass. There are no buildings or any active operations at, or in the
immediate vicinity of the NBG. Soil at the NBG is considered to be part of the
Groseclose and Pomplimento Silt Loam Complex (Shaw 2004). The approximate area
of investigation at the NBG is 500 ft long by 300 ft wide (Figure 1-3).

2.2 Nature and Extent of Contamination

Investigations at the NBG have included a geophysical survey in 1998; soil sampling
events in 1997, 1998, 1899, 2002, and 2004; and drainage ditch sediment sampling
events in 2002 and 2004. The 2004 soil investigation included on-site screening of
soils with X-Ray Fluorescence (XRF) in addition to laboratory analysis for metals. With
the exception of the 2004 soil and sediment sampling activities, these investigations
are summarized in the February 2004 Draft New River Unit Investigation Report:
BDDT, BLA, I1AA, NBG, RY & WBG (Shaw, 204). The 2004 sampling events are
summarized in the October 2007 NRU Additional Characterization Sampling &
Groundwater Investigation Data Report (Shaw, 2007). The historical analytical data
from the NBG investigations are summarized within the tables presented in Appendix
A. Site maps depicting historical sampling locations at the NBG are presented in
Figures 2-1 and 2-2. The discussion in the following sections will focus on the
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constituents detected at concentrations above the specified screening levels [i.e., Plant

USEPA Regional Screening Levels (RSLs) (USEPA 2008) and the facility-wide
background metals concentrations (IT Corporation 2001)].

In addition to the sail investigations completed at the NBG, two groundwater monitoring
wells have been sampled at the NBG as part of a facility-wide groundwater
investigation for the RFAAP-NRU. The groundwater monitoring wells were installed at
the NBG in 2007 and sampling events were performed in 2007 and 2008. The well
installation and sampling activities are summarized in the October 2007 NRU
Additional Characterization Sampling & Groundwater Investigation Data Report (Shaw,
2007) and the June 2009 Draft New River Unit Remedial Investigation Report
(ARCADIS 2009). While groundwater has been investigated and assessed as a
facility-wide resource at the RFAAP-NRU, the results of the sampling activities at the
two NBG wells will be presented in the following sections.

221 Geophysical Survey

The approximate area of investigation at the NBG is 350 t long by 250 ft wide.
However, the actual burning operations are believed to have been confined to a
relatively small area in the central portion of the site. In order to help refine the
investigation activities at the site, a geophysical survey was conducted in 1998 in
attempt to locate the former burn area. During this investigation the remains of several
metal fence posts were found that appeared to mark the boundaries of the site. Some
anomalies were also found in the central portion of the site where evidence of burning
was found, including cinders and small pieces of metal. Based on this information, the
former burning operations appear to correspond with an area of the site that has been
cleared of larger vegetation. The vegetation in this area currently consists of grasses,
shrubs and small trees, while the surrounding area is heavily forested with large pine
trees.

222 Soil

Between 1997 and 2004, approximately 96 soil samples were collected at the NBG
and submitted for laboratory analysis to delineate the extent of impacts associated with
the former burning ground operations. The majority of these samples {47 surface soil
samples and 45 subsurface soil samples) were collected within, or on the boundary of
the area defined as the NBG. Four surface soil/sediment samples were also collected
from the dry drainage ditch located to the north of the NBG along Guard Road. The
analyte lists varied somewhat between the various sampling events and locations, but
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have included dioxins/furans, explesives, herbicides, metals, organochlorine Plant

pesticides, PAHs, PCBs, volatile organic compounds (VOCs), semi-volatile organic
compounds (SVOCs), and toxicity characteristic leaching procedure (TCLP) metafs.
Table A-1 in Appendix A presents a summary of the historical analytical data from the
soil samples collected at the site.

Review of the analytical data indicates dioxins, furans, PAHs, metals, and the PCB
Aroclor-1254 were detected at the NBG at concentrations exceeding applicable
USEPA RSLs for residential and industrial soil. The following sections provide a brief
discussion of the nature and extent of detected constituents.

* Arsenic was detected in excess of the industrial RSL (1.6 mg/kg) in 84 of the 85
NBG soil samples analyzed for inorganics. However, the detected concentrations
of arsenic only exceeded the established facility wide background concentration for
arsenic {15.8 mg/kg) in 9 samples. Five of the background exceedances occurred
in subsurface soil sample locations.

* Iron was detected in excess of the residential RSL (55,000 mg/kg) in seven soil
samples from the NBG (1 surface socil and 6 subsurface soil sample locations).
The detected exceedances, which ranged from 55,200 mg/kg to 63,100 mg/kg
also exceeded the facility wide background concentration for iron of 50,962 mg/kg,
but did not exceed the industrial RSL of 720,000 mg/kg.

*  Antimony and zinc were detected in excess of their respective residentfal RSLs in
one surface soil sample (NBGSB11).

* Lead was detected in excess of the residential RSL of 400 mgfkg in 17 soil
samples from the NBG. Of the 17 detected residential exceedances, 16 also
exceeded the industrial RSL of 7560 mg/kg. The maximum detected concentration
of lead was 111,000 mg/kg. Other observations from the lead data include:

o The detected lead exceedances were generally confined to the central
portion of the site believed to be used for the former buming
operations; although some surface impact appears to have spread
towards the drainage ditch on the north side of the site (see sample
locations NBGSDO03 and NBGSDO04).

o The lead impacted soils are primarily confined to surface soils (i.e.
surface to 1 ft bgs), However there are two areas of elevated
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concentrations in the central portion of the site where lead has been Plant

detected in excess of industrial RSLs to a depth of 4 ft bgs. These
impacted areas are in the vicinity of the NBGSB11 sample focation
and the NBGSB14/NBGSB21 sample locations.

*  Chromium was detected in excess of the residential RSL (230 mg/kg) in a total of
11 soil samples from the NBG. The detected concentrations in 5 of these samples
also exceeded the industrial RSL of 1,460 mg/kg.

o Chromium was detected at a maximum concentration of 25,700 mg/kg
in surface scit and 352 mg/kg in subsurface soil.

o The chromium exceedances generally coincide with the samples
where lead was detected at the highest levels,

o As with lead, the detected chromium exceedances were generally
confined to surface soils in the area believed to have been used for
the former burning operations.

* The PCB, Aroclor 1254 was detected in 8 surface soil samples at concentrations
exceeding the residential RSL of 0.16 mg/kg. Of these detections, 6 also
exceeded the industrial RSL of 0.74 mg/kg. There were no exceedances of
Aroclor 1254 in subsurface soil. The detections in surface soil were generally
found in the area believed to have been used for the former burning operations,
extending towards the drainage ditch on the north side of the site.

* The furan 2,3,7,8-TCDF was detected in one surface soil sample (NBGSB11) ata
concentration exceeding the industrial RBC 0.00011 mg/kg. This constituent was
the only dioxin/furan detected at a concentration exceeding industrial RSLs.
2,3,7,8-TCDF was detected in one other surface soil sample (NBGSB13) at a
concentration exceeding the residential RSL  The only other dioxin/furan
residential exceedances included: the furan 2,3,4,7,8 PeCDF at surface soil
sample location NBGSB11; and the dioxin OCDD at surface soil sample locations
NBGSB14 and NBGSB19. No exceedances of the RSLs for dioxins/furans were
detected in subsurface soil samples.

* The PAHSs, benzo(ajanthracene; benzo(a)pyrene; benzo(b)fluoranthene;
dibenzo(a,h)anthracene; and indeno(1,2,3-cd)pyrene were detected at
concentrations exceeding their respective residential RSL in the surface soil
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sample (NBGSDO01) collected from the drainage ditch on the north side of Guard Plant

Road. The detected concentration of benzo{a)pyrene {0.21 mg/kg) also exceeded
the industrial RSL for this constituent of 0.21 mg/kg.

Although, some subsurface impacts have been detected in the former burn area, the
samples submitted for [aboratory analysis indicate that the impacts at the NBG are
primarily confined to surface soils. In an effort to further delineate the areal extent of
impacts a field screening program was performed in 2004. The field program included
the collection of 288 surface soil samples and field screening them for lead using XRF.
Lead was selected as the indicator metal for impacts because it was the most
widespread constituent detected at concentrations exceeding hoth the RSLs and
background metals concentrations. The XRF screening results confirm that the metals
impacts are generally limited to the former burn area; and to a lesser extent the area
between the burn area and the drainage ditch fo the north. Figure 2-2 depicts the XRF
field screening results. Table A-2 in Appendix A also presents a summary of the field
screening results.

Thirteen scil samples from the former burn area were submitted for TCLP analysis
during field investigation activities in 1998. The analytical results indicated that 3 of the
TCLP samples (NBGDW1, NBGDW11, and NBGDW13) had lead concentrations
exceeding the lead standard of 5 mg/L. These 3 samples were collected from surface
soils in the central portion of the site, where the highest metals concentrations were
detected. No other metals were detected at concentrations exceeding applicable
TCLP standards.

2.2.3 Groundwater

Two monitoring wells were installed at the NBG in 2007 as part of a facility-wide
groundwater investigation conducted for the RFAAP-NRU. Monitoring Well NBGMWO1
was installed in the central portion of former burning ground and Monitoring Well
NBGMWO2 was installed to the north of the NBG {see Figure 1-3). The construction
details for these two monitoring wells are presented in Table A-3 within Appendix A,
along with depth-to-water measurements collected during 2007 and 2008 sampling
events.

Facility-wide groundwater sampling events were performed at the RFAAP-NRU in
2007 and 2008 which included the two monitoring wells at the NBG. The analyte list
for the samples collected during the 2007 sampling event included dioxinsffurans,
explosives, herbicides, pesticides, PAHs, PCBs, VOCs, SVOCs, inorganics, total
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organic carbon, and total organic halides. The 2008 sampling event only included total  piant

and dissolved metals. Table A-4 in Appendix A presents a summary of the analytical
results from both the 2007 and 2008 monitoring events.

Review of the groundwater analytical results from the NBG monitoring wells indicated
the following:

» Several dioxin/furan compounds were detected in the groundwater samples from
monitoring wells NBGMWO01 and NBGMWO02 during the 2007 sampiing event (see
Table A-4 in Appendix A). The reported concentrations of 2,3,4,7,8-PeCDF and
2,3,7,8-TCDD, 2,3,7,8-TCDF were above the tap water RSLs. However, these
constituents, along with the majority of the detected dioxin/furan constituents, were
present at concentrations that were quantified as estimated by the laboratory {i.e.,
J-flagged) or were also detected in a laboratory blank sample associated with the
analyses. Samples collected from monitoring wells located in other areas of the
RFAAP-NRU during the 2007 sampling event were also found to contain
dioxin/furan constituents at similar concentrations and in blank samples, indicating
that the reported concentrations are likely due to laboratory contamination.

» Several inorganic constituents were detected in the groundwater samples from
monitoring wells NBGMWO1 and NBGMWO02 during both the 2007 and 2008
sampling events (see Table A-4 in Appendix A). However, during the 2007
sampling event arsenic at NBGMWO1 was the only constituent detected ata
concentration above the tap water RSLs. During the 2008 sampling event total
aluminum, arsenic, iron, and lead were detected in Monitoring Well NBGMWO2 at
concentrations above the tap water RSL. The results from the filtered samples
collected during the 2008 sampling event indicated that the dissoived
concentrations were far lower than the total concentrations and that no
constituents were present at concentrations above applicable RSLs (see Table A-4
in Appendix A). The detected inorganic constituents all occur naturally in soils at
the RFAAP-NRU, and the detections in the unfiltered samples have been
attributed to suspended solids in the samples.

* No VOCs, SYOCs, PAHs, PCBs, pesticides, or herbicides were detected in either
monitoring welt at the NBG.

Groundwater at the RFAAP-NRU is being assessed on a facility-wide basis at the
RFAAP-NRU. The groundwater monitoring results from the NBG will be incorporated
into the evaluation of groundwater quality at the facility and therefore will not be
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incorporated into the risk assessment activities for the individual NBG site. Theresults  pgnt

of the facility-wide groundwater evaluation are presented in the June 2009 Draft New
River Unit Remedial Investigation Report (ARCADIS 2008}.

2.3 Risk Assessment
2.3.1 Streamlined Human Health Risk Assessment

A streamlined human heaith risk assessment was performed for the NBG to evaluate
exposure to soil under current/future industrial and future hypothetical residential land-
uses under existing conditions and assuming that constifuent concentrations in soil
would remain constani in the fufure. The evaluation assumed that individuals could be
exposed o both surface and subsurface soils. A detailed surnmary of the human
health risk assessment for the NBG is presented in further detail within Appendix B.

Based on the existing soil data from the site, the risk assessment determined that the
potential risks and hazards for the industrial worker and resident were all within the
USEPA target risk range (1x10™ to 1x10®). The noncancer hazards were
approximatsly equal to the benchmark Hazard Index (HI) of 1 for the industrial site
worker but were greater than 1 for the hypothetical future resident . The driver for the
elevated HI for the residential conditions was the elevated concentrations of chromium.

Due to the lack of available toxicity values, an excess lifetime cancer risk (ELCR) and
hazard quotient (HQ) could not be calculated for lead; therefore, lead was not
evaluated using the same method as the other constituents at the site. Instead, a
qualitative method was utilized to evaluate lead, based on the relatively small area of
impact (i.e. less than 1 acre). The exposure point concentration (EPC) for lead was
determined based on the average concentration of lead detected in the samples from
the NBG. This EPC, was compared to the residential and industrial soil RSLs of 400
mg/kg and 750 mg/kg, respectively. As a result of the high concentrations of lead
detected in the central portion of the site, the lead EPC for the existing conditions was
well above the RSLs for both residential and industrial soils.

2.3.2 Ecological Risk Assessment

An ecological risk assessment (ERA) was performed for the NBG based on the
analytical data collected throughout the course of environmental investigation at the
site. The assessment was broken into two main sections, including a screening-level
ecological risk assessment (SLERA} and a baseline risk assessment (BERA}. These

10
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assessments focused on the evaluation of constituents identified in surface soil, which Plant

has been identified as the interval from 0 to 1 foot below ground surface. The
conclusions of the SLERA and BERA are based on hazard quotients (HQs), taking into
consideration the conservatism of ecotoxicity screening levels (ESLs), and the existing
biclogical survey of community types and potentialiy occurring threatened and
endangered species conducted at RFAAP (VDGIF, 1999). The ERA process
culminates in a scientific management decision point (SMDP). The SMDP represents
the critical step in the process where results are presented and risk management
decision-making cccurs, As discussed in further detail within Appendix C, the SLERA
and BERA for the NBG site provide adequate information to conclude that adverse
impacts to terrestrial wildlife and plants exposed to constituents in surface soil are likely
to occur based on existing conditions.

Potential risks were largely associated with chromium, lead, and zinc, as well as to
PCBs and dioxins. However, it should be noted the that SLERA and BERA were
conservatively based on upper bound estimates of site-specific exposures as well as
very conservative toxicity benchmarks. There is considerable uncertainty regarding the
significance of the potential risks because of the range of available screening
benchmarks. In addition, evaluation of the distribution of the chemicals of concern at
the site indicates that in general the highest concentrations are associated with the
area believed to have been used for the former burning operations. A targeted soil
removal action implemented to address human health based target levels in this area
would also address potential ecological concerns by removing the most elevated
concentrations of the primary risk drivers and significantly reducing the remaining
exposure area. Consequently, significant adverse impacts to ecolegical receptors are
unlikety on the population level, and risks would be considered de minimis. Therefore,
the human health risks associated with the existing chromium and lead impacts
discussed in Section 2.3.1 would remain the driver for remediation at the site.

2.4 Constituents of Concern

Potential risks associated with exposure to soil under industrial and future residential
land use conditions were within the USEPA target risk range; thus, no Constituents of
Concern (COCs) were identified based on a cancer endpeint. However, elevated
chromium concentrations at the site could pose a potential non-cancer hazard to
individuals under residential land use conditions. The potential non-cancer hazard
associated with the existing chromium concentrations were within acceptable limits
under industrial land use conditions. In addition, the EPG for lead, which was based
on the average concentration detected in surface soil samples at the site, was greater

11
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than both the residential (400 mg/kg) and industrial (750 mg/kg) screening levels for Plant

the site. Therefore, under both current industrial and future residential land-use
conditions, lead was identified as a COC. As such, lead would be the driver for
performing an industrial level cleanup at the site, while both lead and chromium would
he drivers for a residential level cleanup at the site.

12
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3. Identification of Removal Action Objectives

The objectives of the NBG Removal Action are discussed in the following sections.
The evaluation of various federal and state regulations to determine the applicable or
relevant and appropriate requirements {(ARARs) that will need to be achieved in order
to meet the removal action objectives are also included.

3.1 Removal Action Objectives

The NBG site presents a relatively time-sensitive, non-complex problem that can and
should be addressed relatively cost effectively. The Burning Ground has elevated
levels of hazardous substances (i.e., chromium and lead) in soils that are largely at or
near the surface which could migrate and act as a source area that could contaminate
adjacent soils, drainage ditch sediments, and ground water. Based on section 40 CFR
300.415.(b){2)(iv) of the NCP, a removal action is therefore appropriate for this site. A
prompt removal action as proposed in this EE/CA will provide a substantial risk
reduction for the site without requiring the preparation of a full scale remedial
investigation and feasibility study.

The Removal Action Cbjectives (RAQOs) for the NBG were developed in accordance
with the NCP (40 CFR 300) and EPA guidance (EPA, 1993). The RAQs for this
EE/CA are as follows:

* Minimize the potential for exposure to impacted soils contaminated at levels
exceeding remedial action levels appropriate for the current and/or reasonably
anticipated future land uses of the site.

* Minimize the potential for elevated constituent concentrations in scils to migrate.

This removal action will be the final remedy for the NBG; therefore, the intended future
uses of the site were considered in determining whether the removal action should be
performed to industrial or residential clean-up levels. The current and anticipated
future use of the NBG, and the other study areas at the RFAAP-NRU, is industrial.
However, the Army requires that a cost-benefit analysis be performed on a site-by-site
basis to determine the economic advantages of performing a clean (i.e. residential
level) closure relative to performing an industrial closure. The Army performs these

13



Northern Burning
Ground

Engineering
Evaluation/Cost
Analysis (EE/CA)

. . ) Radford Army Ammunition
evaluations because of the long term costs that can be associated with the land use Plant -

controls required for industrial level closures. Therefore, both industrial and residential
level removal actions will be considered in this EE/CA.

3.2 Applicable or Relevant and Appropriate Requirements

Actions that “clean up” hazardous substances at CERCLA sites must comply with state
and federal standards and criteria that are legaliy applicable to the substance,
pollutant, or contaminant; or that are relevant and appropriate under the circumstances
[42 11.S.C. 9821{d}2)(A)]. '

3.2.1 Definition of Applicable or Relevant and Appropriate Requirements

According to the NCP [40 CFR 300.400(g)], a requirement may be either “applicable”
or “relevant and appropriate” to a removal action, but not both. The definitions of these
types of requirements are as follows:

*  Applicable Requirements - “cleanup standards, standards of control, and other
substantive requirements, criteria, or limitations promulgated under federal
environmental, state environmental, or facility siting laws that specifically address a
hazardous substance, pollutant, contaminant, removal action, focation, or other
circumstance found at a CERCLA site” (40 CFR 300.5).

* Relevant and Appropriate requirements - “cleanup standards, standards of control,
and ofher substantive requirements, criteria, or limitations promulgated under
federal environmental, state environmental, or facility siting laws that, while not
‘applicable’ to a hazardous substance, pollutant, contaminant, removal action,
location, or other circumstance at a CERCLA site, address problems or situations
sufficiently similar to those encountered at the CERCLA site that their use is well
suited to the particular site” (40 CFR 300.5).

Once a federal or state law has heen identified as an ARAR, the specific requirements
must be distinguished as either substantive or administrative. “Substantive”
requirements are “those requirements that pertain directly to actions or conditions in
the environment®. “Administrative” requirements are “those mechanisms that facilitate
the implementation of the substantive requirements of a statue or regulation”.
Compliance with administrative reguirements is not mandated for on-site actions
{USEPA, 1988). Furthermaore, only those promulgated State requirements that are
more stringent than Federal requirements are ARARs [40 CFR 300.5]. “More
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stringent” would also include those state laws or programs that have no federal Plant

counterpart as they add to the Federal law requirements that are specific to the
environmental conditions in the State. State reguirements, however, must be
promulgated and applied through the state [42 U.S.C. 9621(d)}{2)(C\iii){})].

In addition, the NCP identifies a third category of guidance, termed “information
to-be-considered” (TBC). The TBC category “consists of advisories, criteria, or
guidance that were developed by USEPA, other federal agencies, or states that may
be useful in developing CERCLA remedies” [40 CFR 300.400(g){3)]. TBCs do not
have the status of ARARs because they are not promulgated requirements but may be
used when they are necessary to ensure protection of public health and the
environment.

3.2.2 Types of Applicable or Relevant and Appropriate Requirements
Response actions may trigger several different types of requirements or ARARs. The

USEPA provides guidance on three categories of ARARs specific to the pollutant,
location, or action as discussed below:

* Chemical-specific requirements set health- or risk-based concentration limits or
ranges for specific substances in various environmental media.

* Location-specific requirements set restrictions on activities according to
characteristics of the site or its immediate environs (e.g., regulations pertaining to
development in a 100-year floodplain). These requirements may apply if the
CERCLA site is located in such a restricted area.

* Action-specific requirements set controls or restrictions on specific activities related
to the management of hazardous substances (e.g., RCRA standards for design
and operation of hazardous waste management facilities). These requirements
are not chemical-specific, but are specific to specific actions.

3.2.3 Chemical-Specific ARARS

The USEPA RSLs for residential and industrial soils utilized for the RFAAP-NRU are
considered TBC guidances. Groundwater quality criteria established by the USEPA
and the State of Virginia are not considered potential ARARs for this removal action as
the remediation of groundwaler is not within the scope of the NBG Removal Action and
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this EE/CA. However, the groundwater quality criteria will be considered during the Plant

RI/FS process for the RFAAP-NRU as a whole.
3.2.4 Location-Specific ARARS

Removal action alternatives may be restricted or limited by federal or state regulations
based on its location or immediate environment. Location-specific ARARS can address
the immediate environment of the site as well as the location where a compaonent of
the removal action is conducted. Table 3-2 identifies the federal and state reguiation
laws that contain requirements, criteria, or limitations that will be considered as
potential ARARs for this EE/CA.

3.2.5 Action Specific ARARS

Table 3-3 identifies the proposed action-specific ARARSs for this EE/CA. The removal
action alternatives developed in Section 4.0 will be controlled or restricted by these
action-specific ARARs.

Far removal action alternatives involving excavation, the Army will employ "best
management practices” to control storm water, erosion and sediment transport
necessary to achieve compliance with applicable ARARs. In addition, excavation and
material processing activities have high potential to emit fugitive dust. NCP 40 CFR
50.12 outlines fugitive dust restrictions and requirements.

The substantive requirements in 40 CFR 262 regarding the management of wastes
that are classified as hazardous are applicable once the waste materials that are
considered RCRA listed or characteristic wastes are rémoved and thereby generated,
as shown in Table 3-3. Generated hazardous waste requires shipment off-site for
disposal within the accumulation time period. If this is not possible, then the generated
hazardous waste would need to be managed in accordance with the substantive
requirements of 40 CFR 264.

3.3 Remedial Goals

Industrial and residential remedial goals were established to facilitate the evaluation of
remedial alternatives for the NBG. The streamlined HHRA conducted as part of this
EE/CA identified the two COCs that will drive the cleanup requirements for this site:
chromium and lead. Potential hazards associated with exposure to chromium in soil
were greater than the USEPA benchmark Hi of 1.0 under a future residential land-use
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scenario only. The average lead concentration in surface soil was also greater than Dlant

both the residential and industrial screening levels. For the purpose of this EE/CA, the
USEPA RSLs (USEPA 2008) are proposed as Cleanup Levels. The residential RSL
for chromium is 230 mg/kg. Lead is not listed within the RSL tables; therefore, the
USEPA (1994) residential screening soil level of 400 mg/kg and the USEPA (1999)
industrial soil screening level of 750 mg/kg are proposed as the Cleanup Levels for
lead. These screening levels (USEPA, 1994; 1999; 2008) have been utilized in this
evaluation and adopted as the Cleanup Levels for the NBG Interim Removal Action
based on their availability and conservatism relative to remediation goals.

3.4 Attainment of Cleanup Levels

The attainment of the final Cleanup Level for lead {either industrial or residential) will be
evaluated based on an "area-average” using an approach provided by USEPA (1989
and 2005). Consistent with the screening level risk assessment provided in Appendix
B and the USEPA risk-based approach for the evaluation of potential risks associated
with lead in soil (USEPA 1999), the average concentration of lead will be used as the
EPC for comparison to the lead Cleanup Level to determine whether or not cleanup
has been achieved.

The attainment of the final Cleanup Level for residential exposure to chromium will be
evaluated based on the 95" upper confidence limit on the arithmetic mean (95™ UCL).
The 95" UCL of chromium concentrations in residual soil will be used as the EPC for

comparison to the chromium cleanup level to determine whether nor not cleanup has

been achieved.

To facilitate the evaluation of the attainment of the Cleanup Level industrial {lead only)
and residential (lead and chromium) Remediation Action Levels (RALs) were
developed 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. The area average approach
involves remediating soils within the exposure unit with the highest COC
concentrations until the post-remediation EPC is at or below the Cleanup Level. The
RAL is the maximum concentration, or not-to-exceed level, for the purposes of site
remediation. Remediation of soil with COC concentrations greater than the RAL will
ensure that the estimated post-remediation EPC achieves the Cleanup Level.
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The Iterative Truncation Method (USEPA, 2005) was used to calculate the RAL for Plant

lead at the NBG. The steps involved are as follows:
1. Order the sampling data from highest to lowest;

2. Starting with the highest concentration, remove a sample and replace it with the
post-remediation concentration (for the purpose of this EE/CA background levels
of 26.8 mg/kg and 65.3 mg/kg were used for lead and chromium, respectively);

3. Recalculate the post-remediation EPC for the new data set and compare the
resulting EPC to the cleanup level. For lead, the post-remediation EPC was
based on the arithmetic mean, as recommended by USEPA (1999); for
chromium, the post-remediation EPC was based on the 95" UCL

4. Ifthe EPC is higher than the Cleanup Level, repeat the process iteratively until
the EPC is less than or equal to the Cleanup Level.

Two data sets were compiled for the evaluation of lead in soil. the laboratory anaiytical
data and the screening level XRF data. Evaluations of each data set independently as
well as combined were performed to provide additional level of confidence in this
analysis. In addition, when duplicate samples were available, the higher concentration
was conservatively used in this analysis. The following determinations were made
based on this evaluation:

e  The pre-remediation average lead concentration in soil is greater than 750 mg/kg.

» Toachieve a residential-based Cleanup Level of 400 mg/kg, the RAL was
determined to be 3,000 mg/kg. That is, once soil samples containing lead at a
concentration greater than 3,000 mg/kg were removed from the data sets, the
predicted average lead concentration is reduced to less than 400 mg/kg.

+ To achieve an industrial-based Cleanup Level of 750 mg/kg, the RAL was
determined to be 5,000 mg/kg. Soil samples containing lead at a concentration
greater than 5,000 mg/kg were removed from the data sets which resulted in a
predicted average lead concentration of less than 750 mg/kg.

The laboratory analytical data for chromium were used to determine the RAL for
chromium under the residential scenario. As for lead, when duplicate samples were
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available, the higher concentration was conservatively used in this analysis. The Plant

following determinations were made based on this evaluation:

« The pre-remediation 95" UCL of 2,827 mg/kg for chromium is greater than the
residential RSL of 230 mg/kg;

To achieve a residential-based Cleanup Level of 230 mg/kg, the RAL was determined
to be 1,620 mg/kg. That is, once soil samples containing lead at a concentration
greater than 1,620 mg/kg were removed from the data set, the predicted 95™ UCL
would be less than 230 mg/kg.

3.5 Schedule for Removal Action

The overall schedule for the NBG Removal Action is presented in Appendix D. This
removal action will be completed by October 2009, A period of over 6 months has
heen included in the schedule for the submission of this EE/CA and Action
Memorandum to allow for regulatory response and approval in accordance with the
FFA (USEPA, 1989), as well as community involvement and the removal action
completion report.
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4. Identification and Analysis of Removal Action Alternatives

Several removal action alternatives have been developed for the NBG Removal Action
based on the RAOs and the ARARs identified in Section 3. The intent of the NBG
Removal Action is to conduct a removal action that will be the final corrective action for
this area and will meet completion requirements under CERCLA. In the following
sections the alternatives are analyzed for their effectiveness, implementability, and cost
in achieving these objectives.

4.1 Description of Removal Alternatives

Removal action alternatives were developed to address the impacted soils at the NBG.
The No Further Action Alternative is considered in this EE/CA in accordance with
CERCLA requirements. In addition to No Further Action, two removal action
alternatives were developed based on their ability to protect human health and the
environment and to comply with ARARs. These alternatives are consistent with the
removal actions considered appropriate in the NCP [40 CFR 300.415(e)].

The preamble to the NCP identifies a preference for alternatives that involve on-site
treatment; however, the waste materials at the NBG would likely require that future
land use restrictions be enforced even if an on-site treatment could be effectively
implemented. Furthermore, on-site treatment options would be much more expensive
than the off-site alternatives due to the relatively small volume of impacted material.
Therefore, the active alternatives presented in this EE/CA focused on options that
include off-site disposal of the impacted material.

4.1.1 Description of Alternative 1 — No Additional Action
Alternative 1 consists of undertaking no additional action at the NBG.

4.1.2 Description of Altemative 2 — Excavation, Off-Site Stabilization, and Disposal of Impacted
Soil to Achieve Industrial Closure

Alternative 2 consists of excavation, off-site stabilization, and off-site disposal of
impacted soils to achieve an industrial leve! closure for the NBG. The excavation
footprint for this alternative would focus on the central portion of the site where the
highest concentrations of lead and chromium were detected. More specifically, the
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excavation footprint encompasses the area where the lead concenirations exceed the Plant

RAL of 5,000 mg/kg. This removal area, which is depicted in Figure 4-1, also includes
the sample locations where lead was detected in excess of the TCLP standards;
therefore, the material will likely need to be disposed of as hazardous waste. In
addition to reducing the risk associated with the primary COCs for the NBG {i.e.,
chromium and lead), review of the analytical data from the site also indicates that this
removal action will include the highest concentrations of Aroclor-1254, dioxins/furans,
and other metals detected during the course of investigation. Additional details on this
removal action alternative are included in the following list:

* The soil data collected during the course of investigation at the NBG indicates that
the highest concentrations of metals, Aroclor-1254, and dioxins/furans are
generally confined o a 60 ft by 60 ft area in the central portion of the site. The
impacts within this footprint are primarily confined to the interval from ground
surface to 1 ft bgs. However, subsurface impacts have been detected to a depth
of approximately 4 ft bgs within a smaller (approximately 35 ft by 10 ft) portion of
this area. To ensure that the removal action meets the requirements for an
industrial level closure, soils containing lead at concentrations exceeding the RAL
of 5,000 mg/kg will need to be removed from the site. Based on the historical
analytical data and the XRF field screening results from 2004, the RALs can be
achieved by excavating the two small areas depicted in Figure 4-1. The first area
is approximately 55 ft by 40 ft and the second area is approximately 15 ft by 25 ft.
Both areas would be excavated to a depth of approximately 1 ft bgs, with the
exception of a 35 ft by 10 ft portion of the larger area that would be excavatedto a
depth of 2 ft bgs. The increased depth of the excavation in this area would ensure
that subsurface soils with lead concentrations above the RAL of 5,000 mg/kg
would be removed. In total, approximately 120 cubic yards of material would be
removed during this action.

* During the removal activity samples will be collected approximately every 20 feet
around the northeast and northwest sides of the excavation. Samples wilt also be
collected on 15 ft centers from the base of the excavation. The samples will be
field screened for lead using an XRF sampling device to ensure that lead
concentrations exceeding the RAL of 5,000 mg/kg are not left in place, If
necessary, the excavation footprint will be expanded based on the resuits of the
field screening program.

* Upon completion of the excavation activities, confirmation samples will be collected
from the northeast and northwest perimeter of the excavation and the base of the
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excavated area. These samples will be field screened using XRF. Half of the Plant

samples would also be submitted for labaoratory analysis of metals by USEPA
Method 6010 to confirm the XRF field screening results and the success of the
removal action. The samples will be collected approximately every 30 feet on the
northeast and northwest perimeter of the excavation with a focus on areas that
fack historical samples. Samples will also be collected on 25 ft centers from the
base of the excavation. All samples will be collected in accordance with the
sampling procedures outlined in the Master Work Plan for the RFAAP (URS 2003).
QA/QC samples will be collected in accordance with the Draft Quality Assurance
Plan Addendum (QAPA) (ARCADIS, 2008b).

The excavated material would he placed directly into roll-off containers or dump
trucks and transported to an approved hazardous waste disposal facility. Once at
the disposal facility, the soil will be mixed with a stabilization media to reduce the
potential for leachable constituents. The facitity will likely perform a TCLP analysis
on the material to ensure that it has been sufficiently stabilized. The stabilized
material would then be properly disposed of at the disposal facility. All material
leaving the NBG site will be properly manifested

Any existing vegetation within the excavation footprints would need to be cleared

from the site during the excavation process. The bulk of the vegetation within the
area consists of grasses, shrubs, and small trees. The cleared vegetation would

be transported and disposed of with the soils at the approved disposal facility.

Upon completion of the removal action, the excavated areas will be backfilled with
clean soil imported from off site, unless an approved on-site source is identified.
Samples of the backfill material will be submitted for laboratory analysis fo ensure
that contaminants are not imported to the site. Upon completion of the backfill
activities, the area will be seeded with grass to minimize the potential for erosion.

As discussed in Section 3.3, the removal of the lead impacted soils exceeding the
RAL of 5,000 mg/kg will reduce the average lead concentration at the NBG below
the industrial screening level of 750 mg/kg. The removal action would also
encompass the area where chromium was detected in excess of the industrial
RSL. Therefore, the reguirements of an industrial level closure would be achieved.
However, the lead EPC would still exceed the residential screening level of 400
ma/kg. As such, land use controls {LUCs) would need to be put into effect to
control future land uses at the site,
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* Annual inspections and reporting would be performed for a period of 30 years to
confirm that no erosion is occurring within the backfilled area and to ensure that
the LUCs are enforced.

* The PAH detections observed in the drainage ditch to the north of the site would
not be included in this removal action, as they are not believed to be related to the
NBG. The risk assessment also indicated that the detected PAHs were not a risk-
driver for this site due to the limited area of impact

Storm water controls will be established and maintained at the NBG throughout the
duration of the removal action in accordance with the ARARSs specified in Section
3.2.5.

4.1.3 Description of Alternative 3 - Excavation, Off-Site Stabilization, and Disposal of Impacted
Soil to Achieve Residential Closure

Afternative 3 is similar in scope to Alternative 2 in that it consists of excavation,
stabilization, and off-site disposal of impacted soils. However, the removal action
wouid be expanded to remove additional materials to achieve a residential level
closure for the NBG. As with Alternative 2, the excavation footprint for Alternative 3
would focus on the central portion of the site where the highest concentrations of lead
and chromium were detected. However, the excavation footprint would be expanded

to encompass the area where the lead concentrations exceed the RAL of 3,000 mg/kg.

This removal area, which is depicted in Figure 4-2, also includes the sample locations
where lead was detected in excess of the TCLP standards; therefore, the material will
likely need to be disposed of as hazardous waste. In addition to reducing the risk
associated with the primary COCs for the NBG (i.e., chromium and lead), review of the
analytical data from the site aiso indicates that this removal action will include the
highest concentrations of Aroclor-1254, dioxins/furans, and other metals detected
during the course of investigation. Additional details on this removal action alternative
are included in the following list:

* The soil data collected during the course of investigation at the NBG indicates that
the highest concentrations of metals, Aroclor-1254, and dioxins/furans are
generally confined to a 60 ft by 60 ft area in the central portion of the site. The
impacts within this footprint are primarily confined to the interval from ground
surface to 1 ft bgs. However, subsurface impacts have been detected to a depth
of approximately 4 ft bgs within & smaller (approximately 35 ft by 10 ft) portion of
this area. To ensure that the removal action meets the requirements for a
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residential level closure, soils containing lead at concentrations greater than the Plant

RAL of 3,000 mg/kg and soils containing chromium at concentrations greater than
1,620 mg/kg will need to be removed from the site. Based on the historical
analytical data and the XRF field screening results from 2004, the RALSs can be
achieved by excavating the area depicted in Figure 4-2. The area is approximately
110 ft by 50 ft and would be excavated to a depth of approximately 1 ftbgs. A
smaller subset of this area (approximately 35 ft by 10 ft) would be excavated to a
depth of 4 ft bgs to remove the deeper soils that had contained lead and chromium
at concentrations above the applicable screening levels during historic sampling
events. In total, approximately 250 cubic yards of material would be removed
during this action.

During the removal activity samples will be collected approximately every 20 feet
on the northeast and northwest perimeter of the excavation. Samples will also be
collected on 15 ft centers from the base of the excavation. The samples will be
field screened for lead using an XRF sampling device to ensure that lead
concentrations exceeding the lead RAL of 3,000 mg/kg and chromium RAL of
1,620 mg/kg are not left in place. Samples will not be collected from the southern
perimeter of the excavation because historical sampling has confirmed the extent
of lead and chromium impacts in this area. If necessary, the excavation footprint
will be expanded on the northern boundary based on the results of the field
screening program.

Upon completion of the excavation activities, confirmation samples will be collected
from the northeast and northwest perimeter and base of the excavated area.
These samples will be field screened using XRF. Half of these samples will also
be submitted for faboratory analysis of lead and chromium by USEPA Method
8010 to confirm the XRF field screening results and the success of the removal
action. The samples will be collected approximately every 30 feet along the
northeast and northwest perimter of the excavation with a focus on areas that lack
historical samples. Samples will also be collected on 25 ft centers from the base of
the excavation. All samples will be collected in accordance with the sampling
procedures outlined in the Master Work Plan for the RFAAP (URS 2003). QA/QC
samples will be collected in accordance with the Draft Quality Assurance Plan
Addendum (QAPA) (ARCADIS, 2008b).

The excavated material would be placed directly into roll-off containers or dump
trucks and transported to an approved hazardous waste disposal facility. Once at
the disposal facility, the soil will be mixed with a stabilization media to reduce the
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potential for leachable constituents. The facility will likely perform a TCLP analysis  pjant
on the material fo ensure that it has been sufficiently stabilized. The stabilized

material would then be properly disposed of at the disposal facility. All material

leaving the NBG site will be properly manifested.

*  Any existing vegetation within the excavation footprints would need to be cleared
from the site during the excavation process. The bulk of the vegetation within the
area consists of grasses, shrubs, and small irees. The cleared vegetation would
be transported and disposed of with the soils at the approved disposal facility.

*  Upon completion of the removal action, the excavated areas will be backfilled with
clean soil imported from off site, unless an approved on-site source is identified.
Samples of the backfill material will be submitted for laboratory analysis to ensure
that contaminants are not imported to the site.  Upon completion of the backfill
activities, the area will be seeded with grass to minimize the potential for erosion.

* Asdiscussed in Section 3.3, the removal of the soils containing lead and chromium
at concentrations greater than their RALs will reduce the average lead
concentration at the NBG below the residential screening level of 400 mgfkg and
the 95" UCL for chromium to below the residential soil RSL of 230 ma/kg.
Therefore, the requirements of a residential level closure would be achieved. As
such, there would be no need for LUCs or long term monitoring at the site upon
completion of the removal action.

* The PAH detections observed in the drainage ditch to the north of the site would
not be included in this removal action, as they are not believed to be related to the
NBG. The risk assessment also indicated that the detected PAHs were not a risk-
driver for this site due to the limited area of impact.

Storm water controls will be established and maintained at the NBG throughout the
duration of the removal action in accordance with the ARARs specified in Section
3.2.5.

4.2 Evaluation and Screening of Remedy Alternatives
The NCP [40 CFR 300.430 (e){7)] and USEPA Guidance on Conducting Non-Time

Critical Removal Actions Under CERCLA (USEPA, 1993) cite the general evaluation
criteria of effectiveness, implementability, and cost. Each of these criteria is
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considered in the evaluation of alternatives. The types of specific considerations within
each of these general criteria are listed below:

* Effectiveness - assesses the alternatives’ ability to meet RAOs and to provide
protection of human health and the environment now and in the future. Measures
of effectiveness include: (1) reduction of contaminant toxicity, mobility, and/or
volume through treatment; (2) long-term protection of human health and the
environment; and (3} short-term protection of human health and the environment
during the removal action. These evaluation criteria are defined in the NCP [40
CFR 300.430 (e)(7){(D}.

* Implementability - measure of {1) technical feasibility; (2) administrative feasibility
to construct, operate, and maintain a removal action alternative; and (3) availability
of services and materials. Technical feasibility is evaluated based on
constructability, reliability (e.g., demonstrated performance and operation),
maintenance, and timeliness/schedule of implementation. The implementability
evaluation criteria are defined in the NCP [40 CFR 300 (e){(7)(ii}].

* Cost - involves developing the level of engineering detail and preparing a
sufficiently accurate cost estimate for each alternative so that a relative and
appropriate cost comparison can be made between competing alternatives. For
purposes of this EE/CA, the cost estimates for construction were based on fiscal
year 2008 costs. Other considerations in the evaluation of remedy selaction
include capital and annual Operations and Maintenance (O&M) costs as presented
in the NCP {(40 CFR 300 (e){7)(iii)]. CERCLA guidance indicates that the cost
estimates should be prepared as feasibility study level costs having a range of
accuracy of plus 50 percent to minus 3¢ percent (USEPA, 2000).

4.2.1 Analysis of Alternative 1 — No Additional Action

The No Additional Action afternative is not considered effective and does not require
any implementation. There is no cost associated with the No Additional Action
Alternative. The following sections present the analysis of this alternative in greater
detail.

4.2.1.1 Effectiveness Evaluation

The No Action aiternative is not effective in reducing the risk presented by the
contaminants found in the surface soil due to the fact that contaminants are left in
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place at concentrations above human health risk thresholds. The hurnan health and Plant

ecological risks associated with the existing conditions are discussed in Appendices B
and C, respectively. Impacted surface soils would also be left in place that would have
the potential to migrate. The ARARSs associated with the management of impacted soil
are not achieved at the NBG through this alternative.

4.2.1.2 Implementability Evaluation

No activities would be undertaken as part of the No Action Altermnative; therefore, this
option is easily implementable.

4.2.1.3 Cost Evaluation

The No Additional Action Alternative has no remedial action and no follow on acfivities.
As a result, the cost to implement the No Additional Action aiternative is $0.

4.2.2 Analysis of Altemative 2 — Excavation, Gff-Site Stabilization, and Disposal of Impacted
Soil to Achieve Industrial Closure

The excavation and removal of the mefals, PCB, and furan/dioxin impacted soil from
the source area footprint proposed in Alternative 2 is considered effective and will
achieve the RACs. Alternative 2 will also require the implementation of LUCs which
would need to be in place to limit future land use to industrial activity only. The
following sections present a detailed analysis of this alternative.

4,2.2.1 Effectiveness Evaluation

The excavation and removal of the impacted soils within the footprint proposed in
Alternative 2 will achieve the remedial action objectives of. 1.) minimizing risks to
potential human and ecological receptors; and 2.) minimizing the pofential for
contaminated surface scils to migrate to off-site areas. The human health and
ecolodical risk assessments presented in Appendices B and C, respeciively, indicate
that this removal action would result in sufficient risk reduction that would allow for
continued and future industrial use of the area. The removal of the impacted surface
soils from the source area would also reduce the potential for future migration of
impacted materials. The removal and disposal of the impacted soil provides a
permanent reduction in risk; however, this option does require the implermentation and
maintenance of |.UCs to manage residual risk. During the excavation, appropriate
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engineering and institutional controls will be used to ensure that this process is Plant

protective of human health and the community.
4.2,2.2 Implementability Evaluation

Alternative 2 ¢can be implemented within a reascnable time frame. There are no
significant construction considerations that would limit the implementability of the
alternative. Minimal clearing activities would be necessary and off-site disposal
facilities are available for the impacted soil that will be generated during the excavation
activities. The excavated soil will be stabilized with an engineered media at the
approved off-site disposal facility to promote immobilization of contaminants prior to
final disposal. Confirmation samples would be collected and the site excavations
would then be backfilled with clean soil imported from off-site or an approved on-site
area.

4223 Cost Evaluation

A cost estimate for implementing Alternative 2 is presented in Table 4-1. This estimate
includes contractor costs for performing the required site worlg; transportation,
stabilization, and disposal services; professional reporting and oversight fees; and
follow on monitoring activities required for the LUCs (i.e. annual inspections and
reporting). For the purposes of the cost estimate, it was assumed that the LUCs would
be monitored for a period of 30-years after completion of the removal action. Due to
the extended duration of the post excavation monitoring, the addition of the LUCs is a
significant portion of the total cost of this alfernative. Based on the current projected
costs, the total cost for implementing this alternative is approximately $340,000.

4.2.3 Analysis of Alternative 3 — Excavation, Off-Site Stabilization, and Disposal of lImpacted
Soil to Achieve Residential Closure

The excavation and removal of the metals, PCB, and furan/dioxin impacted soil from
the footprint proposed in Alternative 3 is considered extremely effective and will
achieve the RACs. Unlike Alternative 2, Alternative 3 will not require the
implementation of LUCs upon completion. The following sections present a detailed
analysis of this alternative.
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4.2.3.1 Effectiveness Evaluation Plant

The excavation and removal of the impacted soits within the foofprint proposed in
Alternative 3 will achieve the remedial action objectives of: 1.) minimizing risks to
potential human and ecclogical receptors; and 2.) minimizing the potential for
contaminated surface soils to migrate from the source area. The human health and
ecological risk assessments presented in Appendices B and C, respectively, indicate
that this removal action would result in sufficient risk reduction that would allow for
future residential use of the area. The removal of impacted surface soils would also
eliminate the potential for future migration of impacted materials from the source area
due to erosion. The removal and disposal of the impacted soil provides a permanent
reduction in risk and does not require the implementation and maintenance of
engineered controls to manage residual risk. During the excavation, appropriate
engineering and institutional conirols will be used to ensure that this process is
protective of human health and the community.

4.2.3.2 Implementability Evaluation

Alternative 3 can be implemented within a reasonable time frame. There are no
significant construction considerations that would limit the implementability of the
alternative. The foot print of the treatment area under this option is slightly larger than
that proposed under Alternative 2; therefore, this option will require some additional
site clearing and preparation activities. Off-site disposal services are available for the
impacted soil that will be generated during the excavation activities. The excavated
soil will be stabilized at an approved off-site disposal facility with an engineered
stahilization media prior to final disposal. Confirmation samples would be coliected to
verify the success of the removal action, and the excavated areas would be backfilted
with clean soil imported from off-site or an approved on-site source.

4.2.3.3 Cost Evaluation

A cost estimate for implementing Alternative 3 is presented in Table 4-2. This estimate
includes contracter costs for performing the required site work and disposal activities,
professional reporting and oversight fees, and site closure reporting. As this alternative
would allow for a residential level closure for the NBG, there would be no need for
follow on activities or LUCs, which provides a significant life-cycle cost savings
measure. Based on the current projected costs, the total cost for implementing this
alternative is approximately $238,000.
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5. Comparative Analysis of Alternatives Plant

The purpose of the comparative analysis of alternatives is to compare each alternative
against the others and rank them based on their ability to meet the criteria of
effectiveness, implementability, and cost.

The No-Action Alternative (Alterhative 1) has been deemed inappropriate for the site
and eliminated from further consideration. While there is no cost associated with
Alternative 1, and it is easily implementable due to the fact that no action is taken, this
alternative does not achieve the RAOs.

Alternative 2 {(excavation and disposal of impacted soil to achieve industrial closure)
and Aliernative 3 (excavation and disposal of impacted soll to achieve residential
closure) would both be very effective remedies for the site. Both would minimize the
potential human health and ecological risks associated with the site. They would aiso
achieve the RAQ of minimizing the potential for migration of impacts within surface soil.
Alternative 3 would be slightly more protective because the COCs exceeding the
residential risk screening thresholds would be removed. However, Alternative 2 would
likely be used in conjunction with land use restrictions to limit future use to industrial
which would also minimize risk to individuals. The RFAAP-NRU is actively used as a
storage facility for the RFAAP-MMA,; therefore, restricting land use to industrial would
be consistent with the current use of the property.

Both Alternative 2 and Alternative 3 are readily irﬁplementable. There are several
contracting companies in the region that specialize in the excavation and disposal of
contaminated scils. While the remedies are very similar in scope, Alternative 2 would
rank slightly easier for implementation because of the smaller total footprint of the
excavation. The site preparation work {i.e. clearing and establishing stormwater
controls) and the volume of soil requiring treatment and disposal would also be less for
Alternative 2 than Alternative 3.

The projected cost of implementing Alternative 3 ($238,000) is significantly lower than
the costs for Alternative 2 ($340,000). The cost of having to implement, inspect, and
maintain the LUCs required for the industrial level closure provided under Alternative 2
are far more expensive than the additional material that would be removed to achieve
the residential (i.e. clean) closure provided by Alternative 3.
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6. Recommended Removal Action Alternatives Plant

The removal action recommended for the NBG Removal Action is Alternative 3 —
Excavation, Off-Site Stabilization, and Disposal of Impacted Soils to Achieve
Residential Closure. Although the current and reasonably anticipated future use of the
area is industrial, a cost benefit analysis indicates that in this specific case it is to the
Army’s advantage to remediate to residential levels and eliminate the need for iong
term monitoring of LUCs. The long term monitoring costs associated with maintaining
the LUCs under Alternative 2 are more expensive than the cost of removing the
additional soil under Alternative 3. The recommended removai action will also
effectively minimize the spatial distribution of the COPECs remaining on-site such that
the potential for adverse ecological effects would be unlikely. This alternative was
selected in accordance with the guidelines and procedures outlined in USEPA
guidance {USEPA, 1983) and the requirements of the NCP (40 CFR 300). The
excavation and disposal of the impacted soil would be the most protective of public
health and the environment, achieve the removal action objectives, and comply with
ARARs.
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Table 4-1 Estimated Costs for Removal Action- 2 - Excavation and Disposal of Soil Exceeding Industrial RBCs

ltem

Description

Contractr Mcabilization/Demobilization

Quantity

Unit of
Measure

Unit Cost

Total

20,000.00

1 1 LS $20,00000 | 3%

2 Site Preparation/Clearing 1 LS $ 50000018 5,000.00

3 Excavation of Impacted Soils 120 CY $ 30.001{% 3,600.00

4 Transportation, Off-Site Stabilization, and Off-Site 120 CcYy $ 26500(1% 3180000
Disposal of Excavated Material

5 XRF Rental 2 week [$ 3,500.00| % 7,000.00

6 Analytical - Confirmation Soil Samples 25 sample |$ 125.00( 3 3,125.00
Includes metals only

7 Analytical - TCLP/Waste Profiling Soil Samples 5 sample | $ 300.00|% 1,500.00
Inciudes metals and PAHs

8 Survey Excavation Footprint 2 day $ 1,750.00 (%  3,500.00
Area surveyed before and after excavation activities

9 Backfili 120 CY $ 20,00 | § 2,400.00

10 Storm Water Controls 1 LS $ 3,00000 % 3,000.00

11 Seeding 1 LS $ 500.00|% 500.00

btotal $ 81,425.00

Total Cost for Alternative 2

12 Preparation of Work Plan and Remedial Design 1 LS $15,000.00 | $ 15,000.00
13 Excavation Oversight and Consulting Services 1 LS $25,00000(% 25,000.00
14 Permitting 1 LS $10,000.00 | $ 10,000.00
15 Removal Action Completion Report 1 LS $15,000001 % 15,000.00
18 Finalize Site Closure Report 1 LS $20,000.00[$ 20,000.00
Subtotal $ 85,000.00
17 Preparatlon of Land Use Contro]s 1 LS $ 15 000 00}1% 1500000
Area will need to need to be restricted from future residential use
18 |Legal Fees 1 LS $ 5000008 5,000.00
19 Annual Inspections and Reporting 20 YR $ 25000018 75,000.00
20 Inspections and Reporting for CERCLA 5 Year 6 Each $ 3,000.06|% 18,000.00
Reviews
21 Misc. Project Communications and Project 30 YR $ 1,00000|% 30,000.00
Management
Subtota! $ 143,000.00
Subtotal Cost for Alternative 2 $ 309,425.00
Contingency {10% of Cost) $ 3094250

$ 340,367.50




Table 4-2 Estimated Costs for Removal Action 3 - Excavation and Disposal of Soil Exceeding Residentiat RBCs

liem

Description

_| Quantity

Unit of
Measure

Unit Cost

Total

20,000.00

Preparation of Work Plan and Remedial Design

1 Contractor Mobilization/Demobilization 1 LS $20,000.001 9%

2 Site Preparation/Clearing 1 LS $10,00000|$ 10,000.00

3 Excavation of Impacted Soils 250 CY $ 300013 7.500.00

4 Transportation, Off-Site Stabilization, and Off-Site 250 cy $ 265.00|% 66,250.00
Disposal of Excavated Material

5 XRF Rental 2 week | $ 3,500.00|% 7,000.00

5 Analytical - Confirmation Soil Samples 35 sample |$ 125.00|% 4,375.00
Includes metals onky

7 Analytical - TCLP/Waste Profiling Samples Soil 5 sample |$ 300.00|% 1,500.00
Samples
Includes metals and PAHs

8 Survey Excavation Footprint 2 day $ 175000 % 3,500.00
Area surveyed before and after excavation activities

9 Backiill 250 CY $ 200015 5,000.00

10 Storm Water Controls 1 LS $ 3,00000}f% 3,000.00

11 Seeding 1 LS $ 7500018 750.00
Subtotal $ 128,875.00

15,000.00

Total Cost for Alternative 3

12 1 LS | $15,000.00 | $

13 Excavation Oversight and Consulting Services 1 LS $25,000.00 | $ 25000.00

14 Permitting 1 LS $10,000.00 | $§ 10,000.00

15 Removal Action Completion Report 1 LS $15,00000 | $ 15,000.00

16 Finalize Site Closure Report 1 LS $20,00000| 3% 20,000.00
Subtotal $ 85,000.00

16 Preparation of Land-Use Restrictions 00 ) 1:8 & $ - u$ -
No land use restrictions will be required

17 Misc Project Communications and Project 1 YR $ 2,500.00 % 2,500.00
Management
Subtotal $ 2,500.00
Subtotal Cos?for Alternative 3 $ 216,375.00
Contingency (10% of Cost) $ 21,637.50

$ 238,012.50
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Chromium 1,090 32.9 352 531 Date 6/12/2002 6/19/2002 PCBs Aroclor—1254 0.14 [<0.040] Chromium 30.0 42.3
i : : Lead 76.2 20.0
é\engcd 13662%0 38’2 220790 5;7 Dioxn /Puran Aroclor—1254 | 0.068 Inorganics NBGSDO4 Zinc 67.8 B 28.3 B
. . : 2,3,4,7,8—PeCDF | <0.00000104 | 0.00000061 J Inorgonics e 556 U [5.75 J] W = _— ] .
2,3,7,8—TCDF <0.00000151 | <0.00000016 J Neaie a0 Chromiom 411 J [35.5 J] Sote 7 /16,/2004 .
NEEBIT 0CDD 0.002064 0.004063 J Chromiom 383 Lot 159 [132] . e epth(Feet) | (0.5 = 0.7') 4
PCB : ——— Date 6/3/1997 -
Depth(Feet 0 — 4 S Lead 146 Zinc 473 J [405 J] Aroclor—1254 | 0.15 = ==
NEESEkid : epili(Feet) ( ) Aroclor—1254 <0.030 <0.030 : : : Inorganics Y 4
Depth(Feet) (c -05) [(-3) Date 8/19/1999 - Zinc 208 Inorganics Arseni 530 NBGDWA 4
- Inorganics A - 10 rsenic . — . y
Dgtg 6/12/2002 6/19/2002 \norgqmcs Arsenic 378 YRVSEE (SSILG . Chromium 440 EE— Depth(Feet) (0 - 4)
i,/ Furen Arsenic 145K Chromium 123 227 L NBGSB32 chromium 1] Lead 199 T T—— = _|Date 8/17/1999
2,3,4,7,8—PeCDF | <0.00000104 | <0.00000005 Ehrzm\um ggs S e =0 i =T NEESE ;eod ;égg = 1216 norganics—TCLP -
— B Inc )
2,3,7,8—TCDF 0.00000725 | <0.00000004 e0 . P ST T Sore 7 /192004 Depth(Feet) [ (0 — 0.5) Lead 0.0933 .
0CDD 0.003884 0.01645 J Zinc 35.4 e Sere 7 /1672004
PCBs \LmordgomcszCLP e Aroclor—1254 | <0.042 PCBs
Aroclor—1254 0.97 <0.040 ca . Torgancs o= | e
Inorganics NBGDW3 - ;
A i 9.97 569 L Depth(Feet) (@ — 4) Arsenic 8.90 Inorganics
Cgse”‘? e 2t L NBCDWI1 Def = Vil o5 Chromium 39.9 Arsenic 6.80
3 rzm‘um S et Depth(Feet) (0 - 4) ‘ oo 0 Lead 159 Chromium 397
Zin 3,570 18.5 J Date 8/19/1999 s 5515 Zinc 204 Lead 3,500
NG , : Inorganics—TCLP = - Zinc 4,220 NBGSB26
Lead 63.3 Depth(Feet) (0 — 057
Date 7/20/2004
NBGSDO01 PCBs
— Aroclor—1254 | <0.039
e [ Inorganics
— rai NBG-MW-02 Arsenic 5,20
h~ — — _X Chromium 24.8
— T — Lead 80.1
— N — Zinc 95.4
 — — =
— — N\ 1)
— — — =
— S
—— @
NBGSBY —
Depth(Feet) (0 — 0.5) T —
EitHe 5/27/1999 NI e
S 5
Depth(Feet) | (0 — 0.5) NBGSB32 — =
genzogogonthmceme iggi Date 7 /2172004 NBGSDOZ -
enzo(a)pyrene 0 PCBs NBGSDO03
Bgmzo(b)ﬂuoronthene <0.03 Aroclor—1254 | <0.041 NBGSD04 NBGSB26 / /
Dibenzo(a,h)anthracene | <0.03 erseiies NBGSB27
\ndeno(j,Z,chd)pyreme <0.01 Neeriie 1.0 NBGSB4 NBGSB24 Depth(Feet) (0 - 0.5)
[NoHganles Chromium 36.8 NBGDW13 Depth(Feet) | (0 — 0.5) | (1 = 3) (3 -5) 5 -7) Date 7,/22/2004
Arsenic 5.60 B Lead 51.0 T =& Date 7/20/2004 | 7/20/2004 7/20/2004 | 7/20/2004 PCBs
Chromium 16.0 = epth(Feet) ( )
Zinc 34.8 Date 8/19,/1999 NBGSB25 PCBs Aroclor—1254 | <0.043 [<0.043]
Lead 28.4 e ——— SS-02 Aroclor—1254 | 0.14 <0.040 [<0.039] | <0.039 <0.039 Inorganics
Zinc 45.8 9 - -
Areeie 370 K Inorganics Arsenic 4.00 [3.80]
o 945 Arsenic 5.60 7.20 [5.70] 3.90 3.60 Chromium 21.7 [31.8]
NBGDWI Leee 707 NBGSB15 Chromium 174 26,0 [20.4] 16.1 18.0 Lead 110 [172]
\ \ T O - = ;eod 18,77;0 J Z‘g Jjgzs.z J] 5312 J 1?.10 J Zinc 99.5 [107]
Date 5/26,/1999 NBGSB30 Inorganics—TCLP INE 8 [39.8] . .
\ SVOCs Lead 5.1 ' '
NBGSB9 \ Benzo(a)anthracene <0.37 NBGDW3 NEEoWE S NBGSE(% AREE )
Benzo(a)pyrene <0.37 5 ep £E - -
\ \ Benzo(b)fluoranthene <0.37 NBGDW10 NBGDW4 Dicphi(Feeit (0 — 4) Date 8/4/1998 | 8/4/1998
- - Date 8/19/1999
NBGSB8 \ Dibenzo(a,h)anthracene | <0.37 J NBGDW1 organics—TCLP /18/ SVOCs
Depth(Feet) (0 - 05) (G5 — 4) \ AN Indeno(1,2,3—cd)pyrene | <0.57 J Tood R EZ;EZEZ%O”:Z;ZCQ”Q zgéz zgg NBGSB27
Date 5/27,/1999 5/27,/1999 o Inorganics—TCLP NBGSB24 Py : :
SE Loae 6.4 B2 Benzo(b)fluoranthene <0.38 <0.43 Legend
g - T T T PN \ NBGSB20 NBG NBGDW5 Dibenzo(a,h)anthracene | <0.38 <0.43
86”20(0)0” racene <0.02 [<Q'02J <O<02 \ \ Depth(Feet) | (0 - 05) | (1 = 3) (3 -95) (5-7) NBG-MW-01 Indeno(1,2,5-cd)pyrene | <0.38 SOES
enzol@)jpirene <002 [<0.07] || <0, \ Date 7/20/2004 | 7/20/2004 | 7/20/2004 7/20,/2004 -VIVY- Inorganics © Historical Sample Location
Benzo(b)fluoranthene <0.03 [<0.03] | <0.03 \ NBGDW13 G 11 =
Dibanzolan)onth <0.02 [<0.02] | <0.02 \ PCBs NBGDW Arsenic 8.50 K 105 K
NBGSBS8 f0enz0\d,n)aninracene | <. : : " Aroclor—1254 [[0.23 <0.043 <0.046 [<0.046] | <0.048 Chromi 1,620 53.4 : ; ;
indeno(1,2,3—cd)pyrene | <0.01 [<0.01] | <0.01 o ool [<0.046) NBGDW12 NBGSB13 \ e Chromium - B @ Historical Sample Location
Inorganics \ N Arsenic 6.80 J 10.4 16.1 [15.7] 175 NBGDW7 Zinc 3,760 2288 Above Industrial Criteria
é;gem? ?542 820[75'90} ?fg & \ NEESERE Chromium 1,000 12.6 54.8 [60.8] 55.8 ' |
Legzm\um 154 [[22. 8}} 145 Depth(Fee) [ (0 — 0.5) Lead 11,200 15.9 34.0 [33.3] 40.1 NBGSB1 NBGSB10 NGCDW2 Q Historical Samp|e Location
- s Tirel 1272 ol 7737 /2004 Zinc 1,700 19.7 319 [32.9] 511 NBGSB12 e Depth(Feet) 0 - 4) } | Exceeding Residential Criteria
\ PCBs i Def (Feet) é/wg/wg)gg Date 5/26,/1999
\ — ate B — N
\ Aroclor—1254 | <0038 N Meteser NBGSB3 inorgonics—ToLP Inorgonics— TCLP @ Inorganic TCLP Sample
Inorganics 5 - - NB W8 g Lead 0.0434
\ [Arsenic 570 N Depth(Feet) (0.5 - 1.5)[(8 — 10) (55 — 55) Lead 0.035
[ Chromum | 28.0 L o Dote 8/4/1998 | 8/4/1998 8/4/1998 NBGSB16 | NBGSB2 S Groundwater Locations
\ S
. | Lead 20.8 NBGDWS : , . .
| e 55 AN . [Benzo(a)anthrocene <0.39 <0.46 [<0.38] | <0.46 Depth(FeeD) ) NBGSB23 Depth(Feet) (0 — 059 | (1 = 39 (3 =5y |5 = 7) = d Road
: Benzo(a)pyrene <0.39 <0.46 [<0.38] [<0.46 SieliE 8,/75,/1999 Dote 7/20/2004 | 7,/20/2004 | 7/20/2004 | 7/20,/2004 aved Roads
\ \ N Benzo(b)fluoranthene | <0.39 <0.46 [<0.38] |<0.46 norganics—TOLP PCBs )
\ \ Dibenzo(a,h)anthracene | <0.39 <0.46 [<0.38] <0.46 Lead T2 Aroclor—1254 | <0.039 <0.040 <0.040 <0.040 _ Dlrt RoadS
Indeno(1,2,3—cd)pyrene | <0.39 <0.46 [<0.38] <0.46 Inorganics
NBGSB17 Inorganics Arsenic 6.30 7.80 7.30 4.50
NBGSB7 Depth(Feet) (0 -05) (0 =23) NBGSB33 Arsenic 4.20 K 7.00 K [7.30 K] | 9.20 K Chromium 50.8 54.3 31.8 26.9 Low Area
Date 6/12/2002 | 6/19/2002 Chromium 31.8 75.3 [53.7] 35.0 Lead 348 J 147 J 50.1 J 10.0 J . .
Dioxin /Furan Lead 127 226 [155] 29.5 Zinc 159 311 23.0 8.90 - = Dralnage Ditch
2,3,4,7,8—PeCDF | <0.00000087 | <0.00000003 Zine 61.0 B 67.4 B [50.2 B] | 60.4 B /
2,3,7,8— TCDF <0.00000129 | <0.00000003 = - , , Culvert
SESD 0.00172 0.0009594 J R NBCSE29
S 5 5 5 v 5 5
Depth(Feet) (2-4) [(4—-6) [(6-28) |(8—10) |10 - 12) Depth(Feet) | (0 — 0.57) Studyv Area
NBGSB7 ‘Afoc‘orfuw L0080 SO04Y Date 5/26,/1999 | 5/26/1999 | 5/26/1999 | 5/26/1999 | 5/26/1999 Date 7/20,/2004 y
Depth(Feet) (0 - 05) [(35 - 4) norganics SVOCs NBGSB29 " [ PcBs - -
Dote 5271999 | 5/27/1959 é;sen“f ;;; : 2}322 t Benzo(a)anthracene <0.40 <0.44 <0.43 <0.44 <0.44 ~_ Aroclor—1254 | <0.040 L - NRU Boundary
PAHs 2 rzm\um 38A9 E 16A2 NBGSB17 Benzo(a)pyrene <0.40 <0.44 <0.43 <0.44 <0.44 Inorganics
Benzo(a)anthracene <0.02 <0.02 Z?O 143 i 19'2 i Benzo(b)fluoranthene <0.40 <0.44 <0.43 <0.44 <0.44 ™~ NBGSB31 / Arsenic 240 B
Benzo(a)pyrene <0.02 <0.02 nc : Dibenzo(a,h)anthracene | <0.40 J <0.44 J <0.43 J <0.44 J <0.44 J ~_ Chromium 26.4
Benzo(b)fluoranthene <0.03 <0.03 / ‘ ‘ SS-01 Indeno(1,2,3—cd)pyrene | <0.40 J <0.44 J <0.43 J <0.44 J <0.44 J \ / Lead 79.5
Dibenzo(a,h)anthracene | <0.02 <0.02 - Inorganics ~_ Zinc 158 A
Indeno(1,2,3—cd)pyrene | <0.01 <0.01 = Arsenic 10.6 151 16.3 14.5 17.5 Analytlcal Data Legend
Inorganics 5 NBGSB19 Chromium 439 58.1 64.8 57.3 69.3 \

, Depth(Feet) | (0.5 — 0.7 ; : s
Arsenic 7008|6508 2epih(Feet (6/3/1997 ) / Lead 10.4 19.6 30.3 312 30.9 I NBGSBS , , J Constituent concentration qualified
Chromium 22.3 19.6 e NBGSB18 Zinc 191 37.6 37.6 29.9 31.8 S Depth(Feet) (05 - 159 [ (5 = 89 as estimated
Lead 17.7 12.3 Date 8/4/1998 | 8/4/1998
Zine 29.3 29.2 Arsenic /.60 NBCSB16 N N SVOCs . . . .

Chromium _| 52.2 SepthiFecT CES R G 017 N . Benzo()onthracene | <0.37 0,40 K Estimated concentration bias high
ea o .
ane — ‘ P PAZ/2002 | B/13/2002 ) B/1D/2002 1.B/19/20C2 NBGDW12 RN et ranins 5047 oo Estimated concentration bias low
Dioxin /Furan - 0 :
2,3,4,7,8—PeCDF | <0.00000074 | <0.00000006 | <0.00000007 | <0.00000009 Depth(Feet) (0 — 4 . Dibenzo(a,h)anthracene | <0.37 040
NBGSB6 \GcaTE 2,3,7,8-TCDF | <0.00000119 | <0.00000008 | <0.0000001 | <0.00000011 bae 8/19/1999 ~ Inelenel, 2 5—ed joyrene | <057 <0.40 B Constituent concentration quantified
: : 0CDD 0.002352 0.0004363 J | 0.0004122 J | 0.0008114 J Inorganics—TCLP \ lorganles as estimated
Depth(Feet) (0 - 0.5) 1 -23) PCBs Lead 0.384 Arsenic 3.20 K 4.30 K
Dat 6/12/2002 | 6/19,/2002 i
o 7 [12/ [19/ \ Aroclor—1254 | <0.030 <0.030 <0.040 <0.040 N Eemiin 20,2 20 o
ioxin /Furan Imoraanics NBGDW8 Lead 104 10.8 BOIded reSUItS |nd|Cate exceedances
NBGSB6 2,3,4,7,8—PeCDF | <0.00000079 | <0.00000004 9 Depin(Fast 0= & — ne 132 B 548 34 : :
Depth(Feet) © - 05 [(35 =4 S Arsenic 2.25 5.38 L 6.28 L 7.75 L eptn(Feet) 0-4) | — NBCSB31 : of Residential RSL
ep ee . 2 2,3,7,8—TCDF <0.00000107 | <0.00000003 Chromiom 8 U 1.9 L 24 L S84 L Date 8/19/1999 Depth(Feet) (0 — 0.5)
Date 5/27/1999 | 5/27/1999 0CDD 0.003185 0.002096 J : : : Inordonica—TCLP NBGDW?
Lead 931 K 13.5 14.0 25.7 9 Date 7/22,/2004 Bolded and Shaded lts indicat
. PAHs PCBs - Lead 0.387 PCB Depth(Feet) (0 — 4) 903 olaed an aded results Indicate
%y | Benzo(a)anthracene <0.02 <0.02 Aroclor—1254 <0.040 <0.040 Zinc 464 J /.87 J 6.7 4 26.0 J _—— S NBGSB13 d fl d t i IRSL
: : ‘ — — Aroclor—1254 | <0.044 Date 8/19/1999 Depth(Feet) © - 057 0= exceedances of Industria
Benzo(a)pyrene <0.02 <0.03 Inorganics —— — Ineraemis InErgERies— TELP D ? 6/12/2002 | 6,/19/2002
Benzo(b)fluoranthene | <0.01 <0.03 Arsenic 8.37 104 L _— - p— . T 5 ate /12/ /19/. Units for Soil and Sedi ts |
Dibenzo(a,h)anthracene | <0.02 <0.03 # [ Chromium 445 J 54.9 | \\ - _—— — c;sem? 2-36 Dioxin /Furan nIts Tor .OI an e I.n:]en amples
Indeno(1,2,3—cd)pyrene | <0.02 <0.02 Lead 215 K 25.1 — romium ~ 2,3,4,7,8—PeCDF | 0.0000101 J | <0.00000008 reported in mg/kg (Miligrams per
: - — Lead 53.9 2,3,7,8—TCDF 0.00006188 J | <0.00000008 H
Inorganics Zinc 349 J 40.8 J \ \ — — Zine 143 Py } - kllogram)
Arsenic 5508 =08 “ . - — ocoD 0.002165 J | 0.0033 J
, PCBs . .
L o Sl N e . — - — NBGSBT1 e 5060 Units for TCLP Samples reported in mg/L
Zinc V 24.7 \ — — NBICEETZ DepilnFeet) (c—05) |- 3) (G - 9) Inorganics (Ml“grams per L|ter)
. — — —/ NBGSB28 : NBESE22 : ] Depth(Feet) (0 —05) | - 3) (3 — 59 Dote 6/12/2002 |6/19/2002 | 6/19,/2002 Arsenic 24.1 2.35 L
o - Depth(Feet) | (0 — 05) [(1 — 3) E-5) | -7) Date 6/12/2002 | 6/19/2002_| 6/19/2002 Dioxin /Furan Chromium 10,700 J 30.8 L
~_ — Date 7/20/2004 | 7/20/2004 7/20/2004 | 7/20/2004 Do //rvren 2,3,4,7,8—PeCDF | 0.0000169 J | <0.00000007 | 0.00000038 J Lead 65 300 K 827 0 20 40
NBGSBI9 - — PCBs 2,3,4,7,8—PeCDF | <0.00000116 | <0.00000007 | <0.00000008 2,5,7,5—TCDF | 0.0001246 J | <0.0000001 | 0.00000234 J ~ l ‘ {FEET
, ; Zinc 19,600 J 64.8 J
Depth(Feet) (0 — 0.5) (1 - 3) —_ — Aroclor—1254 416 <0.039 [<0.039] | <0.041 <0.046 2,3,7,8—TCDF <0.00000197 | <0.0000001 | <0.00000011 ocop 0.00224 J |0.004805 J | 0.0005022 J CRAPHIC SCALE
Date 6/12/2002 6/19,/2002 NBGSB5 InereEmies 0CDD 0.002977 0.003495 J | 0.0008244 J PCBs
Dioxin/Furan Depth(Fest) 05 - 15)] (5 = 8) Arsenic 36.6 J 4.10 [3.70] 10.2 10.1 PCBs Aroclor—1254 3.4 0.020 J 0.070
2,3,4,7,8-PeCDF | <0.0000008 [<0.00000098] | <0.00000005 Date 8/4/1998 | 8/4/1998 Eyiom S S8 250 [1E0] SEAE 2ileS Aroclor—1254  [12.6 <0.030 <0.040 Inorganics
2,3,7,8—TCDF <0.00000119 [<0.00000128] | <0.00000003 SVOCs Lead 111,000 27.6 [16.6] 143 J 349 J | : ANeenie 641 261 L AL RADFORD ARMY AMMUNITION PLANT
o) NBCSB28 Zi 15,800 142 [12.3 455 31.0 e : ; z RADFORD, VA
OCDD 0.01964 [0.01094] 0.0008243 J Benzo(a)anthracene <0.38 <0.47 NBGSBS Depth(Feet) | (0 - 0.5") e - 2 [12.5] - ; iSEN( _ EiClinls Lo Chromium 25,700 204 L ERS EE/CA
PCBs Benzo(a)pyrene <0.38 <0.47 Date 772172004 Chromium 253 J 28.1 L 385 L Lead 91,400 K 63.6 903
Aroclor—1254 <0.040 [<0.030] <0.040 Benzo(b)fluoranthene | <0.38 <0.47 PCBs Lead 3,640 K 2.0 20.9 Zinc 39,000 J 22.8 J 211 J
Inorganics Dibenzo(a,h)anthracene | <0.38 <0.47 Aroclor—1254 | <0.042 Zinc 1,280 J 18.2 J 32.0 J
Arsenic 4.73 [3.45] 16.5 J = : : NORTHERN BURNING GROUND SOIL
Indeno(1,2,3—cd)pyrene | <0.38 <0.47 Inorganics
Chromium 284 J [19.7 J] 51.2 Inorganics — o SAMPLING RESULTS
Lead 36.2 K [32.7 K] 23.2 Arsenic 450 K 17.0 K Chremiin 258
Zinc 78.6 J [57,8 JJ 40.3 J Chromium 16.4 52.4 Lead 124
Lead 19.3 20.2 Zinc 199 ? ?? i N~ FIGURE
Zinc 221 B 45.0 B ‘\ ; % 2 1
(4 =4 %il—ﬁ =
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Historical Soil Sampling Results, Northern Burning Ground

Table A-1

New River Unit, Radford Army Ammunition Plant, Radford Virginia

Location ID: NBGDW1 NBGDW2 NBGDW3 | NBGDW4 | NBGDWS5 | NBGDW6 | NBGDW7 | NBGDW8 | NBGDW9 | NBGDW10 | NBGDW11 | NBGDW12 | NBGDW13 | NBGSB1 NBGSB1 NBGSB1 | NBGSB2 | NBGSB2 | NBGSB3 | NBGSB3
Sample Depth(Feet): Regional Regional 0-4 0-4 0-4 0-4 0-4 0-4 0-4 0-4 0-4 0-4 0-4 0-4 0-4 05-15 8-10 53 - 55 0-2 5-6 05-15 5-6
Screening Level | Screening Level | Facility-Wide TCLP
Date Collected: (Residential) (Industrial) Background Standards Units 05/26/99 05/26/99 08/18/99 08/17/99 08/19/99 08/19/99 08/19/99 08/19/99 08/19/99 08/19/99 08/19/99 08/19/99 08/19/99 08/04/98 08/04/98 08/04/98 08/04/98 08/04/98 08/04/98 08/04/98
Dioxin/Furan
1,2,3,4,6,7,8-HpCDD [a] 0.00039 0.0016 == -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1,2,3,4,6,7,8-HpCDF [b] 0.00032 0.0011 - - 25 mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1,2,3.4,7,8,9-HpCDF [b] 0.00032 0.0011 == -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1,2,3,4,7,8-HxCDD |[c] 0.000039 0.00016 == -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1,2,3,4,7,8-HxCDF [d] 0.000032 0.00011 A= - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1,2,3,6,7,8-HxCDD [c] 0.000039 0.00016 - = -- mg/kg NA NA NA NA NA NA NA NA A NA NA NA NA NA NA NA NA NA NA NA
1,2,3,6,7,8-HxCDF [d] 0.000032 0.00011 == == mg/kg NA NA NA NA NA NA NA NA A NA NA NA NA NA NA NA NA NA NA NA
1,2,3,7.8,9-HxCDD [c] 0.000039 0.00016 -- -- mg/kg NA NA NA NA NA NA NA NA A NA NA NA NA NA NA NA NA NA NA NA
1,2,3,7,8,9-HxCDF [d] 0.000032 0.00011 == - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1,2,3,7.8-PeCDD [e] 0.0000039 0.000016 == - - mag/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1,2,3,7,8-PeCDF 0.00011 0.00038 =0 .- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
2,3.4,6,7,8-HXCDF [d] 0.000032 0.00011 -- == mag/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
2,3,4,7.8-PeCDF 0.000011 0.000038 == == mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
2,3.7.8-TCDD 0.0000045 0.000018 - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
2,3,7,8-TCDF 0.000032 0.00011 == - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0OCDD 0.013 0.053 =iz - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
OCDF 0.011 0.038 -- - - ma/kg NA A NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total HpCDDs .- - -- - mag/kg NA A NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total HpCDFs =i -- = -- mglkg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total HxCDDs -- - - - - ma/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total HxGDFs .. -- == -- ma/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total PeCDDs - - - - == - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total PeCDFs -- - - - .- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
|Total TCDDs - - - -- == mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total TCDFs == -= - -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Explosives
None Detected -- -~ = - -- NA NA NA NA | NA NA NA NA NA NA NA NA NA S ] -- - - - - - -]
Herbicides
2,4,5-T 610 6,200 - = - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
24-D 690 7,700 - .- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
2,4-DB 480 4,900 - == mag/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dalapon 1,800 18,000 - - - mglkg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dicamba 1,800 18,000 -- = - mgrkg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
MCPP 61 620 -- = - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Organochlorine Pesticides
4,4-DDD 2 7.2 - - .- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
4.4-DDE 1.4 5.1 - - - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
4,4-DDT 1.7 i == -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dieldrin 0.03 0.11 == .- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Endosulfan 11 [f] 370 3,700 £ - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
LEndrin Aldehyde g] 18 180 G i mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PAHs
2-Methylnaphthalene 310 4,100 .- =ie mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Acenaphthene 3,400 33,000 = -- ma/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Acenaphthylene [h] 3,400 33,000 == - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Anthracene 17,000 170,000 .- = mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Benzo(a)anthracene 0.15 2.1 = - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Benzo(a)pyrene 0.015 0.21 .- == mg/kg NA NA NA NA NA NA NA NA NA NA NA NA A NA NA NA NA NA NA NA
Benzo(b)fluoranthene 0.15 2.1 - -- ma/kg NA NA NA NA NA NA NA NA NA NA NA NA A NA NA NA NA NA NA NA
Benzo(g,h,i)perylene [i] 1,700 17,000 -- = mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Benzo(k)fluoranthene 1.5 21 - - S mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Chrysene 15 210 == - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dibenzo(a,h)anthracene 0.015 0.21 == - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Fluoranthene 2,300 22,000 .- .- ma/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Fluorene 2,300 22,000 -- - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Indeno(1,2,3-cd)pyrene 0.15 2.1 == - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
|Naphthalene 150 670 -- - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Phenanthrene [j} 17,000 170,000 .= -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Pyrene 1,700 17,000 - - - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PCBs
Aroclor-1254 0.22 0.74 - - | - - mg/kg NA NA NA NA | NA NA NA NA NA NA NA NA NA NA | NA NA NA NA NA NA |
Volatile Organics
1,1-Dichloroethene 250 1,100 -- .- mg/kg <0.0024 NA NA NA NA NA NA NA NA NA NA NA NA <0.0020 <0.0030 [<0.0020] <0.0030 <0.0020 <0.0020 <0.0020 <0.0020
1,2 4-Trimethylbenzene 67 280 -- .- mg/kg <0.0020 0.0056 NA NA NA NA NA NA NA NA NA NA NA <0.0020 <0.0020 [<0.0020] <0.0020 <0.0020 <0.0020 <0.0020 <0.0020
2-Butanone 28,000 190,000 -- -- mg/kg R R NA NA NA NA NA NA NA NA NA NA NA <0.0060 J <0.0070 [<0.0060] <0.0070 | <0.0060J | <0.0060 R <0.0060
Acetone 61,000 610,000 - -- mg/kg R NA NA NA NA NA NA NA NA NA NA NA NA <0.0060 J <0.0070 [<0.0060] <0.0070 <0.0060 J <0.0060 <0.0060 <0.0080
Benzene 1 5.6 == -- mg/kg <0.0012 <0.0012 NA NA NA NA NA NA NA NA NA NA NA <0.0010 <0.0010 [<0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010
Carbon Disulfide 670 3,000 g == ma/kg <0.0062 NA NA NA NA NA NA NA NA NA NA NA NA <0.0060 <0.0070 [<0.0060 <0.0070 <0.0060 <0.0060 <0.0060 <0.0060
Chlorobenzene 310 1,500 == == mg/kg <0.0014 <0.0013 NA NA NA NA NA NA NA NA NA NA NA <0.0010 <0.0020 [<0.0010 <0.0020 <0.0010 <0.0010 <0.0010 <0.0010
d-Limonene - == -- == mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Methylene Chloride 11 54 - - -- mg/kg <0.0012 J NA NA NA NA NA NA NA NA NA NA NA NA <0.0010 <0.0010 [<0.0010] <0.0010 0.0030 <0.0010 0.0030 <0.0010
tert-Butylbenzene -~ - - == -- mg/kg <0.0015 0.0030 NA NA NA NA NA NA NA NA NA NA NA <0.0010 <0.0020 [<0.0010] <0.0020 <0.0010 <0.0020 <0.0010 <0.0010
Toluene 5,000 46,000 -- - - mglkg <0.0015 <0.0015 NA NA NA NA NA NA NA NA NA NA NA <0.0020 <0.0020 [<0.0010] <0.0020 <0.0010 <0.0020 <0.0010 <0.0020
Trichloroethene 2.8 14 -- == mg/kg <0.0032 <0.0031 NA NA NA NA NA NA NA NA NA NA NA <0.0030 <0.0040 [<0.0030] <0.0040 <0.0030 <0.0030 <0.0030 <0.0030
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Historical Soil Sampling Results, Northern Burning Ground

Table A-1

New River Unit, Radford Army Ammunition Plant, Radford Virginia

Location ID: NBGDW1 NBGDW2 NBGDW3 NBGDW4 | NBGDW5 | NBGDW6 | NBGDW7 | NBGDWS | NBGDW9 | NBGDW10 | NBGDW11 | NBGDW12 | NBGDW13 | NBGSB1 NBGSB1 NBGSB1 NBGSB2 | NBGSB2 | NBGSB3 | NBGSB3
Sample Depth(Feet): Regional Regional 0-4 0-4 0-4 0-4 0-4 0-4 0-4 0-4 0-4 0-4 0-4 0-4 0-4 05-15 8-10 53-55 0-2 5-6 05-15 5-6
Screening Level | Screening Level | Facility-Wide TCLP
Date Collected: (Residential 1Industria|) Backaround Standards Units 05/26/99 05/26/99 08/18/99 08/17/99 08/19/99 08/19/99 08/19/99 08/19/99 08/19/99 08/19/99 08/19/99 08/19/99 08/19/99 08/04/98 08/04/98 08/04/98 08/04/98 08/04/98 08/04/98 08/04/98
Semivolatile Organics
Acenaphthylene [h] 3,400 33,000 - -- mglkg <0.37 NA NA NA NA NA NA NA NA NA NA NA NA <0.39 <0.46 [<0.38] <0.46 <0.38 <0.43 <0.37 <0.40
Anthracene 17,000 170,000 == == mglkg <0.37 NA NA NA NA NA NA NA NA NA NA NA NA <0.39 <0.46 [<0.38 <0.46 <0.38 <0.43 <0.37 <0.40
Benzo(a)anthracene 0.15 2.1 - - - mg/kg <0.37 NA NA NA NA NA NA NA NA NA NA NA NA <0.39 <0.46 [<0.38 <0.46 <0.38 <0.43 <0.37 <0.40
Benzo(a)pyrene 0.015 0.21 == - mg/kg <0.37 NA NA NA NA NA NA NA NA NA NA NA NA <0.39 <0.46 [<0.38 <0.46 <0.38 <0.43 <0.37 <0.40
Benzo(b)fluoranthene 0.15 2.1 - - - = mglkg <0.37 NA NA NA NA NA NA NA NA NA NA A NA <0.39 <0.46 [<0.38] <0.46 <0.38 <0.43 <0.37 <0.40
Benzo(g,h,i)perylene [i] 1,700 17,000 - - -- mg/kg <0.37 J NA NA NA NA NA NA NA NA NA NA A NA <0.39 <0.46 [<0.38] <0.46 <0.38 <0.43 <0.37 <0.40
Benzo(k)fluoranthene 1.6 21 == - - mglkg <0.37 J NA NA NA NA NA NA NA NA NA NA NA NA <0.39 <0.46 [<0.38] <0.46 <0.38 <0.43 <0.37 <0.40
bis(2-Ethylhexyl)phthalate 35 120 G - - mglkg 0.040J NA NA NA NA NA NA NA NA NA NA NA NA <0.39 <0.46 [<0.38] <0.46 0.070J <0.43 <0.37 <0.40
Carbazole 24 86 - - .- mg/kg <0.37J NA NA NA NA NA NA NA NA NA NA NA NA <0.39 <0.46 [<0.38 <0.46 <0.38 <0.43 <0.37 <0.40
Chrysene 15 210 == -- mg/kg <0.37 NA NA NA NA NA NA NA NA NA NA NA NA <0.39 <0.46 [<0.38) <0.46 <0.38 <0.43 <0.37 <0.40
Diethylphthalate 49,000 490,000 - - e myglkg <0.37 NA NA NA NA NA NA NA NA NA NA NA NA <0.39 <0.46 [<0.38] <0.46 <0.38 <0.43 <0.37 <0.40
Di-n-Butylphthalate 6,100 62,000 - - - - mglkg 0.080 B NA NA NA NA NA NA NA A NA NA NA NA <0.39 <0.46 [<0.38] <0.46 <0.38 <0.43 <0.37 <0.40
Fluoranthene 2,300 22,000 == -- mglkg <0.37 NA NA NA NA NA NA NA A NA NA NA NA <0.39 <0.46 [<0.38) <0.46 <0.38 <0.43 <0.37 <0.40
Fluorene 2,300 22,000 - - - mglkg <0.37 NA NA NA NA NA NA NA NA NA NA NA NA <0.39 <0.46 [<0.38] <0.46 <0.38 <0.43 <0.37 <0.40
Indeno(1,2,3-cd)pyrene 0.15 2.1 == .- mag/kg <0.37J NA NA NA NA NA NA NA NA NA NA NA NA <0.39 <0.46 [<0.38 <0.46 <0.38 <0.43 <0.37 <0.40
Phenanthrene [j] 17,000 170,000 - - == mglkg <0.37 NA NA NA NA NA NA NA NA NA NA NA NA <0.39 <0.46 [<0.38 <0.46 <0.38 <0.43 <0.37 <0.40
Pyrene 1,700 17,000 == .- mglkg <0.37 NA NA NA NA NA NA NA NA NA NA NA NA <0.39 <0.46 [<0.38] <0.46 <0.38 <0.43 <0.37 <0.40
Inorganics .
Aluminum 77,000 990,000 40,041 == mag/kg NA NA NA NA NA NA NA NA NA 37.000 NA NA 25,200 10,800 27,400 [22,700] 13,100 8,270 27,500 9,810 15,800
Antimony 31 410 -- -- mg/kg NA NA NA NA NA NA NA NA NA 2.30B NA NA 2408 <0.580 <0.690 [<0.560] <0.670 <0.560 <0.620 <0.540 <0.590
Arsenic 0.39 1.6 15.8 -- mgkg NA NA NA NA NA NA NA NA NA 145K NA NA 870K 420K 7.00K[7.30 K] 9.20 K B.50 K 10.5 K 3.20K 4.30 K
Barium 15,000 190,000 209 - - mg/kg NA NA NA NA NA NA NA NA NA 25.0J NA NA 66.4 41.0K 18.7B[14.0B) 30.5 K 819K 18.1B 389K 9.60B
Beryllium 160 2,000 1.02 == mg/kg NA NA NA NA NA NA NA NA NA 0.370J NA NA 0.390 J <0.120 0.230J [0.190J] 1.90 <0.110 0.330J 0.110J <0.120
Cadmium 70 810 0.69 -- mglkg NA NA NA NA NA NA NA NA NA <0.130 NA NA 0.210J <0.120 <0.140 [<0.110] 0.220J 0.920 <0.120 <0.110 <0.120
Calcium == e == -- mglkg NA NA NA NA NA NA NA NA NA 1,190 NA NA 3,650 1,580 B 928 B [526 B] 857 B 4,040 B 840 B 2,570 B 371B
Chromium [k] 230 1,460 65.3 e mgrkg NA NA NA NA NA NA NA NA NA 54.2 NA NA 94.5 31.8 75.3 [53.7] 35.0 1,620 53.4 20.2 21.9
Cobalt -- - 72.3 - mg/kg NA NA NA NA NA NA NA NA NA 4.40J NA NA 6.80 4.50K 3.50 K [3.60 K] 9.80K 239K 3.10K 4.20K 210K
Copper 3,100 41,000 53.5 .= mag/kg NA NA NA NA NA NA NA NA NA 264 NA NA 24.5 5.50B 184 K[15.1 B) 21.0K 52.7 12.9B 9.20B 6.20B
Iron 55,000 720,000 50,962 o mglkg NA NA NA NA NA NA NA NA NA 51,100 NA NA 29,100 18,500 45,900 [36,800] 29,700 12,900 52,000 12,100 19,200
Lead 400 750 26.8 -- mgrkg NA NA NA NA NA NA NA NA NA 20.7 NA NA 707 127 226 [155] 29.5 23,400 19.5 104 10.8
Magnesium == == == -- mgrkg NA NA NA NA NA NA NA NA NA 953 NA NA 2,110 605 B 719 B [557 B) 11,900 1,520 B 1,010B 1,3508B 278 B
Manganese 1,800 23,000 2,543 .- mgrkg NA NA NA NA NA NA NA NA NA 95.5 NA NA 281 204 68.1[55.1] 594 158 58.9 182 21.8K
Mercury 6.7 28 0.13 == mg/kg NA NA NA NA NA NA NA NA NA 0.270 NA NA <0.120 <0.120 <0.140 [<0.110] <0.140 <0.110 0.570 <0.110 <0.120
Nickel 1,600 20,000 62.8 - mg/kg NA NA NA NA NA NA NA NA NA 122 NA NA 10.7 3.80B 8.90 K [8.30 K] 30.4 K 5.60 B 8.50 K 4.50 B 3.80B
Potassium i =¥ == on mglkg NA NA NA NA NA NA NA NA NA 964 NA NA 812 352 B 601 B[516 B) 3,240 K 324 B 873K 473 B 489 B
Selenium 390 5,100 - -- mgrkg NA NA NA NA NA NA NA NA NA <0.640 NA NA <0.610 <0.580 <0.690 [<0.560] <0.670 <0.560 <0.620 0.560 K <0.590
Silver 390 5,100 == = mgrkg NA NA NA NA NA NA NA NA NA <0.130 NA NA <0.120 <0.230 L <0.280 L [<0.220 L] <0.270 L 0.230B <0.250 L <0.220 L <0.240 L
Sodium -- - - - - mg/kg NA NA NA NA NA NA NA NA NA 88.7B NA NA 133J 136 B 146 B (116 B) 103B 113B 104 B 125B 106 B
Thallium 5.1 66 2.11 - mg/kg NA NA NA NA NA NA NA NA NA <0.890 J NA NA <0.850 J 0.420B 1.50 B [<0.220 L] <0.270 L 0.460 B <0.250L | <0.220L | <0.240L
Vanadium [I] 390 5,200 108 == mg/kg NA NA NA NA NA NA NA NA NA 97.4 NA NA 57.6 33.1J 83.1J[66.8 J] 49.5J 23.4J 79.1J 21.9J 3214
Zinc 23,000 310,000 202 .- mg/kg NA NA NA NA NA NA NA NA NA 35.4 NA NA 706 61.0 B 67.4 B [50.2 B] 60.4 B 3,760 228B 132 B 15.4 B
Inorganics-TCLP
Arsenic == = == 5.0 mg/L 0.0088 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 0.0068 <0.006 <0.006 <0.006 <0.006 <0.006 NA NA NA NA NA NA NA
Barium i == == 100 mg/L 0.601 0.146 0.233 0.219 0.272 0.18 0.238 0.181 0.239 0.118 0.564 0.14 0.474 NA NA NA NA NA NA NA
Cadmium -- .- == 1.0 mg/L 0.0207 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.0115 <0.001 0.0052 NA NA NA NA NA NA NA
Chromium [k] == i == 5.0 mg/L 0.0068 0.0356 <0.001 0.0023 0.0174 <0.001 0.0232 0.0241 0.0286 0.0013 0.0695 0.0192 0.133 NA NA NA NA NA NA NA
Lead - == - - 5.0 mg/L 6.4 0.0434 0.0112 0.0933 0.0343 0.035 1.92 0.387 1.21 0.0299 63.3 0.384 5:1 NA NA NA NA NA NA NA
Selenium -- -- - 1.0 mg/L <0.004 0.0049 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.0057 <0.005 <0.005 <0.005 <0.005 NA NA NA NA NA NA NA
Silver = S 20 5.0 mg/L 0.0012 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 NA NA NA NA NA NA NA
[Miscellaneous
Percent Solids == == == -- % NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
H = -- == - - pH Units NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total Organic Carbon -- - -- .- __mglkg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Notes

B (Inorganics)
B (Organics)
J

6.4

RSL unavailable; RSL for Total HpCDD used as a surrogate.
RSL unavailable; RSL for Total HpCDF used as a surrogate.
RSL unavailable; RSL for Total HxCDD used as a surrogate.
RSL unavailable; RSL for Total HxCDF used as a surrogate.
RSL unavailable; RSL for Total PeCDD used as a surrogate.

RSL unavailable; RSL for Endosulfan used as a surrogate.
RSL unavailable; RSL for Endrin used as a surrogate.
RSL unavailable; RSL for Acenaphthalene used as a surrogate.
RSL unavailable; RSL for Pyrene used as a surrogate.
RSL unavailable; RSL for Anthracene used as a surrogate.
RSL for Chromium VI (particulates).
RSL for Vanadium and compounds.
Constituent concentration quanitified as estimated.
Constituent was detected in the associated method blank.
Constituent concentration quanitified as estimated.
Estimated concentration bias high.
Estimated concentration bias low.
Constituent concentration rejected.

Not Analyzed.

Not Detected (no detection limit given).
Highlighted cell indicates constituent concentration exceeds Soil RSL (Residential).
Highlighted cell indicates constituent concentration exceeds Soil RSL (Industrial).

Bolded value indicates constituent concentration exceeds 95% UTLs developed for facility-wide background estimate
Highlighted cell indicates constituent concentration exceeds TCLP standard.

Background Study Report, IT Corporation, 2001.

7/28/2009

Note: Inorganics Facility-Wide Background Point Estimate taken from Facility-Wide
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Table A-1

Historical Soil Sampling Results, Northern Burning Ground
New River Unit, Radford Army Ammunition Plant, Radford Virginia

Location ID: NBGSB4 | NBGSB4 | NBGSB5 | NBGSB5 | NBGSB6 | NBGSB6 NBGSB7 | NBGSB7 NBGSB8 NBGSB8 NBGSB9 NBGSB10 | NBGSB10 | NBGSB10 | NBGSB10 | NBGSB10 NBGSB11 NBGSB11 NBGSB11
Sample Depth(Feet): Regional Regional 05-15 5-6 05-15 5-6 0-05 35-4 0-05 35-4 0-0.5 35-4 0-05 2-4 4-6 6-8 8-10 10-12 0-0.5 1-3 3-5
Screening Level | Screening Level | Facility-Wide TCLP
Date Collected: (Residential) (Industrial) Background | Standards Units 08/04/98 08/04/98 08/04/98 08/04/98 05/27/99 05/27/99 05/27/99 05/27/99 05/27/99 05/27/99 05/27/99 05/26/99 05/26/99 05/26/99 05/26/99 05/26/99 06/12/02 06/19/02 06/19/02

Dioxin/Furan

1,2,3,4,6,7,8-HpCDD [a] 0.00039 0.0016 = - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.00008921 J 0.00003037 0.00000328 J
1,2,3,4,6,7,8-HpCDF [b] 0.00032 0.0011 - - .- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.00002183 J <0.0000001 0.00000044 J

1,2,3.4.7,8,9-HpCDF [b] 0.00032 0.0011 - - .- mg/kg NA NA A NA NA NA NA NA NA NA NA NA A NA NA NA <0.00000219 <0.00000013 <0.00000006
1,2,3.4,7,8-HxCDD [c] 0.000039 0.00016 -- -- ma/kg NA NA A NA NA NA NA NA NA NA NA NA A NA NA NA <0.00000302 <0.00000018 <0.00000009
1,2,3,4,7,8-HxCDF [d] 0.000032 0.00011 - - 2 ma/kg NA NA NA NA NA NA NA NA NA NA NA NA A NA NA NA 0.00002445 J <0.00000009 0.00000047 J
1,2,3,6,7,8-HxCDD [¢] 0.000039 0.00016 == -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA <0.00000236 <0.00000014 <0.00000007
1,2,3,6.7,8-HXCDF [d] 0.000032 0.00011 == - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.0000096 J <0.00000009 0.00000025 J
1,2.3,7,8,9-HxCDD [c] 0.000039 0.00016 - - - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA <0.00000229 0.0000005 <0.00000008
1,2,3,7,8,9-HxCDF [d] 0.000032 0.00011 - - -- ma/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA <0.00000216 <0.0000001 <0.00000007
1,2.3.7.8-PeCDD [e] 0.0000039 0.000016 s == mag/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA <0.00000463 <0.00000014 <0.00000016
1,2,3,7.8-PeCDF 0.00011 0.00038 .- - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.00001225 J <0.00000007 0.00000016 J
2,3,4,6,7,8-HxCDF [d] 0.000032 0.00011 == -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.00000257 J <0.0000001 0.00000009 J
2,3,4,7.8-PeCDF 0.000011 0.000038 == - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.0000169 J <0.00000007 0.00000038 J
2,3,7.8-TCDD 0.0000045 0.000018 -- - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA <0.00000165 <0.00000012 <0.00000006
2,3,7.8-TCDF 0.000032 0.00011 - - - mg/kg NA NA NA NA NA A NA NA NA NA NA NA NA NA NA NA 0.0001246 J <0.0000001 0.00000234 J
OCDD 0.013 0.053 = == mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.00224 J 0.004805 J 0.0005022 J
OCDF 0.011 0.038 - - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.00008762 J | <0.00000025J | 0.00000142 B
Total HPCDDs = -- - - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.0001613 J 0.00005671 0.00000744 J
Total HpCDFs - v - - == mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.00007406 J <0.0000001 0.0000009 J
Total HxCDDs -- -- .- -- mglkg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA <0.00000229 0.00000176 <0.00000007
Total HXCDFs - - == .- - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.00005829 J <0.00000009 0.00000123 J
Total PeCDDs = =in i == mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA <0.00000463 <0.00000014 <0.00000016
Total PeCDFs - -- - - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.0001008 J <0.00000007 0.00000202 J
Total TCDDs 3 = == -- mglkg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA <0.00000165 <0.00000012 <0.00000006
Total TCDFs - - == - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.0003194 J <0.0000001 0.00001017 J
]Erplosives

None Detected - - - - - - | -- - -- - .- -- - -- “= | -- - [-] -- - - - - - - - - - - - - | NA | NA | NA |
Herbicides

2,4,5-T 610 6,200 .- - - mglkg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.00719 J NA NA
2,4-D 690 7,700 == - - mglkg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.195 NA NA
2,4-DB 490 4,900 == - - mag/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.0596 B NA NA
Dalapon 1,800 18,000 -- == mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA <0.12 NA NA
Dicamba 1,800 18,000 = - == mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.00321 K NA NA
MCPP 61 620 -- - - mglkg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA <12 NA NA
Organochlorine Pesticides

4,4-DDD 2 7.2 - - - mgrkg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.00933 J NA NA
4.4'-DDE 1.4 5.1 - - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.07 NA NA
4,4'-DDT 1.7 7 - - == mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.24 NA NA
Dieldrin 0.03 0.11 -- == maglkg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA <0.00798 L NA NA
Endosulfan |1 [{] 370 3,700 - - -- mglkg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA <0.00798 NA NA
Endrin Aldehydilg_] 18 180 - - .- mgrkg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA <0.00798 L NA NA
PAHs

2-Methylnaphthalene 310 4,100 - - .- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Acenaphthene 3,400 33,000 s - mag/kg NA NA NA NA <0.03J <0.034J <0.034 <0.03J <0.03 J [<0.03J] <0.03J <0.03J NA NA NA NA NA NA NA NA
Acenaphthylene [h] 3,400 33,000 - - -- mg/kg NA NA NA NA <0.03 <0.03 <0.03 <0.03 <0.03 [<0.03) <0.03 <0.03 NA NA NA NA NA NA NA NA
Anthracene 17.000 170,000 .- - - mg/kg NA NA NA NA <0.02 <0.02 <0.02 <0.02 <0.02 [<0.02] <0.02 <0.02 NA NA NA NA NA NA NA NA
Benzo(a)anthracene 0.15 2.1 == - - mg/kg NA NA NA NA <0.02 <0.02 <0.02 <0.02 <0.02 [<0.02] <0.02 <0.02 NA NA NA NA NA NA NA NA
Benzo(a)pyrene 0.015 0.21 == - - mg/kg NA NA NA NA <0.02 <0.03 <0.02 <0.02 <0.02 [<0.02] <0.02 <0.02 NA NA NA NA NA NA NA NA
Benzo(b)fluoranthene 0.15 2.1 - - - mg/kg NA NA NA NA <0.01 <0.03 <0.03 <0.03 <0.03 (<0.03) <0.03 <0.03 NA NA NA NA NA NA NA NA
Benzo(g,h.i)perylene [i] 1,700 17,000 == - - mg/kg NA NA NA NA <0.02 <0.03 0.04 <0.03 <0.03 [<0.03] <0.03 <0.03 NA NA NA NA NA NA NA NA
Benzo(k)fluoranthene 1.5 21 - - - - mg/kg NA NA NA NA <0.03 <0.03 <0.03 <0.02 <0.02 [<0.03) <0.02 <0.03 NA NA NA NA NA NA NA NA
Chrysene 15 210 - - - mag/kg NA NA NA NA <0.02 <0.02 <0.02 <0.02 <0.02 [<0.02] <0.02 <0.02 NA NA NA NA NA NA NA NA
Dibenzo(a,h)anthracene 0.015 0.21 - - == ma/kg NA NA NA NA <0.02 <0.03 <0.02 <0.02 <0.02 [<0.02) <0.02 <0.03 NA NA NA NA NA NA NA NA
Fluoranthene 2,300 22,000 e .- mg/kg NA NA NA NA <0.02 <0.02 <0.02 <0.02 <0.02 [<0.02 <0.02 <0.02 NA NA NA NA NA NA NA NA
Fluorene 2,300 22,000 S == mg/kg NA NA NA NA <0.03 <0.03 <0.03 <0.03 <0.03 [<0.03] <0.03 <0.03 NA NA NA NA NA NA NA NA
Indeno(1,2,3-cd)pyrene 0.15 il o= == mg/kg NA NA NA NA <0.02 <0.02 <0.01 <0.01 <0.01 [<0.01 <0.01 <0.01 NA NA NA NA NA NA NA NA
Naphthalene 150 670 - - - - mo/kg NA NA NA NA <0.04 <0.04 <0.04 <0.04 <0.04 [<0.04] <0.04 <0.04 NA NA NA NA NA NA NA NA
Phenanthrene [j] 17,000 170,000 == .= mg/kg NA NA NA NA <0.02 <0.02 <0.02 <0.02 <0.02 [<0.02] <0.02 <0.02 NA NA NA NA NA NA NA NA
Pyrene 1,700 17,000 .- == mg/kg NA NA NA NA <0.02 <0.02 <0.02 <0.02 <0.02 [<0.02) <0.02 <0.02 NA NA NA NA NA NA NA NA
PCBs

Aroclor-1254 | 0.22 0.74 .- -- mg/kg NA NA NA NA NA NA NA | NA NA NA NA NA NA NA NA NA | 3.4 | 0.020 J | 0.070 |
Volatile Organics

1,1-Dichloroethene 250 1,100 == - - mg/kg <0.0020 <0.0030 <0.0020 J <0.0030 NA <0.0025 <0.0024 <0.0023 NA <0.0023 <0.0025 <0.0026 <0.0028 <0.0028 <0.0029 <0.0028 NA NA NA
1,2,4-Trimethylbenzene 67 280 == «= mg/kg <0.0020 <0.0020 <0.0020 J <0.0020 NA <0.0021 <0.0020 <0.0020 NA <0.0020 <0.0021 <0.0022 <0.0024 <0.0023 <0.0024 <0.0024 NA NA NA
2-Butanone 28,000 190,000 -- -- mg/kg <0.0060 <0.0070 R R NA R R <0.0061 NA R <0.0064 R R R R R NA NA NA
Acetone 61,000 610,000 - - == mag/kg <0.0060 <0.0070 <0.0060 J <0.0070 NA R R <0.0061 NA <0.0061 <0.0064 R R R R R NA NA NA
Benzene 1.1 5.6 sz == ma/kg <0.0010 <0.0010 <0.0010J <0.0010 NA <0.0013 <0.0013 <0.0012 NA <0.0012 <0.0013 <0.0014 <0.0015 <0.0014 <0.0015 <0.0015 NA NA NA
Carbon Disulfide 670 3,000 i -- mg/kg <0.0060 <0.0070 <0.0060 J <0.0070 NA <0.0066 <0.0063 <0.0061 NA R <0.0064 <0.0068 <0.0074 <0.0072 <0.0075 <0.0074 NA NA NA
Chlorebenzene 310 1,500 == - - mg/kg <0.0010 <0.0020 <0.0010J <0.0020 NA <0.0014 <0.0014 <0.0013 NA <0.0013 <0.0014 <0.0015 <0.0016 <0.0016 <0.0016 <0.0016 NA NA NA
d-Limonene -- - - - - - mag/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Methylene Chloride 11 54 2h - mag/kg <0.0010 0.0050 0.0030 J 0.0040 NA <0.0013J | <0.0013J <0.0012 NA <0.0012J | <0.0013J <0.0014 <0.0015 <0.0014 <0.0015 <0.0015 NA NA NA
tert-Butylbenzene .- -- - == mg/kg <0.0010 <0.0020 <0.0010J <0.0020 NA <0.0016 <0.0015 <0.0015 NA <0.0015 <0.0015 <0.0016 <0.0018 <0.0017 <0.0018 <0.0018 NA NA NA
Toluene 5,000 46,000 i s mg/kg <0.0010 <0.0020 <0.0010 J <0.0020 NA <0.0016 <0.0016 <0.0015 NA <0.0015 <0.0016 <0.0017 <0.0018 <0.0018 <0.0018 <0.0018 NA NA NA
Trichloroethene 2.8 14 o - - mg/kg <0.0030 <0.0040 <0.0030 J <0.0040 NA <0.0034 <0.0032 <0.0031 NA <0.0031 <0.0033 <0.0035 <0.0038 <0.0037 <0.0039 <0.0038 NA NA NA
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Table A-1

Historical Soil Sampling Results, Northern Burning Ground
New River Unit, Radford Army Ammunition Plant, Radford Virginia

Location ID: NBGSB4 | NBGSB4 NBGSBS NBGSB5 | NBGSB6 | NBGSB6 NBGSB7 NBGSB7 NBGSB8 NBGSB8 NBGSB9 NBGSB10 | NBGSB10 | NBGSB10 | NBGSB10 | NBGSB10 NBGSB11 NBGSB11 NBGSB11
Sample Depth(Feet): Regional Regional 05-15 5-6 05-15 5-6 0-05 35-4 0-05 35-4 0-05 35-4 0-0.5 2-4 4-6 6-8 8-10 10-12 0-05 1-3 3-5
Screening Level Screening Level | Facility-Wide TCLP
Date Collected: (Residential) (Induslriali Background Standards Units 08/04/98 08/04/98 08/04/98 08/04/98 05/27/99 05/27/99 05/27/99 05/27/99 05/27/99 05/27/99 05/27/99 05/26/99 05/26/99 05/26/99 05/26/99 05/26/99 06/12/02 06/19/02 06/19/02
Semivolatile Organics
Acenaphthylene [h) 3,400 33,000 - -- mg/kg <0.38 <0.45 <0.38 <0.47 NA NA NA NA NA NA NA <0.40 <0.44 <0.43 <0.44 <0.44 NA NA NA
Anthracene 17.000 170,000 == - mg/kg <0.38 <0.45 <0.38 <0.47 NA NA NA NA NA NA NA <0.40 <0.44 <0.43 <0.44 <0.44 NA NA NA
Benzo(a)anthracene 0.156 24 - - -« mg/kg <0.38 <0.45 <0.38 <0.47 NA NA NA NA NA NA NA <0.40 <0.44 <0.43 <0.44 <0.44 NA NA NA
Benzo(a)pyrene 0.015 0.21 -- -- mg/kg <0.38 <0.45 <0.38 <0.47 NA NA NA NA NA NA NA <0.40 <0.44 <0.43 <0.44 <0.44 NA NA NA
Benzo(b)fluoranthene 0.15 2.1 - - == mg/kg <0.38 <0.45 <0.38 <0.47 NA NA NA NA NA NA NA <0.40 <0.44 <0.43 <0.44 <0.44 NA NA NA
Benzo(g.h,i)perylene [i] 1,700 17,000 - - - - mg/kg <0.38 <0.45 <0.38 <0.47 NA NA NA NA NA NA NA <0.40J <0.44 J <0.43J <0.44 J <0.44 J NA NA NA
Benzo(k)fluoranthene 1.5 21 .- - - mg/kg <0.38 <0.45 <0.38 <0.47 NA NA NA NA NA NA NA <0.40J <0.44J <0.43J <0.44 J <0.44 J NA NA NA
bis(2-Ethylhexyl)phthalate 35 120 == - - mag/kg <0.38 <0.45 <0.38 <0.47 0.060 J <0.39 0.050 <0.36 <0.37 [<0.38] <0.36 0.13 <0.40 <0.44 <0.43 <0.44 <0.44 NA NA NA
Carbazole 24 86 7a .- mg/kg <0.38 <0.45 <0.38 <0.47 <0.37 <0.39 <0.37 <0.36 <0.37 [<0.38] <0.36 <0.38 <0.40J <0.44 J <0.43J <0.44 J <0.44 J NA NA NA
Chrysene 15 210 - - - mg/kg <0.38 <0.45 <0.38 <0.47 NA NA NA NA NA NA NA <0.40 <0.44 <0.43 <0.44 <0.44 NA NA NA
Diethylphthalate 49,000 480,000 -- = mg/kg <0.38 <0.45 <0.38 0.10J 0.060 B 0.050 B 0.070B 0.13B 0.24 [<0.38] <0.36 <0.38 <0.40 <0.44 <0.43 <0.44 <0.44 NA NA NA
Di-n-Butylphthalate 6,100 62,000 =ls e mg/kg 0.080J <0.45 <0.38 <0.47 <0.37 <0.39 <0.37 <0.36 <0.37 [<0.38] <0.36 <0.38 0.060B 0.080 B 0.060 B 0.080B 0.050 J NA NA NA
Fluoranthene 2,300 22,000 == - - mg/kg <0.38 <0.45 <0.38 <0.47 NA NA NA NA NA NA NA <0.40 <0.44 <0.43 <0.44 <0.44 NA NA NA
Fluorene 2,300 22,000 == == mg/kg <0.38 <0.45 <0.38 <0.47 NA NA NA NA NA NA NA <0.40 <0.44 <0.43 <0.44 <0.44 NA NA NA
Indeno(1,2,3-cd)pyrene 0.156 2.1 - - = mg/kg <0.38 <0.45 <0.38 <0.47 NA NA NA NA NA NA NA <0.40J <0.44 J <0.43J <0.44 J <0.44J NA NA NA
Phenanthrene [j] 17,000 170,000 == -- mg/kg <0.38 <0.45 <0.38 <0.47 NA NA NA NA NA NA NA <0.40 <0.44 <0.43 <0.44 <0.44 NA NA NA
Pyrene 1,700 17,000 .- -- mg/kg <0.38 <0.45 <0.38 <0.47 NA NA NA NA NA NA NA <0.40 <0.44 <0.43 <0.44 <0.44 NA NA NA
Inorganics
Aluminum 77,000 990,000 40,041 == mg/kg 18,400 28,400 10,400 30,400 4,670 9,420 7,800 5,930 6,150 [7,260] 5,680 5,980 22,200 31,200 26,700 30,600 29,800 13,900 15,400 34,900
Antimony 31 410 -- - mg/kg <0.560 <0.660 <0.560 <0.680 <0.620 <0.660 <0.620 <0.590 <0.590 [<0.610] <0.610 <0.620 <0.650 <0.700 0.800 B <0.740 <0.740 41.8L <0.590 L 0.320 B
Arsenic 0.39 1.6 15.8 .= mg/kg 6.00 K 810K 4.50 K 17.0K 2.20B 540B 7.00B 6.50 B 5.40 B [7.90] 6.00 B 5.60 B 10.6 151 16.3 14.5 17.5 64.1 2.61L 141 L
Barium 15,000 190,000 209 == mg/kg 41.7K 21.7B 34.0K 13.2 B 40.8 19.0 23.0 10.5 39.5 (39.3] 32.6 45.6 22.5J 15.7 J 16.4 19.2J 20.7J 562 44.5 20.7
Beryllium 160 2,000 1.02 == mg/kg 0.260 J 0.280 J 0.190 J 0.460J 0.280 B 0.380 B 0.430 B 0.460 B 0.580 B [0.800 B) 0.400 B 0.570B 0.350B 0.560 B 0.530B 0.510B 0.600 B <0.590 <0.590 0.420B
Cadmium 70 810 0.69 -- ma/kg <0.110 <0.130 <0.110 <0.140 <0.120 <0.130 <0.120 <0.120 <0.120 [0.160] <0.120 <0.120 0.380 0.620 J 0.660 J 0.500 J 0.620 J 11.4 <0.110 <0.130
Calcium - -- == - - ma/kg 1,780 B 673 B 2,800 B 469 B 637 635 J 684 529 J 1,330 [1,180] 974 1,420 1,500 343 J 826 301J 266 J 28,500 J 557 684
Chromium [k] 230 1,460 65.3 =S mag/kg 30.0 42.3 16.4 52.4 7.10 22.3 22.3 19.6 15.4 [20.3] 14.8 16.0 43.9 58.1 64.8 57.3 69.3 25,700 J 254 L 172 L
Cobalt - - - - 72.3 -~ mg/kg 4.90 K 4.20 K 6.70 K 4.00 K 4.60 K 23.0 21.7 24.3 26.6 [28.1] 22.3 28.0 2.30 K 5.00 K 3.50K 3.90K 4.10K 190J 6.20 4.00J
Copper 3,100 41,000 53.5 - mglkg 11.4B 15.6 B 4.90B 24.2 K 8.80 K 20.9 18.2 19.3 18.7 [20.6) 15.5 17.5 23.5 36.3 40.4 34.4 38.2 569 L 4.63 29.0
Iron 55,000 720,000 50,962 G mg/kg 23,300 41,900 16,100 60,600 8,270 28,800 30,100 29,600 21,200 [27,900] 21,800 21,300 39,500 56,500 63,100 54,500 62,300 59,800 J 14,500 J 50,500 J
Lead 400 750 26.8 - - mg/kg 76.2 20.0 19.3 20.2 16.5 13.8 17.7 12.3 24.3[22.8] 17.6 28.4 10.4 19.6 30.3 31.2 30.9 91,400 K 63.6 903
IMagnesium - -- == - mg/kg 977 B 661 B 1,300 B 382 B 193J 472 J 285 J 214 J 395 J [409 J] 299J 402 J 670 488 J 479 J 488 J 364 J 12,100 648 655
Manganese 1,800 23,000 2,543 - - mag/kg 317 53.3 393 73.5 410 89.9 470 380 710 [709] 401 926 35.3 62.9 71.4 79.6 99.2 8554 323 62.9
Mercury 6.7 28 0.13 - mg/kg <0.120 <0.130 <0.110 0.620 <0.120 <0.130 <0.120 <0.120 0.170 [<0.130] <0.120 <0.120 0.260 0.220 0.350 0.220 <0.150 <0.0500 0.0300 J 0.200
Nickel 1,600 20,000 62.8 == mg/kg 7.60 K 125 K 4.10B 14.4 K 3.50K 14.3K 11.0K 136 K 12.5 K [17.4]) 12.7K 124 K 6.80K 20.6 14.2 K 11.9K 14.6 K 39.6 8.16 15.3
Potassium - - == -- = ma/kg 635 K 1,300 K 425 B 1,030 K 149 J 307 J 362 J 199J 385J[393J) 178 J 3784 684 758 861 723J 583 J 1,270 476 798
Selenium 390 5,100 - - -- mg/kg <0.560 <0.660 <0.560 <0.680 0.550 K <0.530 <0.500 <0.470 <0.470 [<0.490] <0.490 <0.490 1.30 K <0.560 <0.580 <0.590 <0.590 <1.20 L <1.19L <1.34 L
Silver 390 5,100 == == mg/kg <0.220 L <0.260 L <0.220 L <0.270 L <0.120 <0.130 <0.120 <0.120 <0.120 [<0.120] <0.120 <0.120 0.270 K 0.480 K 0.490 K 0.660 K 0.640 K 2.74 L <1.19 <1.34
Sodium .- - - == - - mg/kg 115B 137B 94.1 B 111 B 100 B 105B 102 B 106 B 100 B [98.9 B] 101 B 112J 189 183 J 198 J 165 J 177.J 273 1408 11.0B
Thallium 5.1 66 211 == mg/kg 1.10B <0.260 L 0.280B <0.270 L <0.860 J <0.920J <0.870 J <0.830 J <0.830 J [<0.860 J] 0.920J <0.860 J <0.910J <0.990 J <1.00J <1.00J <1.00J 0.270J 0.110J 0.230J
Vanadium [l] 390 5,200 108 == mg/kg 39.7J 76.4J 2794 91.0J 14.9 37.4 51.9 45.1 36.5 [44.2] 34.7 36.9 77.9 112 127 118 125 1214 29.2 L 74.7 L
Zinc 23,000 310,000 202 - mag/kg 67.8B 28.3B 22.1B 45.0 B 18.1 24.7 29.3 29.2 37.6 [47.6) 27.2 45.8 19.1 37.6 37.6 29.9 31.8 39,000 J 22.8J 2114
Inorganics-TCLP
Arsenic == - - == 5.0 mg/L NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Barium == =- == 100 mg/L NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Cadmium -- - - - - 1.0 mg/L NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Chromium [k] -- - - - 5.0 mg/L NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Lead - - i - - 5.0 mg/L NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Selenium - - - - - 1.0 mg/L NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Silver == o o 5.0 mg/L NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Miscellaneous
Percent Solids - - - == - - % NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
pH e B =- - - pH Units NA NA NA NA 6.5 7.4 6.85 7.55 6.05[7.15] 6.75 7.25 NA NA NA NA NA NA NA NA
Total Organic Carbon - - - - - - == mg/kg NA NA NA NA 1,799 2,376 NA NA NA NA NA NA NA NA NA NA NA NA NA

Notes

B (Inorganics)
B (Organics)
J
K
L
R
NA
ND

24,400

106 J

127

6.4

RSL unavailable; RSL for Total HpCDD used as a surrogate.
RSL unavailable; RSL for Total HpCDF used as a surrogate.
RSL unavailable; RSL for Total HxCDD used as a surrogate.
RSL unavailable; RSL for Total HxCDF used as a surrogate.
RSL unavailable; RSL for Total PeCDD used as a surrogate.

RSL unavailable; RSL for Endosulfan used as a surrogate.
RSL unavailable; RSL for Endrin used as a surrogate.
RSL unavailable; RSL for Acenaphthalene used as a surrogate.
RSL unavailable; RSL for Pyrene used as a surrogate.
RSL unavailable; RSL for Anthracene used as a surrogate.
RSL for Chromium VI (particulates).
RSL for Vanadium and compounds.
Constituent concentration quanitified as estimated.
Constituent was detected in the associated method blank.
Constituent concentration quanitified as estimated.
Estimated concentration bias high.
Estimated concentration bias low.
Constituent concentration rejected.

Not Analyzed.

Not Detected (no detection limit given).
Highlighted cell indicates constituent concentration exceeds Soil RSL (Residential).
Highlighted cell indicates constituent concentration exceeds Soil RSL (Industrial).

Bolded value indicates constituent concentration exceeds 95% UTLs developed for faci
Highlighted cell indicates constituent concentration exceeds TCLP standard.

Note: Inorganics Facility-Wide Background Point Estimate taken from Facility-Wide
Background Study Report, IT Corporation, 2001.
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Table A-1
Historical Soil Sampling Results, Northern Burning Ground
New River Unit, Radford Army Ammunition Plant, Radford Virginia

Location ID: NBGSB12 NBGSB12 NBGSB12 NBGSB13 NBGSB13 NBGSB14 NBGSB14 NBGSB15 NBGSB15 NBGSB16 NBGSB16 NBGSB16 NBGSB16 NBGSB17 NBGSB17 NBGSB18
Sample Depth(Feet): Regional Regional 0-05 1-3 3-5 0-05 1-3 0-05 1-3 0-0.5 1-3 0-05 2 6 10-12 0-05 1-3 0-05
Screening Level | Screening Level | Facility-Wide TCLP
Date Collected:|  (Residential) (Industrial) Background | Standards Units 06/12/02 06/19/02 06/19/02 06/12/02 06/19/02 06/12/02 06/19/02 06/12/02 06/19/02 06/12/02 06/19/02 06/19/02 06/19/02 06/12/02 06/19/02 06/12/02
Dioxin/Furan
1,2,3,4,6,7,8-HpCDD [a) 0.00039 0.0016 -- -- mg/kg 0.0000481 0.00001449 0.00000379 | 0.00004898 J | 0.00003946 0.00008469 [ 0.00009242 J | 0.00004404 0.00004759 J 0.00003343 0.00000222 0.00000219 0.00000528 0.00001618 0.00000501 0.00002162
1,2,3,4,6,7,8-HpCDF [b] 0.00032 0.0011 -- -- mglkg <0.00000097 | <0.00000009 | <0.00000011 | 0.00001327J | 0.00000035 0.00000812 | 0.00000018J [ 0.00000475 0.00000795 J 0.00000304 <0.00000009 | <0.00000009 | <0.00000013 | <0.00000109 | 0.00000012 | <0.00000114
1,2,3,4,7,8,9-HpCDF [b] 0.00032 0.0011 .- -- mglkg <0.00000125 | <0.00000012 | <0.00000015 | <0.00000274 | <0.00000016 | <0.00000195 | <0.00000005 | <0.00000184 | 0.00000071J | <0.00000118 | <0.00000011 <0.00000012 | <0.00000017 | <0.00000141 | <0.00000004 [ <0.00000148
1,2,3,4,7,8-HxCDD [c] 0.000039 0.00016 -- -- mglkg <0.00000206 | <0.00000019 | <0.0000002 | <0.00000301 0.00000053 <0.00000216 | <0.00000009 [ <0.00000231 | 0.00000118J [ <0.00000171 <0.00000017 | <0.00000018 | <0.00000023 | <0.00000174 | <0.00000008 | <0.00000174
1,2,3,4,7,8-HxCDF [d] 0.000032 0.00011 -- -- mg/kg <0.00000135 | <0.00000008 | <0.00000009 | 0.0000226J | <0.00000008 | <0.00000156 | <0.00000004 | <0.00000127 | 0.00000205J | <0.00000092 | <0.00000006 | <0.00000008 | <0.00000007 | <0.00000101 | <0.00000003 | <0.0000012
1,2,3,6,7,8-HxCDD [c] 0.000039 0.00016 -- - magrkg <0.00000162 | <0.00000015 | <0.00000016 | <0.00000236 [ 0.00000083 <0.00000169 | <0.00000007 | <0.00000181 | 0.00000237J | <0.00000134 | <0.00000013 | <0.00000014 [ <0.00000018 [ <0.00000136 | <0.00000006 | <0.00000136
1,2,3,6,7,8-HxCDF [d] 0.000032 0.00011 -- -- ma/kg <0.00000131 | <0.00000007 | <0.00000008 | 0.00000948J | <0.00000008 | <0.00000151 | <0.00000004 | <0.00000124 | 0.00000271J <0.0000009 <0.00000006 | <0.00000007 | <0.00000007 | <0.00000099 | <0.00000003 | <0.00000117
1,2,3,7,8,9-HxCDD [c] 0.000039 0.00016 - - - - mglkg <0.00000157 | <0.00000014 | <0.00000015 | <0.00000229 0.00000093 <0.00000164 0.00000077 J | <0.00000175 0.000003 J <0.0000013 <0.00000012 <0.00000013 | <0.00000018 | <0.00000132 <0.00000006 | <0.00000132
1,2,3,7,8,9-HxCDF [d] 0.000032 0.00011 - - - - mglkg <0.00000155 | <0.00000009 <0.0000001 0.00000179 <0.00000009 <0.00000178 <0.00000006 | <0.00000146 0.00000034 J <0.00000106 <0.00000007 <0.00000009 | <0.00000008 | <0.00000116 <0.00000004 <0.00000138
1,2,3,7.8-PeCDD [e] 0.0000039 0.000016 -- -- mgrkg <0.0000027 | <0.00000011 | <0.00000017 | <0.00000432 | <0.00000021 [ <0.00000199 | <0.00000008 | <0.00000185 | 0.00000058 J <0.0000014 <0.0000001 <0.0000001 | <0.00000013 [ <0.00000153 | <0.00000007 | <0.0000013
1,2,3,7,8-PeCDF 0.00011 0.00038 -- -- mgrkg <0.00000111 | <0.00000007 | <0.00000008 | 0.00000714J [ <0.00000008 <0.000001 <0.00000004 <0.000001 0.00000029 J <0.0000007 <0.00000006 [ <0.00000007 | <0.00000009 | <0.00000083 | <0.00000003 | <0.00000076
2,3,4,6,7,8-HxCDF [d] 0.000032 0.00011 -- .- mag/kg <0.00000154 | <0.00000009 | <0.0000001 | 0.000002944J | <0.00000009 | <0.00000177 | <0.00000005 | <0.00000145 | 0.00000108J | <0.00000105 | <0.00000007 | <0.00000009 | <0.00000008 | <0.00000116 | <0.00000004 | <0.00000137
2,3.4,7,8-PeCDF 0.000011 0.000038 -- - ma/kg <0.00000116 | <0.00000007 | <0.00000008 | 0.0000101J | <0.00000008 | <0.00000104 | <0.00000005 | <0.00000104 | 0.00000061J | <0.00000074 | <0.00000006 | <0.00000007 | <0.00000009 | <0.00000087 | <0.00000003 | <0.00000079
2,3,7.8-TCDD 0.0000045 0.000018 - - - - mg/kg <0.00000141 <0.00000013 | <0.00000014 | <0.00000181 <0.00000006 <0.00000151 <0.00000006 | <0.00000162 <0.00000005 <0.00000128 <0.0000001 <0.00000013 | <0.00000014 | <0.00000146 <0.00000005 <0.00000133
2,3,7.8-TCDF 0.000032 0.00011 -- - mgrkg <0.00000197 | <0.0000001 | <0.00000011 | 0.00006188 J | <0.00000008 0.00000725 <0.00000004 | <0.00000151 | <0.00000016J | <0.00000119 | <0.00000008 <0.0000001 | <0.00000011 | <0.00000129 | <0.00000003 | <0.00000107
e]¢]s]s) 0.013 0.053 -- -- mgrkg 0.002977 0.003495 J 0.0008244 J 0.002165 J 0.0033 J 0.003884 0.01645 J 0.002064 0.004063 J 0.002352 0.0004363 J 0.0004122J | 0.0008114 J 0.00172 0.0009594 J 0.003185
OCDF 0.011 0.038 -- -- mgrkg <0.00000225 | 0.00000266J | 0.0000021J | 0.0000191B | 0.00000114J | 0.00002918 B | 0.00000863J | <0.00000386 | 0.00000529 J | <0.00000178 | <0.00000029J | 0.00000128J | 0.0000022 J | <0.00000289 | 0.00000102 B | <0.00000292
Total HPCDDs oc -- -- -- mgrkg 0.0001243 0.0000262 0.00000941 0.0001208 J 0.00009885 0.000178 0.0001458 J 0.0001053 0.0001147 J 0.00007269 0.00000508 0.00000513 0.00001071 0.00003714 0.00001344 0.00002162
Total HpCDFs -- -- .- -- mgrkg <0.00000097 | <0.00000009 | <0.00000011 | 0.00002477 J | 0.00000035 0.00003418 | 0.00000053J | 0.00000475 0.00001225 J 0.00000304 <0.00000009 | <0.00000009 | 0.00000076 | <0.00000109 | 0.00000012 | <0.00000114
Total HxCDDs -- -- -- - - mglkg <0.00000157 0.00000047 <0.00000015 | <0.00000229 0.00000719 0.00000983 0.00000188 J 0.00001125 0.00002468 J <0.0000013 <0.00000012 <0.00000013 | <0.00000018 | <0.00000132 <0.00000006 <0.00000132
Total HXCDFs -- -- -- -- mgrkg <0.00000131 | <0.00000007 | <0.00000008 | 0.00006751J | <0.00000008 [ <0.00000151 [ <0.00000004 | <0.00000124 | 0.00001394 J <0.0000009 <0.00000006 [ <0.00000007 | <0.00000007 | <0.00000099 | <0.00000003 | <0.00000117
Total PeCODs -- -- .- -- mg/kg <0.0000027 | <0.00000011 | <0.00000017 | <0.00000432 | <0.00000021 [ <0.00000199 [ <0.00000008 | <0.00000185 | 0.00000199 J <0.0000014 <0.0000001 <0.0000001 | <0.00000013 | <0.00000153 | <0.00000007 | <0.0000013
Total PeCDFs -- - -- - ma/kg <0.00000111 | <0.00000007 | <0.00000008 | 0.00007985J | <0.00000008 <0.000001 <0.00000004 <0.000001 0.00000838 J <0.0000007 <0.00000006 | <0.00000007 | <0.00000009 | <0.00000083 | <0.00000003 | <0.00000076
Total TCDDs -- -- -- -- mg/kg <0.00000141 | <0.00000013 | <0.00000014 | <0.00000181 | <0.00000006 | <0.00000151 | <0.00000006 | 0.00000468 0.00000047 J | <0.00000128 <0.0000001 <0.00000013 | <0.00000014 | <0.00000146 | <0.00000005 | <0.00000133
Total TCDFs - - - - - - - - mgrkg <0.00000197 | <0.0000001 | <0.00000011 | 0.0001714J | <0.00000008 [ 0.00000725 | <0.00000004 | <0.00000151 | 0.00000731J | <0.00000119 | <0.00000008 <0.0000001 [ <0.00000011 | <0.00000129 | <0.00000008 | <0.00000107
Explosives
None Detected | - - | -- | - - | - - | -- ] NA | NA | NA | NA | NA | NA | NA | NA | NA [ NA | NA | NA [ NA | NA | NA | NA |
Herbicides
2,4,5-T 610 6,200 -- -- mg/kg <0.0121 NA NA NA NA NA NA NA NA NA NA NA NA <0.0116 NA NA
2,4-D 690 7,700 -- -- _mgrkg 0.146 NA NA NA NA NA NA NA NA NA NA NA NA <0.0232 NA NA
2,4-DB 490 4,900 -- -- mg/kg <0.121 NA NA NA NA NA NA NA NA NA NA NA NA <0.116 NA NA
Dalapon 1,800 18,000 .- -- mg/kg 0.0814 J NA NA NA NA NA NA NA NA NA NA NA NA 0.0759 J NA NA
Dicamba 1,800 18,000 -- -- mg/kg <0.0241 NA NA NA NA NA NA NA NA NA NA NA NA <0.0232 NA NA
MCPP 61 620 - - - - mgrkg <12.1 NA NA NA NA NA NA NA NA NA NA NA NA 3.3J NA NA
Organochlorine Pesticides
4,4-DDD 2 7.2 -- -- mg/kg 0.00485 J NA NA NA NA NA NA NA NA NA NA NA NA <0.00773 NA NA
4,4-DDE 1.4 5.1 -- -- mg/kg 0.0289 NA NA NA NA NA NA NA NA NA NA NA NA <0.00773 NA NA
4,4-DDT iz 7 -- -- mg/kg 0.0854 NA NA NA NA NA NA NA NA NA NA NA NA <0.00773 NA NA
Dieldrin 0.03 0.11 -- -- mg/kg <0.00805 L NA NA NA NA NA NA NA NA NA NA NA NA <0.00773 L NA NA
Endosulfan Il 1] 370 3,700 -- -- mg/kg <0.00805 NA NA NA NA NA NA NA NA NA NA NA NA <0.00773 NA NA
Endrin Aldehyde [g) 18 180 - - - - mg/kg 0.00645 J NA NA NA NA NA NA NA NA NA NA NA NA <0.00773 L NA NA
PAHs
2-Methylnaphthalene 310 4,100 - - -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Acenaphthene 3,400 33,000 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Acenaphthylene [h] 3,400 33,000 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Anthracene 17,000 170,000 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Benzo(a)anthracene 0.15 2.1 -- - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Benzo(a)pyrene 0.015 0.21 - - - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Benzo(b)fluoranthene 0.15 2.1 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Benzo(g,h.i)perylene [i] 1,700 17,000 -- .- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Benzo(k)fluoranthene 1.5 21 - - -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Chrysene 15 210 - - -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dibenzo(a,h)anthracene 0.015 0.21 -- -- ma/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Fluoranthene 2,300 22,000 -- -- ma/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Fluorene 2,300 22,000 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Indeno(1,2,3-cd)pyrene 0.15 2.1 - -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Naphthalene 150 670 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Phenanthrene [j) 17,000 170,000 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Pyrene 1,700 17,000 - - - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PCBs
Aroclor-1254 0.22 | 0.74 | - - | - - | mgkg | 2.5 | <0030 | <0040 | 3.4 | 0.060 | 0.97 | <0040 [ <0030 | <0.030 | <0.030 | <0.030 | <0040 | <0040 [ <0030 | <0.040 |  <0.040 |
Volatile Organics
1,1-Dichloroethene 250 1,100 -- .- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA <0.0046 <0.0054 <0.0064
1,2,4-Trimethylbenzene 67 280 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
2-Butanone 28,000 190,000 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA <0.0046 <0.0054 0.011 K
Acetone 61,000 610,000 .- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA <0.0046 <0.0054 0.12B
Benzene ] 5.6 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA <0.0046 <0.0054 <0.0064
Carbon Disulfide 670 3,000 .- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA <0.0046 0.00044 B <0.0064
Chlorobenzene 310 1,500 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA <0.0046 <0.0054 <0.0064
d-Limonene -- -- -- -- ma/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.023J
Methylene Chloride 11 54 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA <0.0046 <0.0054 <0.0064
tert-Butylbenzene -- -- -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Toluene 5,000 46,000 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA <0.0046 <0.0054 <0.0064
Trichloroethene 2.8 14 55 - ma/kg NA NA NA NA NA NA NA NA NA NA NA NA NA <0.0046 <0.0054 <0.0064
7/28/2009
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Historical Soil Sampling Results, Northern Burning Ground
New River Unit, Radford Army Ammunition Plant, Radford Virginia

Table A-1

Location ID: NBGSB12 NBGSB12 NBGSB12 NBGSB13 NBGSB13 NBGSB14 NBGSB14 NBGSB15 NBGSB15 NBGSB16 NBGSB16 NBGSB16 NBGSB16 NBGSB17 NBGSB17 NBGSB18
Sample Depth(Feet): Regional Regional 0-0.5 1-3 3-5 0-05 1-3 0-0.5 1-3 0-05 1-3 0-0.5 2 6 10-12 0-0.5 1-3 0-0.5
Screening Level | Screening Level | Facility-Wide TCLP
Date Collected: (Residemialt !Industriall Background | Standards Units 06/12/02 06/19/02 06/19/02 06/12/02 06/19/02 06/12/02 06/19/02 06/12/02 06/19/02 06/12/02 06/19/02 06/19/02 06/19/02 06/12/02 06/19/02 06/12/02

Semivolatile Organics
Acenaphthylene [h] 3,400 33,000 -- == mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Anthracene 17,000 170,000 - - - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Benzo(a)anthracene 0.15 2.1 -- .- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Benzo(a)pyrene 0.015 0.21 == - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Benzo(b)fluoranthene 0.15 2.1 - - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Benzo(g.h.i)perylene [i] 1,700 17,000 S == mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Benzo(k)fluoranthene 1.5 21 - - - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
bis(2-Ethylhexyl)phthalate 35 120 - - -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Carbazole 24 86 - - == mag/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Chrysene 15 210 == - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Diethylphthalate 49,000 490,000 e = mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Di-n-Butylphthalate 6,100 62,000 == = mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Fluoranthene 2,300 22,000 - - 2 mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Fluorene 2,300 22,000 - - - mglkg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Indeno(1,2,3-cd)pyrene 0.15 2.1 - - - - mag/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Phenanthrene [j] 17,000 170,000 .- - mag/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Pyrene 1,700 17,000 .= - ma/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Inorganics
Aluminum 77,000 990,000 40,041 =- mg/kg 12,700 24,200 26,400 14,400 12,700 26,100 23,600 15,100 13,800 15,500 13,900 24,400 36,500 19,700 18,800 35,500
Antimony 31 410 == .- _mg/kg 0.780 L <0.590 L <0.670 L 22.0L 0.220 B 246 L <0.610 L 1.33L 0.450 L 0.470 L <0.570 L <0.600 L <0.690 L 0.370B 0.270 B <0.630 L
Arsenic 0.39 1.6 15.8 -- ma/kg 3.31 5.87 L 11.3L 24.1 285L 9.97 569 L 3.78 414 L 2.25 5.38L 6.28 L 7.75L 5.92 8.20L 8.37
Barium 15,000 190,000 209 == mg/kg 67.1 31.9 15.4 342 49.7 89.4 29.6 295 95.4 52.5 20.9 28.3 32.5 65.9 15.7 214
Beryllium 160 2,000 1.02 - mglkg 0.450 B <0.590 0.430B 0.590 B 0.380 B 0.560 B <0.610 0.640 K 0.440B 0.480 B <0.570 <0.600 <0.690 <0.570 <0.600 0.490 B
Cadmium 70 810 0.69 == ma/kg 0.580 <0.110 <0.130 5.72 0.0900J 0.870 <0.120 2.89 0.160 0.140 <0.110 <0.120 <0.140 <0.110 <0.120 <0.120
Calcium £ o Sz == mg/kg 5,420 J 731 371 17,000 J 745 9,810J 1,190 57,8004J 46,600 41,600 J 228 358 164 75,100 J 649 6704
Chromium [k] 230 1,460 65. - mag/kg 253 J 28.1 L 38.5L 10,700 J 30.8L 3,110J 33.1L 1234 22.7 L 118J 219L 324 L 58.4 L 29.3J 68.8 L 44.5J
Cobalt .- i 72. == mag/kg 6.95J 3.90J 4.60 J 80.44J 5.90J 26.14J 2.20J 8.85J 7.61 7.01J 1.90J 2.10J 3.60J 7.34J 260J 3.40J
Copper 3,100 41,000 53. - - mg/kg 43.6 L 10.8 25.7 307 L 6.21 218 L 12.7 58.7 L 36.2 18.2L 4.44 10.9 23.8 14.8 L 1.1 220L
Iron 55,000 720,000 50,962 - mg/kg 15,200 J 24,300J 38,900 J 24,900J 13,200J 31,600J 27,100 J 17,500 J 14,300 J 13,300 J 13,400 J 25,200 J 40,800 J 17,600 J 29,800J 44,800 J
Lead 400 750 26.8 == mg/kg 3,640 K 12.0 20.9 65,300 K 82.7 20,500 K 30.4 1,200 K 82.0 931 K 13.56 14.0 25.7 389K 16.2 215K
Magnesium o == - - mag/kg 3,220 794 801 9,500 545 5,650 708 30,700 25,200 29,200 347 529 1,450 38,100 492 723
Manganese 1,800 23,000 2,543 == ma/kg 328J 50.4 61.2 469 J 203 168 J 55.2 264 J 316 2504J 19.5 23.0 50.4 144 J 148 64.3J
Mercury 6.7 28 0.13 == ma/kg 0.04004J 0.0700 0.220 0.0400J 0.0300J 0.0500J 0.0700 0.0700 0.0200 J 0.0400 J 0.0400J 0.0800 0.0700 0.0400J 0.0900 0.130
Nickel 1,600 20,000 62.8 - - mg/kg 7.12 10.4 20.8 16.7 7.24 17.8 7.78 1.9 10.6 11.1 3.20J 8.47 15.0 11.1 4.93 17.9
Potassium == -- == - - ma/kg 663 865 981 1,010 400 1,790 607 2,060 1,830 1,990 416 579 1,250 2,930 496 835
Selenium 390 5,100 == .. mg/kg <1.21L <119 L <1.35L <1.19L <122 L <1.20L <1.22L <1.15L <1.17L <1.16L <1.15L <1.21L <1.40L <1.16 L <1.20L <1.28 L
Silver 390 5,100 == X mg/kg <1.21L <1.19 <1.35 1.27L <1.22 <1.20L <1.22 <1.151L <1.17 <1.16L <1.15 <1.21 <1.40 <1.16 L <1.20 <1.28L
Sodium - == - - -- mg/kg 335 18.0B 11.0B 117 12.0B 55.0 11.0B 87.8 66.3 89.2 7.50B 16.0B 220B 115 9.30 B 23.0B
Thallium 5.1 66 2.11 - mg/kg 0.180J 0.140J 0.220J 0.220J 0.140J 0.190J 0.170J 0.150J 0.130J 0.150 J 0.100J 0.200J 0.230J 0.140J 0.1104J 0.210J
Vanadium (] 390 5,200 108 == mg/kg 20.1J 448 L 69.0 L 704 J 285L 62.0J 48.8 L 34.4J 296 L 2714 24.7 L 423 L 782 L 36.7J 50.4 L 76.0J
Zinc 23,000 310,000 202 == ma/kg 1,280 J 18.2 J 32.0J 19,600 J 64.8 J 3,570 J 18.5 J 3,820J 129 J 464 J 7.87J 16.7 J 26.0J 143 J 19.2J 34.9J
Inorganics-TCLP
Arsenic -- == =i 5.0 mg/L NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Barium -- == - - 100 mg/L NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Cadmium - He .- 1.0 mg/L NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Chromium (k] == == .= 5.0 mg/L NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Lead == e =% 5.0 mag/L NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Selenium =0 e e 1.0 mg/L NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Silver .- - - - - 5.0 mg/L NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Miscellaneous
Percent Solids -- - -- -- % NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
pH -- == - - S pH Units 6.82 J NA 4.68 J NA NA NA NA NA NA NA NA NA NA NA NA NA
Total Organic Carbon .- -- - - -- mg/kg 29,100 K NA 1,200J NA NA NA NA NA NA NA NA NA NA NA NA NA

Notes
[a]
]
[e]
[d]
[e]
U]
(9)
[h)
(il
(il
[k]
U}
B (Inorganics)
B (Organics)
J

K

L

R
NA
ND

RSL unavailable; RSL for Total HpCDD used as a surrogate.
RSL unavailable; RSL for Total HpCDF used as a surrogate.
RSL unavailable; RSL for Total HxCDD used as a surrogate.
RSL unavailable; RSL for Total HXCDF used as a surrogate.
RSL unavailable; RSL for Total PeCDD used as a surrogate.
RSL unavailable; RSL for Endosulfan used as a surrogate.
RSL unavailable; RSL for Endrin used as a surrogate.

RSL unavailable; RSL for Acenaphthalene used as a surrogate.
RSL unavailable; RSL for Pyrene used as a surrogate.
RSL unavailable; RSL for Anthracene used as a surrogate.
RSL for Chromium VI (particulates).
RSL for Vanadium and compounds.
Constituent concentration quanitified as estimated.
Constituent was detected in the associated method blank.
Constituent concentration quanitified as estimated.

Estimated concentrat,
Estimated concentrat

ion bias high.
ion bias low.

Constituent concentration rejected.

Not Analyzed.

24,400

10.6J

127

6.4

Note: Inorganics Facility-Wide

Background Study Report, IT Corporation, 2001,

71282009

Not Detected (no detection limit given).
Highlighted cell indicates constituent concentration exceeds Soil RSL (Residential),
Highlighted cell indicates constituent concentration exceeds Soil ASL (Industrial).
Bolded value indicates constituent concentration exceeds 95% UTLs developed for faci
Highlighted cell indicates constituent concentration exceeds TCLP standard.
Background Point Estimate taken from Facility-Wide
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Table A-1

Historical Seil Sampling Results, Northern Burning Ground
New River Unit, Radford Army Ammunition Plant, Radford Virginia

Location ID: NBGSB18 NBGSB19 NBGSB19 NBGSB20 | NBGSB20 NBGSB20 NBGSB20 | NBGSB21 | NBGSB21 | NBGSB21 | NBGSB21 | NBGSB22 NBGSB22 NBGSB22 | NBGSB22 | NBGSB23 | NBGSB23
Sample Depth(Feet): Regional Regional 1-3 0-05 1-3 0-05 1-3 3-5 5-7 0-05 1-3 3-5 5-7 0-05 1-3 3-5 5-7 0-05 1-3
Screening Level | Screening Level | Facility-Wide TCLP
Date Collected:|  (Residential) (Industrial) Background | Standards Units 06/19/02 06/12/02 06/19/02 07/20/04 07/20/04 07/20/04 07/20/04 07/20/04 07/20/04 07/20/04 07/20/04 07/20/04 07/20/04 07/20/04 07/20/04 07/20/04 07/20/04
Dioxin/Furan
1.2,3,4,6,7.8-HpCOD [a) 0.00039 0.0016 -- -- mgrkg 0.00000852 J 0.0001025 [0.00005895) 0.00000466 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1,2,3,4,6,7,8-HpCDF [b] 0.00032 0.0011 -- -- mg/kg 0.00000016 J 0.00000244 [<0.00000153] 0.00000015 B NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1,2,3,4,7,8,9-HpCDF [b] 0.00032 0.0011 -- -- mg/kg <0.00000004 <0.00000161 [<0.00000198] | <0.00000005 NA NA NA NA NA NA NA NA NA NA NA A NA NA
1,2,3,4,7,8-HxCDD [c] 0.000039 0.00016 .- -- ma/kg <0.00000007 <0.00000158 [<0.0000023] <0.00000008 NA NA NA NA NA NA NA NA NA NA NA A NA NA
1,2,3,4,7,8-HxCDF [d] 0.000032 0.00011 .- - - mg/kg <0.00000004 <0.00000106 [<0.00000119] | <0.00000005 NA NA NA NA NA NA NA NA NA NA NA A NA NA
1,2,3,6.7.8-HxCDD [c] 0.000039 0.00016 -- -- mg/kg <0.00000006 <0.00000123 [<0.0000018] <0.00000006 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1,2,3,6,7,8-HxCDF [d] 0.000032 0.00011 -- -- mg/kg <0.00000004 <0.00000103 [<0.00000116] [ <0.00000005 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1,2,3,7,8,9-HxCDD [c] 0.000039 0.00016 -- -- mg/kg 0.00000028 J <0.0000012 [<0.00000174] <0.00000007 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1.2,3,7,8,9-HxCDF [d] 0.000032 0.00011 -- - mg/kg <0.00000006 <0.00000121 [<0.00000137] <0.00000007 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1,2,3,7,8-PeCDD [e] 0.0000039 0.000016 .- -- ma/kg <0.00000007 [ <0.00000132 [<0.00000161] | <0.00000006 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1,2,3,7,8-PeCDF 0.00011 0.00038 .- -- mg/kg <0.00000004 <0.00000076 [<0.00000094] <0.00000004 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
2,3,4,6,7,8-HxCDF [d] 0.000032 0.00011 -- -- mg/kg <0.00000005 <0.00000121 [<0.00000136] <0.00000006 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
2,3,4,7,8-PeCDF 0.000011 0.000038 -- -- mg/kg <0.00000004 <0.0000008 [<0.00000098] <0.00000005 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
2,3,7.8-TCDD 0.0000045 0.000018 -- -- mg/kg <0.00000005 | <0.00000128 [<0.00000152] <0.00000005 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
2,3,7,8-TCDF 0.000032 0.00011 -- -- mg/kg <0.00000003 | <0.00000119 [<0.00000128) <0.00000003 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0CDD 0.013 0.053 .- -- mg/kg 0.002096 J 0.01964 [0.01094] 0.0008243 J NA NA NA NA NA NA NA NA NA NA NA NA NA NA
OCDF 0.011 0.038 .- -- ma/kg | 0.00000096 B | 0.00001394 B [<0.00000316] | 0.00000137 B NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total HpCDDs .- -- -- e mg/kg 0.00001799 J 0.0002014 [0.0001255) 0.00001208 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total HpCDFs -- -- -- - - mg/kg 0.0000003 J 0.00000244 [<0.00000153] 0.00000063 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total HxCDDs .- -- .- -- mg/kg 0.00000028 J 0.0000063 [<0.00000174] <0.00000006 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total HxCDFs -- .- -- -- mg/kg <0.00000004 | <0.00000103 [<0.00000116] <0.00000005 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
|Total PeCDDs .- -- -- -- mg/kg <0.00000007 | <0.00000132 [<0.00000161] <0.00000006 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total PeCDFs .- -- -- -- mg/kg <0.00000004 | <0.00000076 [<0.00000094] 0.00000027 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total TCDDs -- -- - -- mg/kg <0.00000005 | <0.00000128 [<0.00000152] <0.00000005 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total TCDFs =i -- - - - - mo/kg <0.00000003 | <0.00000119 [<0.00000128] | <0.00000003 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Explosives
None Detected | - - -- .- | -- -- | NA | NA [ NA | NA | NA | NA [ NA | NA NA NA | NA NA | NA [ NA NA NA NA |
Herbicides
2457 610 6,200 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
24-D 690 7,700 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
2,4-DB 490 4,900 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dalapon 1,800 18,000 -- .- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dicamba 1,800 18,000 - -- ma/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
MCPP 61 620 - - .- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Organochlorine Pesticides
4,4-DDD 2 7.2 - -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
4,4-DDE 1.4 5.1 -- -- ma/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
4,4-DDT 1.7 7 -- .- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dieldrin 0.03 0.1 - -- ma/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Endosulfan Il [f] 370 3,700 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Endrin Aldehyde [g] 18 180 -- - - mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PAHs
2-Methylnaphthalene 310 4,100 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Acenaphthene 3,400 33,000 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Acenaphthylene [h] 3,400 33,000 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Anthracene 17,000 170,000 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Benzo(a)anthracene 0.15 2.1 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Benzo(a)pyrene 0.015 0.21 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Benzo(b)fluoranthene 0.15 2.1 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Benzo(g.h,i)perylene [i] 1,700 17,000 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Benzo(k)fluoranthene 1.5 21 -- -- ma/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Chrysene 15 210 -- .- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dibenzo(a,h)anthracene 0.015 0.21 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Fluoranthene 2,300 22,000 -- .- ma/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Fluorene 2,300 22,000 -- -- mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA N