
Closure Documentation for 
Hazardous Waste Management Unit 39 

Incinerator Spray Pond 
Radford Army Ammunition Plant, Radford, VA 

EPA 1D# VA 1 2 1 0020730 

Volume 1 



lames S. Gilmore, 111 
Governor 

C I 

97- 40 we* 

COMMONWEALTH of VIRGINIA 
DEPARTMENT OF ENVIRONMENTAL QUALITY Dennis H. Treacy 

D~rector 
Street address: 629 East Main Street, Richmond, Virginia 23219 g y L  
Mailing address: P.O. Box 10009, Richmond, Virginia 23240 

John Paul Woodley. Jr. Fax (804) 698-4500 TDD (804) 698-402 1 1-800-592-5482 
Secretary of Natural Resources http://www.deq.state.vaus 

May 3, 1999 

Ms. C.A. Jake 
Alliant Techsystems Inc. 
Radford Army Ammunition Plant 
P.O. Box 1 
Radford, VA 241 41-0 100 

RE: Radford Army Ammunition Plant (RAAP) 
EPA ID# VA12100207306 
Incinerator Spray Pond 
Closure Verification 

Dear Ms. Jake: 

On June 15, 1998, RAAP submitted the required closure certifications and report for its 
Equalization Basin. The report was revised and submitted on October 26, 1998, in accordance 
with the Department's comment letter. Additionally, on March 27, 1998, RAAPYs Incinerator 
Spray Pond, S WMU #39, was visited by compliance staff of the Virginia Department of 
Environmental Quality's (DEQ) West Central Regional Office. The result of the closure 
verification inspection and the submitted information have been reviewed. 

Based on this closure inspection, the closure certifications, and the closure report, clean 
closure of the unsaturated soils was achieved by background comparison for all constituents, 
except arsenic, barium, and chromium. Clean closure to a residential risk-based determination 
was achieved for these three constituents. Therefore, the DEQ concurs that clean closure for the 
unsaturated soils only has been achieved for RAAP's Incinerator Spray Pond. Please note, 
however, that the U.S. Environmental Protection Agency retains the authority to address possible 
corrective action of continuing releases pursuant to the Hazardous and Solid Waste Amendments 
of 1984. The saturated soils/groundwater underneath the unit is still undergoing closure and may 
be subject to the post-closure permit process established under Title 9 of the Virginia 
Administrative Code, Chapter 20-60 (9 VAC 20-60 et seq.), if clean closure cannot be achieved. 

I 
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If you have any questions regarding this letter, please contact Debra A. Miller, 
Environmental Engineer Senior, of my staff at (804) 698-4206. 

Very truly yours, 

F0 L/ Dennis H. Treacy 

c: Claire Ballard - DEQ 
Melissa Porterfield- DEQ 
Glenn VonGonten-DEQ 
Aziz Farahmand-DEQIWCRO 
Central Hazardous Waste File 



October 14. 1998 

Alliant Techsystems Inc 
Radford A r m y  A m m u n ~ t ~ o n  Plant 
Route 114 
? 0 Box 1 
Radford. VA 24141-0100 

Ms. Debra Miller 
Virginia Department of Environmental Qualitv 
Otlice of Permitting Management 
629 East Main Street 
Richmond. VA 2 3 2  19 

Subject Risk Assessment and Closure Certification 
Incinerator Spray Pond IHWML' 39) 
Radford armv Ammun~tion plant 
€PA ID$ V A  12 100207;O 

Dear Ms Miller 

- Enclosed are two copies of the "Amended Risk Assessment and Closure Certitlcation for the 
Former Incinerator Spray pond at the Radford .Armv Ammunition Plant". This submittal 
addresses the comments contained in  your May 12. I998 and July 32, 1998 letters to Ms C A 
Jake 
[f you have any questions or would like additional information, please coordinate with Arne 
Olsen (540) 629-8220 (;\r"e-Olsen.@.~.T.K:.ccoc!m) or Jerry Redder (540) 629-7526 
(Jerome Redder@ATK.com) - 

Sincerely, 

Q - c d L  ' A .  :$ 
C.  A .  Jake. upervisor 
Environmental 

Bc. Administrative File 
S J .  Barker 
C A. Jake 

*C A E. Olsen 
Env File 



James S. Gilmore, 111 
Governor 

COMMONWEALTH of VHR@NIA 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

Street address: 629 East Main Street, Richmond, Virginia 23219 
Mailing address: P.O. Box 10009, Richmond, Virginia 23240 

John Paul Woodley, Jr.  Fax (804) 698-4500 TDD (804) 698-402 1 
Secretary of Natural Resources http:Nwww.deq.state.va.us 

July 23, 1998 

C.A. Jake 
Alliant Techsystems Inc. 
Environmental Manager 
Radford Army Ammunition Plant 
Route 114 
P.O. Box 1 
Radford, VA 24141-0100 

RE: Radford Army Ammunition Plant (RAAP) 
EPA ID# VA12100207306 
Incinerator Spray Pond 
Closure Report Risk Assessment Review 

Dennis H. Trcacy 
Director 

Dear Ms. Jake: 

The closure report for the incinerator spray pond, HWMU-39, was received by the Department 
of Environmental Quality [DEQ] on February 27, 1998. This report was submitted in support 
of the closure certifications submitted on the same date. The general information and the 
background closure information was previously reviewed. Review of the risk-based 
assessment has now been completed. 

Based on the information provided in support of the risk assessment, the following comments 
will need to be addressed prior to DEQ verification of the Incinerator Spray Pond closure: 

1. Section 3.4.5: Please correct the Chromium concentration listed for Location D3 to 
38.5, as is noted in the risk assessment section 4.0. 

2. Section 4.2 notes that excavation of 18 to 24 inches of soil underlying the concrete 
Incinerator Spray Pond was accomplished. Please note, a diagram indicating the lateral 
and vertical extent of the excavation shall be submitted in order to support both the 
background and risk-based closure scenarios. 

An Agency of the Natural Resources Secretariat 
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3. Table 1 : The chronic inhalation reference dose for arsenic is 1.75 mg/kg/day . This 
data is based on the default database from the REAMS model. Please correct the 
calculations for this value and correct the information, as stated in Section 4.5. 
Additionally, what values were utilized for the dermal absorption factor? Please add 
these values, as well. 

4. Please provide actual example calculations and/or REAMS output for the risk 
assessments performed in addition to the summary tables [Table 3 and 41 and equation 
tables of Attachment 4. If the risk analysis was performed using the REAMS model, 
please provide the electronic data file as well. 

5. Table 5: The Site Conceptual Exposure Model [SCEM] is permissible to use; however, 
additional information will need to be submitted to justify the default values and 
assumptions made. Please provide the range of default values and the justification for 
the values used. For instance, the K, is dependent on soil pH so, for the default values 
chosen, a discussion should be included that explains the choices made. Justifications 
for the infiltration rate, soil porosity and bulk density values chosen shall also be 
submitted. For the default attenuation factor, please provide the justification and 
reference [it is assumed that the reference is the Soil Screening User's Guide, but it is 
not clearly footnoted]. 

The closure report format provided is good; however, additional details need to be provided to 
explain and demonstrate risk-based closure of the incinerator spray pond. Please review these 
comments and revise the closure report to include the necessary information. It there are any 
questions, please contact me via my Internet E-mail address at damiller@deq.state.va.us or at 
(804) 698-4206. 

Sincerely, 

Debra A. Miller 
Environmental Engineer Senior 

cc: Claire Ballard, DEQ 
Aziz Farahmand, DEQ-RRO 
Melissa Porterfield, DEQ 



June 8.. 1998 

Alliant Techsystems Inc. 
Radford Army Ammunition Plant 
Route 114 
P.O. Box 1 
Radford, VA 24141-0100 

98-8 15-1 28 
Re: 98-76 

Debra Miller 
Environmental Engineer Senior 
Office of Permitting Management 
629 East Main Street 
Richmond, VA 132 1 9 

Subject: Response to Closure Report Review, dated  may 12, 1998 
Incinerator Spray Pond HWMU 39 
Radford Army Ammunition Plant, Radford Virginia, 
EPA ID# VA1210020730 

Dear Ms. Miller 

Thank you for your review of the closure report for the incinerator spray pond, 
W I U - 3 9 .  The comments to the general information and background closure 
information are being addressed at this time. Miant Techsystems feels that a single, 
final submittal of the closure report for the incinerator spray pond would be the most 
efficient use of the resources currently available to Alliant. Therefore, Alliant will 
hold the final submittal of the closure report until the review of the risk-based 
assessment is completed and the review comments adequately addressed. * 

The following are preliminary responses to your comments which have been included 
for clarity: 

I .  The tiarratiw qf the clo.wre report ot~ly briefly metitiotu the backgrout7d 
clo.n~re process. As /he mqjorily of /he hazardo~s cotistrlr~e??ts of cot~cern 
were closed 1 0  hackgro 11td s~crr~dards /i. e. , hv .s/a~rsrical compari.rot? to 
hackgrolurd data], addi/iotral itifornmrotr I.(; t7ece.nsary lo discrrss /he 
hackgro~rtrd clo.n~re. I /  is t iotd /hat /he h a c k p u ~ ~ t d  m d  ,lpper toiermm 
level ca1cl1iatioti.r are iticluded itr /he ametrdmet71; however, the s/aristical 
comparisoti u f /he utii/ san7ple data to /he hackpout IJ mid /he resrtits of the 
comparisott need /o he presetrted it1 /he clo.wre reporr. The closure report 
shall ex plait^ how M A P  de/ermi?ied /hat each cot~stituet~/ had me! or tio/ met 
/he closwe recl~lit.emetit.~~I;)r hackgroutu.l sta~istical comparisot~ atid provide 
/he snmmary data .srlppur/i/7g /hose coticlrrsiotis. 



Response: The closure report will be revised to included a new section that 
will adequately address the statistical comparison to background. This 
section will included: a narrative that discusses the background closure 
process, information on the statistical development of the background values, 
an explanation of how R F W  determined that each constituent had met or 
not met the closure requirements for background, the statistical comparison 
of the unit sampled data to the background values and all summary data to 
support the conclusions derived from this data 

2. l%e cert~fication sheet submitted was a copy of the or~gitral. Please submit 
the origrral to the DEQ alld keep a copy for your records. 

Response: The orizinal certification sheet is enclosed. h updated 
certification will be included with the final submittal of the closure report for 
the incinerator spray pond. 

3. Attachmelrt 3 of the closure report shows fhe writ sample data at various 
depths. Irlformntiotr srrmmarizing the findings (i. e., summar?, table of 
pertitlent data) and a disc11ssiot1 of the QA QCfindiirgs shall be iircllrded 111 

the clos~~re reporl tmmtive, as well. For itutnnces, in sitlintioiu were fhe 
PQLs exceeded /he approvedplcr,l 's POL, appropriate commetrts and 
~rr.st~ic~it iot~.  .shall be provided in /he closrrre report mrrative. 

Response: The closure report will be revised to included a new section to 
discuss the unit sample data including summary tables of pertinent data, and a 
discussion of the QNQC findings. 

4. The vertical a i~d  lateral extent of rhe excavatiotr shocdd be shown in diagram 
form, 111 crdditzo~r to the irarrative discmsiotr. 

Response: This diagram will be added to the narrative discussion in 
Section 3.4 

If you have any questions or concerns please contact Jerry Redder (540) 639-7536 
(Jerome-Redder@ATK.com) or k n e  Olsen (540) 639-8220 
(.4rne-Olsen@ATK.com) 

Sincerely 

. Environmental Manager 

Enclosure 



c: West Central Regional Office - Roanoke 

Coordination: 

bc: Adm. File 
Env. File 
D. W.  Shead - w/o enclosure 
C. A. Jake - w/o enclosure 
R. L Richardson - w/o enclosure 
J. J. Redder - w/o enclosure 
A. E. OLsen - w/ enclosure 

- . 
R. L. Richardson 



Environmental Resources Management cerhfies that the closure of the 
incinerator spray pond at the Radford A r m y  Ammunition Plant in 
Radford, Vir,o;inia, was performed and completed in accordance with 
the Vir,o;inia Department of Environmental Quality approved Closure 
Plan dated 18 August 1995, and amended 9 October 1997. 

T. Neil Peters Regstration No. State Date 

Title 

ERM 16 L0706.07.01- 01/10/98 



DUP 7819 

MEMO SHIPPING ORDER DATE: 6-1 2-98 
ROUTE TO: 1. TRAFFIC DEPARTMENT 

2. FISCAL DEPARTMENT 

FOR AIR EXPRESS SHIPMENTS 
OF PAPERWORK ONLY 

SHIP TO: Debra Miller 
Environmental Engineer Senior 
Office of Permitting Management 
629 East Main Street 
Richmond, VA 23219 

DESCRIPTION: NOTE: Please return shipping receipt for the Environmental File. 
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REQUESTED BY: A Olsen Deot. 81 5 CHARGE CODE: 634372-001 

APPROVAL: 

DEPARTMENT HEAD , 

C. A Jake 
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Delivery Location : RICHMOND VA 

Delivery Date : 06/15 
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Package Left Hub MEMPHIS TN 06/13 03:32 
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e-mail or contact Customer Service. 



. COMMONWEALTH of VIRGINIA @de 
J u n a  S. Gilrnorc, I11 DEPARTMENT OF ENVIRONMENTAL QUALITY 

Thomas L. Hopkint Governor Street address: 629 East Main Street, Richmond, Virginia 23219 Director 
Mailing address: P.O. Box 10009, Richmond, Virginia 23240 

John Paul Woodley, Jr. 
Sccrctvy of N& Resources 

Fax (804) 698-4500 TDD (804) 698-4021 
http://www.deq.state.vaus 

May 12, 1998 

C.A. Jake 
Alliant Techsystems Inc. 
Environmental Manager 
Radford Army Ammunition Plant 
Route 114 
P.O. Box 1 
Radford, VA 24 14 1-0 100 

RE: Radford Army Ammunition Plant (RAAP) 
EPA ID# VA12100207306 
Incinerator Spray Pond 
Closure Report Review 

Dear Ms. Jake: - 
The closure report for the incinerator spray pond, HWMU-39, was received by the 
Department of Environmental Quality [DEQ] on February 27, 1998. This report was 
submitted in support of the closure certifications submitted on the same date. The information 
has been reviewed; however, please note that this review was limited to the general 
information and the background closure information provided. Review of the risk-based 
assessment and associated closure determination will be completed after May 14, 1998. 

However, at this time, comments regarding the closure report's general and background 
closure information will be provided in this letter. Based on the information provided, the 
following comments will need to be addressed prior to DEQ verification of the Incinerator 
~ p r a i  Pond closuie: 

1 .  The nahative of the closure report only briefly mentions the background closure 
process. As the majority of the hazardous constituents of concern wereclosed to 
background standards [i.e., by statistical comparison to background data], additional 
information is necessary to discuss the background closure. It is noted that the 
background data and upper tolerance level calculations are included in the amendment; 

An Agency of the Natural Resources Secretariat 



.-- RAAP Incinerator Spray Pond 
Closure Report Review 
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however, the statistical comparison of the unit sample data to the background and the 
results of that comparison need to be presented in the closure report. The closure 
report shall explain how RAAP determined that each constituent had met or not met the 
closure requirements for background statistical comparison, and provide the summary 
data supporting those conclusions. 

2 .  The certification sheet submitted was a copy of the original. Please submit the original 
to the DEQ and keep a copy for your records. 

3. Attachment 3 of the closure report shows the unit sample data at various depths. 
Information summarizing the findings (i.e., summary table of pertinent data) and a 
discussion of the QAfQC findings shall be included in the closure report narrative, as 
well. For instances, in situations were the PQLs exceeded the approved plan's PQL, 
appropriate comments and justifications shall be provided in the closure report 
narrative. 

*c. 4. The vertical and lateral extent of the excavation should be shown in diagram form, in 
addition to the narrative discussion. 

The closure report format provided is good; however, additional details need to be provided to 
explain and demonstrate closure of the incinerator spray pond. Please review these comments 
and revise the closure report to include the necessary information. It there are any questions 
regarding these comments, please contact me at (804) 698-4206. 

Sincerely, 

L44; 
cc: Claire Ballard, DEQ 

- Aziz Farahand, DEQ-RRO 
Melissa Porterfield, DEQ 

Debra A. Miller 
Environmental Engineer Senior 



Alliant Techsystems Inc. 
Radford Army Ammunition Plant 
Route 114 
P.O. Box 1 
Radford, VA 24141-0100 

February 24, 1998 

Ms. Debra Miller 
Virginia Department of Environmental Quality 
Office of Permitting Management 
629 East Main Street 
Richmond, VA 23 2 19 

Subject:: Risk Assessment and Closure Certification 
Incinerator Spray Pond (HWMU 39) 
Radford Army Ammunition Plant 
EPA ID# VA 12 10020730 

Dear Ms. Miller: 
I_ 

Enclosed are two copies of the "Risk Assessn~enr atld ('losrirr C'rr/~fica/iotr for. h e  
fq'ot.mer lt1c1twra/or Spray l'otrd" and the soil sample Quality Assurance package for the 
incinerator spray pond (HWMU 39) at the Radford Army Ammunition Plant in Radford, 
Virginia. 

Background soil samples were collected in accordance with the approved "(.710slrre, 
Cbt1ringetrr C'losrire atld ('ontirlgm/ Pos/-Closrire Plm~s, for Radford Army Ammutlifiotl 
Plan/ 's / t l~ i t~em/ur  Spray Potld ( ' W ( J  39). " Upper tolerance limits for each 
Hazardous Constituent of Concern (HCOC) were calculated based on the background 
analytical results and were approved by DEQ in a May 22, 1997 letter. These background 
tolerance limits set the cleanup thresholds for the closure. 

Construction activities began July l I ,  1997 and were completed October 16, 1997. Mr. 
Mike Scott and Ms. Kim Batwinas of the Virginia Department of Environmental Quality 
West Central Regional Office performed a site inspection of the incinerator spray pond on 
October 22, 1997. Verbal approval to backfill the excavation was provided by Mr. Mike 
Scott with the understanding that if the risk assessment indicated hrther soils should be 
excavated from the unit, the backfilled material would have to be removed. Alliant began 
backfilling and compaction activities on October 24, 1997 and completed these activities 
on October 3 1, 1997. 

C 



4- Three HCOCs exceeded background tolerance limits at the twenty-four (24) inch depth: 
arsenic, barium, and chromium. A risk assessment was performed for these HCOCs using 
the REAMS model. As provided in the table below, the results indicate risks below the 
residential thresholds. Section 4.0 in the attached report provides the details of the 
REAMS model risk assessment. 

Contaminant Location 
Arsenic D l  
Barium E 1 
Chromium A1 

A4 
C2 
D l  
D3 
E2 

TOTAL 

Result (ppm) 
6.46 
199 
31.3 
32.6 
37.5 
34.3 
38.5 
31.5 

Threshold (ppm) Hazard Quotient 
5.43 0.49 

125.75 0.05 
30.55 
30.55 
30.55 
30.55 
30.55 0.104* 
30.55 

0.644 

* Highest concentration of cl~romium used for hazard quotient calculation. All hazard quotient 
calculations include both adult and chrld nsks. 

If you have any questions or would like additional information, please coordinate with 
..- Jerry Redder (540)639-7536 (Jerry-Redder@ATK.com) or Christel Compton (540)639- 

82 1 1 (Christel~Compton@ATK.com). 

Sincerely, 

C. A. Jake, ~ 6 e r v i s o r  
Environmental 

Enclosures 

cc. Mary Beck, USEPA Region 111 (3) 
Rob Thompson, USEPA Region 111 (2) 
Devlin Harris, DEQ West Central Regional Ofice - Roanoke 
Mike Scott, DEQ West Central Regional Ofice - Roanoke 
R.L. Richardson, R F M  ACO 



a Coordination: 

bc. Administrative File 
Envir. File, wl enclosure 
R. Davie, R F A N  ACO - wl enclosure 
Jim Small, IOC - wlo enclosure 
D.W. Shead - wlo enclosure 
C.A. Jake - wlo enclosure 
J.J. Redder - wlo enclosure 
C.E. Compton - wlo enclosure 

+ . 2 - ,:&I- 

R.L. Richardson 



George Allen 
Governor 

Becky Nonon Dunlop 
Smnary of Natural Resources 

DEPARTMENT OF ENVIRONMENTAL QUALlTY 
Thomas L. Hopk~ns S~reer address: 629 East Main Street. Richmond Virginia 23219 

Direaor 
Mailing address: P.O. Box 10009. Richmond Virginia 23240 

Fax (804) 698-4500 TDD (804) 698-4021 (804) 698-4000 
http://www.deq.state.va.us 1-800-592-5482 

Certified Mail 
Return Receipt Requested 

October 9, 1997 

C.A. Jake 
Alliant Techsystems Inc. 
Environmental Manager 
Radford Army Ammunition Plant 
P.O. Box 1 

rC Radford, VA 24141-0100 

RE: Radford Army Ammunition Plant (R4AP) 
EPA ID# VA1210020730 
Incinerator Spray Pond Closure Plan Amendment 

Dear Ms. Jake: 

Your letter requesting an amendment to the approved closure plan for RAAP's incinerator 
spray pond was submitted to the Department of Environmental Quality (DEQ) on October 3, 
1997. The amendment will allow for RAAP to pursue closure to risk-based standards for the 
referenced hazardous waste management unit. 

Based on the information submitted, the amendment requested is approved. An update to the 
closure plan's pages are attached and will need to be added to the closure plan. Please update 
your closure plan as needed. 

As provided in Rule 2A:2 of the Supreme Court of Virginia, you have 30 days from the date 
of service of this decision to initiate an appeal by filing a notice of appeal with: 

Thomas L. Hopkins, Director 
Virginia Department of Environmental Quality 
629 East Main Street 

An Agency of the Natural Resources Secretariat 



RAAP Incinerator Spray Pond 
I.- Background Data Review 

Page 2 

P.O. Box 10009 
Richmond, Virginia 23240-0009 

In the event that this decision is served to you by mail, the date of service will be calculated as 
three days after the postmark date. Please refer to Part Two A of the Rules of the Supreme 
Court of Virginia, which describes the required content of the Notice of Appeal, including 
specifications of the Circuit Court to which the appeal is taken, and additional requirements 
concerning appeals from decisions of administrative agents. 

If you should have any questions, concerning this matter, please contact Debra Miller, 
Environmental Engineer Senior, of my staff at (804) 698-4206. 

Sincerely , 

Attachment 
cc: Jerry Redder, Alliant Techsystems-RAAP 

Robert Greaves, EPA Region I11 
Leslie Romanchlk, DEQ (wlout Attachment) 
Debra Miller, DEQ 
Glenn VonGonten, DEQ 
Claire Ballard, DEQ (wlout Attachment) 
Aziz Farahmand, DEQIRRO-Compliance 
CENTRAL HW FILES 



Incinerator Spray Pond Closure Plan (HWMU-39) 
Radford h v  knmu~lltion Plant, EPA ID No. VA 12 10020730 

d. Following resampling, comparison to background' along with adchtional 6-inch soil layer 
excavation (if r e w e d )  will be performed-in accordance with the protocols previously outlined. 

If, upon following these protocols in an attempt to acheve clean closure, the pond surface soils have been 
removed from the hot spot(s) down to a sufficient level without achievement of clean closure for all closure 
parameters, Radford Army Ammunition Plant (RAAP) will: 

* Implement the contingent closure and post-closure procedures of this plan; or 
* Contmue with removal activities and sampling of soil layers, as detailed above; or 
t Perform closure to risk based standards as detailed in $3.7.6 of this closure plan. 

As previously stated, the facility reserves the option, at any point during the incinerator spray pond subsoils 
assessment, to abandon attempts to demonstrate clean closure to either background or risk based standards, and 
irnmechately implement contingent closure and post-closure. 

3.7.6 Risk-Based Closure 
-- 

As an alternative to clean closure to background standards, specified above, or in conjunction with background 
standards, RAAP may propose to demonstrate that the concentrations of hazardous constituents detected do not 
pose an unacceptable level of risk to human health and the environment. The facility may present th~s  proposal 

I to the DEQ following the requirements as outlined in th~s  section and as detailed in Appendix A. 

In order to estimate the risk for HCOCs, a risk assessment will be conducted according to the DEQ document 
titled "Guidance for development of health based cleanup goals using decision tree1REAMS program (herein after 
"Virguua R~sk  Guidance"), November 1, 1994, prepared by Old Dominion University and the approved closure 
plan. The nsk goals/perfomance standards will be a hazard index of 1.0 for non-carcinogens and an individual 
carcinogenic risk of 1x10- and cumulatwe carcinogenic risk of 1x 1 Oa4. T ~ I S  risk assessment will be conducted 
assuming a hture residential use of the property. 

The Department will review the risk assessment report to determine that it conforms to risk assessment 
requuements for residential risk-based protocols. If acceptable, attainment of the closure standards may then be 
demonstrated using the residential risk-based assessment in lieu of the clean closure to background standards 
established under $3.7.1 Background Sampling For Soil Assessment. 

If the Incinerator Spray Pond cannot meet the residential risk closure standards, then RAAP may propose to 
mod@ t b  closure plan for indushial risk-based closure. Mochfication will require notification of the DEQ and 
the submittal of a closure amendment, in accordance with 9 VAC 20-60-j80.C (previously, VHWMR S9.6.C). 

'(Optional) The background critical value described thus far wll have been computed from the top layer (0-6 
inches) of the background area. It may be necessary to sample background at lower intervals (6- 12 inches, 12-25 inches) 
for comparison at lower intervals to avoid bias. Thls option should be implemented d, for example, distinctly different soil 
types are encountered at depth, thereby necessitating re-establishment of background. 

.- 

6 1 October 9.  1997 



Incinerator Spray Pond Closure Plan (HWMU-59) 
Radford h v  Amnunition Plant, EPA ID No. VA 12 10020730 

Note, for the remaining sections of the closure plan, any drscussions of "clean" closure of the incinerator spray 
ponds' subsoils, will sigmfy either clean closure to background levels and/or closure to risk based closure 
standards, as described in this section. 

3.8 Field Quality Control 

To ensure the collection of representative samples, the following field quality control procedures will be utilized 
during the closure operations. 

Equipment blanks will be collected after every 20th sample. If equipment blanks indicate contamination, then 
resampling d l  occur only ~f sample results are above cleanup levels. Samples will be analyzed for the hazardous 
constituents of concern identiied in h s  document. Laboratory quality control will be accordrng to the methods 
detailed in SW-846. 

Laboratory quality control will be accordmg to the methods detailed in SW-846 

October 9. 1997 



Appendix A 

RISK-BASED CLOSURE 

1. Introduction 

This document discusses the protocol for conducting a risk assessment to implement closure of a 
hazardous waste management unit (HWMU) in accordance with the Virginia Hazardous Waste 
Management Regulations (VHWMR) as codified in Title 9 of the Virginia Administrative Code, 
Agency 20, Chapter 20 (9 VAC 20-60- 10 et seq). 

2. Risk-Based Evaluation 

In order to estimate the risk for hazardous constituents of concern (HCOC) associated with the 
materials remaining in a HWMU, a risk assessment will be conducted according to the Virginia DEQ 
document titled "Guidance for Development of Health Based Cleanup Goals Using Decision 
Tree/REAWS Program (herein after "Virginia Risk Guidance") (November 1, 1994) prepared by Old 
Dominion University and the approved closure plan. The risk assessment report will contain the 
following sections: 

a site evaluation, 
a development of a site conceptual model, 

.-- a identification of contaminants of concern, 
a identification of media and exposure pathways, 
a toxicity assessment, 
a estimation of contaminant concentration at the point of exposure, and 
a summary of health risk. 

The submission instructions contained in Appendix IX of the Virginia Risk Guidance will be 
reviewed prior to submitting the report to confirm that all necessary risk issues have been addressed. 
The risk goals associated with the closure performance standards (risk goals) will include: 

-1 

I. a hazard index of 1.0 or less for non-carcinogens; 

. . 
11. a risk of 1E-06 or less for individual carcinogens; 

... 
111. cumulative risk of 1E-04 or less for all carcinogens; and 

iv. the concentrations of HCOC remaining in the HWMU will not result in contamination of 
other environmental media of concern, including the groundwater underneath the unit. 

Compliance with the closure standard shall be verified by comparing the calculated individual and 
cumulative risklhazard for all HCOC that failed the background statistical comparison (if such - comparison is preformed) to the risk goals. 
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The risk assessment will be conducted assuming a future residentiallindustrial use of the property. 
The methodology and equations for estimating the exposure concentration are presented in 
subsequent sections. 

The initial step in the risk assessment will be to dev_elop a site conceptual exposure model (SCEM) 
which depicts all potential exposure routes and media for the site and the receptors which may be 
exposed. Then HCOC for the risk assessment are identified (See Section 3 of this document). 

In the next step, the exposure assumptions outlined in the Virginia Risk Guidance will be employed 
to estimate the risk. Information will also be taken as needed from U.S. EPA documents and 
databases (e.g., the h s k  Assessment Guidance for Superfund (RAGS), and the Integrated Risk 
Information System (IRIS)). The chemical intake equations and exposure parameter assumptions 
used to estimate risk (obtained from the Virginia h s k  Guidance) are shown in Tables 1 through 4. 
Additional details on the approach and assumptions used for each potential exposure pathway are 
provided below. 

As a part of the Risk Exposure and Analysis Modeling System (REAMS) evaluation, fate and 
transport modeling is conducted to demonstrate that the residual soil concentrations of 
contaminants of concern would not result in contamination of other environmental media of 
concern including the groundwater underneath the closure unit. For this purpose, representative 
soil sample(s) will be collected around the unit (subjected to closure) for analysis of the properties 
listed on page 62 of the REAMS document. In certain situations, groundwater sampling is - preferable. 

3. Identification of Hazardous Constituents of Concern for Risk Assessment 

For the purpose of REAMS evaluation associated with a HWMU, HCOC are those closure 
constituents present at concentrations statistically exceeding the background levels. If the 
concentrations of a closure constituent did not statistically exceed the background levels, no 
further risk-based evaluation for such constituent is required. 

4. Exmsure Assessment 

The exposure assessment will identify transport mechanisms for the contaminants of concern that 
may potentially impact human receptors. The results of this assessment will be used to 
document the current and potential exposure posed by the HWMU. 

With regard to the soil, a residential exposure will be assumed to document unrestricted closure 
of the soil. If the risk for potential residential exposure does not exceed the performance 
standards, unrestricted closure of soil will be accepted. If the site cannot be clean closed for 
residential use, then the option to pursue restricted closure (comrnercial/industrial) will be 
exercised. Closure to commercial/industria1 scenario will require the facility to enact a deed 
restriction that eliminates the possibility of future residential use of the site. The requirements 
for establishing such a deed restriction are detailed in VDEQ's Guidelines for develop in^ Health- 

C-. 
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.h 
Based Cleanup Goals Using Risk Assessment at A Hazardous Waste Site Facilitv for Restricted 
Industrial Use, dated June 1995. (A copy of this document is attached.) 

Exposure routes will include ingestion, dermal absorption, and inhalation of vapors and dust 
particles. 

With regard to impact to the groundwater underneath the HWMU, REAMS fate and transport 
modeling2 will be required to assess impact from residual soil contamination to the groundwater. 
If the groundwater does not qualify for clean closure, the scope of future groundwater monitoring - 
will be discussed with VDEQ. The groundwater exposure routes to be evaluated include 
ingestion, dermal absorption, and inhalation of volatiles emitted from the contaminated 
groundwater. 

The exposure assumptions presented in the following sections are based on residential exposure. 
These constitute a reasonable maximum exposure scenario (RME), an exposure which is unlikely 
to occur but is reasonably possible. The exposure pathways for residential exposure include 
ingestion of soil, dermal contact with soil, inhalation of resuspended soil particulates, and inhalation 
of volatile organic compounds. 

4.1 Ingestion of Soil 

The equation for potential chemical intake by soil ingestion on-site is included in Table 
1. This scenario also assumes that weather or other conditions (e.g., fiozen ground1 snow 
lother cover) do not affect exposure and that all soil ingested is from contaminated areas 
of the site. These assumptions are protective of human health and the environment. 

4.2 Dermal Contact with Soil 

The equation for calculating the potential absorbed chemical dose by dermal contact with 
contaminated soil is provided in Table 1. This scenario assumes that weather or other 
conditions (e.g., frozen ground1 snow or other cover) do not affect exposure, that 
contaminated soil remains on the skin long enough for the HCOC to be absorbed and that 
all soil adhering to the skin is from contaminated areas of the site. 

The skin surface areas (SA) used in the dermal pathway have been identified in Virginia 
Risk Guidance as 4,860 cm' for adults, which is the 50th percentile value for the arms, 
hands and lower legs (U.S. EPA, 1989b - See Attachment A). 

REAMS includes the unsaturated zone fate and transport model SESOIL. The purpose of running the model 
is two fold: a) determine whether the contaminants will reach the groundwater table in next 30 years. b) calculate the 
risk associated with the estimated concentration in the groundwater. For constituents with a promulgated MCL, the 
estunated concentration will be directly compared against the MCL. However, prior to running the SESOIL model the 
facility should obtain all the ~nformation identified on page 62, of the Virginia Risk Guidance. The closure report must 

,, include evaluation of model results (concentrations reaching the groundwater) and a copy of SESOIL output file. 
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A skin-soil adherence factor of 1.45 rng/cm2 will be used in the dermal intake calculations. 
The U.S. EPA guidance for dermal exposure assessment (Dermal Exposure Assessment: 
Principles and Applications, EPN60018-9 110 1 1 B) states that a range of values from 0.1 
mg/cm2 to 1.5 mglcm2 per event appear possible for dermal adherence factors (AF). In 
order to estimate the amount of a particular HCOC whlch may potentially be absorbed 
through the skin, chemical-specific dermal absorption factors (ABS,,) are used. 

4.3 Inhalation of Resuspended Soil 

The equation for potential chemical intake by inhalation of resuspended contaminated soil 
is included in Table 1. An inhalation rate of 0.83 rn3/hr will be used as specified in the 
Virginia a s k  Guidance. This scenario assumes that the concentration of HCOC in indoor 
dust will be equal to that in outdoor soil and that weather or other conditions, (e.g., frozen 
gound/snow or other cover) do not affect resuspension or exposure. 

However, an appropriate model or equations in Table 1 will be used to estimate the 
potential amount of respirable particulate matter generated by wind erosion. The 
estimated generation rate for eroded particulate matter will then be used to derive an 
ambient air particulate concentration. Justification for and documentation of the model(s) 
used will be submitted to the Department as part of the risk assessment. 

4.4 Inhalation of Volatilized HCOC in Soil 

Since the HCOC have appreciable vapor pressures, they are expected to volatilize from 
soil. Inhalation of HCOC as volatilized vapors is considered for this risk assessment. The 
equations in Table 1 will be considered for estimating the intake for this condition. 

5. Toxicitv Assessment 

The two principle indices of toxicity used in risk assessment are the reference dose (Rf D) and the 
cancer slope factor (SF). An RfD is the intake or dose per unit of body weight (mgtkg-day) that 
is unlikely to result in toxic (non-carcinogenic) effects to human populations, including sensitive 
subgroups (e.g . , the very young or elderly). The IUD allows for the existence of a threshold dose 
below which no adverse effects occur. 

The SF is used to express the cancer risk attributable to a discrete unit of intake; that is, the 
cancer risk per milligram ingested per kilogram of bodyweight per day ([mglkg-day]"). The SF 
is an estimate of the upper-bound probability of an individual developing cancer as a result of 
exposure to a particular carcinogen. Unlike the RfD, the SF assumes that there is no threshold 
dose below which the probability of developing cancer is zero. Note that SFs are only developed 
for those chemicals which have been shown to be carcinogens in man or in at least several anima 1 
species. A carcinogenic weight of evidence rating is used to describe the strength of the 
experimental evidence for carcinogenicity. The U.S. EPA has developed SFs for most chemicals 
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I 
with weight of evidence ratings of "A" (known human carcinogen) or "B" (probable human 
carcinogen). 

RfDs and SFs are derived by the U.S. EPA for the most toxic chemicals generally associated with 
chemical releases to the environment for which adequate toxicological data are available. If both 
the carcinogenic and non-carcinogenic effects of a particular compound are significant, both values 
may be established. However, in most cases only one value is available. 

5.1 Inhalation and oral RfDs and SFs 

RfDs and SFs pertinent to the oral and inhalation exposure pathways will be obtained 
from U.S. EPA's IRIS database. The IRIS (Integrated Risk Information System) on-line 
database was established by the U.S. EPA to provide risk assessors with peer reviewed 
toxicological data on chemicals commonly encountered at environmental sites of 
contamination. If data is not available from IRIS, it will be obtained from the Health 
Effects Assessment Summary Tables (HEAST), a compilation of toxicity values 
produced by the USEPA on a quarterly basis. The hierarchy presented in Appendix 111 
of Virginia Risk Guidance will be followed for using these sources. 

5.2 Dermal RfDs and SFs 

Chemical specific oral-route absorption values (ABS,,,) are used to adjust the oral RfD 
or SF, which is computed from an administered dose, for use in the dermal exposure 
pathway. This correction is necessary due to the differences in absorption between the 
skin and the gastrointestinal tract. By correcting the administered-dose oral RfD or SF 
for the fraction expected to be absorbed in the gut, a dermal absorption factor can be 
used to estimate the correct dose received through the skin. 

6. Evaluation of Risk 

Using the toxicity criteria and identified exposure pathways discussed above, and the procedures 
described in the Virginia Risk Guidance, the risk presented by the HCOC will be estimated. The 
estimated risk will consider the effects from multiple constituents and all routes of exposure. The 
risk goals will be a total cumulative hazard index of 1.0 for multiple noncarcinogens and a total 
cumulative carcinogenic risk of 1E-04 for multiple carcinogens. However, the risk from each 
individual carcinogen shall not exceed 1E-06 (i.e., one case of cancer per 1,000,000 population). 

6.1 Estimation of exposure concentration 

For the contaminants detected at the site, an exposure point concentration (EPC) for 
each exposure pathway will be calculated for each contaminant by estimating the 95th 
upper confidence limit (UCL) on the arithmetic mean of the concentrations. If the 
calculated 95th UCL is greater than the maximum detected concentration, then the 
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maximum detected concentration will be used as the EPC. The risk for contaminants 
will be calculated as per the equations and assumptions described in Tables 1 through 
4. If for a contaminant both carcinogenic and noncarcinogenic risk-based cleanup goal 
exists, the lower of the two will be used as a pathway specific to estimate the risk. 

6.2. Risk Estimation 

Health risk assessments are based on the relationship involving intake, contaminant 
concentration, risk, and toxicity. Chronic daily intake (CDI), a product of intake and 
contaminant concentration, are estimated using the exposure equations and assumptions 
associated with each route of exposure. CDIs are then combined with the RfDs or SFs 
to determine the resulting risk. For carcinogen(s), cumulative potential risk (RISK,) can 
be calculated as follows: 

For noncarcinogen(s), cumulative hazard index (HI,) can be calculated as follows: 

where, taking into account all HCOC and relevant exposure pathways, the excess 
cancer risk is lo4 or the hazard index is 1 .O. 
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11 Ground Water 

Ingest ion 

Inhalation 

Inhalation of 
emitting particles 
from soil 

Table 1 
Risk Assessment Algorithm for carcinogenic Exposure 

Chronic Daily Intake (CDII , ms/L-qgy 

CW x IRW, x EF, x ED, 
. . . . . . . . . . . . . . . . . . . . .  

BW, x AT, 

CW x IRA,,, x EF x K 

CS x CF x SAS,,, x AF x ABS x EF 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AT, 

PEF x IRA,,, x ET x EF 
. . . . . . . . . . . . . . . . . . . . . .  

AT, 
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CW x IRA,  x EF, x ED, x K 
. . . . . . . . . . . . . . . . . . . . . . . .  

BW, x AT, 

CW x SAW, x PC x ET x EF, x ED, x CF 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BW, x ATc 

CS x I R  x CF x F I  x EF, x ED, 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BW, x AT, 

VF x IRA,  x ET x EF, x ED, 
. . . . . . . . . . . . . . . . . . . . . . . . .  

BW, x AT, 

PEF x IRA ,  x E T  x EF,  x ED, 
. . . . . . . . . . . . . . . . . . . . . . . . .  

BW, x A T ,  



Table 2 
i 

Risk Assessment Algoritlim for Non-carc~nogenic Exposure 

Dailv Inbake ICDI) . ms/L-dgy 

Ground Water 
I 

11 I CW x IRWc x EF x ED, I CW x IRWd x EF, x ED, 

H Ingest ion 
BW, x AT, 

CW x SAW, x PC x ET x EF x ED, x CF 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BW, x AT, 

Inhalation 

CW x SAWa x PC x ET x EF, x ED, x CF 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BW, x AT,, 

CS x I R S ,  x CF x F I  x EF x ED, 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BW, x AT,, 

CW x IRA ,  x EF x ED, x K 
. . . . . . . . . . . . . . . . . . . . . . . . .  

BW, x AT,, 

CS x I R S ,  x CF x F I  x EF, x ED, 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BW, x AT,, 

CW x IRA ,  x EF, x ED, x K 
. . . . . . . . . . . . . . . . . . . . . . . .  

BW, x AT,, 

De rma 1 

Inhalation of 
vaporizing VOCs 
from soil 

VF x IRA ,  x ET x EF x ED, 
. . . . . . . . . . . . . . . . . . . . . . .  

BW, x AT,, 

VF x IRA ,  x ET x EF, x ED, 
. . . . . . . . . . . . . . . . . . . . . . . . .  

BW, x AT,, 

r Inhalation of emitting particles 
from soil 

PEF x IRA ,  x ET x EF x ED, 
. . . . . . . . . . . . . . . . . . . . . . .  

BW, x AT, 

PEF x IRA ,  x ET x EF, x ED, 
. . . . . . . . . . . . . . . . . . . . . . . . .  

BW, x AT,, 

IL I 1 

Note: Occupational noncarcinogenic risk assessment is based on adult exposure 



Table 3 
Age Adjusted Factors 

Because contact rate with tap water, ambient air, and residenr~al soil are different for children and adults, carcinogenic risk dunng 
the t is t  30 yean of life were calculated usmg age adjusted factor. These facton approximate the intepted exposure from binh until 
age 30 by combining contact rates, body weights, and exposure duntions for NO age groups - small chlldren and adults. 
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Table 4 
Exposure Variables Included in Tables 1, 2, and 3 

Term 

Absorpnon factor 

Adherence factor 

Urn[ 

Averaging m e  
carcinogens 

A v e r a p g  m e  non- 
carcinogens 

I 1.15 

Body weight adult 

Body weight chdd 

Chemical concenuation in I User specified 
5011 I 

Value 

User spec~fied 

a. c 

days 

days 

Conven~on factor 

Reference 

25550 

ED x 365 

kg 

kg 

0.000001 I 
Chem~cal concenuaaon in 

water 

Exposure duration for 
carcinogen total or 

Residential 

70 

15 

Exposure duration child 

Exposure duration 
occupational 

c 

c 

mg/L User spec~fied 

II years 6 

Exposure frequency 
rcs~dential 

Exposure Time 
General/Occupadonal 

Groundwater 
Surface Water - ingestion 

Surface water - dermal 
Air -inhalation 

Inhalation rate air adult I mJlday I 20 I b 11 

c 

350 days 

Fraction ingested 
Res~dendal 

Occupational 

c 

hn/day 

Inhalation rate adult 1 mllday I 20 I b 

1 .O 
0.5 

Inhalation rate - air 
adjusted 

Inhalation rate child 

Ingestion rate food 1 

8.0 
0.2 

2.6 
2.6 
24.0 

b 

- 
Frulrlveggies 

Fish I 

C. d 

mJlday 
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I S ,  1 Lngescion rate soil adult I I 100 I b 
I I I I 

IRS, Ingestion rate soil child muday 200 b 

I S , ,  Ingestion - so11 adjusted 114.29 

[Rsc I Ingestion rate soil chdd 1 miVday I 200 I b 

IRW, Ingestion rate water adult L:day 1- b 

IRW, I Ingesoon -water adjusted I L-ylkgd 1 1 .G9 I 
- 

IRW, Lngesnon r a u  water chdd Uday 1 b 
I I 

K Volatilization factor, 0.5 
water to air 

PC I Permeability constant I crnlhr I user specified I b 

PEF 

SAS, 
SAS, 

SAS, 

Pardculate emlsslon kgim' 6.789926E08 f 
factor 

Surface area child 
groundwater dermal cm2 7500 
surface water dermal b,e 

Surface area sod cmL!event 
occupadonal - adult 4500 e 

c hdd 1875 

I I I 

Surface area soil ajusted cm2!event 2290 

SAW, Surface area for water cm2 820 b 
contact adult 

SAW, Surface area for waur cm2!event 9200 
contact 

VF Volanlazauon f a m r .  kg/mJ User spec~fied 
so11 u, air 

References: 

a. 

b. 

C. 

d. 

e. 

f. 

Risk Assessment Guidance for Superfund, Volume I. EPA.154011-891002. December 1989. 

Region In  values 

Exposure Factors hardbook. EPAl60018-891043. July 1989 

Human health evaluation manual supplemend guidance. OSWER Directive 9285.6-03. March 25. 1991. 

Dermal exposure Assessment. Principles and Applications. Interim Repon. EPAI60318-911011b. January 1992. 

Technical Background Document for Draft Soil Screening Level Guidance. Office of Solid Waste and Emergency Response. 
EPAl540lR-94/10 1. December 1994. 
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October 3, 1997 

Alliant Techsystems Inc. 
Radford Army Ammunition Plant 
Route 114 
P.O. Box 1 
Radford. VA 24141-0100 

Debra Miller 
Of'fice of Permitting Management 
629 East Main Street 
Richmond, VA 232 1 9 

Subject: Risked Based Closure Amendment 
Incinerator Spray Pond HWMU 39 
Radford Army Ammunition Plant, Radford Virginia, 
EPA ID# VA1210020730 

Dear Ms. Miller: 

Thank-you for talking with Jerry Redder, Bob Richardson (ACO Staff), Arne Olsen, 
and Christel Compton, October 2, 1997. Enclosed is the amendment to the "Closure, 
Contingent Closure and Contingent Post-Closure Plans for Radford Army 
Ammunition Plant's Incinerator Spray Pond (HWMU-39)"; to include Risked Based 
Closure as an option for site closure. An advance copy was delivered electronically. 
We are looking forward to your visit October 22. 1997 to inspect the excavation 
prior to backfilling. 

In order to bring you up to speed on our closure activities, the demolition of the 
Incinerator Spray Pond began in midJuly and was completed in mid August. During 
the demolition screening level samples were taken which indicated that the first six 
inch l i f t  was above background for lead. Based on the screening criteria l i f t  was 
removed. Further screening indicated that the second six inch l i f t  was below 
background for lead. 

I t  was decided that the first set of confirmation samples would be taken from second 
l i f t .  The result of this sampling indicated that lead, barium, and chromium were 
above background and that antimony. beryllium, cadmium, thallium, diethylphthalate, 
di-n-butylphalate and resorcinol were below background. The remaining Hazardous 
Constituents of Concern (HCOC) concentrations were inconclusive due to laboratory 
error. Additional confirmatory samples were taken from the third and fourth lifts. 

Results from the third and fourth lifts are enclosed. These results indicate clean 
closure to background is impractical. We will remove the third l i f t .  The necessary 



risk based closure documentation, in accordance with the enclosed amendment, for 
the fourth lift is being prepared If you have any questions or concerns please contact 
Jerry Redder (540) 639-7536 (Jerome-Redder@ATK.com) or Christel Compton 
(540)- 639-7536. 

Sincerely 

P.,q 
C. A. Jake, upervisor 
Environmental Affairs 

Enclosures 

c: West Central Regional Office - Roanoke 
R. L. Richardson, WAAP ACO 

*k.fi&&.+ 
R. L. Richardson 

bc: Adrn. File 
Env. File, wl enclosure 
R. L. Richardson - wl enclosure 
D. W.  Shead - wlo enclosure 
C. A. Jake - wlo enclosure 
J. J. Redder - wl enclosure 
C. Compton - wl enclosure 



AMENDMENT 



3.7.6 Risk Assessment for Closure 

As an alternative to the clean closure to background standards specified above or in conjunction 
with, the owner may propose to demonstrate that the concentrations of hazardous constituents 
detected do not pose an unacceptable level of risk to human health and the environment. The 
facility may propose this to the DEQ following the requirements as outlined in this section and as 
detailed in Appendix A. 

In order to estimate the risk for HCOCs, a risk assessment will be conducted according to the 
DEQ document titled "Guidance for development of health based cleanup goals using decision 
tree1REAMS program (herein after "Virginia Risk Guidance") (November 1, 1994) prepared by 
Old Dominion University and the approved closure plan. The risk goaldperformance standards - will be a hazard index of 1.0 for non-carcinogens and an individual carcinogenic risk of 1x10" 
and cumulative carcinogenic risk of 1 x 1 0 ~ ~ .  This risk assessment will be conducted assuming a 
hture residential use of the property. 

The Department will review the risk assessment report to determine that it conforms to risk 
assessment requirements for residential risk-based protocols. If acceptable, attainment of the 
closure standards may then be demonstrated using the residential risk-based assessment in lieu of 
the clean closure to background standards established under section 3.7.1 Background Sampling 
For Soil Assessment. 

Note, if the Incinerator Spray Pond cannot meet the residential risk closure standards, then 
Radford Army Ammunition Plant may propose to modifjl this closure plan for industrial risk- 
based closure. Modification will require notification of the DEQ and the submittal of a closure 
amendment. 



Appendix D 

RISK-BASED CLOSURE 

1. Risk-Based Evaluation In order to estimate the risk for chemicals of concern (COCs) a risk 
assessment will be conducted according to the Virginia DEQ document titled "Guidance for 
development of health based cleanup goals using decision tree/REAMS program (herein after 
"Virginia Risk Guidance") (November 1, 1994) prepared by Old Dominion University and the 
approved closure plan. The risk assessment report will contain the following sections: 

site evaluation, 
development of a site conceptual model, 
identification of contaminants of concern, 
identification of media and exposure pathways, 
toxicity assessment, 
estimation of contaminant concentration at the point of exposure, and 
summary of health risks. 

The submission instructions contained in Appendix IX of the Virginia Risk Guidance will be 
reviewed prior to submitting the report to c o n f h  that all necessary risk issues have been 
addressed. The risk goaldperformance standards will be a hazard index of 1.0 for non- 
carcinogens and an individual carcinogenic risk of 1E-06 and cumulative carcinogenic risk of 1E- 

' 

04. - Compliance with the closure standard will be verified by comparing the calculated individual and 
cumulative riskhazard for all the contaminants of concern (COC) that failed background 
comparison to the risk-based performance standards. 

The risk assessment will be conducted assuming a future residentiaVidustrial use of the property. 
The methodology/equation for estimating the exposure concentration is presented in subsequent 
sections. 

The initial step in the risk assessment will be to develop a site conceptual exposure model 
(SCEM) which depicts all potential exposure routes and media for the site and the receptors 
which may be exposed. The procedure for identification of contaminants of concern for health 
based is presented in section 2. 

Once the SCEM is completed, the exposure assumptions outlined in the Virginia Risk Guidance 
will be employed to estimate the health risks and develop a cleanup criteria. Information will also 
be taken as needed fiom U.S. EPA documents and databases (e.g., the Risk Assessment Guidance 
for Supehnd (RAGS), and the Integrated Risk Information System (IRIS)). The chemical intake 
equations and exposure parameter assumptions used to calculate estimate risks (obtained from 
Virginia risk assessment guidance/REAMS) are shown in Tables 1 through 4. Additional details 
on the approach and assumptions used for each potential exposure pathway are provided below. 

As a part of the Risk Exposure and Analysis Modeling System (REAMS) evaluation, fate and 
transport modeling is necessary to demonstrate that the residual soil concentrations of 
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contaminants of concern would not result in contamination of other environmental media of 
concern including the groundwater underneath the closure unit. For this purpose, representative 
soil sample(s) will be collected around the unit (subjected to closure) for analysis of the properties 
listed on page 62 of the REAMS document. [It is often less expensive to obtain this information 
from an agriculture lab rather than from an environmental lab]. In certain situations, groundwater 
sampling may be preferable. 

2. Identification of Contaminants of Concern 

Contaminants of concern includes those constituents detected during the closure soil and/or 
groundwater sampling which may be related to past waste management practices and whose 
concentrations statistically exceeded background levels. Please note that if the concentration of 
contaminants detected did not exceed the background levels, no further risk-based evaluation will 
be required. Only those constituents of concern having concentrations that are statistically greater 
than background concentrations will be subject to REAMS evaluation to estimate the risks. 

3. Exposure Assessment 

The exposure assessment will identify transport mechanisms for the contaminants of concern that 
may potentially impact human receptors. The results of this assessment will be used to document 
the current and future exposure potential posed by the site. 

With regard to soil, the following exposure assumptions will apply. Initially, a residential 
exposure will be assumed for the purpose of attempting to document unrestricted closure of the 

I 
soil. If the risk for potential residential exposure does not exceed the performance standards, 
unrestricted closure of soil will be docurnented/accepted. If the site cannot be clean closed for 
residential use, then the option to pursue restricted closure (commerciaVindustrial) will be 
exercised. Closure to commercialhndustrial scenario will requirement the facility to enact a deed 
restriction that eliminates the possibility of future residential use of the site. The requirements for 
establishing such a deed restriction are detailed in DEQ's Guidelines for Developing Health-Based 
Cleanup Goals Usina Risk Assessment at A Hazardous Waste Site Facility for Restricted 
Industrial Use, dated June 1995. (A copy of this document is attached.) 

Exposure routes will include ingestion, dermal absorption, and inhalation of vapors and dust 
particles. 

With regard to groundwater, REAMS fate and transport modeling1 will be required to assess 
residual soil contamination impacts to the groundwater. The groundwater exposure routes to be 
evaluated include ingestion, dermal absorption, and inhalation of volitales emitted ffom the 
contaminated groundwater. 

REAMS includes the unsaturated zonefate and transport model SESOIZ. The purpose oflunnt'ng the model is two fold: a) 
nmnmne whether the contaminants will teach the gnnrndwater table in next 30 years. b) calarlate the risk associated with the 
mated concentration in the grorcndwater. For constituents with a promulgated MCZ, the estimated concentration will be direct6 
pared against the MCL. However, prior to naming the SESOIL model the facility s h l d  obtain all the infmm~tion identified o 
e 62, of the Viw'ma gmdanu document. The closlac report must include evaluation of model results (concentrations reaching th 
lardwater) and a copy of SESOIL output fik 



- The exposure assumptions presented in the following sections are based on residential exposure. 
These constitute a reasonable maximum exposure scenario (RME), an exposure which is unlikely 
to occur but is reasonably possible. The exposure pathways for residential exposure include 
ingestion of soil, dermal contact with soil, inhalation of re-suspended soil particulates, and 
inhalation of volatile organic compounds. 

3.1.1 Ingestion of Soil 

The equation for potential chemical intake by soil ingestion for residential scenario on site is 
included in Table 1. This scenario also assumes that weather or other conditions (e.g., fiozen 
ground/ snow /other cover) do not affect exposure and that all soil ingested is from contaminated 
areas of the site. These assumptions are protective of human health and the environment. 

3.1.2 Dermal Contact with Soil 

The equation for calculating the potential absorbed chemical dose by dermal contact with 
contaminated soil is provided in table 1. This scenario assumes that weather or other conditions 
(e.g., frozen ground, snow or other cover) do not affect exposure, that contaminated soil remains 
on the skin long enough for the COCs to be absorbed and that all soil adhering to the skin is from 
contaminated areas of the site. 

The skin surface areas (SA) used in the dermal pathway have been identified in REAMS guidance . 
as 4,860 cm2 for adults, which is the 50th percentile value for the arms, hands and lower legs 
(U.S. EPA, 1989b - See Attachment A). 

,- 

A skin-soil adherence factor of 1.45 mg/cm2 will be used in the dermal intake calculations. The 
U.S. EPA guidance for dermal exposure assessment (Dermal Exposure Assessment: rrinciples 
and Applications, EPA160018-91/0 1 1B) states that a range of values from 0.1 mg/cm to 1.5 
mg/cm per event appear possible for dermal adherence factors (AF). 
In order to estimate the amount of a particular COC which may potentially be absorbed through 
the skin, chemical-specific dermal absorption factors (ABS-) are used. 

3.1.3 Inhalation of Re-suspended Soil 

The equation for potential chemical intake by inhalation of re-suspended contaminated soil is 
included in Table 1. An inhalation rate of 0.83 m3/hr will be used as specified in the Vuginia Risk 
Guidance. This scenario assumes that the concentration of COCs in indoor dust will be equal to 
that in outdoor soil and that weather or other conditions, (e.g., frozen ground/snow or other 
cover) do not affect re-suspension or exposure. 

However, an appropriate model or equations in table-1, will be used to estimate the potential 
amount of respirable particulate matter generated by wind erosion. The estimated generation rate 
for eroded particulate matter will then be used derive an ambient air particulate concentration. 
Documentation for these models will be presented to the Department. 

3.1.4 Inhalation of Volatilized COCs in Soil 

Since the COCs have appreciable vapor pressures, they are expected to volatilize from soil. 
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I Inhalation of COCs as volatilized vapors is considered for this risk assessment. The equations in 
Table-1 will be considered for estimating the intake for this condition. 

4. Toxicitv Assessment 

The two principle indices of toxicity used in risk assessment are the reference dose (RD) and the 
cancer slope factor (SF). An IUD is the intake or dose per unit of body weight (mg/kg-day) that 
is unlikely to result in toxic (non-carcinogenic) effects to human populations, including sensitive 
subgroups (e.g., the very young or elderly). The IUD allows for the existence of a threshold dose 
below which no adverse effects occur. 

The SF is used to express the cancer risk attributable to a discrete unit of intake; that is, the 
cancer risk per milligram ingested per kilogram of bodyweight per day ([mag-day]"). The SF is 
an estimate of the upper-bound probability of an individual developing cancer as a result of 
exposure to a particular carcinogen. Unlike the RE), the SF assumes that there is no threshold 
dose below which the probability of developing cancer is zero. Note that SFs are only developed 
for those chemicals which have been shown to be carcinogens in man or in at least several animal 
species. A carcinogenic weight of evidence rating is used to describe the strength of the 
experimental evidence for carcinogenicity. The U.S. EPA has developed SFs for most chemicals 
with weight of evidence ratings of "A" (known human carcinogen) or "B" (probable human 
carcinogen). 

RfDs and SFs are derived by the U.S. EPA for the most toxic chemicals generally associated with 
chemical releases to the environment for which adequate toxicological data are available. If both 

C the carcinogenic and non-carcinogenic effects of a particular compound are significant, both 
values may be established. However, in most cases only one value is available. 

4.1 Inhalation and Oral RDs and SFs - 
SFs pertinent to the oral and inhalation exposure pathways will be obtained fiom U.S. EPA's IRIS 
database. The IRIS (Integrated Risk Information System) on-line database was established by the 
U.S. EPA to provide risk assessors with peer reviewed toxicological data on chemicals commonly 
encountered at environmental sites of contamination. If data is not available from IRIS, it will be 
obtained from the Health Effects Assessment Summary Tables (HEAST), a compilation of 
toxicity values produced by the USEPA on a quarterly basis. The hierarchy presented in Appendix 
111 of Virginia Risk guidance will be followed for using these sources. 

4.2 Dermal RDs and SFs - 
Chemical specific oral-route absorption values (ABS,,) are used to adjust the oral RE) or SF, 
which is computed Erom an administered dose, for use in the dermal exposure pathway. This 
correction is necessary due to the differences in absorption between the skin and the 
gastrointestinal tract. By correcting the administered-dose oral RE) or SF for the Eraction 
expected to be absorbed in the gut, a dermal absorption factor can be used to estimate the correct 
dose received through the skin. 
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5. Evaluation of Risks 

Using the toxicity criteria and identified exposure pathways discussed above, and the procedures 
described in the DEQ guidance document (REAMS, November 1994), the risks presented by the 
COC will be estimated. The estimated risks will consider the effects from multiple constituents 
and all routes of exposure. The risk goals will be a total cumulative hazard index of 1.0 for 
multiple noncarcinogens and a total cumulative carcinogenic risk of 1E-04 for multiple 
carcinogens. However, the risk from each individual carcinogen shall not exceed 1E-06 (i.e., one 
case of cancer per 1,000,000 population). 

5.1 Estimation of exposure concentration 

For the contaminants detected at the site, an exposure point concentration @PC) for each 
exposure pathway will be calculated for each contaminant by estimating the 95th upper 
confidence limit (UCL) on the arithmetic mean of the concentrations. Ifthe calculated 95th UCL 
is greater than the maximum detected concentration, then the maximum detected concentration 
will be used as the EPC. The risks for contaminants will be calculated as per the equations and 
assumptions described in Table 1 through Table 4. Iffor a contaminant both carcinogenic and 
noncarcinogenic risk-based cleanup goal exists, the lower of the two will be used as a pathway 
specific to estimate the risk. 

5.2. Risk Estimation 

b Health risk assessments are based on the relationship between risk, dose and toxicity: 

Since dose is the product of the contaminant concentration multiplied by exposure (the intake), 
equation (1) becomes: 

(Please note that the term CDI in attached tables 1-4, includes intake rate and contaminant conc) 

To estimate the intake, the exposure equations and assumptions discussed in Section 1, are used. 
The intake estimates for each route of exposure are then combined with the RfDs or SFs to 
determine the resulting risk. 

For Carcinogens Risk: 

For Noncarcinogens: 

whzre, taking into account all COCs and relevant exposure pathways, the excess cancer risk is 
10 or the hazard index is 1 .O. 

Using REAMS software a maximum acceptable contaminant concentrations will be calculated 
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"-r. which meets the cumulative risk criteria. This process will be used in this risk assessment to 
derive the health-based cleanup criteria for the site. If the estimated risks satisfi the risk based 
performance standards, the soilsfgroundwater will be considered clean closed. 
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Table 1 

Ingestion 
CW X IRWjdj x EF 

........................ 
AT, 

I Inhalation 
CWx&jxEFxK 

..................... 
AT, BWj x AT, 

Dermal 
CW x SAWjdj x PC x ET x EF x CF 

................................ 
AT, 

Ingestion 
C S x I R S ~ , x C F x F 1 x E F  

........................... 
AT, BWj x ATc 

I Inhalation of 

................................. 
AT, 

...................................... 
BWj x ATc 



Exvosure Route I 
I Inhalation o f  

emitting particles 
from soil 

Chronic Dailv Intake (CDI). mdL-day 

Residential Exposure I Occu~ational/Industriai Exposure 

PEF x m d j  x ET x EF 

ATC 



Table 2 

Ground Water I 
Ingestion 

Dermal 

CWxIRW,xEFxEDC 

BWc x  AT, 

C W X ~ X E F X E D ~ X K  
......................... 

BWc x AT, 

C W X S A W ~ X P C X E T X E F X E D ~ X C F  
.................................... 

BWc x  AT, 

Sail 

Ingestion 
C S X I R S ~ X C F X F I X E F X E D ~  

............................... 
B  Wc x  AT, 

Dermal 
C S X C F X S & X A F X A B S X E F X E D ~  

.................................... 
BWc x  AT, 

CW x IRW, x EFo x EDo 
..................... 

BW, x  AT, 

CWxlRA.xEFoxEDoxK 
........................ 

BW, x  AT, 

CWxSAW,xPCxETxEFoxEDoxCF 
................................... 

BW, x  AT, 

CSxIRS,xCFxFIxEFoxEDo 
.............................. 

BW, x  AT,, 



Exposure Route 

Inhalation of V F x I R A , x E T x E F x E D ,  
vaporizing VOCs ....................... 
from soil BWc x AT, 

occu~ationa~ndustrial Exposure 

BW, x AT, 

Inhalation of  
emitting particles 
from soil 

PEFxIRA,xETxEFxED,  
....................... 

BW, x AT, 

PEF x IRA, x ET x EF, x ED, 
......................... 

I BW, x AT, 

Note: Occupational noncarcinogenic risk assessment based adult exposure 



Table 3 
Age Adjusted Factors 

rn - ED,) x SAW, 

Note regarding aue adjusted factor: 

Because contact rate with tap water, ambient air, and residential soil are different for 
children and adults, carcinogenic risks during the first 30 years of life were calculated 
using age adjusted f a o r .  These factors approximate the integrated exposure 6om birth 
until age 30 by combining contact rates, body weights, and exposure durations for two 
age groups - small children and adults. 
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Table 4 
Exposure Vo bles Included in Ta 

Absorption &or User speded I 
Adherence factor 

Averaging time 
carcinogens 

Averaging time 
non-carcinogens 

Body weight adult 

Body weight child 

conversion &or 

Chemical 
concentration in 

soil 

user specified 

user specified 4 Chemical 
concentration in 

water 

Exposure duration 
child 

Exposure duration 
for carcinogen 

total or Residential 

Exposure duration 
occupational 

Expo- 
firequency 
residential 

Exposure Tie 
GeneraVOccupatio 

nal 
Groundwater 

S& Water - 
ingestion 

Su&e water - 
dermal 

Air -inhalation 
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Fraction ingested 

Inhalation rate air 

inhalation rate - air 
adjusted 

Inhalation rate 

IR Ingestion rate food 
Fruitheggies 

Fish 

ma Ingestion rate soil 
adult 

me Ingestion rate soil 
child 

I m~j Ingestion - soil 
adjusted 

Ingestion rate soil I child 

Ingestion rate I wateradult 

lRW4 Ingestion -water 
adjusted 

IRW, Ingestion rate 
water child 

K VoWbtion 
her, 

water to air 

Permeability 

Particulate 

d h r  User specdied b 

ks'm) 6.789926E08 f 
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II I emission k t o r  
Surface area child 

groundwater 
dermal 

surfice water 
dermal 

SM,  
SMC 

SMdj  

Volatilazation 
h o r ,  

soil to air 

Surhce area soil 
occupational - 

adult 
child 

Surhce area soil 
adjusted 

,.- 

References: 

a Risk Assessment Guidance for Superfund, Volume I, EPN54011-891002, December 
1989. 

b. Region III values 
c. Exposure Facton handbook, EPN60018-891043, July 1989 
d. Human health evaluation manual supplemental guidancey OSWER Directive 9285.6- 

03. March 25. 1991. 

SAW, 

SAWd, 

e. Dermal apdsure Assessment, Principles and Applicationsy Interim Report. EPN60018- 
9 110 I 1 b. January 1992. 

f Technical Background Document for Draft Soil Screening Level Guidance. Office of Solid 
Waste and Emergency Response. EPN540/R-94/10 1. December 1994. 

Surface area for 
water contact adult 

Surface area for 
P 
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Page 2 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: A1 18" 
RElC SAMPLE #: 5471 4-1 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOlSTU RE: 20% 

K Recovery 

80 

-- 

SEMIVOLATILE ORGANIC COMPOUNDS 

PARAMETER I RESULT I UNIT 1 METHOD I PQL I ANUYZEDIBY 

PARAMETER 

2,4dinitrotoluene 

2,6dinitrotoluene 

I di-n-butyl phthalate I ND I ugkg 1 82708 1 330 1 09-20-97NVP I 

RESULT 

ND 

ND 

UNIT 

Ugkg 

u g m  

diethylphthalate 

resorcinol I ND I u f l g  I 82708 I 330 I 09-20-97NVP 1 
-- - 

% Recovery 

METHOD 

8090 

8090 

I I I I I 

ND I UP&! I 82708 

I I 

TOTAL METALS 

PQL 

130 

70 

330 

ANALYZEDIBY 

09-24-97NA 

09-24-97NA 

09-20-97MIP 

ANALYZEDIBY 

09-1 6-97mJ 

09-23-97mJ 

09-1 6-97MS 

09-1 8-97MS 

09-1 7-97mJ 

09-1 6-97MS 

09-1 6-97MS 

09-1 7-97mJ 

09-1 8-97MS 

09-1 7-97lGM 

09-1 7-97KJ 

- 

PARAMETER 

antimony 

arsenic 

barium 

betyllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

N D - Norn Detected at PQL 
PQL - PntUcal Quantitatii Limit 

- Silver reportad to Method Detection Umit 

RESULT 

ND 

31 00 

94800 

800 

ND 

25700 

ND 

ND 

13700 

48 

ND 

- 

METHOD 

7041 

7060A 

601 0A 

601 OA 

71 31A 

601 0A 

601 0A 

747 1 

601 OA 

776 1 

7841 

- 

UNIT 

ugkg 

~ @ g  

ug/kg 

u@g 

Ugkg 

u g w  

u rns  

u g m  

ug&l 

~ @ g  

ug/kg 

PQL 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

'25 

500 
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Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: A1 24" 
RElC SAMPLE #: 547 1 4-2 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 19% 

SEMIVOLATILE ORGANIC COMPOUNDS I 

( 2,4dinitrotoluene I ND 1 ugkg 1 8090 1 130 ( 09-24-97lJA I 
PARAMETER 

s!mmQ % Recovery 

I tetrachloro-m-xylene 88 

I I I I I 

RESULT 

I TOTAL METALS 

UNIT 

I 

ND - Nono D.1.ctd at PQL 
PQL - P r a c t k a l Q ~ L i m i i  

- Sllvw to Mothod Ddt.ctlon Limit 

METHOD 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

1 

UNIT 

u@€I 

ugn<g 

ugn<g 

RESULT 

ND 

ND 

ND 

PQL 

RESULT 

ND 

2560 

1 16000 

800 

ND 

31300 

ND 

ND 

201 00 

30 

ND 

ANALYZEDIBY 

METHOD 

82708 

82708 

82708 

UNIT 

ugk9 

u f l 9  

ugk9 

ugn<g 

u@€J 

U@S 

~gn<g 

ugn<g 

U @ b l  

ugn<g 

ugn<g 

PQL 

330 

330 

330 

ANALYZEDIBY 

09-20-97MIP 

09-20-97MIP 

09-20-97MP 

METHOD 

7041 

7060A 

601 OA 

601 OA 

7131A 

601 OA 

6010A 

747 1 

601 0A 

776 1 

7841 

PQL 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

2 5  

500 

ANALYZEDIBY 

09-16-97KJ 

09-23-97KJ 

09-1 6-971MS 

09-1 8-971MS 

09-1 7-97KJ 

09-1 6-97MS 

09-16-97MS 

09-1 7-97KJ 

09-1 8-97MS 

09-1 7-97lGM 

09-1 7-97KJ 
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Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: A4 18" 
RElC SAMPLE #: 5471 4-3 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOlSTU RE: 17% 

SEMIVOLATILE ORGANIC COMPOUNDS 

PARAMETER METHOD PQL ANALYZEDIBY 

2, Winitrotoluene ND 8090 70 09-24-97lJA 
I 

Surroaatg %  recover^ 

I tetrachloro-m-xylene 104 I 

I TOTAL METALS I 

I I 

PARAMETER 

diethylphthalate 

di-n-but9 phthalate 

resorcinol 

- - 

antimony 1 ND I uOlk4l 7041 1000 09-1 6-97KJ 

RESULT 

ND 

ND 

ND 

ANALYZEDIBY PARAMETER I RESULT I UNIT METHOD 

beryllium 

PQL 

arsenic 

barium 

chromium 

UNIT 

usn(g 

u f l g  

us/ka 

lead 

2990 

101 000 

I mercury 

METHOD 

82708 

82708 

82708 

ugkg 

W%! 

N 0 - None Dedected at PQL 
PQL - Pnct[crl Quant'itlon Limit 

- S i  reported to M o d  Dedectkn Limit 

PQL 

330 

330 

330 

nickel 

silver 

thallium 

ANALYZEDIBY 

09-20-97W 

0 8 2 0 - 9 7 W  

09-20-97W 

7060A 

601 OA 

20700 

50 

ND 

200 

1000 

09-23-97KJ 

09-1 6-97MS 

usn(g 

u g m  

u f l g  

601 0A 

776 1 

7841 

7500 

'25 

500 

09-1 8-97MS 

09-1 7-97lGM 

09-1 7-97KJ 
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Alliant Techsystems lnc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: A4 24" 
RElC SAMPLE #:. 5471 4-4 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 19% 

PARAMETER I RESULT I UNIT I METHOD I PQL I ANALYZEDIBY 

SEMIVOLATILE ORGANIC COMPOUNDS 

I- % Recovery 

PARAMETER 

2,4dinitrotoluene 

2,6dinitrotoluene 

diethylphthalate 

di-n-butyl phthalate 

nitrobenzened5 
2-fluorobiphenyl 
pterphenyld 1 4 

I i 

RESULT 

ND 

ND 

UNIT 

ug/kg 

ug&I 

ND 

ND 

NO - NOIIO oaaed a P ~ L  
PQL -PncticrlQuanUtatkmLimit 

- Silver reported to Mahod OdactM Limit 

METHOD 

8090 

8090 

TOTAL METALS 

ughg 

ugfi€l 

PQL 

130 

70 

ANALYZEDIBY 

09-1 6-97KJ 

09-23-97lTJ 

09-1 6-97MS 

09-1 8-97MS 

09-1 7-97lTJ 

09-1 6-97MS 

09-1 6-97MS 

09-1 7-97lTJ 

09-1 8-97/MS 

09-1 7-97lGM 

09-1 7-97lTJ 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

ANALYZEDIBY 

09-24-97lJA 

09-24-97NA 

82708 

82708 

RESULT 

ND 

2400 

101 000 

720 

ND 

32600 

ND 

ND 

17600 

ND 

ND 

330 

330 

09-20-97M 

09-20-97M 

UNIT 

ug/k!J 

ugn<g 

urns  

ug&l 

u rns  

USM 

USMI 

US&I 

urns  

U@S 

W&I 

METHOD 

704 1 

7060A 

601 0A 

601 0A 

71 31A 

601 OA 

601 OA 

7471 

601 0A 

7761 

7841 

PQL 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

'25 

500 
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Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: 82 18" 
RElC SAMPLE #: 5471 4-5 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 18% 

- 

SEMIVOLATILE ORGANIC COMPOUNDS I 

I tetrachloro-m-xylene 88 I 

PARAMETER 

2,ddinitrotoluene 

TOTAL METALS I 

RESULT 

ND 

L 1 

PARAMETER I RESULT I UNIT I METHOD I PQL I ANALYZEDIBY 

UNIT 

UgM 

. 

PARAMETER 

diethylphthalate 

din-butyl phthalate 

resorcinol 

ND - None Detected at PQL 
PQL - Practical Q u a M o n  Limit 

- S i l w  reported to Method O&cctlon Limit 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

METHOD 

8090 

sJmu&S % Recovery 

RESULT 

ND 

ND 

ND 

ND 

2010 

89600 

750 

ND 

34300 

ND 

ND 

16800 

ND 

ND 

PQL 

130 

ANALYZEDIBY 

09-24-97lJA 

ANALYZEDIBY 

09-20-97/WP 

09-20-971WP 

09-20-971WP 

UNIT 

u g m  

US&! 

U r n s  

urns 

ugNl 

urns  

USM 

urns 

urns 

urn€! 

u m l  

ug/kg 

ugn<g 

u m g  

METHOD 

82708 

82708 

82708 

704 1 

7060A 

601 0A 

601 0A 

7131A 

601 0A 

601 0A 

747 1 

601 0A 

776 1 

7841 

PQL 

330 

330 

330 

1000 

200 

1000 

1 00 

50 

25000 

50000 

200 

7500 

'25 

500 

09-1 6-97KJ 

09-23-97KJ 

09-1 6-971MS 

09-1 8-971MS 

09-1 7-97KJ 

09-1 6-971MS 

09-1 6-971MS 

09-1 7-97KJ 

09-1 8-971MS 

09-1 7-97lGM 

09-1 7-97KJ 
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Alliant Techsystems Inc. 
Job rY: 0997-54714 

ALLIANT SAMPLE #: B2 24" 
RElC SAMPLE #: 54714-6 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 19% 

I SEMIVOLATILE ORGANIC COMPOUNDS I 
PARAMETER RESULT UNIT METHOD PQL ANALYZEDIBY 

I 1 

TOTAL METALS 1 

L 1 

ND - None Detected at PQL 
PQL - Practical Quantitation Limit 

- Silver reported to Method Detection Limit 

. 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resordnol 

--- 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

Sunoaatas 2iLmmmY 

RESULT 

ND 

ND 

ND 

- -- 

RESULT 

ND 

2450 

881 00 

820 

ND 

29700 

ND 

ND 

17400 

ND 

ND 

UNIT 

'Jmg 

'Jmg 

'Jm9 

UNIT 

ug/kg 

ug/kg 

'J@s 
~ g k g  

ugkg 

ug/k€l 

ug/kg 

ug/kg 

ug/k9 

ug&i 

ug/kg 

ANALYZEDIBY 

09-20-97NP 

09-20-97MIP 

09-20-97NP 

METHOD 

82708 

82708 

82708 

ANALYZEDIBY 

09-1 697KJ 

09-23-97KJ 

09-16-97MS 

09-1 8-97MS 

09-1 7-97KJ 

09-1 8-97MS 

09-1 6-97MS 

09-1 7-97KJ 

09-1 897MS 

09-1 7-97/GM 

09-1 7-97KJ 

METHOD 

7041 

7060A 

601 0A 

601 0A 

7131A 

601 0A 

601 0A 

7471 

601 0A 

776 1 

7841 

PQL 

330 

330 

330 

PQL 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

'25 

500 
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Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: C2 18" 
RElC SAMPLE #: 547 1 4-7 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 23% 

SEMIVOLATILE ORGANIC COMPOUNDS 
t 1 d 

PARAMETER I RESULT I UNIT I METHOD I PQL I ANALYZEDIBY I 

PARAMETER 

2,4-dinitrotoluene 

L I 

TOTAL METALS I 

RESULT 

ND 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

NO - N- 0a-d a PQL 
PQL - Practical O w n t i i  Limii - S i h  reportad to Mahod O&ction Limii 

UNIT 

ug&I 

ND 

ND 

ND 

A 

METHOD 

8090 

ugkg 

~g/kg 

ugkg 

PQL 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

'25 

500 

pp -- 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

PQL 

130 

82708 

82708 

82708 

ANALYZEDIBY 

09-1 6-97KJ 

09-23-97KJ 

09-1 6-97MS 

09-1 8-97MS 

09-1 7-97KJ 

09-1 6-97MS 

09-1 6-97MS 

09-1 7-97KJ 

09-1 8-97MS 

09-1 7-97lGM 

09-1 7-97KJ 

UNIT 

ug/kg 

W/kg 

W/kg 

ug/kg 

ug/kg 

ug/kg 

ugkg 

W%I 

~glkg 

ugn<g 

ug/kg 

RESULT 

ND 

4580 

123000 

880 

50 

37900 

ND 

ND 

20800 

ND 

ND 

ANALYZEDIBY 

09-24-97NA 

METHOD 

7041 

7060A 

601 0A 

601 0A 

7131A 

601 0A 

601 0A 

7471 

601 OA 

776 1 

7841 

330 

330 

330 

09-20-97MIP 

09-20-97MIP 

09-20-97MIP . 
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Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: C2 24" 
REIC SAMPLE #: 5471 4-8 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 20% 

I SEMIVOLATILE ORGANIC COMPOUNDS I 
- 

PARAMETER RESULT UNIT METHOD PQL 

iUIQa9 % Recovery 

tetrachloro-m-xylene 89 

nitro benzened5 
2-fluorobiphenyl 
pterphenyld14 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

TOTAL METALS I 

RESULT 

ND 

ND 

ND 

ND - NUM ~aected a POL 
POL -PmdcalOuantiionLimi( 

- Sitvef w e d  to Mahod Da tdon  Limit 

UNIT 

u9fig 

ug/kg 

~g /kg  

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

PQL 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

2 5  

500 

METHOD 

82708 

82708 

82708 

ANALYZEDIBY 

09-1 6-97KJ 

09-23-97KJ 

. 09-1 6-97MS 

09-1 8-97MS 

09-1 7-97KJ 

09-1 6-97MS 

09-1 6-97MS 

09-1 7-97KJ 

09-1 8-97MS 

09-1 7-97JGM 

09-1 7-97KJ 

RESULT 

ND 

341 0 

102000 

800 

ND 

37500 

ND 

ND 

19400 

ND 
-- - 

ND 

PQL 

330 

330 

330 

UNIT 

urng 

urng 

urng 

urns 
ug/kg 

urn9 

~an<€l 
u f l 9  

u f l 9  

urn9 
-- 

u9MJ 

ANALYZEDIBY 

09-20-97MP 

09-20-97MP 

09-20-97MP 

METHOD 

7041 

7060A 

601 OA 

601 0A 

7131A 

601 OA 

601 OA 

7471 

601 OA 

7761 

7841 
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Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: D l  18" 
RElC SAMPLE #: 54714-9 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 20% 

SEMIVOLATILE ORGANIC COMPOUNDS 

Surr- % Recovey 

tetrachloro-m-xylene 96 

PARAMETER 

2,4dinitrotoluene 

RESULT 

ND 

PARAMETER RESULT 

resorcinol I ND I 'JGl&l ( 82708 330 1 09-20-97MIP 1 

diethylphthalate 

di-n-butyl phthalate 

1 TOTAL METALS 

UNIT 

'Jgm 

UNIT 

ND 

ND 

ND - None Oaactad at PQL 
PQL - Practical QuantitaM Limit - Silvu reported to Method Detection Limit 

METHOD 

8090 

METHOD 

ug&l 

Ug/kg 

ANALYZEDlBY 

09-1 6-97KJ 

09-23-97KJ 

09-1 6-97MS 

09-1 8-97MS 

09-1 7-97KJ 

09- 1 6-97MS 

09-1 6-97MS 

09-1 7-97KJ 

09-1 8-97MS 

09-1 7-97lGM 

09-1 7-97KJ 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

PQL 

130 

PQL 

ANALYZEDlBY 

09-24-97lJA 

ANALYZEDlBY 

82708 

82708 

RESULT 

ND 

2330 

103000 

650 

ND 

31200 

ND 

ND 

1 1600 

40 

ND 

330 

330 

METHOD 

7041 

7060A 

6010A 

6010A 

7131A 

601 0A 

601 0A 

747 1 

601 0A 

776 1 

7841 

UNIT 

W&l 

uCIW 

W&I 

u m g  

ug/kg 

u g m  

u m  

ug&I 

uglkg 

usn<g 

W S  

09-20-97MIP 

09-20-97MIP 

PQL 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

2 5  

500 



Page 11 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: D l  24" 
RElC SAMPLE #: 5471 4-1 0 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 25% 

SEMIVOLATILE ORGANIC COMPOUNDS 

TOTAL METALS 

PARAMETER 

2,4dinitrotoluene 

2,6dinitrotoluene 

1 I 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

I antimony I ND I ugkg 1 7041 1 1000 1 09-16-97KJ 1 

RESULT 

ND 

ND 

PARAMETER 

s!,mWS % Recovery 

RESULT 

ND 

ND 

ND 

ND - Nocu D M  at PQL 
PQL - Pfactkal Quantitatkn Limit 

- Silver refmted to Method DetecUon Umit 

UNIT 

W k I  

u g k l  

METHOD 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

POL ANALYZEDIBY 

METHOD 

8090 

8090 

UNIT 

lJ@g 

ugkg 

ugfkg 

POL 

330 

330 

330 

METHOD 

82708 

82708 

82708 

6460 

98200 

1280 

ND 

34300 

ND 

ND 

11600 

25 

ND 

POL 

130 

70 

ANALYZEDIBY 

09-21 -97MIP 

09-21 -97MIP 

09-21 -97MIP 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

7 5  

500 

ANALYZEDIBY 

09-24-97fJA 

09-24-97fJA 

09-23-97KJ 

09-1 697MS 

09-1 8-97MS 

09-1 7-97KJ 

09-1 6-97MS 

09-1 6-97MS 

09-1 7-97KJ 

09-1 8-97MS 

09-1 7-97fGM 

09-1 7-97KJ 

W3M 

lJ€Ifk~ 

urn9 

u r n s  

ugkg 

U@S 

urn9 

ugkg 

W&l 

ugkg 

7060A 

601 0A 

601 0A 

71 31 A 

601 0A 

601 0A 

7471 

601 0A 

776 1 

7841 
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Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: 03 18" 
RElC SAMPLE #: 547 1 4-1 1 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTU RE: 21 % 

SEMIVOLATILE ORGANIC COMPOUNDS 1 
PARAMETER I RESULT I UNIT I METHOD 1 PQL I ANALYZEDIBY 

Surroaat~ Oh Recovery 

resorcinol I ND I 'J€lkJ 1 82708 330 09-20-97MIP 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

I TOTAL METALS 

RESULT 

ND 

ND 

ND - N m  Dclcctd at PQL 
PQL - Prattkal QuanUtatlon Umit 

- Silver reported to M a h o d  Dclactlon Umii 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

UNIT 

Ug&I 

'Jgkl 

RESULT 

ND 

3050 

126000 

900 

ND 

39000 

ND 

ND 

1 91 00 

45 

ND 

METHOD 

82708 

82708 

UNI? 

Ug/k€I 

u g m  

'Jg/k€l 

Ug/k€l 

~g /kg  

'Jg/kg 

ug/kg 

ugkg 

'Jg/k€l 

ug/kg 

l J f l 9  

PQL 

330 

330 

ANALYZEDIBY 

09-20-97MIP 

09-20-97MIP 

METHOD 

7041 

7060A 

601 OA 

601 0A 

7131A 

601 OA 

601 OA 

7471 

601 OA 

776 1 

7841 

PQL 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

2 5  

500 

ANALYZEDIBY 

09-1 6-97mJ 

09-23-97mJ 

09-1 6-97MS 

09-1 8-97MS 

09-1 7-97mJ 

09-1 6-97MS 

09-1 6-97MS 

09-1 7-97KJ 

09-1 8-97MS 

09-1 7-97/GM 

09-1 7-97KJ 
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Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: D3 24" 
RElC SAMPLE #: 54714-1 2 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 21 % 

SEMIVOLATILE ORGANIC COMPOUNDS I 
PARAMETER I RESULT I UNIT I METHOD 1 PQL I ANALYZEDIBY 

I~vrrpoata % Recoveq 

I tetnchloro-m-xylene 90 I 

I TOTAL METALS 1 

I 1 

I PARAMETER I RESULT / UNIT I METHOD I PQL I ANALYZEDIBY 

- 
PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

RESULT 

ND 

ND 

ND 

- - - - -- - 

antimony NO Usn<g 7 7041 1000 

ANALYZEDIBY 

09-20-97W 

09-20-97MIP 

09-20-97MIP 

UNIT 

usn<g 

usn<g 

uakg 

09-1 6-97lTJ 

arsenic 

barium 

beryllium 

cadmium 

METHOD 

82708 

82708 

82708 

3500 

1 12000 

chromium 

lead 

mercury 

nickel 

ND - None Detected at PQL 
PQL - Practkal Q u a n t i i  Limit 

- S i b  w e d  to Method Detbctkn Urnit 

PQL 

330 

330 

330 

1000 

ND 

/- 

~ @ a  
lJsn<g 

38500 

NO 

ND 

16700 

usn<g 

ug/kg 

silver 

thallium 

7060A 

601 0A 

usn<€t 

usn<g 

usn<g 

usn<g 

601 OA 

7131A 

ND 

ND 

200 

1000 

601 0A 

601 OA 

7471 

601 0A 

09-23-97lTJ 

0916-97MS 

100 

50 

U r n s  

usn<g 

09-1 8-97MS 

09-1 7-97lTJ 

25000 

50000 

200 

7500 

09-1 6-97MS 

09-1 6-97MS 

09-1 7-97lTJ 

091  8-97MS 

7761 

7841 

'25 

500 

09-1 7-97lGM 

09-1 7-97lTJ 
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Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: E l  18" 
RElC SAMPLE #: 5471 4-1 3 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 19% 

SEMIVOLATILE ORGANIC COMPOUNDS I 
PARAMETER I RESULT ( UNIT I METHOD PQL ANALYZEDIBY 

I I I I I 

524mWb 96 Recovery 

nitro benzene45 
2-fluorobiphenyl 
pterphenyldl4 

1 1 

1 TOTAL METALS 1 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

PARAMETER RESULT UNIT METHOD PQL ANALYZEDIBY 

antimony ND u r n  704 1 1000 09-1 6-97KJ 

arsenic 1740 U@S 7060A 200 09-23-97KJ 

barium 21 1000 u€&I 601 0A 1000 09-1 6-97MS 

beryllium 1000 ug/kg 601 0A 100 09-1 &97MS 

cadmium ND u@€I 7131A 50 09-1 7-97KJ 

chromium 29800 u € I ~  801 0A 25000 09-1 6-97MS 

lead ND &!&I 6010A SO000 09-1 6-97MS 

mercury ND uWk9 747 1 200 09-1 7-Q7KJ 

nickel 17500 u f l 9  801 0A 7500 09-1 &97MS 

silver 88 U€vkS 778 1 2 5  09-1 7-97lGM 

thallium ND u g m  7841 500 09-1 7-97KJ 

NO - ~ o c w  o e w d  a PQL 
PQL - Pfactkal QusntiWion Umit 

- S i b  repottad to Mahod Oataction Umit 

Surroaates xm!aYm 

RESULT 

ND 

ND 

ND 

ANALYZEDIBY 

09-20-97MIP 

09-20-97MIP 

09-20-97MIP 

UNIT 

urns  

ugn<g 

~ f l g  

METHOD 

82708 

82708 

8270% 

PQL 

330 

330 

330 



Page 15 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: E l  24" 
RElC SAMPLE #: 5471 4-1 4 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 22% 

Surroaate 
tetrachloro-m-xylene 

SEMIVOLATILE ORGANIC COMPOUNDS I 

% Recovery 

1 00 

UNIT I METHOD I PQL I ANALYZEDIBY PARAMETER 

TOTAL METALS I 

RESULT 

- -- 

PARAMETER 1 RESULT I UNIT I METHOD I POL I ANALYZEDIBY 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

ND - None Detected at PQL 
PQL - Practical QuantitaUon Limit - Silver repocted to M o d  Ddcction Uml 

RESULT 

ND 

ND 

ND 

-- 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

ANALY ZEDlBY 

09-20-97MIP 

09-20-97MIP 

09-20-97MIP 

UNIT 

ugn<g 

u r n  

W%l 

METHOD 

82708 

82708 

82708 

PQL 

330 

330 

330 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

'25 

500 

- - 

7041 

7060A 

601 0A 

601 0A 

71 31A 

601 0A 

601 0A 

7471 

601 0A 

776 1 

7841 

- 

ND 

1680 

199000 

1020 

ND 

251 00 

ND 

ND 

15.3 

25 

ND 

09-1 6-97lTJ 

09-23-97lTJ 

09-1 6-97MS 

09-1 8-97MS 

09-1 7-97lTJ 

09-1 6-97MS 

09-1 6-97MS 

09-1 7-97lTJ 

09-1 8-97MS 

09-1 7-97lGM 

09-1 7-97lTJ 

- 

ug&l 

~ C l f b  

Whl 

u@!J 

ug/kg 

u@S 

U@S 

u@g 

u€l&l 

W&! 

ugkg 
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Alliant Techsystems Inc. 
Job #: 0997-5471 4 

I tetrachloro-m-xylene 100 

*rr, 

ALLIANT SAMPLE #: E l  18" DUP. DATE SAMPLED: 09-08-97 
REG SAMPLE #: 5471 4-1 5 MATRIX: SOLID 

MOISTURE: 20% 

SEMIVOLATILE ORGANIC COMPOUNDS 

PARAMETER 

2,4dinitrotoluene 

2,6dinitrotoluene 

TOTAL METALS 

I 1 

siuuWQ YO Recovery 

RESULT 

ND 

ND 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

ND - N ~ O  ~etectctsd a P ~ L  
PQL - PracUcsl Quantitatlon Limit 

- Silver npartd to Mahod DetectJon Limit 

- 

UNIT 

ug/kg 

Ugh3 

* 

RESULT 

ND 

ND 

ND 

METHOD 

8090 

8090 

PQL 

130 

70 

ANALYZEDIBY 

0 9 1  6-97KJ 

0923-97KJ 

0 9 1  6-971MS 

0 9 1  8-971MS 

0 9 1  7-97KJ 

0916971MS 

0 9 1  6-971MS 

0 9 1  7-97KJ 

091  8-971MS 

0 9 1  7-97lGM 

0 9 1  7-97KJ 

ANALYZEDIBY 

09-25-97lJA 

09-25-97lJA 

UNIT 

U S J ~  

u d b  

U S ~ Q  

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

sitver 

thallium 

UNIT 

ug/kg 

u@€l 

ug/kg 

U r n s  

US&I 

urns  

ug/kg 

lJfl€l 

u f l g  

W&l 

u g k l  

RESULT 

ND 

1860 

1 13000 

1520 

ND 

261 00 

ND 

ND 

12700 

30 

ND 

METHOD 

82708 

82708 

82708 

METHOD 

7041 

7060A 

601 OA 

601 0A 

7131A 

601 0A 

601 OA 

747 1 

601 OA 

7761 

7841 

PQL 

330 

330 

330 

PQL 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

2 5  

500 

ANALYZEDIBY 

0920-97NVP 

0920-97NVP 

09-20-97NVP 
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Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: E l  24" DUP. DATE SAMPLED: 09-08-97 
RElC SAMPLE #: 5471 4-1 6 MATRIX: SOLID 

MOISTURE: 21 % 

SEMIVOLATILE ORGANIC COMPOUNDS 

diethylphthalate 1 ND 1 ug/kg I 82708 I 330 1 09-20-97MIP 

PARAMETER 

2,4dinitrotoluene 

2,6dinitrotoluene 

PARAMETER 

I di-n-butyl phthalate I ND I ugkg 1 82708 1 330 1 09-20-97M 

sUIQ!Z& % Recovery 

RESULT 

ND 

ND 

I I I I I 

RESULT 

I resordnol 

I 1 

TOTAL METALS 1 

UNIT 

~g /kg  

ug/kg 

UNIT 

METHOD 

8090 

8090 

METHOD 

> 

ANALYZEDIBY 

09-1 6-97KJ 

09-23-97KJ 

09-1 6-971MS 

09-1 8-971MS 

09-1 7-97KJ 

09-1 6971MS 

09-1 8971MS 

09-1 7-97KJ 

09-1 8-971MS 

09-1 7-97lGM 

09-1 7-97KJ 

PQL 

130 

70 

PQL 

ND - NOM Detected at PQL 
PQL - Practical Quantitation Liml 

- Sitver reported to Mahod Dotaction Liml 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium - 

ANALYZEDIBY 

09-25-97NA 

09-25-97lJA 

ANALYZEDIBY 

UNIT 

ugn<g 

u f l 9  

W'Gl 

ug/kg 

ug/kg 

U C m l  

u*9 

u g m  

u@€I 

u g h  

RESULT 

ND 

2940 

1 10000 

650 

ND 

28300 

ND 

ND 

12800 

30 

ND 

METHOD 

7041 

7060A 

601 0A 

601 0A 

7131A 

601 OA 

601 0A 

7471 

601 OA 

7761 

7841 

PQL 

1000 

200 ' 

1000 

100 

50 

25000 

SO000 

200 

7500 

'25 

500 
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Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: EZ 18" 
REIC SAMPLE #: 5471 4-1 7 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 19% 

PARAMETER I RESULT I UNIT I METHOD 1 PQL I ANALYZEDIBY 

- -- 

SEMIVOLATILE ORGANIC COMPOUNDS 

PARAMETER 

2,4dinitrotoluene 

2,6dinitrotoluene 

resorcinol 1 NO 82708 330 09-21 -97MIP 

diethylphthalate 

di-n-butyl phthalate 

TOTAL METALS 

RESULT 

ND 

ND 

I PARAMETER I RESULT 1 UNIT I METHOD I PQL I ANALYEBY 1 

NO 

NO 

UNIT 

ugkg 

uCl&l 

NO - None Daected at PQL 
PQL - Practical Quantitation Limit - Silver reported to Method Daectlon Limit 

u g k l  

urn9 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

ANALYZEDIBY 

09-25-97lJA 

09-25-97lJA 

METHOD 

8090 

8090 

82708 

82708 

NO 

3690 

100000 

820 

NO 

36200 

NO 

NO 

20600 

NO 

NO 

PQL 

130 

70 

330 

330 

Ug/kg 

Ug/kg 

ug/kg 

urns 

u d b  

Urn9 

u9Ml 

u f i g  

WJ'kg 

u€m 

ug/kg 

09-21 -97MIP 

09-21 -97MIP 

7041 

7060A 

6010A 

601 OA 

7131A 

601 0A 

601 0A 

747 1 

6010A 

7761 

7841 

1000 

200 

1000 

1 00 

50 

25000 

50000 

200 

7500 

2 5  

500 

09-1 6-97KJ 

09-23-97KJ 

09-1 6-97MS 

09-1 8-97MS 

09-1 7-97KJ 

09-1 6-97MS 

09-1 6-97MS 

09-1 7-97KJ 

09-1 8-97MS 

09-1 7-97lGM 

, 09-1 7-97KJ 
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Alliant Techsystems Inc. 
Job #: 0997-5471 4 

- ALLIANT SAMPLE #: €2 24" DATE SAMPLED: 09-08-97 
RElC SAMPLE #: 5471 4-1 8 MATRIX: SOLID 

MOISTURE: 20% 

I SEMIVOLATILE ORGANIC COMPOUNDS I 
I PARAMETER I RESULT I UNIT I METHOD I POL I ANALYZEDIBY I 

Surroaate O Recovery 

tetrachloro-m-xylene 88 

PARAMETER 

diethylphthalate 

I TOTAL METALS I 

din-butyl phthalate 

resorcinol 

RESULT 

NO 

N D - None Detected at PQL 
PQL - Practical Quantiiion Limit 

- Silver reporled to M o d  Detsction Limit 

NO 

NO 

UNIT 

Ug&I 

u C I ~  

U f l S  

METHOD 

704 1 

7060A 

601 0A 

601 0A 

7131A 

601 OA 

601 0A 

747 1 

601 0A 

776 1 

7841 

UNIT 

ug/k€l 

ug/kg 

u€l/kg 

ug/k€l 

ug/kg 

u g h  

~g/k€l 

usn<g 

ug&l 

ug/kS 

ugn<g 

PARAMETER 

antimony 

arsenic 

ba riu m 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

METHOD 

82708 

RESULT 

NO 

4390 

85400 

820 

NO 

31 500 

NO 

NO 

16700 

NO 

NO 

82708 

82708 

PQL 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

'25 

500 

PQL 

330 

+ 

ANALYZEDIBY 

09-1 6-97KJ 

09-23-97KJ 

09-1 6-97MS 

09-1 8-97MS 

09-1 7-97KJ 

09-16-97MS 

09-1 6-97MS 

09-17-97KJ 

09-1 &97MS 

09-1 7-97tGM 

09-1 7-97KJ 

ANALYZEDIBY 

09-21 - 9 7 M  

3 30 

330 

09-21 - 9 7 M  

09-21 -97WP 
. 
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ALLIANT SAMPLE #: EQUIP. BLANK 
RElC SAMPLE #: 5471 4-1 9 

DATE SAMPLED: 09-08-97 
MATRIX: LIQUID 

I SEMIVOLATILE ORGANIC COMPOUNDS 1 
PARAMETER 

2,4dinitrotoluene 

2,6dinitrotoluene 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

ND - N m  Daocted at PQL 
PQL -PmcticalQuatiEationLimit 

- Silver reported to Method Datadh  Limit 

I 1 

RESULT 

ND 

ND 

RESULT 

ND 

ND 

ND 

METHOD 

7041 

7060A 

601 0A 

601 0A 

7131A 

71 91 

742 1 

7470A 

601 0A 

776 1 

7841 

PQL 

10 

10 

100 

4 

1 

10 

10 

1 

100 

5 

5 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

UNIT 

ugA 

ugA 

UNIT 

usn 

WA 

u d  

ANALYZEDIBY 

09-1 6-97KJ 

09-23-97KJ 

09-1 697MS 

09-1 8-97MS 

09-1 7-97KJ 

09-25-97KC 

09-24-97KC 

09-1 7-97KJ 

09-1 8-97MS 

09-1 7-97lGM 

09-1 7-97KJ 

RESULT 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

METHOD 

8090 

8090 

METHOD 

8270B 

8270B 

82708 

UNIT 

ugA 

'Jan 
u f l  

u@ 

u d  

&In 
u d  

ugA 

u d  

u@ 

u f l  

PQL 

25 

15 

PQL 

25 

25 

25 

ANALYZEDIBY 

09-25-97NA 

09-25-97NA - 

ANALYZEDIBY 

09-21 -97MIP 

09-21 -97MIP 

09-21 -97MIP 
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ALLIANT SAMPLE #: FIELD BLANK 
RElC SAMPLE #: 5471 4-20 

DATE SAMPLED: 09-08-97 
MATRIX: LIQUID 

I SEMIVOLATILE ORGANIC COMPOUNDS I 

I tetrachloro-m-xylene 82 

PARAMETER 

2,edinitrotoluene 

2,6dinitrotoluene 

1 TOTAL METALS 

I i 

RESULT 

ND 

ND 

UNIT 

ugA 

ugA 

I 1 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

I antimony 1 ND I ug/l 1 7041 1 10 1 09-l697fTJ 1 

METHOD 

8090 

8090 

s4JLW&S % Recovery: 

RESULT 

ND 

ND 

ND 

PARAMETER 

ND - NOM Detected at PQL 
PQL - Practical Quan1'it)on Limit - Silver ruported to Method Datadon Lima 

PQL 

25 

15 

PQL 

ANALYZEDIBY 

09-25-97lJA 

09-25-97lJA 

ANALYZEDIBY RESULT UNIT 

- 

UNIT 

ugn 

ugA 

ugA 

METHOD 

-- 

u f l  

u f l  

ug/l 

u d  

ug/l 

u f l  

ug/l 

u f l  

ugA 

u f l  

PQL 

25 

25 

25 

METHOD 

82708 

82708 

82708 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

n~ckel 

silver 

thallium 

ANALYZEDIBY 

09-21 -97MIP 

09-21 -97MIP 

09-21 -97MIP 

7060A 

601 OA 

601 0A 

7131A 

71 91 

7421 

7470A 

601 0A 

776 1 

7841 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

10 

100 

4 

1 

10 

10 

1 

100 

5 

5 

09-23-97fTJ 

09-1 &97MS 

09-1 8-97MS 

09-1 7-97fTJ 

09-25-97KC 

09-24-97KC 

09-1 7-97fTJ 

09-1 8-97MS 

09-1 7-97lGM 

09-1 7-97fTJ 
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ALLIANT SAMPLE #: TRIP BLANK 
RElC SAMPLE #: 54714-21 

MATRIX: 

SEMIVOLATILE ORGANIC COMPOUNDS 

Surroaatq % Recovery 

tetrachloro-m-xylene 74 

PARAMETER 

2,4dinitrotoluene 

2,6dinitrotoluene 

di-n-butyl phthalate ND 1 uan 1 82708 25 - - -- r h * i ~  
- - - - 

I I I I I 

RESULT 

ND 

ND 

PARAMETER 

resorcinol I ND I  UP^ I 82708 I 25 1 1 -$-litd~ - .  - 

I TOTAL METALS 

UNIT 

ugA 

ugA 

I I I I I 

RESULT 

METHOD 

8090 

8090 

UNIT METHOD I PQL I & . . , X l a Y -  

pp -- pp pp 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

PQL 

25 

15 

ND - None Detected at PQL 
PQL - P W c a l  Quantrtation Limi 

- Silver reported to Method Detection Limlt 

- 

RESULT 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

;-:1BT 
- - ,  - -- L -  "P - - 

- - ,  - 
z - z  4 - 

- 

UNIT 

u€V 

ugn 

ugA 

u d  

'-Jan 
uan 

u d  

uan 

u d  

uan 

ugn 

PQL 

10 

10 

100 

4 

1 

10 

10 

1 

100 

5 

5 

METHOD 

7041 

7060A 

601 OA 

601 OA 

7131A 

71 91 

7421 

7470A 

601 0A 

776 1 

7841 

L z 8 V  

-:-c .. - 
- --. - 

- a-. - - .. - 

:=LIS 
- - 
- :-7 %IS - 

- --. - - - . r 

----KC - - - - - 

- 
:-7KC - 

--. - .. 
- -7 hlS - 

--?GM - - 
- --. - 

r 
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, 

DATE +76-17 APPROVED dd 
F, r ~dnet d. Satterfield 

Ivan W. Leef 



RElC Laboratory 
225 Industrial Park Rd. 
P.O. Box 286, Beaver, WV 25813 
Phone: 304-255-2500 or 800-999-01 05 
FAX: 304-255-2572 

' CHAIN OF CUSTODY RECORD NO. 5: b 
CLIENT: CONTACT PERSON: [ ) I -  - 

ADDRES TELEPHONEIFAX: !?P&]w' - &l3b 

CITYISTATUZIP: SITE ID 81 STATE: & -h. 
BILL TO: PROJECT I D : ~ ~ L I I .  a r c %  (!&- 
CITYISTATUZIP: SAMPLER: C -c& : ERI%- 

SAMPLE LOG 

AND 

ANALYSIS REQUEST 

SAMPLE ID 

PRESERVATIVE CODES 



RElC Laboratory 
225 Industrial Park Rd. 
P.O. Box 286, Beaver, WV 25813 
Phone: 304-255-2500 or 800-999-0105 
FAX: 304-255-2572 

CHAIN OF CUSTODY RECORD NO. 53 l 1  

CLIENT: ~ 1 1 1 ~  3 &  ma^. CONTACT PERSON: u Li hik,' 
ADDRESS: R J .  br I, TELEPHONEIFAX: SO / 63'3- %a20 
CITYISTATEIZIP: ~ ~ 1 4 1  

n A 
PROJECT ID: = c,rsJfy: :-- BILL TO: % . 

CITYISTATEEIP: SAMPLER: C R . 
PRESERVATIVE CODES 

SAMPLE LOG 

AND 

ANALYSIS REQUEST 

TURNAROUND TIME 

REQUIREMENTS 
J 

REGULAR: - 
'RUSH: - 5-Day 

- 3-my 
- 2-my 
- 1-Day 

'Rusb rul wad8 prlw L a k ~ d q  y )nrr l  
ul rill lrbk m o  

SAMPLE ID 



FOURTH LIFT 



ALLIANT TECHSYSTEMS INC. 
P O B O X I  

RADFORD VIRGINIA 24141 

RElC JOB #: 0997-54714 
SITE ID: RAAP - VA 

PROJECT ID: INCIN. SPRAY POND CLOSURE 
CUSTODY NO.: 53420 AND 53421 

Pnpsrd By: 
REI CoMuItMt8, I n c  
P O B o x Z I I  
Buvw WV 26913 
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PARAMETER METHOD I PQL I ANALYZEDIBY 
I I I I I 

ALLIANT SAMPLE #: A1 24" DATE SAMPLED: 09-08-97 
RElC SAMPLE #: 5471 4-2 MATRIX: SOLID 

MOISTURE: 19% 
, 

SEMIVOLATILE ORGANIC COMPOUNDS 

diin-butyl phthalate 1 NO I w k 9  1 82708 1 330 09-20-97W 

I TOTAL METALS 1 

PARAMETER 

2,4-dinitrotoluene 

2,6dinitrotoluene 

PARAMETER 1 RESULT I UNIT I METHOD I PQL I ANALYZEDIBY 

Surroaat~ % Recovery 

RESULT 

ND 

ND 

UNIT 

'-&&I 

' J m g  

ND - None Detected at PQL 
PQL - PncticPl Qwntitatkn Limit - S i b  rrpocted to M o d  Detactbn Uml 

METHOD 

8090 

8090 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 
L- 

PQL 

130 

70 

ND 

2560 

116000 

800 

NO 

31 300 

ND 

NO 

201 00 

30 

NO 

ANALYZEDIBY 

09-2697NA 

09-2697lJA 

u f l g  

W k 9  

lJg/kg 

ug/kg 

'Jgm 

ug/kg 

lJfl€I 

urng 

'JmJ 

urns 

. ugkg 

7041 

7060A 

601 0A 

601 OA 

71 31A 

601 OA 

601 0A 

7471 

601 OA 

7761 

. 7841 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

2 5  

500 

09-16-97KJ 

09-23-97KJ 

09-1 6-97MS 

09-1 8-97MS 

09-1 7-97KJ 

09-1 0-97MS 

09-1 &97MS 

09-1 7-97KJ 

09-1 &97MS 

09-1 7-97lGM 

09-1 7-97KJ 
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ALLIANT SAMPLE #: A4 24" 
RElC SAMPLE #:. 5471 4-4 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTU RE: 19% 

SEMIVOLATILE ORGANIC COMPOUNDS 

Oh Recovery I 

- ---- -- - -  - -  - - -- 

I 1 

I TOTAL METALS I 

PARAMETER 

2,bdinitrotoluene 

2,6dinitrotoluene 

RESULT 

ND 

NO 

ANALYZEDIBY 

09-20-97W 

09-20-97MIP 

09-20-97M 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

NO - None DaacW at PQL 
PQL Practical Quantitation Limit - Sllvcw reported to Method Detection Limit 

UNIT 

ugfkg 

ugn<s 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

METHOD 

8090 

8090 

PQL 

130 

70 

RESULT 

ND 

ND 

ND 

ANALYZEDIBY 

09-24-97lJA 

09-24-97NA 

RESULT 

ND 

2400 

101 000 

720 

ND 

32800 

ND 

NO 

17600 

ND 

ND 

UNIT 

Ugfkg 

Ugfkg 

ug/kg 

- 

UNIT 

W&I 

uglkg 

ug/kg 

ug&l 

ug/kg 

U@S 

u g m  

W/kg 

U€&I 

ug/kg 

~g/kg  

METHOD 

82708 

82708 

82708 

PQL 

330 

330 

330 

METHOD 

7041 

7060A 

601 0A 

601 OA 

7131A 

601 OA 

60 10A 

7471 

601 OA 

7761 

7841 

PQL 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

'25 

500 

ANALYZEDIBY 

09-1 6-97KJ 

09-23-97K J 

09-1 6-971MS 

09-1 8-971MS 

09-1 7-97KJ 

09-1 6-97MS 

09-1 697MS 

09-17-97KJ 

09-18-97MS 

09-1 7-97lGM 

09-1 7-97lTJ 
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ALLIANT SAMPLE #: B2 24" 
RElC SAMPLE #: 547 1 4-6 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 1 9Oh 

SEMIVOLATILE ORGANIC COMPOUNDS 
- -  - -  

I diethylphthalate I ND 1 ugkg 1 82708 1 330 I 09-20-97MIP I 

- - 

di-n-butyl phthalate NO I '-@O I 82708 330 09-20-97MIP 
I I I 

PARAMETER 

2,4-dinitrotoluene 

2,bdinitrotoluene 

PARAMETER RESULT 

resorcinol I ND I u@€! I 82708 I 330 1 09-20-97MIP . 

RESULT 

ND 

ND 

UNIT METHOD PQL ANALYZEDIBY 

I TOTAL METALS 

UNIT 

ugkg 

'J€I&t 

PARAMETER 

METHOD 

8090 

8090 

PQL 

130 

70 

antimony 

ANALYZEDIBY 

09-24-97lJA 

09-24-97NA 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

nickel 

silver 

thallium 

ND - N m  Oacctad at PQL 
PQL - Practical Quantitatbn Limit - Silver reported to Mdhod Dasction Limit 
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ALLIANT SAMPLE #: C2 24" 
RElC SAMPLE #: 547 1 4-8 

DATE SAMPLED: 
MATRIX: 
MOISTURE: 

09-08-97 
SOLID 
20% 

p!'ua& Oh Recovery I 

I SEMIVOLATILE ORGANIC COMPOUNDS I 

46 Recovery 

PARAMETER 

2,4-dinitrotoluene 

2,6dinitrotoluene 

I I 

1 I 

TOTAL METALS 1 

r 1 

RESULT 

ND 

ND 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

UNIT 

ugkg 

u g k l  

METHOD 

8090 

8090 

PQL 

130 

70 

RESULT 

ND 

ND 

ND 

ANALYZEDlBY 

09-24-97lJA 

09-24-97lJA 

ANALYZEDlBY 

09-1 6-97KJ 

UNIT 

ughg 

ug/kg 

U S ~ S  

PARAMETER 

antimony 

RESULT 

ND 

N D - None Ddectd at PQL 
PQL - Practkal Quantitation Limlt - Sikar reported to Mdhod Detection Limn 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

'25 

500 

--- - - - -- 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

PQL 

1000 

UNIT 

ug/k€l 

09-23-97KJ 

. 09-1 6-971MS 

09-1 8-971MS 

09-1 7-97KJ 

09-16-971MS 

09-1 6-971MS 

09-1 7-97KJ 

09-1 8-971MS 

09-1 7-97lGM 

09-1 7-97KJ 

- - - 

341 0 

102000 

800 

ND 

37500 

ND 

ND 

19400 

ND 

ND 

- - 

ug/kg 

u f l g  

ug/kfJ 

'Jg/kg 

'Jg/k€l 

ug/k€l 

ug/ke 

'Jg/kg 

'Jg/k€I 

ug/ke 

ANALYZEDIBY 

09-20-97MIP 
- 

09-20-97W 

09-2Q97MIP 

METHOD 

82708 

82708 

82708 

METHOD 

7041 
- - 

7060A 

6010A 

601 OA 

7131A 

601 OA 

601 OA 

7471 

601 OA 

7761 

7841 

PQL 

330 

330 

330 
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ALLIANT SAMPLE #: D l  24" 
RElC SAMPLE #: 5471 4-1 0 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 25% 

I tetrachloro-m-xylene 86 I 

SEMIVOLATILE ORGANIC COMPOUNDS 

diethylphthalate ! NO 1 u f l g  I 82708 1 330 1 09-21-97MIP 
1 I I 

PARAMETER 

2,4dinitrotoIuene 

2,6dinitrotoluene 

PARAMETER 

RESULT 

NO 

NO 

UNIT 

U f l g  

W h I  

RESULT 

di-n-butyl phthalate 

resorcinol 

NO - Nono Detected at PQL 
PQL - Practical a u ~ t i h t k n  LW - Silver reported to Mathod Detection Umit 

METHOD 

8090 

8090 

PQL 

130 

70 

TOTAL METALS 

ANALYZEDIBY 

09-24-97/JA 

09-24-97lJA 

NO 

NO 

UNIT 

ANALYZEDIBY 

09-16-97KJ 

09-23-97KJ 

09-1697MS 

09-1 8-97MS 

09-1 7-97KJ 

09-1 6-97MS 

09-1 6-97MS 

09-1 7-97KJ 

09-1 8-97MS 

O B I  7-97lGM 

09-1 7-97KJ 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

I 

PQL METHOD 

u g k l  

'J& 

ANALYZEDtBY 

RESULT 

NO 

6460 

98200 

1280 

NO 

34300 

NO 

NO 

11600 

25 

NO 

82700 

8270B 

330 

330 

PQL 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

2 5  

500 

UNIT 

usn<g 

U@g 

lJgn<g 

u@S 

W k I  

Usn<S 

u g m  

usn(g 

Wlkg 

WkS 

u g m  

09-21-97WP 

09-21 -97MIP 

METHOD 

7041 

7060A 

601 OA 

601 OA 

7131A 

601 OA 

601 OA 

7471 

601 0A 

7761 

7841 
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ALLIANT SAMPLE #: D3 24" 
RElC SAMPLE #: 5471 4-1 2 

DATE SAMPLED: 
MATRIX: 
MOISTURE: 

09-08-97 
SOLID 
21 % 

I SEMIVOLATILE ORGANIC COMPOUNDS I 
PARAMETER 

2,4-dinitrotoluene 

2,6dinitrotoluene 

I I 

NO - Nonr Detected at PQL 
PQL - Pnetkd  QuantiMon Limit - Sibw reported to Method Datrctkn Urnit 

iaUQa2 % Recovery 

RESULT 

ND 

ND 

I 

. . . 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

UNIT 

usn(g 

ugkg 

TOTAL METALS 

Surroaates 

RESULT 

ND 

ND 

ND 

METHOD 

8090 

8090 

ANALYZEDIBY 

09-1 6-97KJ 

09-23-97KJ 

09-1 6-97MS 

09-1897MS 

0 9 1  7-97KJ 

09-1 697MS 

09-1697MS 

09-1 7-97KJ 

091  0-97MS 

0 9 1  7-971GM 

09-1 7-97KJ 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

PQL 

130 

70 

ANALYZEDIBY 

09-20-97W 

09-20-97MIP 

0920-97W 

ANALYZEDIBY 

09-25-971JA 

09-25-971JA 

PQL 

330 

330 

330 

UNIT 

w k S  

uCVk9 

ugkg 

RESULT 

ND 

3500 

1 12000 

1000 

ND 

38500 

NO 

ND 

16700 

NO 

ND 

METHOD 

82708 

82708 

82708 

METHOD 

7041 

7060A 

601 0A 

601 OA 

7131A 

601 OA 

6010A 

7471 

601 OA 

7761 

7841 

UNIT 

uan<g 

uwkg 

W/kg 

Wk9  

W&I 

u&9 

U& 

ug/kg 

ugn<g 

u@g 

Urn9 

PQL 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

'25 

500 
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Job #: 0997-5471 4 

ALLIANT SAMPLE #: E l  24" 
RElC SAMPLE #: 5471 4-1 4 

1- Oh Recovery 1 

I SEMIVOLATILE ORGANIC COMPOUNDS 

DATE SAMPLED: 
MATRIX: 
MOISTURE: 

PARAMETER 

2,4dinitrotoluene 

2,6dinitrotoluene 
i 

09-08-97 
SOLID 
22% 

r I 

RESULT 

ND 

ND 

TOTAL METALS 

UNIT 

W&l 

'-'Sncg 

ANALYZEDlBY 

09-1 6-97KJ 

09-23-97KJ 

09-16-97MS 

09-1 8-97MS 

09-1 7-97KJ 

09-1 6-97MS 

09-1&97MS 

09-1 7-97KJ 

09-1 8-97MS 

09-1 7-97lGM 

09-1 7-97KJ 

METHOD 

8090 

8090 

NO - Nono D~ocM at PQL 
PQL - Practical Quantitation Limit - Sihnr reported to Method Detm3h Limii 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

RESULT 

ND 

1680 

199000 

1020 

ND 

251 00 

ND 

ND 

15.3 

25 

ND 

PQL 

1 30 

70 

PQL 

1000 

200 

1000 

100 

50 

25000 

SO000 

200 

7500 

'25 

500 

UNIT 

ug/k€J 

4 V . b  

u&g 

ug/kg 

ugkg 

ug/kg 

ug/kg 

ug/kg 

ugkg 

us/k€J 

ANALYZEDIBY 

09-25-97lJA 

09-25-Q7lJA 

METHOD 

7041 

7060A 

601 OA 

601 OA 

71 31A 

601 OA 

601 0A 

747 1 

601 0A 

, 7761 

' m g  I 7841 
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ALLIANT SAMPLE #: E l  24" DUP. 
RElC SAMPLE #: 5471 4-1 6 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 21 % 

tetrachloro-m-xylene 114 I 

SEMIVOLATILE ORGANIC COMPOUNDS 

PARAMETER 

diethylphthalate 

nitrobenzened5 
2-fluorobiphenyl 
pterphenyld 1 4 

I i 

PARAMETER 

2,4dinitrotoluene 

2,6dinitrotoluene 

PQL 

130 

70 

di-n-butyl phthalate 

resorcinol 

PARAMETER 

UNIT 

u g k l  

ug/k£I 

RESULT 

ND 

ND 

ANALYZEDIBY 

09-25-97JJA 

09-25-97JJA 

RESULT 

ND 

antimony 

METHOD 

8090 

8090 

ND 

ND 

arsenic 

UNIT 

u g k l  

barium 

beryllium 

METHOD 

82708 
- 

ug/k€! 

ug&I 

cadmium 

330 

330 

- - 

82708 

82708 

chromium 

PQL 

330 

09-20-97MIP 

09-20-97MIP 

lead 

mercury 

nickel 

ANALYZEDIBY 

09-20-97MIP 

! thallium 

TOTAL METALS 

ND - Norm Detected at PQL 
PQL - Practical Quantitation Limit 

- Sihrcw reported to Method Detectbn Limit 



Page 19 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

I~vapoate % Recovery 

ALLIANT SAMPLE #: E2 24" DATE SAMPLED: 09-08-97 
RElC SAMPLE #: 5471 4-1 8 MATRIX: SOLID 

MOISTURE: 20% 

SEMIVOLATILE ORGANIC COMPOUNDS 

I tetrachloro-m-xylene 88 I 

PARAMETER 

2,4dinitrotoluene 

2,bdinitrotoluene 

PARAMETER 

RESULT 

ND 

ND 

I I 

antimony 

arsenic 

UNIT 

ug/kg 

ug/kg 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

barium 

METHOD 

8090 

8090 

PQL 

130 

70 

bewllium 

ANALYZEDIBY 

09-25-97NA 

09-25-97NA ., 

RESULT 

ND 

ND 

ND 

cadmium 

chromium 

lead 

UNIT 

ugn<€l 

ugfig 

lJgn<g 

mercury 

nickel 

silver 

thallium 

METHOD 

82708 

82708 

82708 

NO - None Detected at PQL 
PQL - Practical Quantitation Limit - Sihra reported to Mdhod Detection Liml 

PQL 

330 

330 

330 

ANALYZEDIBY 

09-21 - 9 7 W  

09-21 - 9 7 W  

09-21 -971WP 



Page 20 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: EQUIP. BLANK 
RElC SAMPLE #: 5471 4-1 9 

DATE SAMPLED: 09-08-97 
MATRIX: LIQUID 

I tetrachloro-m-xylene 78 I 

I SEMIVOLATILE ORGANIC COMPOUNDS 

PARAMETER 

2,4dinitrotoluene 

2,6dinitrotoluene 

PARAMETER 

I 1 

METHOD 

8090 

8090 

diethylphthalate 

di-n-butyl phthalate 

RESULT 

ND 

ND 

RESULT 

resorcinol 

NO - Nora Detected at PQL 
PQL - Practical Quantitation Limit - Sihw retpoded to hMhod Ddsctlon Limit 

UNIT 

ugn 

ugn 

PQL 

25 

15 

r 

ND 

ND 

TOTAL METALS 

ANALYZEDIBY 

09-25-97lJA 

09-25-97lJA 

UNIT 

ND I ugn I 82708 

ug/l 

&In 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

siive r 

thallium 

METHOD PQL 

25 

RESULT 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ANALYZEDIBY 

82708 

82708 

09-2 1 -971WP 

UNIT 

ugn 

ug/l 

u@ 

ug/l 

ug/l 

ug/l 

ug/l 

ugfl 

u@ 

ug/l 

ug/l 

PQL 

10 

10 

100 

4 

1 

10 

10 

1 

100 

5 

5 

METHOD 

7041 

7060A 

601 OA 

601 OA 

7131A 

71 91 

7421 

7470A 

601 OA 

776 1 

7841 

25 

25 

ANALYZEDIBY 

09-1697KJ 

09-23-97KJ 

0 9 1  697/MS 

09-1 8-97MS 

09-1 7-97KJ 

09-25-97KC 

09-24-97KC 

09-1 7-97KJ 

09-1 897MS 

09-1 7-97lGM 

59-1 7-97KJ 

09-21 -97MIP 

09-21 -971WP 



Page 21 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: FIELD BLANK 
RElC SAMPLE #: 5471 4-20 

DATE SAMPLED: 09-08-97 
MATRIX: LIQUID 

I tetrachloro-m-xylene 82 

SEMIVOLATILE ORGANIC COMPOUNDS 

TOTAL METALS I 

PARAMETER 

2,4dinitrotoluene 

2,6dinitrotoluene 

L 1 

, 

UNIT 

ugA 

ugn 

RESULT 

ND 

ND 

PARAMETER 

diethylphthalate 

din-butyl phthalate 

resorcinol 

NO - NO~N 0.tad.d t PQL 
PQL - Plactlcrl Quantitaron Umlt - S i w  reported to Mahod Datadon Limit 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

I 

METHOD 

8090 

8090 

RESULT 

ND 

NO 

NO 

PQL 

25 

15 

UNIT 

u!JA 

ua/l 

ugA 

RESULT 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ANALYZEDIBY 

09-25-97lJA 

09-25-97lJA - 

METHOD 

7041 

7060A 

601 0A 

601 0A 

7131A 

7191 

7421 

7470A 

601 OA 

7761 

784 1 

UNIT 

ugn 

ugn 

ugn 

ugn 

la 
u g  

u d  

la 
ug/l 

u d  

u d  

METHOD 

82708 

82708 

82708 

PQL 

10 

10 

100 

4 

1 

10 

10 

1 

100 

5 

5 

PQL 

25 

25 

25 

ANALYZEDIBY 

09-1 6-97RJ 

09-23-97RJ 

09-1 6-Q71MS 

09-1 &97MS 

09-1 7-97RJ 

09-25-97MC 

09-24-97MC 

09-1 7-97RJ 

09-1 8-97MS 

09-1 7-97lGM - 
09-1 7-97mJ 

ANALYZEDIBY 

09-21 -97MIP 

09-21 -97MIP 

09-2 1 -97MIP 



Pags 22 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: TRIP BLANK 
RElC SAMPLE #: 5471 4-21 

MATRIX: LIQUID 

I SEMIVOLATILE ORGANIC COMPOUNDS I 
PARAMETER METHOD PQL ANALYZEDIBY 

Oh Recovery 

( tetrachloro-m-xylene 74 1 
1 I 

PARAMETER 1 RESULT I UNIT I METHOD 1 PQL 1 ANALYZEDIBY 

diethylphthalate ND I USA I 82708 1 25 09-21 -97MP 
I I I 

di-n-butyl phthalate 1 NO I u z  1 82708 I 25 1 09-21-97MP 

TOTAL METALS 

resorcinol 82708 I 25 NO I ugn I 09-21 -97MP 

NO - None Detected at PQL 
PQL - Practical Quantitakn Limit . - Silver reported to M.tW Detection Uml 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

RESULT 

NO 

NO 

ND 

ND 

NO 

NO 

ND 

ND 

ND 

NO 

NO 

UNIT 

uan 

u€ln 

ugn 

ugn 

uan 

ug/l 

ugn 

ugn 

uan 

u d  

U@ 

METHOD 

704 1 

7060A 

601 OA 

601 0A 

7131A 

71 91 

742 1 

7470A 

6010A 

7761 

7841 

PQL 

10 

10 

100 

4 

1 

10 

10 

1 

1 00 

5 

5 

ANALYZEDIBY 

09-1 6-97KJ 

09-23-97KJ 

09-1697MS 

0 9 1  0-97MS 

09-1 7-97KJ 

09-25-97KC 

092497KC 

09-1 7-97KJ 

09-1 8-97NS 

09-1 7-97lGM 

09-1 7-97KJ 



George Allen 
Governor 

Becky Nonon Dunlop 
Secraary of Natural Raourca 

9 7-1 7 )  
/ "% 

COMMONWEALTH of VIRGINIA 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

Streef adbess: 629 East Main Sueet, Richmond. Virginia 23219 
Mailing address: P.O. Box 10009. Richmond, Virginia 23240 

Fax (804) 698-4500 TDD (804) 698-4021 
http://www.deq.state.va.us 

Thomas L. Hopkins 
Director 

Certified Mail 
Return Receipt Requested 

October 2, 1997 

C.A. Jake 
Environmental Manager 
Alliant Techsystems Inc. 
Radford Army Ammunition Plant - P.O. Box 1 
Radford, VA 24 14 1-0 100 

RE: Radford Army Ammunition Plant 
Incinerator Spray Pond Closure 
EPA ID# VA12100207306 
Extension to Closure Schedule 

Dear Ms. Jake: 

Your letter requesting an extension to the closure schedule for the Incinerator Spray Pond 
closure activities was received on September 3, 1997. As the closure activities will, of 
necessity, take longer to complete than the approved closure schedule, the DEQ will approve 
an extension until March 28, 1998, for completion of closure activities at the R A W S  
Incinerator Spray Pond. Please update your approved closure plan with the revised closure 
schedule submitted with this request. During this extension period, R A M  shall continue to 
take all steps to prevent threats to human health and the environment from the Incinerator 
Spray Pond that is no longer operating, but has not undergone formal closure. 

If there are any additional questions, please contact Debra Miller, Environmental Engineer 
CI Senior, of my staff at (804) 698-4206. Please note, any hrther requests for an extension to 

the closure period should be submitted with detailed justification at least 30 days prior to the 

An Agency of the Natural Resources Secretariat 



- RAAP Closure Extension 
Incinerator Spray Pond 
Page 2 

expiration date, as required by VHWMR 9 VAC 20-60-58O.D.3.b. [previously VHWMR 
$9.6.D.3.b]. 

Sincerely, 

4 nomas  L. Hopkins 
6 Director 

cc: 

- 
Leslie Romanchik, DEQ 
Lisa Ellis, DEQ 
Debra Miller, DEQ 
Glenn Von Gonten, DEQ 
Claire Ballard, DEQ 
Aziz Farahmand, DEQ-RRO 



August 26, 1997 

Alliant Techsystems Inc. 
Radford Army Ammunition Plant 
Route 114 
P.O. Box 1 
Radford. VA 24141-0100 

Debra Miller 
ORce of Permitting Management 
629 East Main Street 
Richmond, VA 232 19 

Subject: Request for Extension of Closure Schedule 
Incinerator Spray Pond HWMU 39 
Radford Army ammunition Plant, Radford Virginia, 

EPA ID# VA 12 1 002073 0 

,- 

Dear Ms. Miller: 

Demolition of the Incinerator Spray Pond, HWMU 39, is proceeding. Screening samples have 
indicated that the soil 12 inches below the bottom of the concrete basin is at background levels of 
the Hazardous Constituents of Concern. Confirmation samples were taken on August 21, 1997 
and sent to REIC laboratories in Beaver, West Virginia. When this analytical work is complete 
any remaining soil above the 12 inch layer will be removed and disposed of Alliant Techsystems 
requests an 180 day extension to the Incinerator Spray Pond Closure Schedule to complete the 
demolition effort, closure reports and allow for your review of the data. 

If you have any questions or concerns please contact Jerry Redder (540) 639-7536 
(Jerome-Redder@ATK.com) or Arne Olsen (540) 639-8220 (Arne-Olsen@ATK.com) 

Sincerely 

!-A- 
C. A. Jake 
Environmental Manager 

AEOlsen:V:\8 15-204 
Enclosure 

*- c : West Central Regional Ofice - Roanoke 



rl 

Coordination: 

bc: Adm. File 
Env. File 
D. W. Shead - w/o enclosure 
C. A. Jake - w/o enclosure 
R. L Richardson - w/o enclosure 
J .  J .  Redder - w/o enclosure 
A.  E. Olsen 

C 

4 .d .  % L L d L +  
R. L. Richardson 



Page 1 

- 1  TABLE 3-5 CLOSURE SCHEDULE 
Activity Date 
Closure Plan Approved Army Cost estimate, Scope of Work , Legal Review, Receive Funding 
Preliminary Background Sampling 
Complete Background Sampling 
Calculate Background Critical ValueISubmit Results to VDEQ for approval of background (VDEQ response 7 days) 
Start Removal 
Remove and Decontaminate Piping, Pumps, Concrete 
Take Soil Samples in Subsoil Assessment 
Receive Lab Analysis/ Statically Analysis and Submit ot VDEQ 
Remove contaminated soill resamplel or contingent close 
Receive lab Analyses I Statistical Analysis and submit to VDEQ 
Remove contammated soil1 resamplelor contingent close 
Equipment Decontamination 
Receive lab analyses of Pre- and Post- Rinses 
Submit Final Report of QAlQC on Work Performed 
Letter submitted for Cerhfication of Closure Submmed or Contingent Closure 
Complete Data and Closure Report Review 

8/24/96 
11113195 

1/3/96 
1130197 
1130197 
711197 

812 1 197 
8/29/97 
811197 
911 197 

911 5197 
9120197 
9/25/97 

1 011 5197 
1011 5197 
3/28/98 
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May 22, 1997 

C.A. Jake 
Environmental Manager 
Alliant Techsystems Inc. 
Radford Army Ammunition Plant 
P.O. Box 1 
Radford, VA 241 41 -01 00 

RE: Radford Army Ammunition Plant (MAP), EPA ID# VA12100207306 
lncinerator Spray PondJBackground Data Approval 

/--- 

Dear Ms. Jake: 

RAAP's revisions to the background soil sampling report for the lncinerator Spray Pond was 
received by the Department of Environmental Quality (DEQ) on April 21, 1997. These 
revisions have been reviewed. Based on the information provided, the report is 
acceptable. By this letter, the DEQ approves the background data for the hazardous 
constituents of concern. RAAP should commence with the remaining closure requirements 
for this unit. If there are any questions regarding these comments or the background data 
review, please contact me at (804) 698-4206. 

: ;&I 

cc: Lisa Ellis, DEQ 
Claire Ballard, DEQ 
Aziz Farahmand, DEQ-RRO 

Debra A. Miller 
Environmental Engineer Senior 

An Agency of the Natural Resources Secretariat 



Source: Reference Urawiqp, Radlord Army Ani~nunilion Plant, 1-lercules lncorpora\ed. I 
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April 14, 1 997 

Debra Miller 
Office of Permitting Management 
629 East Main Street 
Richmond, VA 232 19 

Alliant Techsystems Inc. 
Radford Army Ammunition Plant 
Route 114 
P.O. Box 1 
Radford, VA 24141-0100 

Subject: Background Soil Data Revisions 
Incinerator Spray Pond HWMU 39 
Radford Army ammunition Plant, Radford Virginia, 
EPA ID# VA12 1 0020730 

Dear Ms. Miller: 

Enclosed are the revised background soil sampling results and critical values for the closure of 
the Incinerator Spray Pond at the Radford Army Ammunition Plant, referenced in your letter 
of March 28, 1997. 

The background soil sampling results have been revised to include the estimated values for all - 
hazardous constituents of concern that were detected below the Practical Quantitation Limit 
(PQL) but above the Method Detection Limit (MDL). Critical values have been corrected to 
comply with the approved Closure Plan which requires the use of 95% coverage and 95% 
confidence level. 

In order to meet hnding requirements Alliant will proceed with preparing a subcontract to 
begin remediation of the Incinerator Spray Pond. Alliant realizes that DEQ's approval of the 
background sampling results is required for closure. 

If you have any questions or concerns please contact Jeny Redder (540) 639-7536 
,--- 

(Jerome-Redder@ATK.com) or Ame Olsen (540) 639-8220 (Ame-Olsen@ATK.com) 



Debra Miller 
Background Soil Data Revisions 
April 14, 1997 

1. 
Page 2 

Sincerely, 

C. A. Jake 
Environmental Manager 

Enclosures 
AEOlsen:V:\8 1 5- 100 

c: West Central Regional ,Office - Roanoke 

-R, 2. U 
R. L. Richardson 

bc: Adm. File 
Env. File 
D. W. Shead - w/o enclosure 
C. A. Jake - wlo enclosure 
J .  J. Redder - w/o enclosure 
A. E. Olsen - w/ enclosure 



Environmental 
Resources 
Management, Inc. 

2 April 1997 
Reference: L0706.05.01 

Mr. Ame Olsen 
Allian t Techsystems 
P. 0 .  Box 1 
Radford, Virgmia 24141-0100 

Re: Incinerator Spray Pond Closure, 
Background Soil Sampling Results 

Dear Ame: 

The following represents the updated report for background soil 
sampling results for the Incinerator Spray Pond based on our 26 March 
1997 telephone conversation. 

- Alliant Techsystems, Inc. (Alliant) is submitting background soil 
sampling results and revised critical values in support of closure of the 
Incinerator Spray Pond at the Radford Army Ammunition Plant in 
Radford, Virgmia. These changes are being made in response to 
comments received from the Virginia Department of Environmental 
Quality (DEQ) on 26 March 1997. Changes include recalculation of the 
critical values for chromium, lead, mercury, nickel, and thallium using 
analytical values reported between the method detection limit and 
practical quantitation limit (PQL). It is noted that because the reported 
values are less than the laboratory PQL, the values may not be true or 
accurate values. Basing the critical values on these analytical results may 
lower cleanup levels. Secondly, the critical values were recalculated 
using 95% data coverage and 95% confidence level. 

The background critical values are based on samples taken on 2 January 
1996 and 5 December 1996. In accordance with Section 3.7.1 of the 
approved closure plan for the Incineratory Spray Pond, Alliant collected 
and analyzed six background soil samples for the constituents provided 
in Table 3-2A, "Hazardot~s Constituents ofconcern. " The following 
statistical operations were conducted on the data: - 

Check for possible data outliers; 

3140 Chaparral Drive, SW 
Suite 201 
Roanoke, VA 24018 
(540) 776-3545 
(540) 776-8530 (fax) 

ERM 

Test assumptions of data normality; 

A member ot the Env~ronmt .nr~i  
Resources 113n~gement C~U'JF 



Arne Olsen 
L0706.05.01 
2 April 1997 

..A Page 2 

Environmental 
Resources 
Management, Inc. 

Check for adequate number of samples collected; and 

Calculation of background critical values. 

Table 1 summarizes the analytical results and indicates the hazardous 
constituents of concern, Practical Quantitation Limit (PQL), units, and 
results. Table 2 provides the calculated soil background critical values. 
Analytical methods, statistical methods, and conclusions are discussed 
further below. 

Data 

Background soil sampling results with the Practical Quantitation Limits 
for the 2 January 1996 sampling events were submitted on 25 March 
1996. As indicated in the 28 May 1996 and 28 October 1996 letters from 
DEQ to Ms. C. A. Jake, Altiant Techsystems, Inc., several analytical 
methods did not conform to Table 3-2 of the approved closure plan for 

C the Incinerator Spray Pond, dated 24 August 1995. However, because 
most constituents were detected above the PQL, DEQ accepted the 
results for all the constituents in Table 3-2 with the exception of arsenic, 
di-n-butyl phthalate, diethyl phthalate, and resorcinol. Consequently, 
additional soil samples were collected and analyzed for these 
constituents on 5 December 1996. The analytical methods used were 
those identified in the updated Table 3-2A enclosed with DEQ's 28 
October 1996 letter. 

The analytical methods used for antimony, barium, chromium, lead, 
mercury, nickel, and thallium were not those identified in the approved 
closure plan. However, these constituents were detected at levels above 
the method detection limit for the methods used. Because the 
constituents were detected, DEQ indicated its approval of the methods in 
DEQ's 28 October 1996 letter to C.A. Jake, Alliant Techsystems. 

Alliant resampled and re-analyzed for arsenic, di-n-butyl phthalate, 
diethyl phthalate, and resorcinol in December 1996 because of several 
concerns. First, the analytical method utilized in the first sampling event, 
SW-846 Method 8061, could not confirm the presence of diethyl phthalate - because tl-,e ions in the clay soil matrix interfere with the laboratory 
instrumentation. Second, the recovery of several surrogates was not 
within acceptable ranges. Finally, the non-detected values for resorcinol 
and diethyl phthalate were based upon a Mass Spectral Library Search 
onlv. Although DEQ later approved the use of Method 8270B for these 

A member o t  tlir E n \  I ronnlc~l t . ! .  

Resources LIan.jl;cmcnt Crou;. 



Table 1: Analytical Results 

INCINERATOR SPRAY POND BACKGROUND SOIL RESULTS 
BASIC RESULTS (CONDENSED) 

FOR ALL DATES 

Page: 1 

PPB BG1 
PPB BG2 
PPB 863 
PPB BG4 
PPB 865 
PPB 866 
PPB 861 
PPB 862 
PPB 863 
PPB 864 
PPB 865 
PPB 866 
m BG1 
m 862 
m BG3 
PPH EG4 
PPn W;5 
PPn 866 
PPH EG1 
PPH EG2 
PPH EG3 
PPH EG4 
PPH EG5 
PPH BG6 
PPH EG1 
PPM EG2 
PPH BG3 

Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
lon-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 

3.370 
3.250 
3.700 
5.480 
2.140 
4.200 
2.250 
3.880 
2.900 
2.070 
1.910 
1.760 

66.100 
82.300 
63.000 

(continues) 



BARIUn 
BARIUn 
BARIUn 
BERYLLIUH 
BERYLLIUH 
BERYLLIUW 
BERYLLIUn 
BERYLLIUH 
BERYLLIW 
CADHIUH 
CADHIM 
CADHIM 
CADHIM 
m I M  
CADHIM 
cImnuUI( 
m n I m  

rC CHROHIUH 
CHROI(IUW 

m m  
CHRoHIm 
DI-N-BlJTYL PETHALATE 
DI-N-m pHTEAuTE 
DI-N-BIlTYL PETHALATE 
DI -W-m PETEALATE 
D I - N - m  PETHAUTE 
DI -W-m PBTBbLbTE 
DIETHYL PETEALATE 
DIETHYL PlTEALATE 
DIETHYL EmEALATE 
DIETHYL PETEALATE 
DIETHYL PmuATE 
DIETHYL PRWATE 
LEAD 
LEAD 
LEBD 
LEAD 
LEAD 
LEAD 
llERCURY 
MERCURY 
MERCURY 

h 
MERCURY - 
YERCURY 
HERCURY 

Alliant Techsystems Inc. 

INCINERATOR SPRAY PONO BACKGROUND SOIL RESULTS 
BASIC RESULTS (CONDENSED) 

FOR ALL DATES 

PPH 
PPH 
PFn 
PFn 
PFn 
P A  
m 
PPn 
PRI 
P A  
PPH 
PPn 
PPn 
PFU 
PPn 
PRI 
PFU 
PFU 
PFU 
PPn 
PPn 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPH 
PPH 
PPH 
PPH 
PPH 
PPH 
PPH 
PPH 
PPH 
PPn 
PPn 
PPn 

BG4 
BG5 
BG6 
BG1 
862 
863 
864 
BG5 
BG6 
BG1 
862 
863 
864 
BG5 
BG6 
BG1 
862 
863 
BG4 
BG5 
BG6 
BG1 
BG2 
863 
BG4 
865 
BG6 
BGl 
BG2 
863 
BG4 
BG5 
BG6 
BG1 
BG2 
BG3 
BG4 
865 
BG6 
BG1 
862 
BG3 
864 
BG5 
BG6 

m'p 

93.300 
91.500 
74.600 
0.702 
0.538 
0.451 
0.920 
0.895 
0.817 

Non-Detec 
Non-Detec 
Non-Detec 

0.058 
0.054 
0.053 
17.000 
16.000 
19.000 
23.500 
21.500 
21.500 

Won-Detec 
Won-Detec 
Won-Detec 
Non-Detec 
Non-Detec 
Won-Detec 
Non-Detec 
Won-Detec 
Won-Detec 
Won-Detec 
Non-Detec 
Non-Detec 
11.000 
10.000 
13.000 
14.500 
11.500 
14.500 
0.250 
0.250 
0.200 
0.150 
0.100 
0.250 

Page: 2 

(continues) 



NICKEL 
NICKEL 
NICKEL 
NICKEL 
NICKEL 
NICKEL 
RESORCMOL 
RESORCMOL 
RESORCMOL 
RESORCrnL 
RESORCfsOL 
RESORCMOL 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 

.- SILVER 
THALLIUH 
TBhLLmn 
TBALLmn 
TBULIm 
THILLLIUH 
WUH 

Alliant Techsystems Inc. 

INCINERATOR SPRAY POm) BACKGROUND SO1 L RESULTS 
BASIC RESULTS (CONDENSED) 

FOR ALL DATES 

PPn 
PPn 
PPll 
PPW: 
PPW: 
PPW: 
PPB 
PP0 
PP0 
PPB 
PPB 
PPB 
PPn 
Ppll 
Pm 
Pm 
Pm 
PPW: 
PPW: 
PPW: 
PPW: 
PPW: 
PPW: 
PPW: 

861 
862 
BG3 
864 
BG5 
BG6 
BG1 
862 
BG3 
BG4 
BC5 
Bc6 
BGl 
862 
863 
BG4 
BGS 
866 
W;1 
BG2 
BG3 
BG4 
BGS 
BG6 

RESULT 

5.400 
3.500 
4.700 

10.600 
11.500 
9.400 

Won-Detec 
Won-Detec 
Non-Detec 
Non-Detec 
Won-Detec 
Non-Detec 

0.025 
0.017 
0.017 
0.076 
0.045 
0,037 
0.160 
0.125 
0.180 
0.280 
0.245 
0.270 

Page: 3 

----- ----------- of Report -------------- 
The Wonitor Syster, TH 

Copyright ( C )  1992-94, Entech Systems Incorporated 



Table 2: Critical Values 
Incinerator Spray Pond Closure 

Parameter 

2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Di-n-butyl phthalate 
Diethyl phthalate 
Lead 
Mercury 
Nickel 
Resorcinol 
Silver 
Thallium 

Upper Tolerance 
Limit (UTL) 

130.0 ppb 
70.0 ppb 
7.8 pprn 
5.43 pprn 
125.75 pprn 
1.44 pprn 
0.071 pprn 
30.55 pprn 
330.0 ppb 
330.0 ppb 
19.4 pprn 
0.44 pprn 
20.1 pprn 
330.0 ppb 
0.12 pprn 
0.45 pprn 

Practical Quantitation 
Limit (PQL) 

130.0 ppb 
70.0 ppb 
1.5 pprn 
1.25 pprn 
1 .OO pprn 
0.1 pprn 
0.05 pprn 
25.0 pprn 
330.0 ppb 
330.0 ppb 
50.0 pprn 
1.0 pprn 
7.5 pprn 
330.0 ppb 
0.01 pprn 
0.5 pprn 



h e  Olsen 
L0706.05.01 
2 April 1997 

..- Page 3 

constituents, Alliant resample and reanalyze for these constituents on 5 
December 1996. 

SW-846 Method 6020 was utilized for analysis of arsenic. However, the 
laboratory Minimum Qualifymg Limit (MQL) was 1.25 ppm versus 0.2 
ppm identified in Table 3-2A. This discrepancy was due to the nature of 
the sample matrix and the digestion method used. Soils, especially 
clayey /silty soils, present special interference problems in laboratory 
analysis. The clay particles contain ionic charges and higher natural 
levels of metals which tend to interfere with the more sensitive 
laboratory equipment. Because arsenic was detected above the 
laboratory MQL, resampling will not be necessary. 

Environmental 
Resources 
Management, Inc. 
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2 April 1997 

,- Page 1 

Outliers 

The data were checked for possible outliers using the Outlier Test, which 
follows ASTM Standard E178-75. The Monitor System, developed by 
Entech Systems, Inc., who also developed GRITSTAT, contains the same 
programs as GRITSTAT. These programs allow users to perform 
evaluations on more than one constituent at a time. The Outlier Test 
program is particularly useful for statistically detecting and verifying 
suspected outliers and locating possible data entry errors. It uses a 
standard t-test to compare the largest value from a sample set to the 
remaining values and then designates the possibility of this value being 
an outlier as "Yes" or "No." If the report indicates "Yes" for any 
parameter, it then lists the following information about it: 

The value of the possible outlier; 

Sampling location; 

Environmental 
Resources 
Management, Inc. 

Sample date; and 

Sample number. 

No possible outliers were identified for any of the parameters. The test 
report is included with this letter as Attachment A. 

Normality 

The data were checked for normality using the Shapiro-Wilk Goodness- 
of-Fit Test. This program systematically designates the underlying 
distribution as normal, lognormal, or non-normal. Lf the data fails the 
test of normality, the program automatically takes the logs of the data 
and repeats the procedure. The Data Distribution program and report 
also computes: 

Sample size; 

Percentage of non-detects in each sample set; 

Coefficient of Kurtosis; 

Coefficient of skewness; and 
.A mcmbcr o r  tlrc E n ; . ~ r ~ t n ~ l r c ~ ~ r . : ~  

Resource. \l.ln.lgcrnent Crou? 
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Coefficient of variation. 

The report is included with this letter as Attachment B. As expected, the 
following compounds were not detected in any of the six samples and 
the data set is, therefore, non-normal: 

2,4-Dinitro toluene 
2,6-Dinitro toluene 
Di-n-butyl phthalate 
Diethyl phthalate 
Resorcinol 

The following compounds were detected above the method detection 
limit, but in some cases below the PQL, in all six samples and normally 
distributed: 

Antimony 
Arsenic 
Barium 
Beryllium 
Chromium 
Lead 
Mercury 
Nickel 
Silver 
Thallium 

One compound, cadmium, was detected in 50% of the background 
samples. A non-normal distribution results when more than 50% of the 
samples are non-detects. In accordance with DEQ's Guidance on Statistical 
Methods for Groundwater Data Analysis at a Solid Waste or Hazardous Waste 
Site, Version 2.0 (10 August 1995), Alliant performed the recommended 
functions for data with more than 15% but less than or equal to 50% non- 
detected values. 

The data set excluding non-detected values was checked for normality. 
As indicated in Attachment B, the detected only data for cadmium were 

C - normally distributed. 

Environmental 
Resources 
Management, Inc. 
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Environmental 
Resources 
Management, Inc. 

Appropriate Sample Numbers 

A simple check to ensure that an appropriate number of samples were 
taken for analysis was completed for each parameter which had detected 
results. An appropriate number of samples could not be calculated for 
those parameters which had non-detected results. 

The method is listed in Chapter 9, Sampling Plan, of SW-846, and 
summarized in Attachment C of this letter. Use of this alternate method 
was approved in a letter to J. J. Redder of Alliant Techsystems from C. L. 
Parker IV of DEQ dated 15 November 1995. 

This method calculates an appropriate number of samples based on the 
variance as computed by the actual sample results. Then the calculated 
appropriate number of samples is compared to the actual number of 
sample measurements taken, which was six for each parameter, to ensure 

- that an adequate number of background samples were taken. The 
calculated appropriate number of samples should be less than or equal to 
the actual number of samples taken. 

Only barium, for which an appropriate number of 16 samples was 
calculated, did not pass this test. Alliant believes additional samples for 
barium are not necessary for the successful closure of this unit. barium is 
not a constituent of primary concern for closure of hs unit; the mean 
concentration of barium in the samples is 78.5 mg/kg, or 28% of the 
naturally occurring mean concentration of 280 mg/kg for the eastern 
United States. 

Critical Values 

Based on the previous calculations and evaluations, Table 2 provides the 
calculated critical soil values for the Incinerator Spray Pond. In 
accordance with DEQ's guidance, an upper tolerance limit (UTL) was 
calculated for the data that were detected in all six background samples, 
using the Tolerance Limits method. A 95% level of coverage and a 95% 
confidence level were chosen. The calculated UTLs are listed in 
Attachment D. 

C 

For czdmium, which had 30% non-detect values and a normal 
distribution of detected-only values, Cohen's method of adjustment was 
used to calculate the mean, standard deviation, and UTL. The laboratory 

A member or thc En! tronn.c!:i.:~ 

Rcsourccs '.l.in.igcmcnt (;r;li::. 
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PQL was used as the background value for those constituents with 10O0/0 
non-detected values. 

An electronic copy of this document has been enclosed with this report. 
If you have any questions regarding this letter or would like any 
additional information, please call me at (540) 776-3545. 

Sincerely, 
n. 

Christel E. Compton 
Branch Manager 

CC:db 
enclosures: Table 1: Incinerator Spray Pond Analytical Results 

C Table 2: Critical Values 
Attachments A-D 

Environmental 
Resources 
Management, Inc. 
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BACKGROUND SOIL SAMPLES 
OUTLIER TEST 

FOR ALL DATES 

Background 
NO 

Background 
NO 

Background 
NO 

Background 
NO 

Background 
NO 

(continues) 
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BACKGROUND SOIL  S M P L E S  
OUTLIER TEST 

FOR ALL DATES 

Background 
NO 

Background 
MI 

Background 
NO 

C Background 
No 

Background 

Background 
MI 

Background 
A0 

Background 
m, 

Background 
No 

(continues) 
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BACKGRWND SOIL SAMPLES 
OUTLIER TEST 

FOR ALL DATES 

Page: 3 

Background 
WO 

Background 
w 

--- ----------- End of Report -------------------- 
The Monitor Syster, 'Pn 

Copyright (C) 1992-94, Entech Systes Incorporated 
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BACKGROUND SOIL SAMPLES 
DATA DISTRIBUTION 

FOR ALL DATES 

RAAP LIST 

Background 
6 100 kn-Homl 0.0000 0.7880 0.00 0.00 0.00 

Background 
6 100 kn-Homl 0.0000 0.7880 0.00 0.00 0.00 

Background 
6 0 H o m l  0.9687 0.7880 0.25 1.77 0.30 

Background 
6 0 lional 0.8583 0.7880 0.77 1.81 0.33 

Background 
6 0 Nonal 0.9173 0.7880 -0.01 1.00 0.16 

(continues) 
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BACKGROUND SO I L SAMPLES 
DATA DISTRIBUTION 

FOR ALL DATES 

Background 
6 0 Normal 0.9127 0.7880 -0.27 1.08 0.27 

Background 
6 50 Non-Nonal 0.7243 0.7880 0.02 0.73 0.41 

Background 
6 0 H0m.l 0.9380 0.7880 -0.07 1.09 0.15 

C 

Background 
6 100 HOP NO^^ 0.0000 0.7880 0.00 0.00 0.00 

Background 
6 100 kn-Normal 0.0000 0.7880 0.00 0.00 0.00 

Background 
6 0 knal 0.9068 0.7880 0.01 1.02 0.15 - 

Background 
6 0 Nonal 0.8308 0.7880 -0.49 1.30 0.32 

Background 
6 0 Normal 0.8897 0.7880 0.01 0.88 0.45 

(continues ) 
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BACKGROUND SOIL SAMPLES 
DATA DISTRIBUTION 

FOR ALL DATES 

Page: 3 

mnon SWmg t SQPrRo-wTx CbLaTLbm TBmdB COmm 
ID SIXB 1-B DMTDlRI011 I R SQWlgSS KIJRRxIS OF VaiUTI011 

Background 
6 100 Nan-Noml 0.0000 0.7880 0.00 0.00 0.00 

Background 
6 0 

Background 
6 0 N o m l  0.9120 0.7880 -O.U 0.98 0.30 

------------------- End of Report ---------- ---- 
The Honitor System, Tn 

Copyright (C)  1992-94, Entech Systems Incorporated 
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NORMALITY CHECK ON DETECTED VALUES - 50% NON-DETECT 
DATA DISTRIBUTION 

FOR ALL DATES 

Background 
3 0 knal 0.8928 0.7670 0.32 0.67 0.04 

----- --------- End of Report ----- ---- 
The Honitor Syster, TH 

Copyright (C)  1992-94, Entech System Incorporated 
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INCINERATOR SPRAY POND BACKMWND SOIL RESULTS 
DESCRIPTIVE STATISTICS 

FOR ALL DATES 

1.233 2.140 

0.640 1.760 

162.339 63.000 

0.037 0.451 

0.000 Won-Detect 

8.475 16.000 

3.542 10.000 

0.004 0.100 

11.494 3.500 

0.001 0.017 

0.004 0.125 
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Appropriate Number of Samples 



INCINERATOR SPRAY POND BACKGROUND SOIL SAMPLES 
APPROPRIATE NUMBER OF SAMPJXS CHECK 

SW-846 CHAPTER 9 SAMPLING P I m  

Variance of Sample, st 

s2 =ufff - (7xj2 /n where n=number of sample measurements. 

n - 1  

Appropriate Number of Samples, n 

2 2 n=- 

RT-X 

where RT = regulatory threshold, 
X = sample mean, and 

t = value based on the number of degrees of freedom (n-1) 

The results for the following parameters were non-detect and, therefore, an appropriate number 

of samples could not be calculated: 

2,4-Dinitrotoluene 

2,6-Dinitrotoluene 
Di-n-butyl phthalate 

Diethyl phthalate 

Resorcinol 

Although many of the results for most of the following parameters were below the PQL, an 

appropriate number of samples was calculated using the laboratory detection lirmt. 

Antimony = 
Arsenic = 
Barium = 
Beryllium = 

Cadmium = 

Chromium = 
Lead = 
Mercury = 
Nickel = 

Silver = 

Thallium = 

Number of Actual Samples = 6 
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Critical Values 
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UPPER TOLERANCE L I M I T  FOR SOT NOEI-DETECTS 
TOLERANCE LIMITS 

FOR ALL DATES 

------ ------ End of Report -------- 
The nonitor Syster, TH 

Copyright (C)  1992-94, Entech System Incorporated 
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UPPER TOLERANCE LIMITS FOR 100% DETECTED 
TOLERANCE LIMITS 
FOR ALL DATES 

Background 
6 0 3.690 0.000 7.810 

Background 
6 0 2.462 0.000 5.430 

Background - 
6 0 78.467 0.000 125.749 

Background 
6 0 0.721 0.000 1.436 

Background 

(continues) 
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UPPER TOLERANCE LIUITS FOR 100% DETECTED 
TOLERANCE LIUITS 

FOR ALL DATES 

Page: 2 

Background 
6 0 12.417 0.000 19.401 

Background 
6 0 0.200 0.000 0.435 

Background 
6 0 7.517 0.000 20.098 

Background - 
Background 

6 0 0.210 0.000 0.447 

---------------- End of Report ----------- --- 
The Wonitor Syster, Tn 

Copyright (C)  1992-94, Entech System Incorporated 



George .Allen 
Governor 

Becky Norton Dunlop 
Secretary of Natural Resources 

DEPARTMENT OF ENVIRONMENTAL QUALITY 
Sireet addresx 629 Exst Main Street. Richmond. Virgmia 23219 

,Mailing address: P.O. Box 10009. Richmond. Virginia 23240 
Fax (804) 698-4500 TDD (804) 698-4021 

http:!'/www.deq.state.va.us 

C.A. Jake 
Alliant Techsystems Inc. 
Environmental Manager 
Radford Army Ammunition Plant 
Route 1 i;4 
P.O. B o x  1 
Radford, VA 24 141 -01CK) 

RE: Radford A m y  Ammunition Plant (RAAP) 
EPA ID# VA 12100207306 
Incinerator Spray Pond 
Closure Plan Amendment/Background Data Review 

Thomas L. Hopkins 
Dlrrctor 

Dear Ms. Jake: 

Your letter providing the background soil sampling for RAAP1s incinerator spray pond 
was received by the Department of Environmental Quality (DEQ) on February 5, 1997. This 
submittal has been reviewed. 

Based on the information provided, the following comments will need to be addressed 
prior to DEQ approval of the background values. 

I. Page 5, Critical Values: The upper tolerance limit was calculated for the data using a 
99% coverage and 95 % confidence level. However, page 48 of the closure plan requires the 
use of 95% covcragc and 95% confidence level. This lower percent coverage will decrease 
the valuc of the UTL. Please recalculate the UTL with the 95% coverage. 

2. Table I: It is ndted that non-detects are listed for many of the constituents. The data 
submitted on February 5, 1997, indicated non-detects for chromium, lead, mercury, nickel, 
and thalliurn. Hoyever, the data submitted with the March 25, 1996, letter to Clifton L. 
Parker'", showed values for these constituents. In fact, approval of the methods used for these 
constituents was qualified by the fact that values were obtained during the analysis. It is noted 
that this data is likely estimated as the data is less than the PQL, but higher than the detection 

lrrr lim~t; however, no qualifier is indicated in the analytical results table. As "estimated" values 



RAAP Incinerator Spray Pond 
Background Data Review 
Page 2 

are available for chromium, lead, mercury, nickel, and thallium, these values shall be used to 
calculate the UTL. Please recalculate the UTL for these constituents. 

Please review these comments and resubmit the background soil statistical results for the 
incinerator spray pond (HWMU39). If there are any questions regarding these comments or 
the background data review, please contact me at (804) 698-4206. 

I+. . 
cc: Lisa Ellis, DEQ \: 

s.- Claire Slaughter, DEQ 
Aziz Farah~~iand, DEQ-RRO 

Sincerely, 
,/ --%\, 

Debra A. Miller 
Environmental Engineer Senior 



George Allen 
Governor 

Becky Norton Dunlop 
Secretary of Natural Raourcs 

DEPARTMENT O F  ENVIRONMENTAL QUALI'IY 
Thomas L. Hopkins 

Street ad&ess: 629 East Main Street, Richmond, Virginia 23219 Director 
Mailing address: P.O. Box 10009, Richmond, Virginia 23240 

Fax (804) 698-4500 TDD (804) 698-4021 (804) 698-4000 
http://www.deq.state.vaus 1-8W592-5482 

Certified Mail 
Return Receipt Requested 

March 26, 1997 

C.A. Jake 
Environmental Manager 
Alliant Techsystems Inc. 
Radford A m y  Ammunition Plant 

rC 
P.O. Box 1 
Radford, VA 24 14 1-0 100 

-2 

RE: Radford Army Ammunition Plant Q+. 
Incinerator Spray Pond and Equalization Basin Closure 
EPA ID# VA 12 100207306 
Extensions to Closure Schedules 

Dear Ms. Jake: 

Your letters requesting extensions to the closure schedules for the Incinerator Spray Pond's 
and the Equalization Basin's closure activities were received on March 7, 1997. As the 
closure activities will, of necessity, take longer to complete than the approved closure 
schedule, the DEQ will approve an cxtctision until May 12, 1997, for completion of closure 
activities at the RAAP's Equalizatiori B;isi~~ ;uid uitil Scplcri~l)cr 20, 1997, for the Incinerator 
Spray Pond. Please update the approved closure plans and submit the revised closure 
schedules to the Department within 30 days. During this extension period, RAAP shall 
continue to take all steps to prevent threats to human health and the environment from these 
units that are no longer operating but have not completed formal closure. 

Ifthere are any additional questions, please contact Debra Miller, Environmental Engineer - 
Senior, of my staff at (804) 698-4206. Please note, any further requests for an extension to 
the closure period should be submitted with detailed justification at least 30 days prior to the 

An Agency of the Natural Resources Secretariat 



n 
RAAP Closure Extension 
Page 2 

expiration date, as required by VHWMR 9 VAC 20-60-580.D.3.b. [previously VHWMR 
§9.6.D.3.b]. 

Sincerely, 

h o r n a s  L. Hopkins * Director 

cc: Leslie Romanchik, DEQ 
Lisa Ellis, DEQ 
Debra Miller, DEQ 
Glenn Von Gonten, DEQ 
Claire Slaughter, DEQ 
Aziz Farahmand, DEQ-RRO 



Alliant Techsystems Inc. 
Radford Army Ammunition Plant 
Route 114 

March 10, 1997 

P.O. Box 1 
Radford, VA 24141-0100 

Debra Miller 
Office of Permitting Management 
629 East Main Street 
Richmond, VA 23219 

Subject: QNQC Data 
Incinerator Spray Pond HWMU 39 
Radford Amy Ammunition Plant, Radford Virginia, 
EPA ID# VA1210020730 

Dear Ms. Miller: 

Enclosed is a copy of the QNQC data for background soil samples taken during the Closure of the Incinerator Spray 
.- Pond (HWMU 39). Similar data was requested in your March 4, 1997 for the Closure of the Bio-Plant Equalization 

Basin (HWMU 10). 

If you have any questions or concerns, please contact Jeny Redder at (540) 639-7536 (e-mail Jerome-Redder@ 
ATKcom) or Arne Olsen at (540) 639-8220 (e-mail. ArneeOlsen@ATKcom). 

Sincerely 

C. A. Jake, suGrvisor 
Environmental AfELirs 

Enclosure 

c: West Central Regional Office - Roanoke - wlo enclosure 
R L. Richardson, RFAAP ACO - wlo enclosure 

Coordination: ' 

bc: Administrative File wlo enclosure 
C. A. Jake - wlo enclosure 
J. J. Redder - wlo enclosure 
*a E. Olsen I- wlo enclosure 
Env. File 

. . 
p.:. $?.AWL- 
R L. Richardson 



March 4, 1997 

Alliant Techsystems Inc. 
Radford Army Ammunition Plant 
Route 114 
P.O. Box 1 
Radford, VA 24141-0100 

Debra A Miller 
Department of Environmental Quality 
Office of Permitting Management, Hazardous Waste 
629 East Main Street 
Richmond, VA 23219 

Subject: Incinerator Spray Pond 
Extension to Closure Schedule 

Dear Ms. Miller: 

The Background Soil Analysis was submitted to DEQ J a n ~ q  30, 1997. An extension to the closure 
schedule was granted October 1, 1996. We cannot proceed with the closure of the Incinerator Spray 
Pond until the background analysis is accepted by DEQ. Based on comments received for the - Equalization Basin Closure Plan we are preparing the laboratoq4 QAjQC data for submittal as an 
addendum to the Background Analysis. We intend to complete the closure of the spray pond once the 
background data and critical values are agreed upon. At this time we are requesting an additional 180 
day extension to the closure schedule so that the Background Levels Analysis and the Critical Values 
can be determined. 

If you have any questions or concerns please contact Jeny Redder at (540) 639-7536. 

Sincerelv, 

y9- 
/;A2 A Jake 

Environmental Affairs Supervisor 
Coordination: 

I?. i ,  3?Aci-&- 
c: West Central Regional Office- Roanoke R L. Richardson 

R L. Richardson, RAAP ACO 

bc: Administrative File C. A Jake A E. Olsen 
Environmental File J. J. Redder D. W. Shead 



George Allen 
Governor 

Becky Norton Dunlop 
Secretary of Natural Resources 

DEPARTMENT OF ENVIRONMENTAL QUALITY 
Thomas L. Hopkins Street address: 629 East Main Street, Richmond, Virginia 23219 

Director Mailing address: P.O. Box 10009, Richmond, Virginia 23240 
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February 20, 1997 

C.A. Jake 
Environmental Manager 
Alliant Techsystems Inc. 
Radford Army Ammunition Plant 
Route 1 14 
P.O. Box 1 
Radford, Virginia 24 14 1-0 100 

n 
RE: Radford Army Ammunition Plant, EPA ID#VA1210020730 

Closure Plan for Container Storage Area 

Dear Ms. Jake: 

The Department of Environmental Quality (DEQ) received a copy of the "Site Investigation 
Evaluation, Bioplant Equalization Basin Closure Site Investigation/Evaluation, Radford Army 
Ammunition Plant" on February 3, 1997, and a copy of the "Background Soil Data, Incinerator 
Spray Pond HWMU 39, Radford Army Ammunition Plant" on February 5, 1997. The 
information for closure of the equalization basin is currently under review. Review of the 
incinerator spray pond background data should commence within the next couple of weeks. If 
there are any questions regarding either of these reviews, please contact me at (804) 698-4206. 

Sincerely, 

Debra A. Miller 
Environmental Engineer Senior 
Ofice of Permitting Management 

cc: Lisa Ellis, DEQ-OPM - Mike Scott, DEQ-RRO 
Clarie Ballard, DEQ-OTA 

Track Nos. PM97-0046 and PM974N59 

An Agency of the Natural Resources Secretariat 



January 30, 1997 

Alliant Techsystems Inc. 
Radford Army Ammunition Plant 
Route 114 
P.O. Box 1 
Radford, VA 24141-0100 

Debra Miller 
Office of Permitting Management 
629 East Main Street 
Richmond, VA 23219 

Subject: Background Soil Data 
Incinerator Spray Pond HWMU 39 
Radford h y  ammunition Plant, Radford Virginia, 

EPA ID# VA1210020730 

Dear Ms. Miller: 

- Enclosed is a copy of the "Background Soil Data, Incinerator Spray Pond HWMU 39, Radford 
Army Ammunition Plant." This document contains the results of the background soil sampling , as 
well as the statistical analysis of this data. included are descriptions of the Field QNQC procedures 
and the Laboratory QNQC procedures for both CVLC and REIC Laboratories. QNQC data in the 
form of Laboratory logbooks, analysis result sheets and Chain of custody forms will be provided if 
requested. 

Two background efforts were performed for the Closure Plan for Site 39 the Incinerator Spray 
Pond. Background soil sampling was first performed on January 2, 1996. The results were 
submitted to the Virginia Department of Environmental Quality (VaDEQ) on March 25, 1996. DEQ 
requested additional sampling in May 28, 1996 and October 28, 1996 correspondence. Alliant 
Techsystems resampled the requested background soils. Both sets of data are compiled in the 
attached documentation. 

A map of the location of the background samples is attached. The locations of the first background 
sampling effort were used in the second sampling effort. Therefore, there is one map for both 
sampling efforts. The background sampling locations are indicated in the approved Closure Plan. 

The results fiom both sampling efforts and their statistical analysis are enclosed in Section 2. This 
document contains an in-depth discussion of the correspondences related to the use of two 



- Debra Miller 
Background Soil Data 
February 4, 1997 
Page 2 

separate sampling efforts, statistical analysis for possible data outliers, data normality, adequate 
number of samples collected and background critical values. 

Field QNQC procedures are outlined in the approved Closure Plant for Site 39 Incinerator Spray 
Pond. Field Quality Control is utilized to ensure the collection of representative samples. A copy of 
these procedures is included in Section 3 .  The:. were followed in both of the sampling efforts. 

Laboratory QNQC standard operating procedxes from both laboratories are enclosed as Sections 4 
and 5, respectively. Both laboratories QNQC standard operating procedures were developed 
according to the methods detailed in SW-846. 

If you have any questions or concerns please cantact Jeny Redder at (540) 639-7536 or Arne Olsen 
at (540) 639-8220. 

Sincerely 

- on- 
C. A. Jake 
Environmental Manager 

JJRedder:V:\8 1 5-046 
Enclosures 

c: West Central Regional Office - Roanoke 
R. L. Richardsonr RFAAP ACO 

Coordination: 
R. L. Richardson 

bc: Adm. File 
Env. File 
C. A. Jake - w/o enclosure 
J. J. Redder - w/o enclosure 
A. E. Olsen - w/ enclosure 



Background Soil Data 
Incinerator Spray Pond HWMU 39 

Radford Army Ammunition Plant 
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24 January 1997 
Reference: L0706.05.0 1 

Mr. Jerry Redder 
Alliant Techsystems 
P. 0. Box 1 
Radford, Virginia 2414 1-01 00 

Re: Incinerator Spray Pond Closure, 
Background Soil Sampling Results 

Dear Jerry: 

Alliant Techsystems, Inc. (Alliant) is submitting background soil sampling results 
in support of closure of the Incinerator Spray Pond at the Radford Army 
Ammunition Plant in Radford, Virginia. The results include samples taken on 2 
January 1996 and 5 December 1996. In accordance with Section 3.7.1 of the - approved closure plan for the Incheratory Spray Pond, Alliant collected and 
analyzed six background soil samples for the constituents provided in Table 3-24 
"Hazardous Constituents of Concern. " The following statistical operations were 
conducted on the data: 

Check for possible data outliers; 

Test assumptions of data normality; 

Check for adequate number of samples collected; and 

Calculation of background critical values. 

Table 1 summarizes the analytical results and indicates the hazardous 
constituents of concern, Practical Quantitation Limit (I?QL), units, and results. 
Table 2 provides the calculated soil background critical values. Analytical 
methods, statistical methods, and conclusions are discussed fbrther below. 

Data 

rll. 

Background soil sampling results with the Practical Quantitation Limits for the 2 
January 1996 sampling events were submitted on 25 March 1996. As indicated in 
the 28 May 1996 and 28 October 1996 letters from DEQ to Ms. C. A. Jake, 
Alliant Techsystems, Inc., several analytical methods did not conform to Table 3- 
2 of the approved closure plan for the Incinerator Spray Pond, dated 24 August 



Jerry Redder 
L0706.05.01 
24 January 1997 

,rr, 
Page 2 

1995. However, because most constituents were detected above the PQL, DEQ 
accepted the results for all the constituents in Table 3-2 with the exception of 
arsenic, di-n-butyl phthalate, diethyl phthalate, and resorcinol. Consequently, 
additional soil samples were collected and analyzed for these constituents on 5 
December 1996. The analytical methods used were those identified in the 
updated Table 3-2A enclosed with DEQ's 28 October 1996 letter. 

The analytical methods used for antimony, barium, chromium, lead, mercury, 
nickel, and thallium were not those identified in the approved closure plan. 
However, these constituents were detected at levels above the method detection 
limit for the methods used. Because the constituents were detected, DEQ 
indicated its approval of the methods in DEQ's 28 October 1996 letter to C. A. 
Jake, Alliant Techsystems. 

AUiant resampled and re-analyzed for arsenic, di-n-butyl phthalate, diethyl 
phthalate, and resorcinol in December 1996 because of several concerns. First, 
the analytical method utilized in the first sampling event, SW-846 Method 806 1, 

I could not confirm the presence of diethyl phthalate because the ions in the clay 
soil matrix interfere with the laboratory instrumentation. Second, the recovery of 
several surrogates was not within acceptable ranges. Finally, the non-detected 
values for resorcinol and diethyl phthalate were based upon a Mass Spectral 
Library Search only. Although DEQ later approved the use of Method 8270B for 
these constituents, Alliant agreed to resample and reanalyze for these 
constituents. 

SW-846 Method 6020 was utilized for analysis of arsenic. However, the 
laboratory Minimum Qualifjlng Limit (MQL) was 1.25 ppm versus 0.2 ppm 
identified in Table 3-2A. This discrepancy was due to the nature of the sample 
matrix and the digestion method used. Soils, especially clayeylsilty soils, present 
special interference problems in laboratory analysis. The clay particles contain 
ionic charges and higher natural levels of metals which tend to interfere with the 
more sensitive laboratory equipment. Because arsenic was detected above the 
laboratory MQL, resampling is not anticipated. 
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Outliers 

The data were checked for possible outliers using the Outlier Test, which follows 
ASTM Standard E 178-75. The Monitor System, developed by Entech Systems, 
Inc., who also developed GRITSTAT, contains the same programs as 
GRITSTAT. These programs allow users to perform evaluations on more than 
one constituent at a time. The Outlier Test program is particularly usehl for 
statistically detecting and verifying suspected outliers and locating possible data 
entry errors. It uses a standard t-test to compare the largest value from a sample 
set to the remaining values and then designates the possibility of this value being 
an outlier as "Yes" or "No." If the report indicates "Yes" for any parameter, it 
then lists the following information about it: 

The value of the possible outlier; 

Sampling location; 

Sample date; and 

Sample number. 

No possible outliers were identified for any of the parameters. The test report is 
included with this letter as Attachment A. 

Normality 

The data were checked for normality using the Shapiro-Wilk Goodness-of-Fit 
Test. This program systematically designates the underlying distribution as 
normal, lognormal, or non-normal. If the data fails the test of normality, the 
program automatically takes the logs of the data and repeats the procedure. The 
Data Distribution program and report also computes: 

Sample size; 

Percentage of non-detects in each sample set; 

Coefficient of Kurtosis; 

Coefficient of skewness; and 

Coefficient of variation. 
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The report is included with this letter as Attachment B. As expected, the 
following compounds were not detected in any of the six samples and the data set 
is, therefore, non-normal: 

2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Chromium 
Di-n-butyl phthalate 
Diethyl phthalate 
Lead 
Mercury 
Resorcinol 
Thallium 

The following compounds were detected in all six samples and normally 
distributed: 

Antimony 
Arsenic 
Barium 
Beryllium 
Silver 

Several compounds were detected in 50% of the background samples. A non- 
normal distribution results when more than 50% of the samples are non-detects. 
In accordance with DEQ's Guidance on Statistical Methods for Groundwater 
Data Analysis at a Solid Waste or Hazardous Waste Site, Version 2.0 (10 
August 1995), Alliant performed the recommended hnctions for data with more 
than 15% but less than or equal to 50% non-detected values. 

The data set excluding non-detected values was checked for normality. As 
indicated in Attachment B, the detected only data were normally distributed for 
cadmium and nickel. 
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Appropriate Sample Numbers 

A simple check to ensure that an appropriate number of samples were taken for 
analysis was completed for each parameter which had detected results. An 
appropriate number of samples could not be calculated for those parameters 
which had non-detected results. 

The method is listed in Chapter 9, Sampling Plan, of SW-846, and summarized in 
Attachment C of this letter. Use of this alternate method was approved in a 
letter to J. J. Redder of Alliant Techsystems from C. L. Parker IV of DEQ dated 
15 November 1995. 

This method calculates an appropriate number of samples based on the variance 
as computed by the actual sample results. Then the calculated appropriate 
number of samples is compared to the actual number of sample measurements 
taken, which was six for each parameter, to ensure that an adequate number of - background samples were taken. The calculated appropriate number of samples 
should be less than or equal to the actual number of samples taken. 

Only barium, for which an appropriate number of 16 samples was calculated, did 
not pass this test. Alliant believes additional samples for barium are not necessary 
for the successfbl closure of this unit. Barium is not a constituent of primary 
concern for closure of this unit; the mean concentration of barium in the samples 
is 78.5 mj&, or 28% of the naturally occurring mean concentration of 280 
mgflcg for the eastern United States. 

Critical Values 

Based on the previous calculations and evaluations, Table 2 provides the 
calculated critical soil values for the Incinerator Spray Pond. In accordance with 
DEQ's guidance, an upper tolerance limit (UTL) was calculated for the data that 
were detected in all six background samples, using the Tolerance Limits method. 
A 99% level of coverage and a 95% confidence level were chosen. The 
calculated UTLs are listed in Attachment D. 

For those compounds with more than 50% non-detect values and a normal - distribution of detected-only values, Cohen's method of adjustment was used to 
calculate the mean, standard deviation, and UTL. The laboratory PQL was used 
as the background value for those constituents with 100% non-detected values. 



TABLE I 

MCINERATOR SPRAY POND ANALYTICAL RESULTS 

BASIC RESULTS (CONDENSED) 
FOR ALL DATES 

Page: 1 

RbbP LIST 
LI 2,4-DINITROTOLUEM 

2,4-DINITROTOLJJWI 
2,4-DINITRCmlLOENE 
2,4-DINITROTOLUWE 
2,4-DINITROTOLJJWI 
2,4-DINITRCm)LUEHl 
2,6-DINITROMLOENE 
2,6-DINITROTOLUEHE 
2,6-DINITROMLOENE 
2,6-DINITRCm)LUEEE 
2,6-DINITROTOLUME 
2,6-DIN1TRCm)LUENE 
AHTIWNY 
ANTIHOHY 
ANTIHONY 
ANTIWOHY 
~ I H O W Y  
ANTIWNY 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
BARIUM - BARIUH 
BARIEn 

PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PFn 
PPH 
PFn 
PFn 
PFn 
PPW: 
PPH 
PFn 
PPH 
PPn 
PFn 
PFn 
PPIl 
PPH 
PPW 

BG1 
BG2 
BG3 
BG4 
BG5 
BG6 
BG1 
BG2 
BG3 
BG4 
BG5 
BG6 
BG1 
BGZ ' 
BG3 
BG4 
BG5 
BG6 
BG1 
BG2 
863 
BG4 
BG5 
BG6 
BG1 
BG2 
BG3 

Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Hon-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Hon-Detec 
Non-Detec 
Nan-Detec 

3.370 
3.250 
3.700 
5.480 
2.140 
4.200 
2.250 
3.880 
2.900 
2.070 
1.910 
1.760 
66.100 
82.300 
63.000 

(continues) 



TABLE 1 

INCINERATOR SPRAY POND ANALYTICAL RESULTS 

BARIUH 
BARIUH 
BARIUH 
BERYLLIUH 
BERYLLIUH 
BERYLLIUH 
BERYLLIUH 
BERYLLIUH 
BERYLLIUH 
CBDWIUH 
CADKIUH 
CMmIun 
CMmIUH 
CMmIUn 
CNMIUH 
m1UH 
CHROnIUH 
CHROnIUH 

C CHROHIUH 
CHROllIUH 
CHROHIUH 
DI-N-BOTYL PETEALATE 
DI-N-B(1TYL PETHAUTE 
DI-N-BOTYL PETEALATE 
DI-N-BUTYL PETEALATE 
DI-N-B(1TYL PETEALATE 
DI-N-B(1TYL PETEALATE 
DIETHn PHTHALATE 
DIETHYL PETEALATE 
DIETHYL PHTEAIATE 
DIETBYL PHTEALATE 
DIETEYL PHTEALATE 
DIETHYT, PETEALATE 
LEhD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
IlmURY 
HERCURY 
MERCURY 
HERCURY 

I MERCURY 
HERCURY 

(CONTINUED) 

BASIC RESULTS (CONDENSED) 
FOR ALL DATES 

PPH 
PPW 
Pm 
PPM 
PPH 
PPH 
PPH 
PPH 
PPH 
PPH 
PPH 
PPH 
PPH 
PPH 
PPH 
PPH 
PPH 
PPW 
PPH 
PPH 
PPW 
PPB 
PPB 

' PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPn 
PPM 
PPW 
PPH 
PPH 
PPH 
PPH 
PPW 
PPH 
PPH 
PPW 
PPH 

SAWPLg 
DATE 

01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/19961 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 

RESULT 

93.300 
91.500 
74.600 
0.702 
0.538 
0.451 
0.920 
0.895 
0.817 

Non-Detec 
Non-Detec 
Non-Detec 

0.058 
0.054 
0.053 

Non-Detec 
Hon-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Won-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Won-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
Won-Detec 
Won-Detec 
Non-Detec 

Page: 2 

(continues) 



NICKEL 
NICKEL 
NICKEL 
NICKEL 
NICKEL 
NICKEL 
RESORCMOL 
RESORCIHOL 
RESORCINOL 
WRCINOL 
RESORCINOL 
RESORCIHOL 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 

,- 
TEALLIun 
T'EALLIOn 
m 1 m  
m 1 U H  
T'EALLIUW 
TEALLIUW 

TABLE 1 

INCINERATOR SPRAY POND ANALYTICAL RESULTS 

(CONTINUED) 

BASIC RESULTS (CONDENSED) 
FOR ALL DATES 

r n P  

PPM 
PFn 
P m  
PPM 
PFn 
PFn 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PFn 
PFn 
PFn 
PPH 
PFn 
PPW 
PPW 
PPW 
PFn 
PPM 
PPM 
PPn 

s WLE 
DATE 

01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 
01/02/1996 

Non-Detec 
Non-Detec 
Non-Detec 
10.600 
11.500 
9.400 

Non-Detec 
Non-Detec 
kn-Detec 
Non-Detec 
Non-Detec 
Non-Detec 

0.025 
0.017 
0.017 
0.076 
0.045 
0.037 

Non-Detec 
Non-Detec 
Non-Detec 
Non-Detec 
kn-Detec 
Non-Detec 

Page: 3 

DETECTION cxlnmT 
L M l T  CODE 

................................ End of Report .................................. 
The Monitor Syster, TH 

Copyright ( C )  1992-94, Entech Systems Incorporated 



Table 2: Critical Values 
Incinerator Spray Pond Closure 

Parameter 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Di-n-butyl phthalate 
Diethyl phthalate 
Lead 
Mercury 
Nickel 
Resorcinol 
Silver 
Thallium 

U D D ~ ~  Tolerance Limit WTL) 
65.000 ppb 
35.000 ppb 
9.313 pprn 
6.513 pprn 

143.000 pprn 
1.697 pprn 
0.078 pprn 
12.500 pprn 
165.000 ppb 
165.000 ppb 
25.000 pprn 
0.500 pprn 
23.070 pprn 
165.000 ppb 

0.15 pprn 
0.250 pprn 



Attachment A 
Outlier Test Report 



01/24/1997 Page: 1 

95% ALL PARAMETERS 
OUTLIER TEST 

FOR ALL DATES 

RbbP LIST 

Background 
NO 

Background 
NO 

Background 
NO 

Background 
NO 

Background 
NO 

br 

(continues) 

-- -- ~ 
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95% ALL PARAMETERS 
OUTLIER TEST 

FOR ALL DATES 

Background 
NO 

Background 
NO 

Background 
NO 

Background - NO 

Background 
NO 

Background 
no 

Background 
no 

Background 
NO 

Background - HO 

(continues) 



Alliant Techsystems Inc. 

95% ALL PARAMETERS 
OUTLIER TEST 

FOR ALL DATES 

Page: 3 

Background 
WO 

Background 
Ro 

------------__----_____________________________________---------________________________________________________________________________----____________________________________ End of Report ................................... 
The Monitor Syster, TY 

Copyright (C) 1992-94, Entech Systems Incorporated 



Attachment B 
Normality Test Report 



01/22/1997 Page: 1 

DATA DISTRIBUTION 
FOR ALL DATES 

Background 
6 100 Non-Nonal 0.0000 0.7880 0.00 0.00 0.00 

Background 
6 100 Non-knal 0.0000 0.7880 0.00 0.00 0.00 

Background 
6 0 Normal 0.9687 0.7880 0.25 1.77 0.30 

Background 
6 0 Normal 0.8583 0:7880 0.77 1.81 0.33 

Background 
6 0 Nonal 0.9173 0.7880 -0.01 1.00 0.16 

(continues) 
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DATA DISTRIBUTION 
FOR ALL DATES 

Background 
6 0 Normal 0.9127 0.7880 -0.27 1.08 0.27 

Background 
6 50 Non-Nonal 0.7243 0.7880 0.02 0.73 0.41 

Background 
6 100 Non-Normal 0.0000 0.7880 0.00 0.00 0.00 

- Background 
6 100 Non-Nonal 0.0000 0.7880 0.00 0.00 0.00 

Background 
6 100 Won-llonal 0.0000 0.7880 0.00 0.00 0.00 

Background 
6 100 Non-Wonal 0.0000 0.7880 0.00 0.00 0.00 

Background 
6 100 Non-Noml 0.0000 0.7880 0.00 0.00 0.00 

Background 
6 50 Won-Nonal 0.7460 0.7880 0.07 0.78 0.53 



Alliant Techsystems Inc. Page: 3 

DATA DISTRIBUTION 
FOR ALL DATES 

Background 
6 100 Non-Nonal 0.0000 0.7880 0.00 0.00 0.00 

Background 
6 0 N o m l  0.8693 0.7880 0.71 1.84 0.56 

Background 
6 100 Non-Normal 0.0000 0.7880 0.00 0.00 0.00 

--------------------------------- End of Report ------------------------------ 
The. Monitor System, TH 

Copyright (C) 1992-94, mtech Systems Incorporated 
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TEST OF mWUllALITY FOR DETECTED DATA - 50% NON-DETECT 
DATA DISTRIBUTION 

FOR ALL DATES 

Background 
3 0 Normal 0.8928 0.7670 0.32 0.67 0.04 

Background 
3 0 N O ~  0.9932 0.7670 -0.09 0.67 0.10 

--------------------------------- End of Repart ............................... 
The llonitor Syster, TH 

Copyright ( C )  1992-94, Rttech Systems Incorporated 
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MEAN AND STANDARD DEVIATION FOR 504; NON-DETECTS 
DESCRIPTIVE STATISTICS 

FOR ALL DATES 

C Background 
6 50 0.050 > 49% N-Dts 0.005 0.000 lon-Detect 0.058 

Background 
6 50 7.867 > 49% N-D' s 3.002 9.009 Nan-Detect 11.500 

_____-__------------------------- End of Report .................................. 
The Honitor Systeq TH 

Copyright (C) 1992-94, Entech Systems Incorporated 
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MEAN ANDSTANDARD DEVIATION FOR 100% DETECTIONS 
DESCRIPTIVE STATISTICS 

FOR ALL DATES 

RAAP LIST 

c.L Background 
6 0 3.690 3.535 1.110 1.233 2.140 5.480 

Background 
6 0 2.462 2.160 0.800 0.640 1.760 3.880 

Background 
6 0 78.467 78.450 12.741 162.339 63.000 93.300 

Background 
6 0 0.721 0.760 0.193 0.037 0.451 0.920 

Background 
6 0 0.036 0.031 0.022 0.001 0.017 0.076 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  End of Report --------------------------------- 
The nonitor Systeu, TH 

Copyright ( C )  1992-94, Entech Systems Incorporated 



Attachment C 
Appropriate Number of Samples 



ALLIANT TECHSYSTEMS. INC. 
INCINERATOR SPRAY POND BACKGROUND SOIL SAMPLES 

APPROPRIATE NUMBER OF SAMPLES CHECK 
$W-846 CHAPTER 9 SAMPLING PLAN 

Variance of Sample, sZ 

sZ = u X  - (CXJ2/n where n=number of sample measurements. 
n - 1  

Appropriate Number of Samples, n 

n =?-+ 
RT-X 

where RT = regulatory threshold, 

X = sample mean, and 

t = value based on the number of degrees of freedom (n-1) 

The results for the following parameters were non-detect and, therefore, an appropriate number 

of samples could not be calculated: 

2,4-Dinitro toluene 

2,6-Dinitrotoluene 

Di-n-butyl phthalate 

Diethyl phthalate 

Resorcinol 

Although many of the results for most of the following parameters were below the PQL, an 
appropriate number of samples was calculated using the laboratory detection limit. 

Antimony = 

Arsenic = 

Barium = 

Beryllium = 

Cadmium = 

Chromium = 

Lead = 

Mercury = 

Nickel = 
Silver = 

Thallium = 

Number of Actual Samples = 6 



TABLE 9-2. TABULATED VALUES OF STUDENT'S "t" FOR EVALUATING 
SOLID WASTES 

Degrees o f  
freedom (n-l)a 

Tabu1 ated 
" t "  valueb 

aDegrees o f  freedom (df) are equal t o  the ,number o f  samples (n) 
co l lected from a sol i d  waste less one. 

b ~ a b u l  ated "tm values are f o r  a two-tai 1 ed confidence in te rva l  
and a probabi 1 i t y  o f  0.20 (the same values are appl icable t o  a one-tai led 
confidence i n te rva l  and a p r o b a b i l i t y  o f  0.10). 

NINE - 4 
Revision 0 
Date September 1986 
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Critical Values 
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UPPER TOLERANCE L I M I T S  FOR 100% NOW-DETECTS 
TOLERANCE L I M I T S  

FOR ALL DATES 

Background 
. 6  100 65.000 0.000 65.001 

Background 
6 100 35.000 0.000 35.001 

Background 
6 100 12.500 0.000 12.501 

Background 
6 100 165.000 

Background 

- 
(continues ) 



Alliant Techsysters Inc. 

UPPER TOLERANCE LIMITS FOR 100% NOW-DETECTS 
TOLERANCE LIMITS 
FOR ALL DATES 

Page: 2 

Background 
6 100 25.000 0.000 25.001 

Background 
6 100 0.500 0.000 0.501 

Background 
6 100 165.000 0.000 165.001 

Background 
A 



Page: 1 

UPPER TOLERANCE L I M I T S  FOR 50% NOW-DETECTS 
TOLERANCE L I M I T S  

FOR ALL DATES 

Background 
6 50 0.050 0.000 0.078 

Background 
6 50 7.867 0.000 23.070 

-------------------------- md of Report -------------------------- 
The Honitor System, TH 

Copyright ( C )  1992-94, Entech Systers Incorporated 
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UPPER TOLERANCE LIMITS FOR 100% DETECTED 
TOLERANCE LIMITS 
FOR ALL DATES 

Background 
6 0 3.690 0.000 9.313 

Background 
6 0 2.462 0.000 6.513 

Background 
6 0 78.467 0.000 143.001 

Background 

Background 
6 0 0.036 0.000 0.150 

............................... b d  of Rep& --------me------------------------ 

Tbe llonitor S y s t e ~ ,  TH 
Copyright (C) 1992-94, Entech Systeas Incorporated 



Section 3 
Field QA/QC Procedures 



loci- S p r y  Pond C l m  Plra (HWMU-39) 
Word A m y  Ammrnit~on Plrn~, EPA ID No.VA1210020730 

'rAlil.li 3-4 I'llil.1) QNQC PROCEDURES FOR SOIL SAMPLES 

Field blanks am metal-ador organic k e  watcr aliquots tbat contact sarnplq qupment under 
field wd~t ions  a d  are d y x d  to detect any contamination h m  samplrng equipment. crow 
contammuion h m  prrnously colleacd samples, or conlamhaion h m  conditions c h q  
sampbg (is. airborne contaminants tha~ arc not 6um the waste being sampled). One sarnple or 
site tap water will be collected every day in which tap warn is used for dccontaminnrion 
p"pOSes. 

Field dqlicatcs arc employed to document prscuion. The praision in simple duplicates is a 
function of the vviance of w& composition. the varian~e of the samplrng technique, and the 
variance of the analytical teebque. Duplicate samples should be collected in the field by 
aliquoltrng a sample into separate containm. One duplicate semple will be collected for every 
twenty .samples. The containem should be labeled as duplicate samples. 

Trip blanks an: wd to detect any contammation or crosticontauhtion dunng handhq ad 
transportation. Trip b l a h  sbould scampany sample camrainem to an h m  the field The 
appnqmalu Inp blank containm sbould be filled with d y e - k e  water. Pmrvations and 
ad&ivus will be a&d as r e q d  for each parameter p u p .  Trip blanks sbould be sealed and 
stored in an ice chcst where real samples will be d and tnasportcd. A pair of trip blaakr 
will amimpany each cooler containme empty or filled volatile sample containm. 

An qupmcnt blank sbouid be prepared for each parameter group sampled where a particular 
piece uf s~npling qupmcot was employed for sample couection ad subsequently 
deumtaminated in the field for use in additional sampling. The equipment blank sbould be 
cornpod in the field by collecting. in the appropriate container for the parameter group, a 
blank water rime 6um the equipment (auger, pump tubin& etc.) Ptter execution of the last step 
of the proper field decontamination protocol. Preservatives or additives must be added to the 
equipmmt blank where appropriate for each parameter pup. TIM type and Gquency of these 
samplcs arc specified withrn the tea  discussing the extent of contammation sampling. 

Ninu. Pages Nine 61-63; Chapter One Page 1-10. 
be ~ k c t e d  at least once with every d y t l c a l  batch with a once 



3.8.3 Sampling Equipment Decontamination 

A11 non-disposablc sampling cquipmcnt will be dccontaminated between each sample. Those sampling 
implements which cannot be dccontarninated effectively will be containerized and properly chposed of 

based on sample analytical results. 

The decontamination of sampling equipment (hand auger, scooplula, trowel, etc.) will be performed as 
follows and follows the decontamination procedures for sampling equipment (EPA R e ~ o n  N. Standard 
Operatine Procedures and Oualitv Assumnce Manual, 1986,): 

1. Clean with tap water and a soap solution (A phosphate-free laboratory detergent such as Alconox, 
Aliquinox, Liquinox will be used for cleaning) using a brush if necessary to remove particulate 
and surfiice films. 

2. Kinsc thoroughly with thc Radfords potable water. 

3. Rinsc thoroughly with dcioni~cd water. 

4. Rinse thoroughly with organic-free water and allow to air dry as long as possible. If organic-free 
watcr is not available, allow equipment to air dry as long as possible. Do not rinse with distilled 
or dcionizcd watcr. 

c.rr 5. Wrap with aluminum foil, if appropriate, to prevent contamination if equipment is going to be 
storcd or transported. 

All rinsatc waters will hc contained and analyzed for the constituents of concern prior to discharge. 
Disposal of rinsatc will be pkrfonncd bascd on sampling results and in accordance with the VHWMR. 

All sampling equipment will hc decontaminated prior to sampling, between sample depths, and between 
samples unlcss ncw or dedicated (i.c, uscd only for one sample) equipment is used. Sampling equipment 

will be drsposcd of as hazardous waste at the conclusion of tbe sampling program, where appropriate. 

Large equipment used for closure activities will be cleaned prior to its use on site. The decontamination 
of the larger sampling equipment will occur in a temporary constructed decontamination area A 2 0 4  

x 30-fi area will be graded with at least a 2% slope towards one comer of the area The area will be lined 
with an appropriate plastic liner to prevent infiltration of decontamination water into the soils. The area 

will drain into a polysthylene - container. Rinsate and other wastes generated during decontamination will 
be placed into 55 gallon drums. This proposed decontamination area has been designed so as not to meet 
the definition of a surfacc impoundment (40 CFR Part 260.10). Following closure, the large sampling 
equipmcnt will bc dccontaminatcd using steam cleaning followed by a potable water rinse. 



All wastes generated during the decontamination process will be accumulated in 55 gallon drums for less 

than 90 days storage. 

The decontamination area's synthetic liner will be dsposed of in accord with the VHWMR and the 

VSWMR If analytical results show the liner is a hazardous waste by characteristic, then the liner will 
be transported via a Virginia permitted hazardous waste transporter and @sed of off-plant at an 

approvcd hazardous wastc facility. if it is not hazardous, it will be dsposed of in a permitted debris or 
sanitary landfill. 

The rinsatc collcctcd during thc dcconlamination process will be transferred to 55-gallon drums for storage 

until tcst rcsults arc rcccivcd. If thc water in the drums tests to be hazardous, it will be accumulated 
according to VIIWMR, § 6.4.1;., transported via a Virginia permitted hazardous waste transporter and 

cisposed of off-plant at an approved hazardous waste facility. if it is not hazardous, it will be cisposed 
of in the biological waste watcr treatment plant with VDEQ approval. Equipment blanks will be collected 

for decontamination quality control. 

3.8.4 Sample Handling 
a Each sampic jar should hc clcarly labclcd with an identifying number, the point of sampling as 

documcntcd on a diagrdm orthc arca. thc time and date of samplc collection, the name of the individual 
responsible for samplc collection, and the parameters for analysis. 

When the sample jars are shipped to the laboratory, a seal will be placed on the shipping container in such 
a way that the containers cannot be opened in transport wit!!out breaking the seal. 

A chain-ofcustody record will be maintained to document the responsibility for sample possession from 
the time of collection until the analysis is completed. 

A field log book will be maintained. The sample location, the time, date, parameters for analysis, and 
approximate volume of each sample will be recorded. The appearance of the sample, the conditions at 
the time o r  sampling and any othcr relevant field observations will be recorded. 

- - -  

3.9 Sample Custody 
3.9.1 Introduction 
Sample identification and chain-okustody establishes the documentation and control required to identify 
and trace a sample from collcxtion to completion of analysis. Sample identification and chain-ofcustody 
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will be maintained during all closure activities conducted at Radford Army Ammunition Plant through the 
following chain-ofcustody procedures and documentation: 

Samplc lahcls, which prcvcnt misidentification of samples; 

Custody scals to prcscrvc the integrity of the samplc from the time it is collected until it is opened 

in thc laboratory; 
Ficld logbook and picturcs to rccord information about closure activities and sample collection; 
Chainsfcustody record to establish the documentation necessary to trace sample possession from 
the time of collection to laboratory analysis; and 
Sample analysis request sheet to inform the laboratory of pertinent information noted in the field 

logbook 

The purpose of these procedures is to ensure that the quality of the sample is maintained dunng its 
collection, transportation, storage and analysis. 

3.9.2 Chain-Of-Custody 
A sample is in custody if it is (1 )  in someone's physical possession or view, (2) locked up, or (3) kept 

.- in a securc arca that is rcstrictcd to authorized personnel. 

3.93 Field Custody Procedures 
As few pcrsons as possihlc should handle samples in the field. The sample collector is personally 
responsible for the care and custody of samples collected until they are transferred to another person. The 

site team leader for the closurc activities will determine whether proper custody procedures were followed 

during field work and decide if additional samples are required. 

3.9.4 Sample Labels 

Identification sample labels arc to bc attached to the field sample containers. Gummed paper labels or 

tags should hc used. Thc tags should contain the following infomation: 

1. Namc of collcctor 
2. Date and time of sample collection 

3. w - # 3 9 - X X -  W-ZZ 
where: = Site name (RAAP) 

#39 = Unit Number 
XX = Grid Location Number 

YY = Sample Depth (As depth below datum, i.e., bottom of concrete liner) 



ZZ = Special Code as follows: 
0 1 -Normal Sample 
02-Duplicate Sample 
03-Field Blank 
04-Trip Blank 

4. Type of samplc with brief description (i.e., grab, composite, background, soil, liquid, concrete, 
bcdding matcrial; rdndom, "hot spot", decontamination test, etc.) 

Sample infomalion will be printed on the label in a legible manner using waterproof ink The 
identification on thc labcl must bc suficicnt to enable cross reference with the laboratory logbook. 

Sample labcls will bc aflixcd to lhc sample containers prior to or at the time of sampling. The labels will 
be filled out at thc time of collcction. 

3.9.5 Custody Seals 
Custody seals are reprintcd adhcsive-backed seals with security slots designed to break if the seals are 
disturbed Scals are placcd ovcr thc cap of the individual sample bottle and in as many places as possible 
on shipping containcrs. Thc scals will bc aflixed to the sample bottles and shipping containers before the 

,- samplcs and containers lcavc the cu\1ody of the sampling personnel. The custody seals will at a minimum 
contain the following information: 

Sample number (This number must be identical with the number on the sample label) 
Name of collector 
Date and time of sampling 
Place of collection 

3.9.6 Field Logbook 
Field logbooks are necessary to provide mfiicient data to enable field participants to reconstruct events 
that occurrcd during the closurc activities. 

All pertinent sampling and ficld survcy information will be recorded in a logbook All logs will be kept 
in a watcrproof bound-notchook with numbered pages (8-1/2 by 11 inches). All entries will be printed in 
watcrproof ink. No pagcs will be rcmoved and corrections will be made by drawing a single line through 
the incorrect data and initiali~ing and dating the correction that was made to the side of the error. Entries 
in the logbook should contain at a minimum the following information: 

Location of sampling point (and location code XX-YY-ZZ as stated above) 



Namc and address of field contact 
Typc of wastc (i.c. soil, sludgc, wastewater) 
Suspcctcd waslc composition, including concentrations (i.e, D008) 
Numhcr and volumc of samples taken 
l'urposc of sampling (LC. contrdct number, closure activities) 
Description of sampling point and sampling methodology 
Date and time of collcction 
Collector's samplc identification number 
Sample dishbution and how transported (i.e. name of laboratory, UPS, Federal Express) 
Rcfcrences, such as maps or photographs, of the sampling site 
Field ohscrvations 
Any ficld mcasurcmcnts madc (i.c. pH, conductivity) 
Signatures of pcrsonncl rcspons~blc for observations 

3.9.7 Chain of Custody Record 
A chain-ofcustody record will accompany every sample. The record should contain the following 
info nnat io n: - 

Sample number 
Signature of collector 
Date and time of collection 
Place and address of collcction 
wastc typc 
Signatw of pcrsons involvud in the chain of possession 
lncluslvc datcs of possession 

3.9.8 Photographs 
Documcnlation of a photopph is crucial to its validity as a representation of an existing situation 
Therefore, the following information regarding photographs will be recorded in the Field Logbook: 

Date, time, location of photograph - - -  
Photographer 
Wcathcr conditions 
Rwons why photogrdph was taken 
Scqucntial numbcr of photopph and the film role number 
Camera lcns system used 

c. 
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Once thc phologrdphs havc been developed, tlus information will be recorded on the back of the 

photograph. 

Photographs cannot bc readily takcn without the permission of Radford Anny Ammunition Plant's 

Commanding Officcr. Thus, prior to closure activities, a request will be made to the Commanding Officer 
asking for permission to photogrdph the closure activities. 

3.9.9 Sample Analysis Request Sheet 
A sample analysis request shcct will accompany the sample on delivery to the laboratory. The person 
who collccts thc samplc will complcte the field portion of the form. All pertinent information recorded 

in thc ficld loghook will also he included on the sample analysis request sheet. The laboratory portion 

of thc form will he complctcd by lahordtory personnel. The following minimal information will be 
recorded: 

Name of person receiving the sample 
Laboratory sample number 

I 
Date and time of sample receipt 
Sample allocation 
Analyses to be performed - 

All samples will be dclivcrcd to the labomtory as soon as practicable (usually within 1 or 2 &ys after 

sampling and samples must always bc kept at 4°C). The sample will be accompanied by a chain-of- 
custody rccord and also by a samplc analysis request sheet. The sample will be delivered to the laboratory 

personnel who is authorized to rcccivc samples. 

3.9.10 Sample Designation 
Sampling locations at thc pond will bc marked with stakes and surveyed to determine the coordinate and 

elevation where possible. Once the stake is marked and in place, the area will be photographed The 
stake will be marked with the appropriate station andfor sample number. 

- .  

Samples collected from wch location, other than those collected for on-site field measurements or 
analysts, will hc idcntificd by uing a standard label which is attached to the sample container. 



3.9.1 1 Sample Handling, Packaging, and Shipping (VHWMR 8 3.1.D.2) 
For sampling packing and shipping, Radford A m y  Ammunition Elant will comply with the U.S. Postal 

Senrice Regulations, Department ofTransportation Regulations andor the Virginia Regulations Governing 

Transportation of Hazardous Materials. 

3.10 Data Reporting 
During the Incinerator Spray Pond Closure, the following data reporting will be conducted: 

Background soil sampling results along with the QAIQC documentation required by Chapter 1 of 
SW-846 will be submitted to the VDEQ prior to performing statistical comparisons for approval 
of background soil sample locations. 
Upon cornplction of thc sub-soil assessment sampling, the data will be tabulated and the required 
statistical comparisons pcrformcd The results will be submitted to the VDEQ for review. Based 

on thc rcsults, either: 
Clcan closurc will bc achieved and the corresponding closure certification report will be 

prcparcd and submitted to the VDEQ. 
Addrtional soii removal efforts will be conducted in an attempt to achieve clean closurt.. 

Contingcnt closure and post closure will be implemented as detailed in this plan. 
.- 

3.1 1 Groundwater Closure 

Groundwater will bc monitored in accordance with the Groundwater Monitoring Plan (as updatcd) 
until: 

"Clean" closure for both saturated soils (groundwater) and unsaturated soils (the 

incinerator spray pond subsoils) have been demonstrated; or, 
A post-closun care pennit for cap maintenance andor groundwater monitoring 
requirements is obtained. 

The specifs procedures and criteria for determining "clean" closure with respect to groundwater 
will be specified in the groundwater monitoring plan. The following procedures are outlined in 

more detail b. the groundwater monitoring plan: 

For all monitoring wells, initial background concentrations of all designated monitoring 
pardmctcrs will bc atablishcd based on quarterly sampling for I year. 
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Section I - Quality ABsurancefQuality Control Program Omview 

Tbe CVLC Quality hurmoelQuality Control (QA/QC) Program is designed to 
monitor laboratoxy rampling and analysis procedures. The primary objective of the 
CVLC Quality buranWQuality Control L to provide defendble analytical data. Thie 
manual a d d m  the many variabler mocisted in th i~  objective. Thir Program 
ensures that the metbodologier by which u p l e a  are acquired and the laboratory data 
generated are ccmdrtent with the appropriate Environmental Protection Agency's 
(EPA) protocoIr. 

The Quality Control Won of thin program covers the "maintenance" requiremenu 
and the Quality h u r a n c e  rcctioa is the 'hurana" section. "Maintenance" refen to 
the physical rcguirementa ruch as; the we of nagentl of the higheat quality and the 
use of clean, Claaa A glumare. "hurancc~includea aa a minimum, the use of 
calibration check, #piker, rurrogates and duplicates analyses. 

The analytical laboratory per~lnnel a n  divided into the following group: 

I. 

n. 

III. 

IV. 

v. 
VI. 

vn. 

Inoqraic Cbemistly 
Total Oqurla Carbon, Total Organic Halide 
wet ChcmiBtly 
Ion Chromatograpby (IC) 

Metrlr 
Atomic Absorption Spectrophotometry 
ICP Atomic Emhion Spectrometry 

Organic Chemirtry 
Gu CJmrnatography (GC) 
Gar Cbromrtography/Maw Spectrometry (GCIMS) 
High Perfibmance Liquid Chromatography @PIX) 

Bf,~~~ry~ologicaVBacteriological 
Toxidty Evaluatlon/Toldcity Identification and Reduction Studier 
Biological Oxyoen Demand Analyur 
Microbidogiolj Evaluation 

A sepmte QA/QC Manual haa been developed b r  this department. 
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Section I - Quality Assurance/Quality Control Program OVCMCW (Continued) 

A. Analytical Loborrtoy Petsoanel Organization (Continued) 

Each Group i8 headed by a Superviaor who repom directly to the Laborrtory Director. 
A Supendm ahd have a B.S., B.A, or equivalent depee in a closely related scicna 
field. Nondegree Supervhn &odd have a minimum of five yean of directly related 
experience. 

The Quality AuwuralQudty Control Program for thir laboratory will be directed by 
the QAIQC Director who ahall not be involved in the actual aampling or analytical 
work. Ecch Supervirar will be fully awan of the QNQC Diredofa dutiea and 
policier. T h w  policiea are d h r r t d  in thia Quality Auurance Manual and in CVLCa 
Standard Operating Proadurcr (SOPS). Routins meetings 4 1  be coaducted upon 
receipt of updated protocol, reeeipt of new iwtnrmentadon or receipt of independent 
Iaboratoy audits to further support Supervisor awareners. 
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Section I1 - Chain-of-Custody 

Sunplu delivered by CVLC penomel, CVLC clients or wnrmercial courier 
wiU be subject to the followin8 guidelines. The fallowing required information 
should be provided on a client or CVLC chain-ofmatody document. 

The WLC Sunple Admiairtrotor will examine tbe ramples to enmre collection 
in EPA approved containen with appropriate preremtives for the requated 
an-; rample collection date and time will also be reviewed to ensure the 
EPA required sample holding time haa not expirsd, and will ensure uampler 
were truuported on ice or undsr refrigeration to maintain a aample 
temperature leu than (<) 4'C. 

Any deviation8 wii l  be reported to the Laboratory Director. Sampler cm be 
refwd if deviaticma from established protocol have occurred. Renrltll 
generated from there aamplw may be wnlddend invalid. Tberefore, the cliant 
will be immediately notified. The client will be inbmed of the deviadoar, 
ruapected or confirmedl If client cluificationr wurrnt deviation8 have not 
occurred, the aampla ore received and proaued in accordance with CVLC 
protocol ertabmed in this wction. 

For tho# aamplea which will be mfuacd, all doviationr and follow-up actionn 
will be fully documented utilizing a CVLC RECEIVING CORRECTIVE 
ACI'ION FORM, One copy will be immediately wnt to the client and one 
copy will be retained with the client's chain-of-custody document. 

The CVLC Sample Adminbtrator will enter 6anrple information into LIMS. 
LTMS will lutamatically generate aequentilf CVLC Identification Numben 
(CVLC ID). The rample(r) will be w e d  with the CVLC I.D. Number in rucb 
a manner m to ensure the label remain8 legible and intact during laboratory 
operatiom. 

CVLC work-Liatr are tben generated through LIMS, Each laboratory rection 
requires itr own unique work-btm, Upon generation of these forma, they are 
given to the Laboratory Director for technical review. The Laboratory Dimctor 
will mip a d t  due date for each sample on the work-list and main track@ 
form. The Laboratory Director will then distribute the work-listr. 

Tbe pH of eacb aqueow sample @on-hazardous warte ample) will be recorded 
in the pH Logbook. h addition, client appruved prerervative adjurtmentr, 
rquired filtration and rampie ylitting will dro occur as required prior to 
dirtribution to each laboratory rection. Documentation of sample adjurtments 
will be fully documented in the pH Logbook or Filtration Loubook. The 
aamplea will then be dirtributed to the varioua laboratory w d o m  for storage 
in aooordana with method or matrix rpecificationr until andyab. 
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Section 11 - Chain-of-Custody (Continued) 

1. The Laboratory Director will distribute the work-bta to each laboratoxy 
d o n .  

2. During the sample analysis period, the wnpler will remnin in the 
deripated uea. 

3. Upon campledon of each analysis and analyst validation of the rerult,, 
the Superviaor may review the analytid data to ensure compliance with 
the QA/QC requirement8 in Section VI1.B. and the method rpecific 
requirements. If deviations exirt, the neceuary wrrective action outline 
in S ~ C ~ O B  V1I.B. I U W ~  be f d o ~ e d .  

4, If at my point during the anrlynb proceer, the reaulta are cotuidered 
technically inaccurate, the analyst will be petfwmed again if holding 
timer have not been exceeded. Otherwire the client will be contacted 
and arrangement$ for the recollection of the sample will be mada. 

1. Upon review of the completed work-lid by the Laboratory Director, the 
mdydr rcaulta will be reported in the client rpecifid format, Several 
Data Proauing Software Packager arc currently utilized. 

2. Upon releue of the client report by tho Laboratory Director, the CVLC 
copy of the report and the accompanying wotk-lht will be releawed to 
the Acco~~~t ing  department for invoicing. Client, report8 are typically 
mriled or delivered by a com~llerdal courier. 

3. Upon completion of invoicing, the work-list and CVLC copy of the final 
tnnlytical report will be filed into the client'r file. W work-1- reportr 
and documentation logs are held for a minimum of five yean. 

1. Black, permanent ink rhall be w d  for all analytical d~~u~lleatadon, 

2. Write legibly, c r o ~  out mistake6 with a single line, NO SCRIBBLING, 
and all mirtakcr rhaU be initialed by the appropriate person. 

3. Each laboratory section baa ita own Laboratory Lngbwka 
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Section I1 - Chain-oBCustody (Continued) 

E. Sample Storqc and Handling 

CVLC QqlQC Document Tcmpcton~c MonltoringRvgmm @I/@-002 contains 
spacidc monitoring and maintenance information. 

1. Sampler will be rtond in dadgnated anar in each laboratory aecdon 
during the analydr period. Sampler typically will be atored in 
reiiiprrton maiatainiag a temperature 44.4'C. 

2. Upon the completion of the analydr, sampler are bald for two weeks 
hllvwing the release of rample rerults to tbe client. 

3. Sampler are either dbposed by CVLC, returned to the den t  in 
accordam with Virginia Department of Transportation regulations or 
shipped to a hazardous warte facility for treatment, Disposal method of 
eacb m p l e  ir documented. Further detailed dhwaion is located in 
the CVLC Chemical Hydene Plan. 
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Section 111 - Laboratory Equipment and Instrumentation 

A. Quality Control of laboratory apparatus includes senicing and monitoring the 
operation of 8uch item M oven& refrigerators, incubaton, water nupply and 
hood. Servicing and monitoring of apparatw will be documented in the 
maintenance logbook or monitoring logbook. 

B. Monitoring Laboratoxy Equipment 

The d a y  (when the laboratory is in operation), weekly and quarterly 
monitoring data applicable to each laboratory section ir recorded in the CVLC 
QAmC Program Daily CalibrationJRecording Logbook located in each section. 
S e m i - h u l l  and annual monitoring is kept in decignated flea located with 
other QNQC intormation. CVLC QA/QC Documenb contain ~pecific 
monitoring protoool. 

1. Balancer - CVLC QAjQC Document Anrr&tkal Balance 
Calibtution/Mainlwrame Prolrprrm QAIQC-003 contain8 pcific 
meuurcment and maintenance information. 

2. pH Meter - CVI,C SOP Document pH REC-002 containr npedlc 
maintenance information. 

3. Reagent Water - CVLC QAfQC Dacument Water Monitoring PraMdwe 
f&l/QC-OM containr rpecific monitoring and maintenance infonnaticm, 

4, Refigeraton - WLC QAJQC Document Tmrpcrctan Monitoring 
h p m  QAlQG002 containa spedc  monitoring and maintenance 
information. 

5. Ventilation Hoods CVLC Document Chemicol ify&ne Plan contains 
npedfic monitoring information. 

6. Thcrmomsten - CVLC QNQC Document Tempemrum Modcoring 
Prro(pwn @I/QC-a)z wntaina npecitic monitoring and maintenance 
 mati ion. 

C. Inrtrument Maintenance 

1. Routhe instrument maintenance ir method and/or htrument sped&. 
CVLC SOPs and/or manufactunfr Inatrumeat manuah contains 
rpecific maintenance nchedule. 

2. Recot& of instrument maintenance (routine, minor .ad major) will be 
recorded in a maintenance log book dedgnated fbr e.ch btmmcnt. 
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Section IV - Reagents 

All nagenta udlized will be method grade and purity rpecific. This ia eliblltial 
in generating qurlity data. CVU: SOPr and Ckmical @@ern P h  contain 
rpedfic rtorrge requhmenb. 

The pmharc of all chamioala, nlpents, mhvnts and gluee mwt be 
approved by the department rupewbor and/or General Manager, 

An inventoy of all cbcmicrrb, reagents, rolvsnb and gares ir maintained 
by the Aocountiq department. 

All purchmd chemical and reagent bottler &all be labeled with the 
data received, the date opened and the exphtion date. For them 
cherniccrl, md reagenb without known expiration date& an expiration 
date appropriate for the intended use rhrll be uwd. 

Prepared reagent bottler ahall be labsled wltb the name of reapnt, the 
reagent #mcentratlon (if applicable), the date prepared, the applicable 
expintion date and the initial8 of the preparer. The expiration date i# 
reagenttmethod spcific. For prepared nqenta without known 
expiratlop data, an expiration date appropriate fior the intended uae 
rhrll be wed. 

All reagent8 and rtandudr must be prepared uring Clru A volumetric 
flsrlrr and other Clm A glassware, and rtored In polyethylene, 
polypropylene or amber g l w  bottlu with TEFLON lined cap,  The 
rpec16io bottle ured b method rpecific. 

Prepre magente born the appropriate type of deionized or d id led  
water in accordance with the rpecified method. 

Store prepared reagents under apccific method or manuhctunt 
required amditionr. 

Store chemicalr in designated storage cabinets. 

m e  grade of caarpreabed gast~ used will be in accordance with the 
rpeci6ic method or inrtrument requinmentr. 
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Section V - Quality Assurance/Quality Control 

A. Quality Avurance Objective8 

An aueMnrent of the analytical data generated againat a aet of ertablirhed 
~ t m d a r d ~  t neceaary to emure the data meeta the Quality Anurancs 
Objcctiver ertablhhed, Specifically there Quality hurancc Objecther axe 
Pndrion, Accuracy, Reprerentrtiveneu and Calnpletene~. 

a. Predon - "A measure of mutual agreement am* individual 
meaaurementa of the wne property, uaurrlly under prescribed M a r  
coaditiom, Pmciaion ir best exprcwd in term of the atandad 
deviation. Variour rnemurea of precision exiat depending upon the 
"plzlcribbe War conditionr"," 

Pmchion shall be ~acsrred throufi 5eld and laboratory duplicrte 
andym. The Relative Percent Differeaa (RPD) will be wed to 
determine tbe precirion of them field and laboratory duplicater, Field 
duplicate 8ample8 will be collected in the w e  manner as the actual 
aamples have been collected, The field duplicate runple will travel 
throu# tha laboratory as an unique rampla. 'Ibe RPD of the field 
duplicate will monitor field and laboratory precision, While the RPD 
of the laboratory duplicate will rolely monitor laboratory precision. 

b. Accuracy - "The depee of agreement of a measurement (or an averqe 
of muuremenb of the same thing), X, with m accepted ttbrena or 
true d u e ,  T, usudly s x p ~ e d  aa the dfirence between the two 
valuer, X-T, or the di£ference u a percentrge of the referena or true 
value, 100 (X-T)/T, and mmetimea expreued M a ratio, X/r. Accuracy 
is a measure of the bias in a ytern," 

Accuracy &all be assessed thmqb tha ure of Calibration Verlfiorrtion 
S t n n d d  (CVS) and ma th  spike (MS) or matrix ~piketmrtzix spi)te 
duplfolte (MSIMSD) analyses. Each CVS will be m independent 
refcmce standard or h m  r non-calibration atock with ertabljrhed 
mptnnce aiteria. A CVS ahall be analyzed after full calibration and 
with erch analytlcnl run, The CVS mearurer the accurrcy of the 
calibration proce~ .  
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Section V - Quality Assurance/Quatity Control 

k Quality h u r a n w  Objectiw (Continued) 

c. Representativeness - "Exprostcr the degree to which data accurately and 
predrely represent a characteristic of a population, parameter variations 
at r ampling point, a procew cadition, or an environmental condition." 

Reprwantarivcnena will be accomplished by adherence to established 
USEPA rampling protocol, 

d. Completene~ = "A measure of the amount of valid data obtained from 
a mellsuremant qatem compared to the amount that waa expected to be 
obtained under correct normal conditionn." Completeneu is project 
spacific. 

Analytical Quality hurancc/Quality Control in the generation of data will be 
a priority fox all penonr generatin$ data, The rpccific reference method8 will 
be reviewed for complete QUQA requirementi. Tbe requirements and 
procedures a n  instrument and method spedffc. Analytical instrumentr rhrll 
be tuned and aligned in accordance with requirementll which are qccific to the 
irutrument and referem metbod employed, Failure to adhere to edabllshed 
protocol may yield invalid data. 

All CVLC internal documenb hall be written md reviwd in accordance with 
CVLC Document QNQC-001. 

Generd Analytical Quality Control requireznenb a n  aa M o w  (refer to each 
SOP h r  p c i f i c  rcquiremenb): 

1. A minimum of thrw dandardr, including the method detection limit, 
will be used for calibration for each malysin batch unlen indicated 
otherwire by the reference mathod. Quantitate rendb between the 
detsotion limit and the highest standard. Resultr in exceu of the high 
atandard will either be reanalyzed within a different calibration range or 
will be diluted and reanalyzed within the calibration range. 

2. A method and/or reagent blank will be parfonned, at a minimum, at the 
beginning of each analytical batch. The uac of either ia solely dependent 
upon the method wed 'Ihe method blank will codat of the laboratory 
water w d  in the analytical procedure. ThL method blank will be 
proceased in the name manner rs the aamplsr. A reagent blank w n a b  
of each reagent or rohrcnt ured in the analytical procedure. Tbe blank 
ahould not have a concentration exceeding the method detection limit. 
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Section V - Quality Asrurance/Quality Control (Continued) 

B. Anrlyticrl Qudity AslrurancbIQuality Control (Continued) 

3. Callbrution Verification Standard (CYS) - To verify initial and wniinuing 
calibration, an independent Standard rhould be analyzed per andyticd 
batch. The CVS ia either prepered from a rtock difkrent from the 
calibration standarda #took or can be a purchsled standard. The CVS 
value obtained rhould fall within 10% of the true value, unleu gpecified 
otherwire by the method. Corrective action for CVS failure murt be in 
accordrna with the reference method, 

4. Ten percent (10%) of the sample batch, unlw opedbied othexwisc by 
the reference method, (excluding blanka and -duds) will have 
duplicate or rpike duplicate aadysea performed, The relative percent 
dif&rencc between the duplicate and rample will be 4 twenty percent 
(20 96) of an, unlew p d f i e d  otherwire by tbe reference method. 
Tbtr RPD requirement in applicable to those concentrations greater than 
five (5) to ten (10) timer the detection limit, unleu q d 6 i e d  othemh 
by tbe reference method. For tbw ooaccntratimr leu than h e  (5) to 
ten (10) timu the detection limit, the concmtratiou difktena between 
the ramp10 and the duplicate abould not exceed the owcentradon of the 
detection limit, Re-an-s of narnple and duplicate may be required 
for thorn ample8 which do not fall witbin thia range. The RPD value 
obtained ia not intended to be the sole factor in debmining the validity 
of the andytical data generated. Calibration data, QA data, blank data, 
sample matrix, reference method ar well ar RPD determine the 
precbioa and accuracy of the generated data. 

REIATIVE ( SAMPLE CONC. - DUPLICATE CONC.) 
PERCENT = x 100% 
DIFFERENCE 
(m) (SAMPLE CONC. + DUPLICATE CONC.)/Z 
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Section V - Quality Aarsurance/Quality Control (Continued) 

B. Analytical Quality AsllurancclQuality Control (Continued) 

Ten p m n t  (10%) of the m p l e  batch, unlm rpecified otheNvise by 
the reference method, (excluding blanla and a d a n l a )  require #pike 
andy~ir. One hundred + twenty percent recovery unlew rpeded  
otherwin by the refsrence method ia amptable. Re-analpis of the 
sample and spike ramp10 may be required for thore aampler which do 
not fill withia thh r a p ,  The %REC value obtained is not intended to 
be the role -or in d e t e d i n j  the validity of the analytical data 
generated. Calibratim data, QA data, blank data, sample matrix, 
refcrtnce method ar well ar %REC determine the preclbion and 
accuracy of the generated data. 

PERCENT (SPIKED SAMPLE CONC - SAMPLE CONC) 
RECOVERY X 100% 
% REC. = SPIKE CONCENTRATION 

A mid-raqe standard will be re-analyzed a b r  every ten (10) sampler 
or in amrdmcu with the rpecific malydcd method. If thin rtandard 
rarult dri& by more than ten (10) penxnt (unleu rpedfied otherwise 
by the reference method) from the original rerult or w e ,  recalibration 
may be required. Sampler analyzed prior to thir utandard recheck may 
require xuanalylir following recalibration, 

A Laboratory Chatto1 Sample (La) must be proceued in the aame 
manner u qnplea. The mid-range rtandrrd ahould be the rpike value, 
90 -110 % recovery is acceptable u n l e ~  rpedfied otherwise by the 
reference method. 

The me of aumgataa will be a routine part of all organic analyser. 
Rewery of each mrtogate will be within the method or hiatorid data 
range. Rebr to rpcific organic method for further dirrcwaion. 

A daily check ample will be analyzed for all o r p d ~  aaalyrer In 
aoaordanoe with method requirements. Reooverier are method rpecific. 

AU sample reanalymr performed as corrective action b r  rerultr falling 
outd& of hlrtorical data will be analyzed with either a rpilre or 
duplicate ample for condirmation of the mfts. 
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Section V - Quality Assurance/Quality Control (Continued) 

C. QlVQC Documentation 

The date, reference method and analyat'r lnitiala will be included with 
all malytid documentation in the corresponding laboratory notebook. 

Analytical rcrulta recorded in the logbooh shall include aadyte 
concentratiaa with wrrespondin8 units. Sample wight, peraat water 
or percent solidr (when required), ma1 volume of extract and umple 
dilution factor will be recorded in deripated m p l c  preparation 
logboo& or in analytical logbooks. 

Calibration curve or coefficient of the linear catr'bntion rhall be included 
along with the canantratio4rellpome data (or reiative reaponrs data) 
of tbe calibration standards in the correapondiq lo~baok. The 
calibration curve will include the initiala of the analy& the date of 
preparation and name of parameter analyzed. 

The relative percent difference for duplicate8 and percent reclrvtrier for 
8pikca and fiwrogater will alro be documented in the mrrerpondlag 
logbook. 

me reference QA identification, CVLC value, QA true value and QA 
aoccptable range will be documented in the Gornaponding logbook. 

The identity and amount of each constituent detected by tbe method in 
the blank will be documented. If the concentration of the blank exceeds 
the method detection limit, the source of the contamination will be 
determined. Re-analyair of the endm batch may be required if the 
catamination is evident throughout tbe eadre batch. 

All chramatogramn for the reportad rerrulta &all be labeled with the 
CVLC m p l e  identification and the rample volume or amount injected. 

Any additional mnple preparation not part of the documented 
referenom method will be included 4th an explanation for such action 
ru well as the dpature of the ruperviror or QNQC Director. Thir .Ira 
includes any corrective action required tor the analymim. 

All raw data will be atored for a minimum of five yean in r atcure file. 
Raw data will include strip charts, GC charta, calibration data, blank 
dab, and chain of cutody documentation. No primary data will be 
rtored cxclwively on magnetic media. 



P. I 6  semon ~ u m m  3 
Rcvldon Number 3 
Dak J r n u q  29,1997 

13 of 14 

Section V - Quality Assurance/Quality Control (Continued) 

E. Internal Control Messurer 

CVLCr internal control measures are either blued upon general EPA protocol 
or internal development. 

1. For inorganic nnrlysea, CVLC utilizer 6xcd range, in ~ r d a a t s  with 
general EPA protocol. General Quality Amwaooc uamplcdanslyrlr 
which utilize f w d  control mewre6 are: 

Reagent Blank - Value not to e m e d  MDL 

Standard Curve Correlation Cuefficient not to exceed 0.995. 

Standard Check - Value not to exceed ten percent (10%) of 
original curve. 

C V S  90 110% Recovery 

Spike Recovery - 75 - 125% Recovery, 

DuplicatdRepliute Recovery dk Dilution Cbeclu - RPD 220%. 

L a  - 90 - 110% Recaucy. 

Thew lrre general ranger, the reference method criteria rupeneder 
there. 

Contra1 Cbarta (CCs) have been dewloped for calibration rtandards and 
LC% when required. When nocanary the h r  Control Limit (WL) 
and Upper Control b i t  (UCL) ate developed wing a, with +3s for 
WUP1IIg Control Limit& Cumnt laboratory cerdflcations held by 
CVlC do not require the ure of inorganic control charta if bed ranpa 
lire used. However, CQ cm be made part of CVLCr Standard 
Operatin8 P d u r e r  an required by state qencier or 8pecific pmjectrr. 
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Section VI - Data Evaluation 

Data Evaluation 

Data Evaluation anairta of data reduction and validation and hall be performed by 
the Supenrisor, QA/QC Director, Laboratory Director, or other dctignated penon. 
Special projects, as designated by the Laboratory Director, shall uadergo drta 
reduction and validation. Laboratory data hall undergo data reduction by the Group 
Leader or Supenisor on a daily barb or aa deemed necessary by the Supervhor, 
Laboratory Director or QNQC Director. Data validation &all be paformed by the 
Supelvieor and QAJQC Director and/or Laboratory Director ar deemed necesuuy by 
the Laboratory Dinctor or QlVQC Director. Data reduction and data validation 
coruirb of, but ia not Iimited to, the following: 

1. The urmple holding time will be reviewed to emwe compliance witb EPA 
ertabliahed protocol. Sample dcviationr may be amsidered invalid, therefore 
these rerulh generated must be flagged. 

2. The raw data generated from each analytic4 batch wiU be reviewed to emwe 
oompliancc with s p e d c  method protocol. 

3. The precision and amracy of the generated data will be determined by the 
rpecific method utilized. Calibration data, QA data, blank data, sample matrix, 
Relative Percent Difference, Percent Spike Reoovey and percent aurrogatc 
recovery arc fbcton which will be individually reviewed to determine the 
predaion and amracy of the generated data. 

4. Sampkr may be reanalyzed, provided ramplo holding time har not been 
exceeded, if calibration i a  inwmct or quality assurance meuurea ham Wed. 

5. Those nrult, of thoso ampler whlch cannot be reanalyzed &all be reported, 
However, the deviation Msociated with the data will also be reportad. 
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I .  €PA 82708 - 8omlvol~lle Olpanlc Compounds by OC/MS 

Method 82700 Is used to determine the concentration of sernGvolatllr organic 
compound6 In extma pnpared from nll types of solid waste matrices, soils, a d  ground water 
using gar chromrtognphy/masr spectrometry wlth capMary column. 

The compound8 detemlnad by this method Include polynudear amat lc  hydrocarbons 
(PAH), pMh.lde esters, nttmmlnss, chioronaed hydrocarbons, nitmaromdlc wmpounds, and 
phenols. 

Ill. Method Summary 

Prlor to udng this method, the samples should be prsprred for chromatogmphy udng 
the appmprlatrr sample preparation and cleanup methods, refef to standard operallng procedures 
for 6arnplr pmparetion. 

Sample extract is injaded lnto GCM8 systam, separated by QC column, and each 
component is then Idenflfled by Me and qurntlfled by mlng the response lnto a flvelevd 
callbration cuwr. 

Quality control of this method lndudw a flve=kval ullbntlon of each of the mslfles, 
mass spectrometer tune check, callbration check, splke recovery check, duplication check, 
sumgate reoovey check, and Hank check, 

IV. Appantur and mdrrlak 

Gas chromatograph: Howlen-Packard 5MtO sales II GC with split injection anc: 
programmable tempemtun control from 40 C to 300 C. 

Column: J 6. W Went i i i  055.625 sllloorwoated fused-sill- capillary column, 3LLm ,r 
0.25-mm I.D., 0.2Smlcmn fllm thloknea, 

Mass spectrometer: Hswlott-Packard 5870 mrier maor selectlvrr detector, set to smr~ 
from 40 to 450 amu every 1 mwnd. The Me C tunad to meet ell tho uttede for producing $ 1  
8aUsfadory ma= spectrum of de~nuorotrlphenylphosohine (DPtPP). See QC sectlon lo' 
detalls for tuning. 

Data systarn: Hewid-Packard WOO-300 and 9000-340 UNlX wok !8tetione equlped with 
HP 59940 MS Chrmdation softwars. Thb system includes CPU, h a d  discs, data back system, 
GClMS controller, color monitor, prlnter, keyboard, end mouse. 

Auto sampler/Auto Injection system: Howlat PaokaFd 7673A aystern capable of 
automatically injedlng a 3equence of up to 700 samples. 
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V. Reagents 

Standafd solutions: conoentnted standard rnlxtursa am puffihaaed from €PA cefllfld 
suppllsr Supelco, tollowlng is the catalog numben: 

Cat-No. Name Corn. 

4-8QO4 phenol mlx 
4-8875 acld sumgate8 
4-8902 Internal standado 
4-8908 benzidine mlx 
4-8925 bmlneutnl Burm~etrr 
4-8905 PAH mix 
4-8001 W n e u t m l  mix 1 
4-8800 baselneutral mlx 2 
4-8070 carbazols 

2000 uglml 
2000 uwml 
2000 ug/rnl 
2000 uglml 
1000 uwml 
2000 ug/ml 
2000 uglml 
2000 uQlml 
2000 ugml 

5 lev@lr of stPndnds nm mked as follow: 

A. mix together 
brsdneuttpl mix 1 2000 W m l  1.0 ml 
b.se/neutml mix 2 2000 uglml 1.0 ml 
PAH mlx 2000 udml 1.0 ml 
methylens chloride 1,O ml 
totnl 4.0 ml 

B. phenol mix 2000 uwml 
C, acld lUrrog8bS 2000 uglml 
D. baee/neutral aurmgates 2000 ug/ml 
E. internal standards 2000 uqlml 
F, crrbuola 2000 ugh l  
0. bemidine mix 2000 u@ml 
H. rnahylsnb chloride 

A B C D C F 0 H Total 
lev81 (all In ul) 

1 10 10 100 100 20 4 2,50 733.5 1000 
2 20 25 100 100 20 10 5.00 720.0 1000 
3 50 60 100 100 20 20 12.5 647.5 1000 
4 100 75 100 160 20 30 25.0 550.0 1000 
6 200 100 100 100 20 40 50.0 390.0 1000 

Each level has conwntmtlon of each components as follow (all In PPM): 

Acids WN Add  BIN Int. Cerbazl Benzld 
8urr Surr 8td. MIX 

Level 
1 20 5 200 100 40 20 5 
2 50 10 200 100 40 80 10 
3 100 26 200 100 40 100 25 
4 150 60 200 100 40 I50 50 
5 200 100 200 100 40 200 100 

All the standard mlutions a n  stored In freezer end are nploosd after a year or sooner if 
detenlned to have a problem. 



JAN 29 '97 12:12PM REIC LQBORQTORY 

Standard solutionb: wncentmted standard rnlxtums are purchad from EPA wrtlflod 
supplier Suploo, followinQ Is the catalog numbem: 

CatNo, Name Conc. 

44904 phenol mix 
4-8876 add aurmgatw 
4-8902 intmal ttmndard, 
4-8008 knzldlne mlx 
4-6025 brrelneutml surrogates 
4-8flO5 PAH rnlx 
4-8901 brwlnwlfal mix 1 
4.8900 badneutrcrl mix 2 
4-8076 c a m o l e  

5 levels of standards a n  mixed as follow: 

A. mk together 
koe/neutml mix 1 2000 uq/ml l . O  ml 
baselneutral mlx 2 2000 ugml 1.0 ml 
PAH rnlx 2000 uwml 1.0 ml 
methylene chloride 1.0 ml 
total 4.0 ml 

8. phenol mix 2000 ugh1 
C, odd wtrugates 2000 ug/ml 
0. brrelneu!ml wrrogatsr 2000 uglml 
E. Internal standards 2000 ug/ml 
F, carbrzde 2000 ugh1 
6. bsnrldine mix 2000 uglml 
H. methylme chlorlde 

A B C 0 E F G H Total 
level (all in ul) 

1 10 10 100 100 20 4 2,50 753.b 1000 
2 20 25 100 100 20 10 5.00 720.0 1000 
3 50 60 100 100 20 20 12.5 647.5 1000 
4 100 75 100 100 20 30 25.0 550.0 1000 
6 200 100 100 100 20 40 50.0 390.0 1000 

Each level has conantntlon of em components as follaw (all In PPM): 

Ac16 BM Add BIN Int. Camazl Benzld 
Surr 8urr Std. Mix 

Level 
1 20 5 200 100 40 20 5 
2 50 10 200 100 40 60 10 
3 100 25 200 100 40 100 25 
4 150 50 200 100 40 150 50 
5 200 100 200 100 40 200 100 

All Vle standard solutions e n  stored in freezer and are replacsd aner 8 year or sooner ;if 
determlnd to have a problem. 
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VA Raagenb 

Standard solutionc concentrsted standard mlx!urss m purahaad from €PA wflMod 
suppller Supdco, lollowlng b the Catalog numbem: 

Cal.No. Name Conc, 

4-8904 phenol rnk 
4-6876 add arrngatea 
4-8802 intarnal standard8 
4-8- knzidinr mlx 
4-8925 ba~lneutrnl surrogate8 
4-1905 PAH mbc 
4-8901 besetneutral mlx 1 
4-1000 bamlneutrnl mix 2 
4-8078 carbarole 

2000 ugml 
2000 uglml 
2000 uglrnl 
2006 uuml 
1000 uqlml 
2000 ug/ml 
2000 uuml 
2000 ugh1 
2000 uglml 

5 Ievdr of standards m mlxed a8 follow: 

A, m k  together 
bewneutral mbc 1 2000 uqlml 1 .O ml 
baselnrutnl m k  2 2000 uglrnl 1.0 ml 
PAH rnk 2000 uglrnl 1.0 rnl 
methylane chlorhle 1.0 ml 
tohl 4.0 rnl 

8. phenol mlx 2000 uglml 
C. add surrogates 2040 u ~ m l  
D. baselneutral sumgates 2000 uqlml 
E. Internal dandarda 2000 uglrnl 
F. carbazole 2000 u ~ l m l  
0. benzldlne mix 2000 uuml 
H. mdhylena chlorlde 

A B C D E F 0 H Total 
Ievd (all In ul) 

1 1 10 100 100 20 4 2,50 753.5 1000 
2 20 25 100 100 20 10 5.00 720.0 1000 
3 SO 50 100 100 20 26 1 2  647.5 1000 
4 100 7s 100 100 20 30 25,O 554.0 1000 
5 200 100 100 100 20 40 50.0 390.0 1 000 

Each level has mcentretlon of each components as follow (all In PPM): 

Acid6 B/N Add BIN Ink Carbrd Banzid 
Surf Surr Std. Mix 

Levd 
1 20 5 200 100 40 20 5 
2 SO 10 200 100 40 50 10 
3 100 23 200 100 40 100 25 
4 i s0  60 200 100 40 150 60 
5 200 100 200 jO0 40 200 100 

All the stended roiutlons m stored in freezer and are reploced after a year or sooner ;f 
. detenlned to have a problrm. 
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Internal standard duflons: the internal Ptrndard compound8 are 1 ,Cdichlorobenzene- 
d5, naphthalens-db, phenanthnnd10, chrysene-dll, porylens-dS, acenaphthened10, the 
mixture concentrates am purchased from Supelco (cat. no. 4-8802, ZOO0 uglml). 20 ul Is used for 
each 1 rnl d semple 8xtnd. The internal standard mlutlonl om dored In freezer, and should be 
replaced after a yaar or oooner If detemined to have e problem. 

GCMS tunlnQ atmtMrd: 8 methylen8 chloride dutlon contelnln~ 50 uglrnl of 
decafluorot~phenylphorphlne (WlPP) is pnpared by dlluting the conantrate purehad from 
Supelco (cat. no. 4-8082, 2000 uglml). The tuning standard rolutin ia stored In ffwzer, md 
should be rsplrced after a year or sooner If deterrnlned to have e pmblem. 

Sumgate Standards: the add surroqate standards a n  2-fluomphenol, phenol.de, 2,4,0- 
tribromophenol (Supelco cat, no. 48075, 2000 uglml), and the bualneutrel wrrogate standefds 
ere nitrobsnzane-db, 2-fluombiphenyl, p-tetphenyld14 (Supelco cat. no. 4-8026, 1000 uglml). 
Dllute both add and baselneutnl surrogate cancentrates 1:10 wlth rnethylene chiorlde and 1 ml 
of each is injected to welghed sample matrices, spike, end blank to determine, recovery. 

Splke standada: the rcld spike standards are phenol, 2-chlorophenol, Cchlorct3- 
methylphenol, Cnltrophcnol, and pentachlorophenol (Supelm cat. no, 48878, 2000 uglml), end 
the basoln8utnl spike standards ere 1,4dlchlombenzene, n-nitmsodl-n-pm~laminc, 1 ,Z,C 
trichlombenzene, acenrphtj'iwre, 2,+dinitrotoluene, pymne (8updco cat. no, 4-8889, 1000 
uglml). Dilute both acid and baselneutral spike concentrates 1:10 with rnrthylene chloride and 
0.5 ml of each Is Injected to wdghed sample metticas, spike, and blsnk to daermlne recovery. 

Vl. Calibration 

Initial ullbntlon 

QCMS opemtlng conditions: 
Maw mnga: 40 to 450 amu 
Scan tlme; 1 8edsun 
Initial column temperature and hold time: 40 C and 5 mlnutas 
Column temperature pmgnm: 40-280 C @ 10 Clmln 
Final column tempemtun hold time: 26 min 
Total run tlme: 114.2 mln 
Injector ternperstun: 275 C 
Trensfwline temperatuie: 250 C 
InJedlon type: split 
InJuction volume: 1 ul 

Mass spectmmder tune: Injact 1 ul of 50 uglmi DFTPP, the spadrum produced must 
meet the tollowlng crttetla: 

Ion Abundanw Criteria 
3060% of mars 198 
<2% of mess 89 
<2% of m u r  89 
4040% of mars 198 
*I% of mass 181 
Base peak, 100% relative abundance 
s-096 dm- 188 
10-30% of mass 1 98 
+1% of mau  198 
Pment but lesa thm ma- 443 
~ 4 0 %  of ma68 108 
17-23% of mree 442 
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Initial callbmtlon: inject 1 ul of each of tha five levek of atandad decfibd In nodion 
3.1 A.4.1, the ptlmary Ion8 of all the analytes are tabulated, and the ana n s p o n w  of ell five 
levels of the analytea are ploted against thelr concentmtlonr. Each of the IMamal standards Ls 
assigned a gmup of analytes whosa retention timer are similar to that of the Internal otandardb. 
The Instrument is tentatively calibrated. To ensure the the Callbntlon Is correct, level-3 of the 
standard Is injected and analyzed again, and the area response Is flt Into the exelding callbratlon 
curve lo obtain the conwntraionr, the concentrations must be within 30% of the lheoretlcal 
value. otherwise the lnltiel ccllibratlon falls and the above procedures mud be repeated. 

Dally calibration 

Tune check: a DFTPP tunlng standard must be analyzed every I t h r  ahin and the result 
must meet the criteria glven In initial calibrallon section. 

Callbratlon check: leveb3 or ltvel-4 of the standard ia analyzed every 12 hours or every 
12 samples, the results mud be within +30% of the theorotlwl value. 

If elther ona of the above cheaks falls to pesa, corrective action mud be teken, see 
corndive edlan 8ecll0n for delalb. 

VII. Analyds 

6ample prepamtbn: soil, water, sludge end oil samples a n  extracted and deaned up 
according to standard OpsrsUng procedures for sample preparation, refer to SOP8 for EPA 3550 
and EPA 351 0. 

GCMS analysis: inject 1 ul of the sample exlnd, the GCMS system operates under the 
condltlons specified in calibntlon sectlon. If the l-ml sample extrad appern to be very dirty or 
very oily, it 8hould be dlluted bsforo flmt InJedlon, however, the internal standard level musl be 
maintained at 40 ppm level in all dllutd samples. 

VIII. QualRatlve anatysla 

An enstyte Is identified by comparison of the sample mass spectrum with the mast: 
spectrum of a standard of the auspeded compound. An analyte must (1) elute at + 0.00 GC', 
relatlve retention time as the standard component; end (2) matah the standard component'$! 
mass spectnrm to be determined pmwnt In the sample. 

A library search may be made for components not assodated with the rtandmrds. 

IX. QuantllaIIve enelyak and repodlnq 

Integration of the abundenoe is based on the analylde primary ion. It musl be made sum 
that the integrallon Is performed on the wmd intwnal dandarcl peak and comd anelyte peak. 
Using the Internal standard technique, the safhmrr autornatlcally celculatea the oonoentration or 
each of the IdentMsd anslyler. 

The final report of the analytr concentration is obtalned by the following formula: 
Ce(1-ml) / Ws x n linrl reported value 

when Ce(1ml) b the mnWratlon of 1-ml sample axlrad 
Ws ib the amount sampk used, normally 309 for eolldr, and >500-ml for liquids 
n Is the dilution factor 
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Initial csllbratlon: Inject 1 ul of oach of the five levels of standard docribad In srctlon 
3.1.4.4.1, tho prtmary tons of all the anulytrr m tabulated, and the rnr rcsponsm of all flve 
levels of the analyies are plot4 sgainst their concentrations. Each of the internal standards is 
assigned a omup of analytor whose retention tlmes are almilar to that of the internal stendsrds. 
Tho Instrument is tentatively crllbrpted. To ensum the the oallbntlan Is comd, level-3 of the 
standard is injocted and analyzed agaln, and the area mponm is M Into the exdstlng callkation 
curve to obtain the contmntraions, the concentratlons mud be wlthin 30% of the theoretical. 
value, otherwise the Inlthl colibntlon faih end the above procedures must be repeated. 

Dally wlibmtlon 

Tune chock: a DPTPP tuning standard must be analyzed every 12-hr ahlR and the nsuk 
must meat the crltefla glven in InRlal calibration sedion. 

Callbratlon check: level-3 or level4 of the standard Is analyzed every 12 hours or every 
12 samples, the nsults must be within +30% of Vle theoretical value. 

If either one of the above checkn fails to pass, comctlve actlon must be taken, sect 
corrective adion section for details. 

Sample pmparation: roll, water, sludge end oll samploa are elracted and demed up 
according to dandard opontlng p m M u r u  for ample prepantlon, refer to SOP'S for EPA 3550 
and €PA 3510. 

GCIMS enaly6i8: Injed 1 ul of the sample extrad, tho QCIM8 ystm operates under the 
conditions specified In colibmtlon section. If the 1-rnl sample extract appears to be vary dirty cr 
very ally, it should be diluted k f o n  firs! Injection, however, the Internal standard level must b~ 
malntsinod at 40 ppm love1 In all dlluted sampler. 

An analyte Is identlfled by compartson of the sampls mass 8pOdr~m wlth the m a s  
spectrum of a standard of the wspckd compound. An analyte mud (1) elute at + 0.06 Qe: 
relative Mention time as the standard component; and (2) match the standard component's 
mass spsctrum to be determined pmsent In the sample. 

A Ilbrary search may be m8ds for componenb not assoclatbd with the standards. 

IX. Quanlitrtlve analysts and reporting 

lntegratlon of the abundma b based on the analyter primary Ion. It muat bo made sun 
that the integfatlon k performed on the correct Intomal standard peak and COW analyte peak. 
Using the lnlemal standard trchnlque, the software eulomlZlcolly calculefe8 the conmntntlon ¶f 
each of the idontlfld analytw. 

the final report of the analyle concentretion k obtained by the following formula: 
b(1-ml) / Wax n = flnel npotted vdue 

where Ce(1-ml) is the conwtratlon of 1-rnl sample Oxfrpd 
Ws Is the amount mmple used, normally 303  for solids, a d  *S00-ml for Ilqukk, 
n is the dllution factor 
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The final reported value Is In mwg for solid aamples and In mgn lor llquld sampler. 

MQL and MSR: mlnlrnum quantlnablc level Is determined by subaltuting Co(1-ml) in tho 
above fomulr by tho lowest Irvol In callbration table. 

Nonnel MQL'r are: 
for wllds: 0,350 for basdneutral extmdalbee 

0.700 for add extractalbes 
for liquids: 0.020 for baselneutral extractalbes 

0.040 for acid oxlradalbor 

Mew surrogate recovery (MSR) is calculated lor baselneutral and add rsspmctively, and 
reported with anelyds results. 

X. Quallty control 

Tune check: DFTPP tune chedr Is prlonned every day and tne crlteria In calibretion 
sedion must be met before any @ample Is analyzed. 

Callbmtlon check: a callbration check is performed for every batch of 20 sample& and 
all the targeted analytes should be wlthln + 30% of the true valum. 

Spike check: 50 ppm of bue/neutml splke aolutlon and 100 ppm of raid splke solutior: 
am add to at least one sample matrlx prlor to oxtmdion, and the Fewvery msulta should be: 
Whin 16 - 120%. 

Lab conlrol splka check: 50 ppm of braetneutml splke solution and 100 ppm of acicl 
spike solutlon are add to Nr2S04 or reagent water prlor to sxtndlon, end tho recovery m8ult.c; 
should bo within 30 - 110%. 

Spike duplicate: for each batch of 20 samples, two matrlx spikes must be done on the 
same sample and each anrlyte should k withln 16% of each other. 

Sumgates nroovey: follow the EPA gulde line for thls parameter 

Sum. Compound 
Nltmbenrmnd8 
2-FluoroMphmyl 
pTerphenyl-dl4 

Blank chock: for each batch of 20 sampler, at kast one blank check Is done by 
extracting Na2SO4 or reagent watM to make sun the system is contrmlnatlon free. 

M e n  one or mom QC check fell to pass tho requirmentr, the comspondlng a m d l v e  
actlon must be conduded rn follow: 

For tune problems: autolmanul tune the m r u  spectrommter, and redo tune standard 
chock, If falls again, the masa m u m  is contaminated m d  must ba doand up and repeat tho 
tune and tune check procedures until satlsf8ototy resun Is achieved. 
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For allbration check problerne: 1 any of the analytts fall8 out of ewptablo mnge, the S 
level recalitnation should be conducted and the calibration check should be done again to show 
that all the rnalyleb have awptrble reurlt. 

For splke/duplicate problems: first chedr to make rum the Instument is dlll wlthln good 
callbration, then reanalyze the splkelspike dupAute, H the nsub are dlll not aceflablo, the 
sample muat be mxlmded and nonelped. 

For surrogate recovery problems: first check to make sun the instrument is still within 
good celibrdlon, then reanalyze the sample wlth pmblems, ff the results am stlll not aceptable, 
the sample must be realracted and reanalyzed. 

For blank check problems: locate the contaminstion source and tlnd out how many 
samples are affected, eliminate the contarnlnatlon wum and reextract and reanalyze all the 
samples that a n  contaminated. New blank check must be pertanned to show the system is ftse 
of contamindon. 

XIII. References 

1. EPA envlmnmental analytical method 82708 
2, Hewlott-Packard MS ChemStetion Manual 
Dale 2/26/85 
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1. Method 200.1 and 6020: Determination of Trace Elements in Waters and Wastes 
by Inductively Coupled Plasma-Maes Spectroscopy 

lnducttvely Coupled Plasma-Maas Spectroscopy (ICP-MS) is used to quallfy and 
quantify trace elements and metals in a wide variety of matrice$, which include drinking 
waters, groundwaters, wastewatefs, surface waters, as well as extracts and digests of solid 
and semi-solid type samples. Method 200.8 specifically applies to drinking, ground and 
surface waters, whereas Method 6020 applies to waters In general, plus extracts and 
digests of solld and semi-solid samples. Both methods are essentially equivalent, wlth 
only minor differences between them. This SOP is designed to satisfy the requirements 
for both methods. The speclfic method quoted for a given analysis will depend only on the 
sample type. 

For most sample types, an appropriate sample prep or dissolution step is necessary 
before analysis by ICP-MS (see Appendix F). Method 200.8 is applicable to the following 
elements: Al, Sb, As, Ba, Be, Cd, Cr, Co, Cu, Pb, Mn, Hg, Mo, Ni, Se, Ag, TI, Th, U, V and 
Zn. Similarly, Method 6020 applies to the following: All Sb, As, Ba, Be, Cd, Cr, Co, Cu, 
Pb, Mn, Ni, Ag, TI, and Zn. Additions to these two lists can be made In some cases; In 
general, the laboratory is required to demonstrate its capability to analyze an analyta not 
on these lists prior to any actual analysis and reporting of data. 

This method involves the multi-element determinetion of trace elements in a 
preparedldlgested aqueous sample. Elemental anslytes In solution are nebulized and the 
resulting aerosol transported by argon gas into an argon plasma torch. Within the torch, 
the sample undergoes desolvation, atomization and finally ionization. The analyte ions 
are extracted from the plasma through a differentlally pumped vacuum Interface and then 
separated based on their mass-to-charge ratio by a quadrupole mass spectrometer. The 
ions transmitted by the quadrupole are detected and quantified by an electron multiplier 
detector and the resulting ion information processed by a data hendling system. The data 
handling system must also identify and correct for a number of technique related 
interferences. Actual quantification of unknowns is accomplished by applying processed 
and corrected signal intensities of each analyte to calibration curves of signal intemity 
versus concentration. 

A. ICP-MS, VG PlasmaQuad XR, computer controlled 

8. Gilson 222 Autosampler, 181 positions 
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C. Gilson Model M3i2 Peristaltic Pump, with 4 channels 

0. Neslab CFT-75 Water Chiller 

E. Argon gas supply, 99.99% or better 

F. 2 Stage pressure regulator 

G. 1.0 and 0.10 mL Eppendorf pipettes 

H. Various volumetric pipettes and flasks 

I. Valved pipetting bulb 

Type I demineralized, filtered water 

Nitric Acid; concentrated, hlgh purity 

Appropriate slngle and rnulti-element stock solutions 

Multl-element calibration solutions; In 2% nitric 

lntemal Standards Solution, 2000 ppb Li, Sc, Y, Rh, In, Tb, and Bi; with 
10,000 ppb Au. 

Calibration Blank solution #I: 1 % nltrlc + internal Standards 
#2: 1% nitric + Internal Standards + 100 ppb Au 

Rlnse Blank solution # I  : 2% nitric 
#2: 2%. nitric + 100 ppb Au 

Detector Calibration Solution, 50 ppb Be, Mg, Co, In, 01, U. 

Appropriate spiking solulions 

Appropriate Independent Check Samples 

Appropriate hterterence Check solutions 

Tun@ Solution, 10 ppb Be, Mg, Co, In, Bi and U. 
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A. Boot up the computer system. Double cllck on the Fis80ns/PQVlson icon; 
this loads the instrument operating software. The Login window flrst appears; enter a 
User name and then an Experiment from the available Ilsts, and then click on the LOGIN 
button. For instrument setup and performance checks, etc. login under "ManagerKests". 
For running sample analysls procedures, logon under "IvanMlaters". 

B. After login, click on the Instrument window. To atartup the instrument, click 
on the STANDBY button. This action will ignite the plasma and put the instrument inlo a 
standby state. When not being used, the instrument is normally kept in PUMPING mc~de. 
Prior to putting the instrument into etandby mode, eneure that argon and cooling water are 
being supplied to the instrument. Argon delivery pressure should be 80 psi. 'The 
temperature readout on the weter chiller unit should read between 5 and 7 OC. 

C. Once the plasma has been Ignited, allow 15 minutes warmup. After this time 
lapse, put the instrument into OPERATE mode by clicking on the OPERATE button. Allow 
another 10-1 5 minutes for stabilization before proceeding. During the warrnup periods, 
samples to be analyzed can be prepared and loaded into the autoaampler. 

D, Prepare the lnstrument for analysis of unknowns .... 

1. Tune the instrument while aspirating the tune solution (see Appendix 
C). After tuning, verify accepbable stability by running the "Short Term Stability Procedure" 
on the tuning solution. %RSD1s should be 5 5% across the mas8 range. If any R!iD's 
exceed 5%, additional tuning Is required followed by another stability test. 

2. Perform a Mass Callbration while aspirating the tune solution. After 
the calibration, verify it by scanning the tune solution using the "Singe Sample Aquisition" 
facility, All peaks should be located to within 0.1 arnu from their theoretical positions. The 
instrument's resolutlon should also be dreckedlverified at this time. Resolution should be 
< 0.9 amu at 10% peak height. Check the 3 Mg isotopes for proper resolution. PIllake 
resoiutlon adjustment3 only if necessary. 

3. Perform a Detector Calibration while asplrating the Detector 
Calibration solution. This procedure sets up the cross calibration region between pulse 
counting and analog modes of data aquisition. 

J!kwL Tasks D.1,2 and 3 should all be performed at least once per 
week, typically on a Monday. Tuning of the instrument should be verified daily by running 
the 10 minute stability procedure. Mass calibration, detector calibration, resolution and 
sensitivity should all be monitored and checked throughout the remainder of the !vork 
week. 
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Note 2: During the instrument setup procedure (steps B-D), the analyst 
should complete that day's Instrument log sheet (as shown In Appendix F). All ather 
pertinent information regarding the insbument and associated hardware should be entored 
into the Plasma-Quad log book. 

E. Calibration and Analysis 

After the tasks of section D are performed and/or verified, the instrumelit is 
ready to be calibrated for running of unknowns/samples. 

1. Login under IvanWaters, and then acquire the procedure to be run. 
Choice of procedures will depend on the analyte list and the type of samples. 

2. Load the autosampler with a Celibretion Blank, a set of Calibration 
Standards, followed by the samples to be analyzed, plus ell required QC solution. Refer 
to Appendix B for the required QC. The calibration blank, calibration standards and 
independent check sample should be loaded into the "Rack 5 of the autosampler. 
Samples are loaded into rack8 1 4 .  

3. The procedure being carried out must then be updated/rnodified by 
entering the sample ID'S and autosampler addresses. Any dilution factors are also entttred 
at this time. 

e 
4. Ensure that the sample introduction system is properly setup. 

a. Turn an autosampler. 

b. Prepare peristaltic pump for use. Inspect and install all pump 
tubing. 

c. Ensure that the rinse water resenroir is full, that the waste 
container is empty, and that all fluid carrying lines are properly located and in good 
condition. 

5. Start the analytical run. The instrument will run unattended until the 
entire analysis is completed. The instrument can also be run in manual mode, but the 
autosampier will be used most of the time. 

6. After the analytical run is completed, process the data and print out 
a hard copy of the results using the data system. If desired, the software can be 
configured so that data is calculated and printed out as the analysis progresses, 

7. The data and associated QC can then be reviewed and any reruns or 
additional analytical tasks can be identified. 

-, 

'*, 
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Appendix A 

Misc Procedural Notes 

1. Typical vacuum pressure8 are as follows: - 
Gauge 1 (Pard)  * 1 x lo4  mbar < 1 x 1O1mbar 
Gauge 2 (Pareni) < 5 x 10° atmospheric 
Gauge 3 (Penning) < 5 X 10d *1 X 10' 

2. Typlcal Forward Power: 1350 W; can go as high as 2000W. 

3. Typical Reflected Power: 0 - 5 W Ideal 
5 - 1 0  OK 
10 -20 Operable, but indicates a problem. 

4. Typical Argon gas flow8 (Urnin): 

Awillary: 0.5 - 2.5 Typically 1 .S 
Cool: 12 - 13 Typi~ally 13 
Nab: 0.78 - 0.90 Typically 0.84 
Neb Prom: 20 - 40 pal Typicrally 30 

5.  Most samples should be diluted 5 fold prior to enelysis by ICP-MS. Analyte 
reporting levels should be elevated by the sample's post digestion dilution factor. 

6. Analyte reporting levels must be within their respective calibration curves. 

7, Samples ere to be diluted using 1 % nitric acid. 

8. When analyzing for mercury, calibration standard concentrations must be kept 
below 5 ppb. In addition, all calibration standards, calibration blanke, samples and rinse 
blanks must be made up to contain 100 ppb gold (Au). 

9. All solutions (except the rinse blank) must be made up to contain internal standards 
at 20 ppb. 1 mL of a 2000 ppb mixture of internal standards for every 100 mL of solution 
will provide an internal standard concentration of 20 ppb. 

10. All nondigested samples must be prepared to contain 1 Oh nitric acid (see Appendix 
F). 

1 1. All calibration standards, independent check samples, ICB's, ICVs, CCB's, CCVs, 

*b 
and nondigested samples should be blank subtracted using the original calibration blank 
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F. After all analytical work la performed, allow the system to run and flush out 
for about 10 minutes before shutting it down. During thia time, aspirate 5% nitric acid 
solution. To ehut down the instrument, go to the Instrument window and click on the 
PUMPING button. The instrument will autometically return to its resting state. 

G. Shut off the gas supply and disengage all pump tubing. 

H, Properly shut dawn the computer system by choosing FileExit. This clclses 
the PQVison software program and leaves you in the OS2 operating system window. Click 
on the right hand mouse button (wlth pointer in middle of screen), and then chciose 
SHUTDOWN. After shutdown, the computer may be rebooted or turned off. Note: NHVW 
reboot the system without first shutting down the aystem. ' 

VII. co- 

All quality control meesures and associated a m d i v e  actions spedfied in Appendix 
B shall be followed. 

A. Methods For the Dctermlnation of Metals In Environmental Samples, 
Supplement 1; Method 200.8- Determination of Trace Elements in Water and Wades by 
ICP-MS, Revision 5.4, May 1094, 

6. Test Methods for Evaluating Solid Waste, SW-846, 3rd Ed., Volume 1A; 
Method 6020: ICP-MS, Revision 0,  Sept 1994. 
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APPENDICES 

A. Misc Procedural Notes 

8. Quality Control 

C. Tuning Procedures 

D. Maintenence 

E. Operating Log 

F. Sample Preparatlon 
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12. All digested sample8 must be blank subtracted using the method blank. 

13. Where pasaible, multlple Isotopes of each analyte should be monitored. This allows 
the analyst to identlfy interferences that may othewlse go undetected. Where multi:ple 
isotopes of an analyte are monitored, several scenarios can develop: 

a. All isotopes agree closely wlth each other. In this case, the reported analyte 
concentration is obtained by averaging the isotopes. Averaging of isotopes should be 
performed only when isotopes agree with each other within 9O0A. 

b. There exists differences bebwaen the Isotopes that exceed 10%. In this case, 
the analyst must determine which of the Isotopes represents the best result. The choice 
of which isotope to report must be backed up, defended and documented. Possible 
rationale for selecting the best result from a set of isotopes include ..... 

i. The isotope's performance on various QC samples, such as CCVs, 
independent check samples, spikes, etc. 

ii. A result that is significantly higher than the other isotopes (assuming 
the other isotopes pass all QC) usually indicates a positive interference and can therefore 
be disregarded. Note: Negative interferences generally do not occur. 

iii. lnvestlgate the possibilities of interferences on the isotopes. Viewing 
a mass SCAN can sometimes identify faulty Isotopes. 

14. Samples of unknown composition should be initially tun at a dilution of at lealrt 5:l. 
Once the approximate composition has been determined, the sample may be rerun at a 
lower dilution if warranted. 

15. Samples that are suspected of having high concentrations of TDS shoulcl be 
screened using ICP-AES. Then, the sample may be appropriately diluted for analysis by 
ICP-MS. 

16. Typically, monitored enelyts concentrations should be kept below a concentrrltion 
of about 5 to 10 ppm. This increases detector lifetime, as well as that of the cones. 
Instrument drift problems are also minimized by avoidlng high concenttetions. 

17. Samples may be analyzed In one of two modes- scanning or peak jumping. Peak 
jumping is generally quicker, however scanning allows future manipulatlon of the raw data 
and allows vlsual observations of the sample's mass spectrum. 

18. If the possibility exists for a sample to contain meesured analyte concentrations of 
50 ppb or more, DUAL equlsltion mode must be chosen. 

19. Ali standards, test solutions, etc. are to be entered into the ICP-MS standards log 
for traceability purposes. 
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Appendix B 

Quality Control for Methods 200.8 and 6020 

I .  BATCH QUALITY CONTROL 

A. Method Blanks: One method blank is required for each batch of 20 or !ess 
samples. A method blank is an aliquot of Type I water that ia carried through the eritire 
digestion and analysis procedure. 

~riterle: 10% of measured concentration, or * 2.2 x MDL, 
whichever is greeter, 

In general, a faitlng method blank requires the redigestion 
of the entlre affected batch. Exceptions to this rule are where the sample the sample 
analytes ere dearly "ND" (less than 10% of the reporting limit) and where it can be proven 
that an elevated method blank is consistent and inherent with the method, in which 1x89 
blank subtraction may be used. 

B. Callbmtlon Blank: The calibration blank i8 to be run prior to the calibration 
standards, immediately after calibration (ICB), after every 10 samples (CCB), and at the 
end of the run (FCB). 

Preferably < 3 x MDL 
Absolutely < Reporting Limit 

mrrective If the calibration blank exceeds the reporting lirnlt, 
terminate the analysis and investigatelcorrect the problem. If the cal blank is between 3 
x MDL and the reporting limit, investigate possible causes. 

C. Callbratlon Verification: The calibration verification is to be run 
immediately after a calibration (ICV), after every 10 samples (CCV), and at the end of the 
run (FCV). It can be the middle calibration standard or an independent standard near the 
midpoint of the calibration curves. 

& + 10% of theoretical value s l z   libra rate or reslope and rerun all rarnples since the lest 
successful calibration verification. Exception: If the recovery on the CCV or FCV is within 
+ 20% of theoretical, AND the sample's analyte concentration is less than half the 
reporting limit, the sample may be reported as "ND" with no corrective action. 

D. Independent Check Sample: An independent check sample is a stimple 
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containing known amounts of ell enelytes being tested for. It must be prepared from a 
source Independent of the calibration standards. It is to be run immediately after the ICV. 

A- Criteria: within the 95% confidence interval, or + 10% of true 
value. 

e Halt the enalysls (for failing analytes), investigate, end 
correct. 

E. Control Matrix Spike (Blank spike or LCS- Lab Control Sample): A control 
matrix spike is a spiked aliquot of Type I water which is canied throughout the entire 
digestion procedure. It is spiked in exactly the same manner as a sample, One such spike 
is required for every batch of 20 or leas samples. 

AccePtence 85-1 15% of theoretical 
ctive A c t l a  Redigest and reanalyze the entire batch for affected 

analyte. Exceptions: If the recovery on the control matrix spike is within + 30% of 
theoretical, then those samples with analyte concentrations less than half their reporting 
limits are exempt from corrective action. 

F. Matrix Splkes: A matrix spike is a sample duplicete that is spiked prior to 
digestion. Samples are spiked on a 10% basis (one spike for every 10 tiampleg). 

Criteria; 70 - 130% of theoretical 
e qEtjZ111; Dilute the sample (a minimum of 5:1), respike, redigest, 

and reanalyze. If the spike now passes, elevate the reporting limit by the "post digestion 
dilution fadot". If the spike still fails, elevate the reporting limit and footnote the result a8 
"experiencing matrix interference". 

G. Sample Duplicate: A sample duplicate is another exact aliquot of a sample 
carried through the entire analytical process. One sample duplicate is processed for every 
10 samples. In general, duplicates and spikes are performed on the same sample. 

Criteria; RPD < 20% RPD-ebs(C1 -C?)/((CI +C2)12) 
Redlgest and reanalyze the affected samples for the 

affected analytes. Exception: The analyte concentration must be greater than the 
reporting limit for the acceptance criterion to apply. 

H. Post Dlgestlon Splke: A post digestion spike is an aliquot of digested 
sample that is spiked. Post digestion spikes are prepared and analyzed when it is 
suspected that a matrix problem or some other inteflerence may exlst. 

7 75 - 125% of theoretical 
~ v e  rqEfiQDl Dilute the sample (at least 5:l) and respikelreanalyze. 

If the diluted spike passes, raise the reporting limit by the post digestion OF. If the diluted 
spike fails again, raise the reporting limit and footnote the result as "experiencing matrix 
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Interference". 

I. Dilutlon Twt: The dilution teat consists of diluting an analyzed sample (a 
minimum of 5:1) and reanalyzing the dilution. To perform this test, the analyte 
concentration In the undiluted sample must exceed the reporting limit by a factor of 10. 
This test is performed under any one of two conditions: 

1. When the analyst suspects a matrix interference of some type. 

2. The undiluted sample yields a reeult that exceeds the calibration 
range by a factor of 10. 

The results for the dilution must agree within lC% of 
that for the undiluted sample. 

Carrectl\lP.Actisn: Dilute the sample further and reanalyze; continue until 
10% agreement is obtained. Exception: The dilution test can only be applied whe1~1 the 
analyte concentration exceeds the reporting limit by a factor of 10. 

J. InterFerence Check Samples: (for 6020 only) Analysis of Interference 
check solutions A and A0 verifies the magnitude and potential interferences and the 
adequacy of any wrredions. h e  checks are to be run at the beginning of an analytical 
run or every 12 hours. 

II. INSTRUMENT QUALIP/ CONTROL. 

A Internal Standards: 

1 Method 6020: 30 - 120% 
2. Method 200.8: 60 - 125% 
3. Internal standard reooveriea for the ICB, CCB's and FCB must 

be within 20% of that for the initial calibration blank. 

vcr A m  . Dilute the sample a minimum of 5 1 .  Reanalyze. 
Continue the proms until the criterion is passed. The reporting limits must be elevated 
by the final post digestion DF. 

8. Instrument Stablllty: Instrument stability must be achieved and verified 
prior to calibration and nrnning of samples. Frequency is daily. 

Acceptance Criteria: < 5% standard deviation for 10 consecutive 
measurements of the 10 ppb tune solu%on (1 0 minute duration). 

Retune the instrument and repeet the stability test. 
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C. Resolution: Acceptable resolutlon must be achieved and verified pror to 
any analysis. Resolution must be verified at least weekly. 

bccepltgnce Crlterie: < 0.9 arnu, at 10% peak height. 
Ag$&x Adjust resolution until passing. 

D. Mass Callbration: All masses must be in calibration prior to any ana ysis. 
A mass celibratlon must be performed at leest weekly and verified daily. 

. . Ltens, The mass celibratlon must be within 0.1 emu of 
theoretical peak position. 

Corrective Perform a new mass calibration, then verify its validity by 
a SCAN. 

E. Detector Callbratlon: The detector must be properly calibrated (cross over 
range between puke counting and analog aqulsltlon) prior to any analysis. Calibration 
must be performed weekly and verified daily. 

I MlSC QUALllY CONTROL 

A. Calibration Curve CorrelaUon Coefficients: r-values for calibration cufves 
must be 2 0.995. If this crlterlon is not met, the analysis must be terrnlnated for the 
affected enalytes and the cause identified and corrected, 

6. kotope Comparlsons: Questionable date cen sometimes be verified by 
looking at relative peak intensities of alternate isotopes of the analyte in que~.tion. 
Potential interferences can sometimes be identified in this way. 

C. Method Crow Check: Method cross checks are carried out by analyzing 
the sample using an alternate method. Results should agree within 20%. Alternate 
methods Include GFAA, FAA and ICP-AES. 
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Appendix C 

Tuning Procedures 

Tuning the Plasma-Quad ICP-MS is necessary to optimize the performance of the 
instrument with resped to sensitivity and stability. In most cases, tuning the Plasma-Quad 
involves adjustment of the ion lenses, argon gas flows, and torch position. The optimum 
settlngs of all these variables are those which give the best combination of high sensitivity 
and high stability. In general, the Plasma-Quad should be tuned on a weekly hasis 
(preferably at the beginning of a work week). Minimal adjustments may be necessary 
throughout the remainder of the work week, depending on speciflc requirements. 
Adequate tuning should be verified by periormlng a 10 minute stablllty check across the 
mass range. Additional tuning is usually not necessary as long as the instrument is 
producing acceptable sensitivity and stability. 

The following steps outline the tuning procedure: 

1. Aspirate the 10 ppb tune solution. 

2. Set the detector to local pulse counting. 

3. Adjust the First Mass control to transmit Indium at mass 115, Adjust the mass 
controls (Flrst Mass and Fine Mass) wntmls to gain maximum signal on In-115 (as 
indicated by the signal screen). Note: In-715 Is chosen to tune on because of its prox mlty 
to center mass. Any other of the 5 remaining tuning elements (or all 5 at once) can be 
used; however, optimlting on one central Isotope Is simpler and generally probldes 
acceptable results. 

4. While watching the In-1 15 slgnal on the display, begin making small adjustments 
on the ion lens controls, beginning at the extraction lens and ending with lens L4. Adjust 
until maximum sensitivity and stability are achieved. 

5. Next adjust the torch box position. Threta controls are available to adjust the torch 
position in the x, y and z planes. Adjust until rnaxlrnum sensitivity and stability are 
achieved. 

6. Adjust the gas flows to gain maximum sensitivity and stability. The auxiliary and 
nebulizer gas flows ere most critical. The cool gas rarely needs to be changed. 

7. Finish the tuning procedure by again fine tuning each of the ion lenses (if 
necessary). 

8. Once acceptable tuning Is achieved, record all settings onto that days instrurnent 
log sheet (see Appendix E). 
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Notes: 

a. After the entim tuning procodurn is performed (preferably on a Monday), only 
minor tuning of the ion lenses should be necessary throughout the remainder of the work 
week. 

b. The entire tuning procedure is required anytime the glassware is changed. 

c. There exists many, if not an infinite number of acceptable combinations of 
tuning settings. All of the adjustable parameters are interrelated and dependant upon 
each other. 
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Appendix D 

Maintenance for the Plasma-Quad 

A. aailv: 

1, Verify acceptable sensitivity and etability. 

2. Record all settlngs and operational parameter8 (see Appendix F), 

3. Dump both wabte reservoirs (spray chamber drain and probe rinse dr~ain). 

B. Waakiu: 

1, Perform ma88 calibration. 

2. Perform detector calibration, 

3. Complete system tuning. 

4. Exchange/clean glassware. 

5. Check water filter and change if necessary. 

6. Check air filters and cleanlexchange if necessary. 

7. Inspect pump tubing and replace if necessary. 

8 lnspect sample and skimmer cones and cleanlexchange if necessary. 

9. Inspect all tubing end lines for degradation and leaks. 

10. Dust off the instrument and associated hardware. 

1 Clean extraction lens. 

2. Check rotary pump oil levels. 

3. Check oil mist filters. 
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4. Archive all analytical data onto 3.5" floppy disk and then purge the data horn 
the computer's hard drive. 

D. 

1. Examine lens stack and clean if neceaaary. 

2. Examine penning gauge and clean If necessary. 

3. Change rotary pump oil. 

4. Examine slide valve and check operation. 

E. Annuallv. 

Replace detector (or when necessary), 
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Appendix 

Daily Instrument Log Sheet 

1. Vacuum Pressures: Record pressures while in pumping mode, and then while in 
operate mode. All measurements are in mbare. 

2. ICP20 Generator: Record power readings after the plasma has been ignited and 
burning for at least 5 minutes. Units are Watts. 

3. Argon Gas Flowe: Record the gasflows after the Instrument ha8 been tuned for the 
day. Gas flows are in Umin and the Neb Pressure in bar. 

4. Torch Box Tune Position: Record thls value after the plasma has been succesrfully 
ignited. 

5. Lens Settings: Record these settings after the instrument has been fully tuned for 
the day. 

6. Response: a. Record signal Intensities for the tuning elements after final 
tuning adjustments have been made, Indicate the Isotope, Its concentration and'the signal 
intensities from the signal monitor (both pulse counting and analog). 

b. Recard the signal Intensity at the background mass of 223 (in 
both pulse counting and analog modes). 

7. Resolution: Record setting and check the OK box if resolution is acceptable (view 
Pb and Mg isotopes). 

8. Delta M: Record setting end check OK if resolution is acceptable. 

9. Peak Shape: Check OK if peaks ere of acceptable shape. 

10. Mass Cal: Check OK if a mass calibration is performed that day. 

11. Cross Cal: Check OK if a detector calibration Is performed that day. 

12. Instrument Faults I Service Wwk: Enter any problems encountered and any service 
or maintenance performed. 
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VACUUM 

GAS PANEL 

AWL 
Neb 1 I 

I~orch box tuninn wsitfon (Plasma ON): 1 

ICP20 GENERATOR 

LENS SETTINGS 

RESPONSE (MBzlppm) 

Ext(2.0) 
Col(7.8) 

,Ll (7.7) 
, L2 (5.4) 
L3 (5.0) 

, LA (3,8) 
P.B. (4.5) 

, HT1 
,HT2 

- 

4 

INSTWMENT FAULTS NOTsD/SERVICE WORK DONE 

Resolution 
Delta M 
P d c  Shape 
Mass Cal 
Cross Cal -. 

7 

Pulse Counting Mass Analog 
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Appendix F 

Sample Preparation 

Samples to be run by ICP-MS must first be properly prepared. The specific 
preparation given a sample depends on the type of sample. The following paragraphs 
summarize sample preparation for the ICP-MS. 

A. For drinking water samples that have been properly preserved (and al low~d to 
stand for 16 hours) and have a turbidity of * 1 NTU, no digestion is required. 

I. CuPb A- Pipette 2 mL of sample into a properly labeled 10 mL 
autosampler tube. Adjucrt the flnal volume to 10 rnL by adding 8 mL of 1% nitric acid 
diluent. This produces a dilution factor of 51. 

2. Pipette 5 mL of sample into a 10 mL 
autosampler tube. Adjust the final volume to I 0  mL. Thls produces a DF of 2:1. 

3. Matrix and blank spikes are prepared by adding 1 mL of the appropriate 
spiking solution to the sample prior to final volume adjustment. 

..- 
4. After adjusting the final volume to 10 mL, add 0.100 mL of the 2000 ppb 

internal standards solution. Stopper the tube and mix. The sample is now ready for 
analysis. 

B. Samples digested by Methods 3020 and 3050-furnace can be analyzed via ICP-MS 
by following the same steps as for a drinking water (A.1-4). Samples digested by 3020 
should be prepared to produce a minimum DF of 10:l (1 mL of actual extract). Samples 
digested by 3050-furnace should be prepared to produce a minimum DF of 10: 1 (1 n?L of 
actual extract). Higher DF's may be required depending on the TDS of the sample exlract. 
In general, sample TDS must be kept below 0.2% (2000 mg/L). 

Note: 301 0 and 3050-flame extracts should be avoided due to high levels of 
hydrochloric acid used in the extraction process. 

C. Samples that are digestedlextracted expressely for analysis by ICP-MS are done 
so using the digestion Method 200.2 (see the SOP for this method). Method 20G.2 is 
applicable for both soiids and liquids. It utilizes both nitrlc and hydrochloric acids, but at 
relatively low concentrations (compared to Methods 3010, 3020 and 3050). 
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October 28, 1996 

C.A. Jake 
Alliant Techsystems Inc. 
Environmental Manager 
Radford Army Ammunition Plant - P.O. Box 1 
Radford, VA 241414100 

Thomas L. Hopkins 
Director 

Certified Mail 
Return Receipt Requested 

RE: Radford Army Ammunition Plant 
EPA ID# VA1210020730 
Incinerator Spray Pond, Clmre Plan Amendment Review 

Dear Ms. Jake: 

Your letter requesting an amendment to the approved closure plan for RAAP's incinerator 
spray pond was submitted to the Department of Environmental Quality (DEQ) on October 1, 
1996. R A M  submitted this letter in response to the DEQ comment letter dated May 28, 
1996. 

Based on the information submitted, the amendment requested is approved. An update to 
Table 3-2 is attached and will need to be added to the closure plan. Please update your closure 
plan, as needed. 

As noted in the amendment request, the analytical method revisions are for soils only. Use of 
analytical methods with higher quantitation limits for antimony, barium, chromium, lead, 
mercury, nickel, and thallium are only being approved because the background data indicated 

.- the presence of these constituents mote, future closure plans for other units may not be 
acceptable with these methods]. Therefore, RAAP will only need to resample background for 
arsenic, di-n-butyl-phthalate, diethyl phthalate, and resorcinol. Once this resampling is 

An Agency of the Natural Resources Secretariat 
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completed, resubmittal of all background data will need to be submitted to the DEQ in 
accordance with the closure plan 53.7.1. 

As provided in Rule 2A:2 of the Supreme Court of Virginia, you have 30 days from the date 
of sewice of this decision to initiate an appeal by filing a notice of appeal with: 

Thomas L. Hopkins, Director 
Virginia Department of Environmental Quality 
629 East Main Street 
P.O. Box 10009 
Richmond, Virginia 23240-0009 

In the event that this decision is served to you by mail, the date of sewice will be calculated as 
three days after the postmark date. Please refer to Part Two A of the Rules of the Supreme 
Court of Virginia, which describes the required content of the Notice of Appeal, including 
specifications of the Circuit Court to which the appeal is taken, and additional requirements 
concerning appeals from decisions of administrative agents. 

- 

If you should have any questions, concerning this matter, please contact Debra Miller, 
Environmental Engineer Senior, of my staff at (804) 698-4206. 

Sincerely, 

Thomas L. Hopkins 
Director 

Attachment 

cc: Jerry Redder, Alliant Techsystems-RAAP 
Robert Greaves, EPA Region III 
Leslie Romanchik, DEQI Waste-OPM 
Lisa Ellis, DEQIWaste-OPM 
Debra Miller, DEQIWaste-OPM 
Glenn VonGonten, DEQIWaste-GC A 
Claire Slaughter, DEQIWaste-OTA 
Aziz Farahmand, DEQIRRO-Compliance 
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Certified Mail 
Return Receipt Requested 

October 10, 1996 

C.A. Jake 
Environmental Manager 
AUiant Techsystems Inc. 
Radford A m y  Ammunition Plant 

.- P.O. Box 1 
Radford, VA 24141-0100 

RE: Radford Army Ammunition Plant 
Incinerator Spray Pond Closure Amendment 
EPA ID# VA12100207306 
Extension to Closure Schedule 

Dear Ms. Jake: 

Your letter requesting an extension to the closure schedule for the Incinerator Spray Pond 
closure activities was received on October 1, 1996. In addition to the extension request, a 
closure amendment to mod@ the sampling methods was also requested. Review of the 

. methods modification will commence shortly and shall be addressed in a separate 
correspondence. 

As the closure activities will, of necessity, take longer to complete than the approved closure 
schedule, the DEQ will approve an extension until April 1, 1997, for completion of closure 
activities at the RAAP's Incinerator Spray Pond. Please update your approved closure plan 
with the revised closure schedule submitted with this request. During this extension period, 

-. R4AP shall continue to take all steps to prevent threats to human health and the environment 
from the Incinerator Spray Pond that is no longer operating but has not undergone formal 
closure. 

An Agency of the Natural Resources Secretariat 
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If there are any additional questions, please contact Debra MiUer, Environmental Engineer 
Senior, of my st& at (804) 698-4206. Please note, any further requests for ag extension to 
the closure period should be submitted with detailed justification at least 30 days prior to the 
expiration date, as required by VHWMR 9 VAC 20-60-580.D.3.b. Cpreviously VHWMR 
§9.6.D.3.b]. 

Sincerely, 

Thomas L. Hopkins 
Director 

- cc: Leslie Rornanchik, DEQ 
Lisa Ellis, DEQ 
Debra Miller, DEQ 
Glenn Von Gonten, DEQ 
Claire Slaughter, DEQ 
Aziz Farahmand, DEQ-RRO 



September 25, 1996 

Alliant Techsystems Inc. 
Radford Army Ammunition Plant 
Route 114 
P.O. Box 1 
Radford, VA 24141-0100 

Debra Miller 
Environmental Engineer Senior 
Department of Environmental Quality 
Office of Permitting Management, Hazardous Waste 
629 East Main Street, Suite 406 
Richmond, VA 232 19 

Subject: Response to Virginia Department of Environmental Quality (VaDEQ) Ietter 
Concerning EQL (PQL) Revisions for HWMU 39 the Incinerator Spray Pond. 

.- Dear Ms. Miller: 

This letter addresses the Virginia Department of Environmental Quality (VaDEQ) 
concerns regarding background sampling performed January 3, 1996. After reviewing 
your comments concerning the background sampling at the Incinerator Spray Pond, the 
Radford Army Ammunitions Plant feels that resampling will be necessary to correct errors 
that arose in the sampling and analysis of the background soils. Two Amendments to the 
closure plan are enclosed for your review. The first is an amendment to the schedule and 
the second is an amendment to the methods and their EQL (PQL) in Table 3-2 
"Hazardous Constituents of Concern"; this amendment is for soils only. 

Please find attached amended Table 3-5 "Closure Schedule". Revisions to the Schedule 
were necessitated by our inability to obtain viable background data. 

After reviewing the methods used, MDLs, EQLs, and the results from the January 3,1996 
background sampling an amendment to the closure plan has been compiled. All methods 
in the amendment come fYom SW-846 third edition. Methods and EQLs for Antimony, 
Barium, Beryllium, Cadmium, Chromium, Lead, Mercury, Nickel, Silver, Thallium, 2,4- 
Di~trotoluene, and 2,6-Dinitrotoluene were chosen based on the results from the original 
sampling event. 

- For Antimony, Barium, Chromium, Lead, Mercury, Nickel and Thallium the January 3, 
1996 sampling indicated that these constituents were present in the background soil in 
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quantities greater then the MDL for each individual method used in the January 3,1996 
sampling. Therefore, the January 3, 1996 method is proposed in the amendment to the 
Closure Plan at the Incinerator Spray Pond. 

For Beryllium, Cadmium, Silver, 2,4-Dinitrotoluene and 2-6-Dinitrotoluene the methods 
used in the January 3, 1996 background"samp1ing resulted in lower EQLs than EQLs 
approved for method 6020 and 8090 in a previously approved closure plan (Site 10 
Closure Plan). Therefore, the January 3, 1996 method is proposed in the amendment to 
the Closure Plan at the Incinerator Spray Pond. 

Method 8270B is proposed for di-n-butyl-phthalate and diethyl phthalate, as approved in a 
previously approved closure plan (Site 10 Closure Plan). In the closure plan for the 
Incinerator Spray Pond Method 8270-is indicated as the method to test for Resorcinol; we 
propose the use of Method 82708 to reduce lab costs. Method 82708 for Resorcinol will 
produce an EQL consistent with the detection limit of other constituents using Method 
8270B. The EQL for method 8270B for Resorcinol will be documented with QNQC 
data. Method 6020 is proposed for the analysis of Arsenic. Method 6020 was approved 
for Arsenic in a previously approved closure plan (Site 10 closure plan). Di-n-butyl- 
phthalate, diethyl phthalate, Resorcinol and Arsenic whose EQL's or Methods changed 
fiom the sampling and analysis conducted on January 3, 1996 will be retested. The data 
fiom the sampling conducted on January 3, 1996 will be used for all other constituents. 
Revisions to Table 3-2 "Hazardous Constituents of Concern" are enclosed. 

HopefUlly these amendments to the Closure Plan for Site 39, the Incinerator Spray Pond, 
will be approved and resampling can commence. If you have any question please contact, 
Jerry Redder at (540)639-7536 or Arne Olsen at (540)639-8220. 

Sincerely, 

u 
C. A. Jake, Supervisor 
Environmental M a i n  

Enclosure 
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Coordination: R, if- 3 2  
R. L. Richardson 

V. Wolodkin -. 

bc: Administrative Fiie 
R. L. Richardson 
C. A Jake 
Lisa Ellis 

cP.oug B r o p  
Env. File 
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MAY 28  i99b 
P. 0. Box 10009 
Richmond. Virginia 23240-0009 
(804) 762-4000 

C.A. Jake 
Alliant Techsystems Inc. 
Environmental Manager 
Radford Army Ammunition Plant 
Route 114 
P.O. Box 1 
Radford, VA 24141-0100 

RE: Radford Army Ammunition Plant 
EPA ID# VA12100207306 
Incinerator Spray Pond 
Closure Plan Amendment/Background Data Review 

Dear Ms. Jake: 

Your letter providing the laboratory data for the background sampling of RAAP's 
incinerator spray pond was submitted to the Department of Environmental Quality (DEQ) 
on April 2, 1996. Unfortunately, the original copy could not be located; therefore, another 
copy was submitted to the DEQ on May 3,1996. Please forgive the delay in this response. 

Based on the information submitted, the analytical methods used are not the methods 
approved in the August 24, 1995, closure plan. A request for amendment of the approved 
closure plan was submitted on November 14,1995, and the DEQ responded to this q u e s t  
via a letter from Clifton L. Parker 'v, Environmental Engineer Senior, on November 15, 
1995. Mr. Parker's letter requested that RAAP review the provided information and 
resubmit a revised closure plan amendment for our review. RAAP will have to revise and 
re-submit to the DEQ a request for amendment of the closure plan. Additionally, at this 
time, the DEQ cannot approve the background sampling as it is not in compliance with 
RAAP's approved closure plan. It should also be noted, if the methods/PQL modifications 
utilized by RAAP for this background sampling cannot be approved as acceptable 
alternatives, then resampling of background will be required. 

Based on the information submitted, the following comments are provided for your 
review. However, the first step in the process must be submittal of the closure plan 

-... amendment. Note, all Test Methods listed are SW-846, Third Edition, as updated. 

629 East Mam Street. R~chmond. Vlrgln~a 23219 - Fax (804) 762-4500 - TDD (804) 762-4021 
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1. The data provided is in the form of summary sheets. Copies of the original 
laboratory analysis sheets with the appropriate certificate of analysis and internal laboratory 
QAIQC will need to be submitted. 

2. For some constituents, the data reported are less than the PQL listed (chromium, 
lead, mercury, nickel, and thallium); however, no qualifiers are noted. In most cases, when 
data is detected above the detection limit but less than the quantitation limit, the data 
reported are estimated. Please provide information as to the accuracy of the values listed. 

3. During statistical analysis, use of the PQL for non-detects may not be appropriate. 
For all data, values reported as less than the minimum detection limit and/or less than the 
PQL will be treated in accordance with the methods outlined in the draft Guidance on 
Statistical Methods for Groundwater Data Analysis at a Solid Waste or Hazardous Wmte Site, 
Virginia Department of Environmental Quality, 1994, and by procedures summarized in the 
StatisticaZ Analysis of Groundwater Monitoring Data at RCRA Facilities, Addendwn to Inrerim 
Final Guidance, EPA, June, 1992. Outliers will also be checked and handled according to 

.- the DEQ guidance. 

4. Please explain the difference regarding the detection limit (DL) and the PQL as 
indicated on the analytical results sheets. Is the DL the method detection limit or the 
laboratory determined detection limit for the soil matrix analyzed? 

5. For all the methods, the PQL listed is ten times the DL, please explain the 
justification for this multiplication factor for each of the methods. When a study is 
performed to determine the detection limit, it is also appropriate to determine the 
quantitation limit using the appropriate calculation. 

6. The approved analytical method was Method 6020 for determination of antimony, 
arsenic, barium, beryllium, cadmium, chromium, lead, nickel, silver, and thallium 
concentrations. Closure to background requires the use of the SW-846 analytical method 
with the lowest PQL in order to determine any possible contamination by hazardous 
constituents. For these constituents, background analysis was accomplished using test 
methods with higher PQLs than the approved methods. Appropriate justification for the 
methods and PQLs utilized will have to be submitted with the closure amendment. 

7. For arsenic and cadmium, non-detects were indicated. In these two cases, the PQLs 
were 5000 %/kg for arsenic using Method 7060, which is 25,000 times the approved Method 
6020's PQL, and 50 %/kg for cadmium using Method 7131, which is 250 times the approved 

rC Method 6020's PQL. For the non-detect values, it is impossible to determine whether the 
approved method would have detected these constituents. Therefore, the background 
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analysis for arsenic and cadmium may not be appropriate, unless the necessary justification 
for use of the alternate method can be approved. 

8. For the analysis of arsenic and cadmium, it shall also be noted that the alternative 
methods used were updated by EPA to Method 7060A and 7131A, respectively. 

9. The background locations utiked are not specified Gn the map provided. It will be 
necessary to list where each sample was taken (i.e. which was location BG-1, BG-2, BG-3, 
etc.. .). Information to support the choice of background location shall be included. This 
information shall confirm that the iocation is uncontaminated by previous facility activities. 

10. Please provide an explanation as to why there is no diethyl phthalate data for Method 
8061's BG-5, BG-6, BGD-3, and the blanks and, for Method 8270, no diethyl phthalate data 
for BG- 1, BG-2, BG-3. A complete analysis of all diethyl phthalate samples should have 
been performed using one method. An expansion of the explanation given will need to be 
submitted along with the lab analysis sheets. 

C 11. For all methods listed where the corresponding PQL exceeds the PQL as listed in 
the November 15,1995, DEQ letter, appropriate justification for the PQL increase will need 
to be submitted (i.e. sample preparation, matrix interference, etc ...). Please be method 
specific with regard to the justification for the PQL increase. 

RAAP is requested to submit a revised closure plan amendment for all alternative 
methods proposed and for any other modifications from the approved closure plan once 
review of these comments and the November 15,1995, letter is completed. Please note that 
submittal of a closure plan amendment shall be in accordance with the Virginia Hazardous 
Waste Management Regulations 59.6.C.3. If there are any questions regarding the 
information provided, please contact me at (804) 698-4206. 

Sincerely, 

~ e b r a  A. Miller 
Environmental Engineer Senior 

cc: Christel Ackerman, ERM 
Lisa Ellis, DEQ \, k& 
Claire Slaughter, DEQ 
Mike Scott, DEQ-RRO 



- Christel Ackerman 
ERM 
3 140 Chaparral Dr. SW 
Suite 201 
Roanoke, VA 24018 



Peter W Schmidt 
Director 

COMMONWEALTH of VIRGINIA 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

P 0. Box 10009 
R~chmond. Virginia 23240-0009 
(804) 762-4000 

CERTIFIED MAIL 
RETlTRN RECEIPT REQUESTED 

C.A. Jake 
Environmental Manager 
Alliant Techsystems Inc. 
Radford Army Ammunition Plant 

*h Route 114 
P.O. Box 1 
Radford, VA 2414 1-0100 

RE: RAAP Incinerator Spray Pond Closure Amendment 
Extension to Closure Schedule 
EPA ID# VA12100207306 

Dear Mr. Jake: 

Your letter requesting an amendment to the Incinerator Spray Pond's approved closure plan 
was received by the Department of Environmental Quality (DEQ) on January 30, 1996. 
Please forgive the delay in this response as the original engineer assigned to this project left 
the agency and the amendment request was only recently reassigned. In addition to the 
extension request, the background sampling analysis was also submitted. This data was 
revised and review of the background data will commence shortly and will be addressed in 
a separate correspondence. 

As the closure activities will, of necessity, take longer to complete than the approved closure 
schedule, the DEQ will approve an extension until October 1, 1996, for completion of 
closure activities at the RAAP's Incinerator Spray Pond. Please update and submit a 

F-- 
revised closure schedule to reflect this extension. During this extension period, RAAP shall 
continue to take all steps to prevent threats to human health and the environment from the 
Incinerator Spray Pond that is no longer operating but has not undergone formal closure. 

629 East Main Street. Richmond. V ~ r g ~ n ~ a  2321 9 - Fax (804) 762-4500 - TDD (804) 762-4021 
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R A M  Closure Amendment 
Incinerator Spray Pond 
Page 2 

If there are any additional questions, please contact Debra Miller, Environmental Engineer 
Senior, of my staff at (804) 698-4206. 

Sincerely, 

- Peter W. Schmidt 
Director 

Attachment 
cc: Leslie Romanchik, DEQ 

Lisa Ellis, DEQ 
Debra Miller, DEQ 
Glenn Von Gonten, DEQ 
Claire Slaughter, DEQ 



Environmental 
Resources 
Management, Inc. 

28 March 1996 
Reference: 176E4.07 

Mr. Clifton Parker 
Environmental Engineer Senior 
Virgmia Department of Environmental Quality 
629 East Main Street 
Richmond, VA 23219 

Re: Alliant Techsystems, Inc., Radford Army Ammunition Plant, 
Incinerator Spray Pond Closure, Background Soil Samples. 

Dear Mr. Parker: 

On behalf of Alliant Techsystems, Inc., Environmental Resources 
Management, Inc. (ERM) is submitting the additional information which 

+ you requested 15 February 1996 regarding the background soil samples 
collected in support of closure for the Incinerator Spray Pond. 

We have provided a check for data normality and a test to ensure that the 
appropriate number of background soil samples were collected. The test 
for the appropriate number of samples was conducted using U.S.EPAqs 
SW-846 Chapter 9 Samolin~ Plan. The check for data normality was 
conducted using the Data Distribution Report which statistically 
determines and describes the distributional properties of the sampling 
results. 

The results of each test are enclosed. With the exception of Barium, six 
background soil samples appear to be adequate for characterization in 
support of closure of the site. ERM believes additional samples for 
Barium are not necessary for the successful closure of this unit. Barium is 
not a constituent of primary concern for closure of this unit and the 
naturally occuring mean concentration for the eastern United States is 
280 mg/kg. The only data identified as non-normally distributed are 
those for which all results were non-detect. 

3140 Chaparral Drive, SW 
Suite 201 
Roanoke, VA 24018 
(540) 776-3545 
(540) 776-8530 (fax) 

ERM. 



C .  Parker 
176E4.07 
28 March 1996 
Page 2 

,- 

If you have any questions regarding this information, please contact Mr. 
Jerry Redder, Alliant Techsystems, Inc. at 540/639-7536 or myself at 
540 / 776-3545. 

Sincerely, 

Cluistel E. Ackerman 
Project Engineer 

cea 
enclosures: Adequate Sample Calculations 

Background Soil Sample Normality Check 

CC: Mr. Jerry Redder, Alliant Techsystemsf k.e(with 
I enclosures) 

Environmental 
Resources 
Management, Inc. 



Comonv.alth of Virginia 
D . p . r t n * ~ t  of Environmental mrlity 
PBCE, DXVXBIO# OF RASTb OPmTXOILI% 
Office of Permitting Management 

11 Date: I April 29, 1996 1 Page 1 of 2 

1 TO: 1 Jerry Redder 

I TITLE: I 11 
11 ORGANIZATION: 1 Alliant Techsystems I 
I FAX NUMBER: 1 (540) 639-721 4 

11 FROM: I Debra A. Miller 

1 TITLE: Environmental Engineer Senior I 
(804) 698-4206 
FAX: (804) 698-4234 

11 SUBJECT: I Info Request on SW-846, Method 6020 I 

Please deliver! 

Jerry, 
As promised, I talked to our Chemists and they provided me 
with the attached list of labs doing 6020. Please note, this is not 
all the labs that can perform this analysis, it is just a short list of 
ones that we had contacted, No recommendation intended. 
Hope it helpsll 

-Debbie 
Department ol Environmental Quallty. P.O. Box 10009, Richmond, Virginia 23240009 



LABS OFFERING METALS ANALYSIS 
BY SW-846 METHOD 6020 

NAME PHONE CONTACT 
Gascoyne 8 00-GAS-COW lab manager 

Quantura Denver, W. Sacramento 

EHI 540-396-3661 Mark Brooks 

Environmental 
Health Labs. 219-233-4777 

Synergic 
Atlantics, Inc 616-538-8700 

Hontgolnery 
 ats son Labs 818-568-6486 

Ameri can Water 
Works 
Bellevilla, 11 XXX- 35-3600 

Paul Bowers  

Sam Yazadani 

Rick Besaee 

HOT#: This l ist  should not be construed a s  a recommendation, 
endorsement, o r  solicitation for, or  on bahalf o f ,  any 
companies listed. It is marsly intended t o  demonstrate 
that this method i s  avai lable  f o r  use. These are not 
all the labs using the method, only  those we contacted.  

ZOO 'd 



Page: 1 

INCINERATOR SPRAY POND BACKGROUND DATA NORMALITY CHECK 
DATA DISTRIBUTION 

FOR ALL DATES 

A1 1 Dupl Scates Used Non-Detects = Detect ion  Limit /2 
S i g n i f i c a n c e  Level  (1 - alpha): 99% 

LOtATIDll SAMPLE Z W I W Y I L K  CALCULATED TABULAR COEFFICIENT 
I D  SIZE I - D S  DlSTRIBUTIOll Y Y SKEUNESS KURTOSIS OF VMIATIOl l  

RMP L I S T  

Background 
6 100 Non-Nor~al 0.0000 0.7130 0.00 0 .00 0.00 

- 

PARAMETER: 2,C-DIN ITROTOLUENE UNIT: PPB 

PARAMETER: 2,4-DINITROTOLUENE UNIT: PPB 

Background 
6 100 Hon-Hornal 0.0000 0.7130 0.00 0 .00 0.00 

PARAMETER: ANTIMONY UNIT: PPW 

Background 
6 0 Hornrl 0.9687 0.7130 0.25 1.77 0.30 

PARAMETER: ARSENIC UNIT: PPM 

Background 
6 100 Hon-Normal 0.0000 0.7130 0.00 0.00 0.00 

I PARAMETER: BARIlM UNIT: PPM 

Background 
6 0 Norwal 0.9173 0.7130 -0 .01  1.00 0.16 

(continues) 



Radford Army Ammunition P lant  Page: 2 

INCINERATOR SPRAY POND BACKGROUND DATA NORMALITY CHECK 
DATA DISTRIBUTION 

FOR ALL DATES 

LOCATIOII SAMPLE Z W I R O - M I L K  CALCULATED TABUUR CUEFFICIEMT 
I D  SIZE I -Ds DISTRIBUTIOll Y Y SKEVWESS KURTOSIS OF VARIATION 

PARAMETER: BERYLL IUn UNIT: P W  1 
Background 

6 0 Noraal  0.9127 0.7130 -0.27 1.08 0.27 

PAMETER: C,4DHIW UNIT: PPn 

Background 
6 50 

PARAMETER: C)IROC(IUH UNIT: P W  

Background 
6 100 Non-Normal 0.0000 0.7130 0.00 0.00 0.00 

PARAMETER: DI-N-BUTYL PHTHALATE UNIT: PPB 

* Background 
6 100 Non-Normal 0.0000 0.7130 0.00 0.00 0.00 

PARAMETER: DIETHYL PHTHALATE UNIT: PPB 

Background 
6 100 Won-Normal 0.0000 0.7130 0.00 0.00 0.00 

IPARAHETER: LEAD UNIT: PPH I 
Background 

6 100 Non-Normal 0.0000 0.7130 0.00 0.00 0.00 

PARAMETER: UEWW UNIT: PPM 

Background 
6 100 Non-Noraal 0.0000 0.7130 0.00 0.00 0.00 

PARAMETER: NICKEL UNIT: PPM 1 
Background 

6 50 N o r r a l  0.7761 0.7130 0.07 0.78 0.53 

(continues) 



Radford Army Ammunition P lant  Page: 3 

INCINERATOR SPRAY POND BACKGROUND DATA NORMALITY CHECK 
DATA DISTRIBUTION 

FOR ALL DATES 

LOCATION SMPLE Z SHAPIRO-MILK CALCULATED TABUUR COEFFICIENT 
I D  SIZE I -Ds DISTRIBUTIM Y W S K M E S S  KURTOSIS Of VARIATION 

PARAMETER: RESORC INOL UNIT: PPB 

Background 
6 100 Non-Normal 0.0000 0.7130 0.00 0.00 0.00 

I PARAMETER: SILVER UNIT: PW I 
Background 

6 0 Normal 0.8693 0.7130 0.71 1.84 0.56 

PARMETER: THAL L I UU UNIT: PPU 

Background 
6 100 Non-Normal 0.0000 0.7130 0.00 0.00 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  End o f  Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The Ronitor System, TH 

Copyright ( C )  1992-94, Entech Systems Incorporated 



ALLIANT TECHSYSTEMS. INC, 

c 
APPROPRIATE NUMBER OF S W L E S  CHECK 

SW-846 CHAPTER 9 SAMPLING PLAN 

Variance of Sample, s2 

where n=number of sample measurements. 

Appropriate Number of Samples, n 

n =fi 
RT-X 

where RT = regulatory threshold 
X = sample mean 

The results for the following parameters were non-detect and, therefore, an appropriate number 
of samples could not be calculated: 

2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Arsenic 
Di-n-butyl phthalate 
Diethyl phthalate 
Resorcinol 

Although many of the results for most of the following parameterswere below the PQL, an 
appropriate number of samples was calculated using the laboratory detection limit. 

Antimony = 
Barium = 
Beryllium = 

Cadmium = 

Chromium = 

Lead = 

Mercury = 

Nickel = 

Silver = 

Thallium = 



Alliant Techsystems Inc. 
Radford Army Ammunition Plant 
Route 114 
P.O. Box 1 
Radford, VA 241 41-0100 

March 25, 1 996 

Clifton L. Parker rv 
Department of Environmental Quality 
Office of Permitting Management, Hazardous Waste 
629 East Main Street, Suite 406 
Richmond. VA 232 19 

Subject: Incinerator Spray Pond Closure Plan, Resubmission of Background Soil Samples 
Radford Army Ammunition Plant, Radford Virginia, EPA ID# VA 12 1 00207306 

Dear Mr. Parker: 

Please reference our January 25, 1996 letter in which we submitted the background samples. At your 
suggestion the laboratory provided us with more information to assist the determination of background. 
Attached is the resubmission of the background samples with the Practical Quantitation Limit (PQL) 

.m 
added to the data and a map showing the background sampling locations. The PQL will be used in the 
statistical evaluation for any results that are nondetectable. 

The background soil sampling results were tested using the method in Chapter 9 of SW-846. The data 
is normal and does not exceed the upper confidence level. The sample numbers remained under six 
samples, except for barium. According to our calculations the number of samples required for barium 
would be sixteen. We feel that the additional samples for barium will not benefit the closure or change 
the data for clean closure. We are requesting that six samples for bm'um be acceptable to determine 
background for this closure. 

Please copy our consultant ERM with correspondence on the closure plan. If you have any questions 
concerning the attached information or require additional information please contact Jerry Redder of my 
staff (540) 639-7536, or Christel Ackerman, ERM (540) 776-3545. 

C. A. Jake 
Environmental Manager 

Attachments 

R. L. Richardson 

c: Christel Ackerrnan, ERM, 3 140 Chaparral Dr. SW, Suite 20 1, Roanoke, VA 240 18 
R. L. Richardson, RAAP ACO 



A Clifton L. p d e r  IV 
March 26,1996 
Page 2 

bc: Adm. File 
R. L. Richardson 
D. W. Ratcliff 
C. A. Jake 
J. J. Redder 



January 25, 1 996 

Alliant Techsystems Inc. 
Radford Army Ammunition Plant 
Route 114 
P.O. Box 1 
Radford. VA 241 41-0100 

Clifton L. Parker 
Department of Environmental Quality 
Office of Permitting Management, Hazardous Waste 
629 East Main Street, Suite 406 
Richmond, VA 232 19 

Subject: Incinerator Spray Pond Closure Plan, Background Soil Samples 
Radford Amy Ammunition Plant, Radford Virginia, EPA ID# VA 12 100207306 

Dear Mr. Parker 

In accordance with the approved closure plan for the Incinerator Spray Pond enclosed are the 
background samples and the required SW-846 QAfQC data. The samples were taken in the locations as 
delineated on the Figure 2-5 of the closure plan. We will perform the statistical comparison upon - receiving your approval. 

The analytical methods for chromium and lead differ from the closure plan because the detection of 
these metals was in the PPM range as opposed to the PPB range. A detection limit of 0.1 PPM was 
used for mercury because the required detection limit of 2 PPB was the method detection for the 
laboratory. We did have detects for mercury at this limit. 

A contractor will not be able to be on site until April because of inclement weather. The closure plan 
was approved August 24, 1995. According to Table 3-5 we had 90 days to obtain funding, We were 
able to verify that adequate funding was available to commence work on November 13, 1995. This 
would put the original schedule to complete by May 10, 1996. In order to complete the clean closure 
attempt we are requesting an extension until October 1,1996. 

Please copy our consultant ERM with comspondence on the closure plan. Lf you have any questions 
concerning the attached information or require additional information please contact either myself (540) 
639-8266, Jeny Redder of my staff (540) 639-7536, or Christel Ackerrnan, ERM (540)776-3545. 

Sincerely 

Environmental Manager 

Enclosures 



- Clifton L. Parker 'V 

January 25,1996 
Page 2 

A 

* P 

Coordination: 3.2,- 
R. L. Richardson 

w/o enclosures 
c: West Central Regional Office- Roanoke 

Christel Ackerman, ERM, 3 140 Chaparral Dr. S W, Suite 20 1,  Roanoke, VA 240 1 8 

w/ enclosures 
R L. Richardson, RAAP ACO 

bc: Adrn File 
C. A. Jake 
D. W. Ratcliff 
J. J. Redder 
Env. File 



I CENTRAL VIRGINIA 
LABORATORIES & CONSULTANTS, INC. 

P 0 P n x  I?? rq L\mihburg. V ~ r g l n ~ r  13% 
CE 3109Odd Fcllow R < d  ! - & I  qJ; . l ' j2  !W.O-:96-I470 FAX (804) R47-2910 

Christel Ackerrnan 
Environmental Resources Management, Inc. 
3140 Chaparral Drive, Suite 201 
Roanoke, Virginia 24018 

PROJECT NAME: 

PROJECT NUMBER: 

CUSTOMER ID: 

CVLC ID: 

COLLECTION DATE : Grab: 

COLLECTION TIME (hours): Grab: 

3ELMQUISHED DATE: 
C 

RELINQUISHED TIME (hours): 

RECEIVED DATE: 

RECEIVED TIME (hours): 

RAAP Site 39 

176E4.07.0 1 

BG - 1 (4.5') 

96-0006 1 

0 1/02/96 

1 1  15 

0 1/03/96 

1050 

0 1 103196 

1715 

RAAP Site 39 

.17684.07.0 1 

BG - 2 (4.5') 

96-00062 

0 1 IOU96 

1130 

0 1 103 196 

1050 

0 1/03/96 

1715 

RAAP Site 39 

176E4.07.0 1 

BG - 3 (4.5') 

96-00063 

0 1/02/96 

1 I50 

01/03/96 

1050 

0 1/03/96 

17 15 

RAAP Site 39 

176E4.07.01 

BG - 4 (4.5') 

96-00064 

0 1/02/96 

NG = Not Given 

Comments: 
The presence of Diethyl Phthalate detected by method SW 8061 in several of the samples was not confirmed by 
mass spectrometry. Therefore, Diethyl Phthalate for these samples was reported by SW-846 Method 8270. 

Respectfully Submitted, 

as,.4+-LL 
Janet M. Zweto l id  

Laboratory Director 

January 16, 1996 
Report Date 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

PROJECT NAME: 

PROJECT NUMBER: 

CUSTOMER ID: 

CVLC ID: 

COLLECTION DATE : Grab: 

COLLECTION TIME (hours): Grab: 

RELINQUISF;%D DATE: 
Î. 

RELINQUISHED TIME (hours): 

RECEIVED DATE: 

RECEIVED TIME (hours): 

RAAP Site 39 

176E4.07.0 1 

BG - 5 (4.5') 

96-00065 

0 1/02/96 

1230 

0 1/03/96 

1050 

0 1/03/96 

1715 

RAAP Site 39 

176E4.07.0 1 

BG - 6 (4.5') 

96-00066 

0 1/02/96 

1255 

0 1/03/96 

I050 

0 1/03/96 

1715 

RAAP Site 39 

176E4.07.0 1 

BGD - 3 (4.5') 

96-00067 

0 1/02/96 

1200 

0 1/03/96 

1050 

0 1/03/96 

1715 

RAAP Site 39 

176E4.07.0 1 

Field Blank 

96-00068 

0 1 IOU96 

NG = Not Given 

Comments: 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

PROJECT NAME: 

PROJECT NUMBER: 

CUSTOMER ID: 

CVLC ID: 

COLLECTION DATE : Grab: 

COLLECTION TIME (hours): Grab: 

RELLNQUISHED DATE: - 
RELINQUISHED TIME (hours): 

RECEIVED DATE: 

RECEIVED TIME (hours): 

RAAP Site 39 

176E4.07.01 

Equip Blank 

96-00069 

0 1/02/96 

1310 

0 1/03/96 

I050 

0 1/03/96 

1715 

RAAP Site 39 

176E4.07.01 

Trip Blank 

96-00070 

121 19/95 

1200 

0 1/03/96 

1050 

0 1/03/96 

1715 

NG = Not Given 

Comments: 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

INORGANIC COMPOUNDS SW-846 Method DL (MG/KG) MGMG - MGMG - MGIKG MG/KG 

Antimony, Total 704 1 0.150 3.37 3.25 3.70 5.48 

Arsenic, Total 7060 0.50 ND ND' ND ND 

Barium, Total 

Beryllium, Total 

Cadmium, Total 

Chromium, Total 

Lead, Total 
C 

Mercury, Total 

Nickel, Total 

Silver, Total 

Thallium, Total 

ND = Not Detected 

 h he spike recovery was not within the acceptable range. Therefore, the reported result h estimated. 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

INORGANIC COMPOUNDS SW-846 Method DL (MGMG) MCIKG MGlKG - MGXG 

Antimony, Total 704 1 0.150 2.14 4.20 3.40 

Arsenic, Total 7060 0.50 ND ND ND 

Barium, Total 60 10A 0.100 91.5 74.6 58.5 

Beryllium, Total 60 10A 0.0100 0.895 0.8 17 0.52 1 

Cadmium, Total 

Chromium, Total 

Lead, Total - 
Mercury, Total 

Nickel. Total 7520 0.750 11.5 9.40 4.50 

Silver. Total 776 1 0.0010 0.0450 0.0370 0.0205 

Thallium, Total 784 1 0.050 0.245 0.270 0.185 

ND = Not Detected 



- 
CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 

Analytical Results 

Field Blank Equip Blank Trip Blank 
96-00068 96-00069 9 6 - 0 m  

INORGANIC COMPOUNDS SW-846 Method DL (MG/L) MG/L MG/L MG/L 

Antimony, Total 704 1 0.003 ND ND ND 

Arsenic, Total 7060 0.001 ND ND ND 

Barium, Total 60 10A 0.002 ND ND ND 

Beryllium, Total 6010A 0.0002 ND ND ND 

Cadmium, Total 713 1 0.000 1 ND ND ND 

Chromium, Total 7191 0.00 1 ND ND ND 

Lead, Total 742 1 0.00 1 ND ND ND 

- Mercury, Total 7470 0.0002 0.0002 0.0002 0.0002 

Nickel, Total 7520 0.0 15 ND ND ND 

Silver, Total 

Thallium, Total 

ND = Not Detected 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

SW-846 METHOD 8061 DYUGMG) UGMG U G K C  U C K C  U G K G  

Di-n-butyl-phthalate 
Diethyl phthalate 

ND = Not Detected 

- 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

BG - 5 (4.5') BG - 6 (4.5') BGD - 3 (4.5') 
96-00065 96-00066 9 6 - m  

SW-846 METHOD 8061 DL(UGKG) UGKG UGMG U G M C  

ND a Not Detected 

- 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

Field Blank Equip Blank Trip Blank 
96-00068 96-00069 96-oh70 

SW-846 METHOD 8061 D W G a )  UG/L UG/L UG/L 

N D  = Not Detected 

- 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

SW-846 METHOD 8090 DL(UG/KG) UG/KG' UGKG' UG/KG UG/KG' 

ND = Not Detected 

 h he recovery for each surrogate was not within the acceptable range. Therefore, the reported results are estimated. - 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

BG - 5 (4.5') BG - 6 (4.5') BCD - 3 (4.5') 
9 6 - a 6 5  96-00066 96-0006 / 

SW-846 METHOD 8090 DLt(UG/KC) UGXC UCKG' UGMC 

ND = Not Detected 

 be recovery for each surrogate was not within the acceptable range. Therefore, the reported results are estimated. - 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

Field Blank Equip Blank Trip Blank 
96-00068 9 6 - a m  96-00070 

SW-846 METHOD 8090 DL(UG/L) UG/L UGL UC/L 

ND = Not Detected 

- 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

SW-846 METHOD 8270 DL(UGXG) UGXG UGXG UGXG UGKG 

ND = Not Detected 

I Please Note: Values obtained above are bued  upon an NBS Mess Spectral Library Search only - 
these values should be considered approximations. 

A 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

BG - 5 (4.5') BG - 6 (4.5') BGD - 3 (4.5') 
9 6 - 0 m  96-00066 96-00067 

SW-846 METHOD 8270 DyVGn<c) UGKG UGKG UGKG 

~esorcinol ' 330 ND ND ND 

Diethyl phthalate 170 ND ND ND 

ND = Not Detected 

'~lcase Note: Values obtained above are based upon an NBS Mass Spectral Library Search only - 
inme values should be considered approximations. 

I 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

Field Blank Equip Blank Trip Blank 
96-00068 96-00069 96-0- 

SW-846 METHOD 8270 DL(UC/L) UG/L UG/L UG/L 

Diethyl phthalate 2.5 ND' ND' G.9 '  

ND = Not Detected 

I Please Note: Values obtained above are based upon an NBS Mass Spectral Library Search only - 
these values shcruld be considered approximations. 

The recovery for each surrogate was not within the acceptable range. Therefore, the reported results are estimated. 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

SURROGATE COMPOUND RECOVERY RANGE PERCENT RECOVERY (%) 

SW-846 Method 8061 
Dipheny l Phthalate 

SW-846 Method 8090 
Dibutyl Chlorendate 

SW-846 Method 8270 
Phenol-d6 
2-Fluorophenol - 2,4,6-Tribromophenol 
Nitrobenzene-d5 
2-Fluorobipheny l 
p-Terpheny I-d I4 

 h he recovery for each surrogate was not within the acceptable range. Therefore, the reported results are estimated. 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

BG - 5 (4.5') BG - 6 (4.5') BGD - 3 (4.5') 
96-(1!!&55 96-00066 96-00067 

SURROGATE COMPOUND RECOVERY RANGE PERCENT RECOVERY (%) 

SW-846 Method 8061 
Diphenyl Phthalate 

SW-846 Method 8090 
Dibutyl Chlorendate 

SW-846 Method 8270 
Phenol-d6 - 2-Fluorophenol 
1,4,6-Tribromophenol 
Ni trobenzene-d5 
2-Fluorobiphenyl 
p-Terphenyl-d 14 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

Field Blank Equip Blank Trip Blank 
96-00068 9640069 96-0fl070 

SURROGATE COMPOUND RECOVERY RANGE PERCENT RECOVERY ( O h )  

SW-846 Method 806 I 
Diphenyl Phthalate 

SW-846 Method 8090 
Dibutyl Chlorendate 

SW-846 Method 8270 
PhenoLd6 - 2-Fluorophenol 
2,4,6-Tribromophenol 
Nitrobenzene-d5 
2-Fluorobipheny l 
p-Terpheny I-d 14 

 h he recovery for each surrogate was not within the acceptable range. Therefore, the reported results are  estimated. 



LEGEND 

The matrix spike sample analysis provides information about the effect of each 
sample matrix on the dlgestlon and measurement methodology. Splke recoveries 
must be within specifled limits. However, according to EPA Document NO. 
EPA/540/R/94/082, LABORATORY DATA VAWATION FUN-L CUU)ELINES FOR 

LUATING QRGMIC lWUSES, December, 1994 (Laboratory Functional 
Guidelines), if the sample result is outside the acceptable range, the results are 
reported as estimated. 

aate Fail- 

Laboratory performance on indlvidual samples is established by means of splklng 
activities. All samples are spiked wlth surrogate compounds prior to sample 
preparation. The evaluatlon of the results of these surrogate spikes is not 
necessarily straightforward. The sample itself may produce effects due to such 
factors as interferences and hlgh concentrations of analytes. Since the effects of 
the sample matrix are frequently outside the control of the laboratory and may . 
present relatively unique problems, the revlew and validation of data based on 
speciflc sample results Is frequently subjective and demands analytical experience 
and professional judgement. 

Often during analysls, an lnterferant or hlgh concentration of a compound may 
create the need to dilute a sample. when the sample is diluted, the Method 
Detection Limlt Is elevated by the factor of the dilution. 

The Method Detection Limit Is the minimum concentration of a substance that can 
be measured and reported wlth 99% confidence that the analyte concentration is 
greater than zero. 



Peter W. Schmidt 
Director 

COMMONWEALTH of VIRSINIA 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

Office of Permitting Management 

November 15, 1995 
P. 0. Box 10009 
Rchrnond. Virginia 23240-0009 
(804) 762-4000 

Mr. Jerry J .  Redder, P.E. 
Environmental Engineer 
Alliant Techsystems, Inc. 
Radford Army Ammunition Plant 
P.O. Box 1 
Radford, Virginia 24 14 1-7536 

SUBJECT: Incinerator Spray Pond (HWMU-39) Closure Plan Modification 
Radford Army Ammunition Plant, Radford, Virginia, EPA ID# VA12100207306 

Dear Mr. Redder: 

Environmental Resources Management submitted a "variance request", or what is called a 
h "proposed closure plan modification" by VDEQ, for the Incinerator Spray Pond, dated November 9, 

1995, and received November 14, 1995. The request to change certain SW-846 analytical test methods 
from 6020 to an alternate method is acceptable since the 6020 method is not yet widely available; 
however, certain methods proposed by Radford do not appear to be the lowest practical quantitation limit. 
A modified list is being submitted to you for your review and consideration, and is attached. Please note 
that the bolded methods and quantitation limits indicate the lowest detection limit(s) which must be used 
for establishing background, or when necessary during sampling to "see" at or below the required 
performance standard; (i.e., if the background level or health based number is 100, then any method 
which can quantify less than 100 satisfies the requirement, otherwise, the lowest detection must be used.) 

Please revise the proposed closure plan modification as necessary and resubmit for further review 
and approval. If there are any questions abour this, or if a meeting is needed to discuss closure issues, 
please do not hesitate to contact me at (804) 7624142. Please note that VDEQ headquarters' three digit 
phone number prefix in Richmond will change from 762-, to 698-, on or around December 1, 1995. 

Clifton L. Parker1" 
Environmental Engineer Senior 

629 East Mam Street, Richmond. Virginia 23219 - Fax (804) 762-4500 - TDD (804) 762-4021 



Environmental 
Resources 
Management, Inc. 

9 November 1995 

Mr. Clifton Parker 
Virginia Department of Environmental Quality 
P.O. Box 10009 
Richmond VA 23240-0009 

Reference: Radford Army Ammunition Plant (RAAP), Incinerator 
Spray Pond Closure at HWMU 39, Analytical Method 
Variance 

Dear Mr. Parker: 

Environmental Resources Management, Inc. (ERM) is assisting the 
Radford Army Ammunition Plant (RAAP) in the closure of the 
Incinerator Spray Pond at HWMU 39. RAAP received DEQ approval of 
its "Closure, Contingent Closure and Contingent Post-Closure Plans for 
Radford Army Ammunition Plant's Incinerator Spray Pond (HWMU 39)" 

I (The Plan) on 24 August 1995. The Plan includes Table 3-2 "Hazardous 
Constituents of Concern" that list parameters, analytical methods, and 
PQL's for ground water and soils to be used for clean closure of the site. 
On behalf of RAAP, ERM is requesting to use Method 6010A instead of 
Method 6020 for metals analysis in the closure demonstration. 

While evaluating contractors and laboratories for the closure project, 
RAAP discovered that only a very small number of laboratories 
throughout the United States, and no local laboratories, have the 
equipment necessary for conducting SW-846 Method 6020 analyses. The 
necessary equipment is an ICP-Mass Spectrometer (MS). Very few 
laboratories have the ICP-MS because it is expensive to purchase and 
costly to operate. 

Most laboratories use USEPA Method 6010A which utilizes the ICP 
Trace. A Revised Table 3-2 is enclosed and indicates the ICP Trace PQL's 
for ground water and soils. Although the PQL's are higher, clean closure 
requires comparisons with background water and soil values. Based on 
USGS data, it is evident that metals concentrations occurring naturally in 
soils are generally above the revised PQL's. USGS data were not - available for mercury and thallium and the method 6010A PQL for 
antimony slightly exceeded the USGS mean concentration. Therefore, 
the PQL's for mercury and antimony were compared to the USEPA 
Region I11 Risk Based Concentration (RBC) for exposure to residential 

3140 Chapparral Drive, SV 
Suite 201 
Roanoke, VA 24018 
(540) 776-3545 
(540) 776-8530 (fax) 

ERM. 

A member of the Environmental 
Resources Management Group 



Mr. Clifton Parker 
9 November 1995 
Page 2 

Environmental 
Resources 
Management, Inc. 

soils via ingestion. In both cases, the method 6010A PQL was one to two 
orders of magnitude below the respective RBC. An RBC was not 
available for thallium. Based on the above evaluation, the lower PQL's 
would not provide any additional information and would be expensive 
and time-consuming to achieve. 

A column has been added to Revised Table 3-2 that indicates the mean 
values of metals naturally occurring in the soils in the eastern United 
States. These values were obtained from the USGS "Elemental 
Concentrations in Soils and Other Surficial Materials of the 
Conterminous United States." Values for metals in soils are typically in 
the mg / kg range versus the pg/ kg range. Therefore, the precision and 
expense of using an ICP-MS is not necessary for clean closure at this site. 

Laboratories encourage the use of Method 6010A versus other methods 
for several reasons. Method 6020 is a new method and, as mentioned 
before, very few laboratories have the necessary equipment. In addition, 
the sample digestion method (Method 3050) uses hydrochloric acid, 

L which, when introduced into the graphite furnace , interferes with the 
furnace and can result in false readings. However, it is preferable to use 
the hydrochloric acid because it results in a more vigorous digestion, 
therefore, providing more accurate results. This digestion method is 
ideal for the ICP methodology (Method 6010A). 

Finally, it will be necessary to use 24-hour turnaround for the metals 
analysis during closure activities, which will require the services of a 
local laboratory. Contractors will be on site awaiting laboratory results 
making 24-hour turnaround the preferred period for analysis during 
closure activities. This will reduce the time necessary for clean closure 
without sacrificing the quality and level of the closure activities. It is 
therefore requested that RAAP utilize USEPA Method 6010A for the 
metals analysis during closure of the incinerator spray pond. Because 
background samples will need to be obtained to remain on the approved 
schedule, RAAP would appreciate your prompt attention. 

A member of the Environmental 
Resources Management Group 



Mr. Clifton Parker 
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Please send a reply and/or call Jerry Redder, Alliant TechSystems, Inc., 
540-639-7536, if you have any questions regarding this letter. 

~ . d .  Hugkins V, P.G., P . H ~ .  
Branch Manager and Associate 

CBH:mm 
Enclosure: Revised Table 3-2 
cc: C. Ackerman, ERM, Inc. 

J. Redder, Alliant TechSystems, Inc. 

Environmental 
Resources 
Management, Inc. 

A member of the Environmental 
Resources Management Croup 



Revised Table 3-2 
Hazardous Constituents of Concern 

Incinerator Spray Pond Closure (HWMU 39) 
- .  

Radford Army Ammunition Plant 

Con taminant S W-846 
Method 

PQL Soil USGS Mean 
(mg/Kg) 

Diethylphthalate 

Resorcinal 

Antimony 

Arsenic 

Barium 

Beryllium 
- - -  

Cadmium 

Chromium 

Lead 

Mercury 

Nickel 

Silver 

Thallium 

NA: Not available 
* USEPA Region 111 Residential Risk Based Concentration 
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COMMONWEALTH of VI~SINIA 
DEPARTMENT OF ENVlRONMENTAL ~ A U N  

Office of Permitting Mmagcmcnt 

Mr. Joe D. Wilson, Chief Engineer 
Department of the Army 
Radford Army Ammunition Plant 
Caller Service 2 
Radford, Virginia 24 141 -0298 

August 24, 1995 

SUBJECT: Incinerator Spray Pond (HWMU-39) Closure ~ l &  
Radford Army AMnunltio~ Plant. R ~ d f ~ d ,  ~ & h  
EPA ID# VA12100207306 j 

Dear Mr. Wilson: - 
Radford Amy Ammunition Plant submitted Closure, Closure, and Contingent Post 

Closurc P l m  for the Inchrator Spray Pond on July 14, comments were provided to 
Radford via r revised cloaun plan sent on February 10, 1995. to the drln closure 
plan with comments in r letter dated June 8, 1995. Based on response to Radford on 
June 22, 1995, RBdford resubmitted the closure plan 
hbtlc notice w u  rdvertised In the "lk Nnus' on May 
22, 1995. No comments were rccc1vd. Ihc was conditionally 
approved by Department letter &tcd August changes ard 
submitting them to VDEQ by !September 8, 1995. 

I 

The latest revised copy of the closure plan was received by & Department on August 21, 1995, 
and is hereby approved. : 

As provided by Rule 2A:2 of the Supreme Court of virginia: you have 30 days from the dare of 
the service of this decision to initiate an appeal of this decision, by (Iling a notice of appeal with: 

i 
Peter W. Schmidt, Director 
Vlrginia Department of Environmental Quality : 
ATTN: Waste Division 
P. 0. Box 10009 
Richmond, Virginia 23240-0009 

In the event that this decision is sewed to you by mail, Il)m days are added to that period. 
r~ Please refer to Part Two A of the rules of the Supreme Coun of Virginia, which describes the requirtd 

content of the Notice of Appeal, including specification of the Circuii Court to which the appeal is taken, 
and additional requirements governing appeals from decisions of adpinistrative agencies. 
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If you have any questions about rhc approval, please contact $lifton ~arkr"' at (80)) 7624142. 

! 
Sincerely, ; 

Director, ~ a h e  Operations 
I 

cc: Jerome J. Redder, P.E., AIliant Tech System (w/enclosure)' 
Mary Beck, EPA Region III 
Glenn von Gonten, VDEQ I 

Lisa Ellis, VDEQ i 
Claire Slaughter, VDEQ 
Debbie Miller, VDEQ 

I 
Clifton Parker, VDEQ (w/enclosure) 
West Central Regional Office - Roanoke (w/enclosure) 
Central Fllt (w/enclosure) 



DEPARTMENT OF THE A m  
RADFORD AFW! A?ndUNITION PLANT 

R A D F 0 4 D .  V I R G I F J I A  24141 

J u l y  12, 1993 

Engi nee r i  ng D i  v i  s i  on 

M r .  Henry R. Po l l a rd ,  V 
Enforcement Speci a1 i s t  
Department o f  Environmental Qua1 i t y  
James Monroe Bu i l d i ng ,  Eleventh F loo r  
101 Nor th  Four teenth S t r e e t  
Richmond, V i r g i n i a  23219 

Dear M r .  P o l l a r d :  

Reference i s  made t o  the  enforcement o rder  concerning the  
i n c i n e r a t o r  spray pond a t  the  Radford Army Ammunition P lan t .  

I n  accordance w i t h  the  Schedule o f  Compl i ance i n  Appendix A o f  
t h e  Order, enclosed f o r  your  rev iew and approval i s  t he  
Groundwater Mon i to r i ng  Program Plan f o r  the  i n c i n e r a t o r  spray pond 
and the  Closure Plan f o r  the  i n c i n e r a t o r  spray pond. 

I f  addi t i o n a l  i n f o r m a t i  on i s  needed, p lease contac t  M r .  Robert  
L. Richardson a t  (703) 639-8641. 

Sincere ly ,  

JOE D. WILSON 
Chief Engineer. 

Joe D. Wilson 
Chi e f  Engineer 

Enclosures 

Copy Furnished: 

M r .  James Small, HQ, AMCCOM, AMSMC-EQE, Rock Is land,  I L  
( w k n c l  osures) 

I M r .  Bi 11 Hendon, Hercules Inc.,  Radford, VA (wolencl osures) 
M r .  Dave L i  e v i  ng, Hercules Inc., Radford, VA (wolencl osures) 



Table l(a) 

Closure Schedule - Groundwater Monitoring Plan 

Activity 

Groundwater Monitoring Plan approved 

Design monitoring wells / secure drilling contractor 

Well Siting and Preliminary Field Work 

Commence Well Drilling/Soil Sampling 

Well Installation/Soil Sample Analysis 

Well Development 

Initial Quarter Groundwater Sampling* 

Hydrologic Study - Pump Testing 

Pump Testing/Soil Sample Analysis 

Geologic Report 

Days 

*-This individual sampling program will be incorporated into the 
Radford AAP Groundwater Monitoring Program. 
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- @ HERCULES Hercules Aerospace Ordnance Group 
Radford Army Ammunition Plant 
P.O. Box 1 
Radford, VA 241 41 -01 0 0  

Ju l y  7, 1993 

Reference: 93-815-214 

bc: A d m i n i s t r a t i v e  F i l e  
D. W .  R a t c l i f f  
J .  A. M o r r i s  
C.  A. Jake 
T. S .  Lyon 
D. E.  L i e v i n g  
W.  C .  Hendon 

A d m i n i s t r a t i v e  Con t rac t i ng  O f f i c e r  
Radford Army Ammuni t i  on Pl  an t  
Radford, V i r g i n i a  24141 

A t t n :  SMCRA-EN 

Dear S i r :  

Schedules f o r  Spray Pond Closure P lan  
and Groundwater Mon i t o r i ng  P lan  

Reference: Hercul  es 1  e t t e r  93-815-154 dated May 14, 1993 

Please f i n d  a t tached  a  complete copy o f  the  c l o s u r e  p l a n  f o r  t he  i n c i n e r a t o r  
spray pond and a  schedule f o r  t h e  groundwater m o n i t o r i n g  p lan.  The schedule f o r  
t he  c l o s u r e  p l a n  was r e v i s e d  as s t a t e d  i n  t he  re fe renced  l e t t e r  t o  a l l o w  f o r  t he  
t ime  requ i  r e d  t o  o b t a i n  fund ing.  It requests  t he  Department o f  Environmental 
Qual  i t y  (DEQ) t o  s t a r t  t h e  180-day c l osu re  p e r i o d  when fund ing  i s  r ece i ved  r a t h e r  
than when t h e  DEQ approves t h e  c l osu re  p lan.  A1 so, t ypograph ica l  e r r o r s  i n  t h e  
o r i  g i  n a l  p l  an have been cor rec ted .  

As verba l  l y  requested, a  schedule i s prov ided f o r  t he  groundwater m o n i t o r i n g  
p lan .  I t  can be added t o  t h e  p l an  a l ready  submit ted.  

Please t ransmi  t t h e  c l o s u r e  and groundwater moni t o r i  ng p lans  t o  t he  Department 
of Envi ronmental Qual  i ty  f o r  approval . 

Attachment 
W:\815-214 

Coord inat ion:  
R. P. Best  

(j Li #P- 
A. M o r r i s  

A Hercules Incorporated Company 



Table l(a) 

Closure Schedule - Groundwater Monitorinq Plan 

Activity 

Groundwater Monitoring Plan approved 

Design monitoring wells / secure drilling contractor 

Well Siting and Preliminary Field Work 

Commence Well Drilling/Soil Sampling 

Well Installation/Soil Sample Analysis 

Well Development 

Initial Quarter Groundwater Sampling* 

Hydrologic Study - Pump Testing 
Pump Testing/Soil Sample Analysis 

Geologic Report 

Days 

*-This individual sampling program will be incorporated into the 
Radford AAP Groundwater Monitoring Program. 



CLOSURE PLAN 

FOR THE INCINERATOR SPRAY POND 

RADFORD ARMY AMMUNITION PLANT 

RADFORD, V IRGINIA  

EPA I D #  VA1210020730 

Ju ly ,  1993  



SPRAY POND CLOSURE PLAN 

The spray pond was operated f rom 1979 u n t i l  May 1992 f o r  evapo ra t i v  
c o o l i n g  o f  water  from the  i n c i n e r a t o r  scrubber.  A f t e r  coo l i ng ,  
water was r e c i r c u l a t e d  from the  spray pond t o  t h e  scrubber .  
I n  August 1990 i t  was d iscovered t h a t  water  i n  t h e  spray pond was 

Hazardous Waste Management Regula t ions 
n o t  p e r m i t t e d  as a hazardous waste 
t he re fo re ,  w i  1 1 be c losed  accord ing t o  
9.6, 10.6 and 10.10.1. 

. - 
contaminated w i t h  l ead  from t h e  i n c i n e r a t i o n  process t o  t h e  e x t e n t  
t h a t  s ludges formed i n  t he  spray pond met t h e  standards f o r  a 
c h a r a c t e r i s t i c  hazardous waste under P a r t  I11 o f  t h e  V i r g i n i a  

(VHWMR) . The spray pond i s  
su r face  impoundment and, 
t h e  requi rements  i n  VHWMR 

I - l a  Closure Performance Standard 

The sur face  impoundment w i l l  be c losed  i n  a manner t h a t  m in im izes  t he  
need f o r  f u r t h e r  maintenance. A1 1 wastes, waste res idues ,  
contaminated s t r u c t u r e s  and equipment, and contaminated s u b s o i l s  w i l l  
be decontaminated o r  removed a t  c losure .  Clean c l o s u r e  w i l l  be 
demonstrated by sampling t he  s u b s o i l  t o  show t h a t  c o n s t i t u e n t  
concen t ra t i ons  a re  no h igher  than background l e v e l s .  

I - l b  P a r t i a l  and F i n a l  Closure A c t i v i t i e s  

The a c t i v i t i e s  i n v o l v e d  i n  c l osu re  o f  t h e  su r face  impoundment 
i n c l  ude: 

(1) A l l ow ing  water  l e v e l  t o  drop t o  t h e  minimum pump i n t a k e  l e v e l  
d u r i n g  ope ra t i  on o f  t h e  i n c i n e r a t o r ;  

(2) Removal and p roper  d isposal  o f  any water and sludge remain ing 
i n  t h e  impoundment; 

(3) Demo1 i ti on, removal, and decontami n a t i o n  o f  p i  p i  ng , pumps, and 
concrete ;  

( 4 )  Subsoi 1 sampl ing t o  i d e n t i f y  any contaminated s o i  1 requ i  r i n g  
removal ; 

(5 )  F i l l i n g ,  compacting and shaping s o i l  t o  promote drainage; and 

(6) Revegetat ing t h e  s o i l .  



I-lc Maximum Waste Inventory 

The spray pond i s  a concrete-1 ined p i t  76 fee t  by 60 fee t  by 5 fee t  
deep. The maximum water level i s  three fee t  for  a maximum volume of 
102,326 gal 1 ons. The pond i s a surface impoundment tha t  i s  used for  
evaporati ve cool i ng of reci rcul ated scrubber water. The scrubber i s 
ins ta l l ed  a t  the exhaust from the explosive waste incinerator .  The 
incinerator sometimes burns waste propellant that  contains lead 
compounds. The lead content of the water and sludge in the spray 
pond has a t  times been above 5 ppm, resul t ing in c lass i f i ca t ion  of 
the spray pond as a hazardous waste surface impoundment. The spray 
pond contains varying amounts of lead a t  any given time, depending 
on the quantity of 1 ead-containi ng propel 1 ant burned. Traces of 
other heavy metals have also been detected i n  the spray pond water, 
although n o t  a t  high enough concentrations t o  be a toxic hazardous 
waste. 

I-ld Inventory Removal, Disposal and Decontamination of Equipment 

All hazardous waste inventory and contaminated materials will be 
removed during closure. Water in the spray pond wi 11 be pumped down 
during changeover t o  the new scrubber water system. The level wi 11 
be a1 lowed to  drop t o  the minimum pump intake level (approximately 
s i x  inches off  the bottom of the spray pond). The remaining water 
and sludge wi 11 be pumped to  a tank truck for  disposal in accordance 
with applicable regulations. The concrete l i n e r  will be rinsed w i t h  
a high pressure water hose t o  ensure tha t  a l l  sediment and /o r  sludge 
i s  removed during emptying of the impoundment. Piping, valves and 
pumps will be dismantled and placed in a washdown s ta t ion 
constructed in accordance with the specifications in Attachment I of 
t h i s  closure plan. Decontaminated piping will be disposed of as 
scrap metal . I f  in good condition, decontaminated pumps and valves 
will be placed in storage fo r  possible future use. The concrete 
1 i ner wi 11 be demo1 i shed and hauled t o  the debris landfi 11  a t  RAAP. 
I f  subsoi 1 s are  determined to be nonhazardous, equipment (excavation 
equipment, sampling equipment, e tc . )  will be cleaned with a water 
hose with r inse  water draining t o  the sewer system tha t  goes t o  the 
Bi 01 ogi cal Wastewater Treatment P I  ant  wi t h  approval from the 
Department of Environmental Qua1 i ty (DEQ) . I f  subsoi 1 s are  
determined t o  be hazardous, a1 1 contaminated equipment w i  1 1  be 
decontaminated a t  the washdown s t a t i  on .  Decontami nati on w i  1 1  be 
performed by using a steam cleaner with a soap feed and a HC1 r inse  
fol 1 owed wi t h  a water r inse.  

Decontami nati on of equipment wi 11  be determined by sampl i ng the r inse  
water before and a f t e r  r insing the equipment. Four  pre-rinse and 
four post-rinse samples will be obtained and tes ted fo r  the 



parameters 1  i s t e d  i n  Sec t ion  I - l d ( 1 )  us i ng  t he  t e s t  methods and 
d e t e c t i o n  l i m i t s  s p e c i f i e d  t o  determine if c lean ing  was adequate. 
Decontaminat ion i s  achieved when t h e  pos t - r i nse  samples a r e  n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t  when compared t o  p re - r i nse  samples us i ng  
t h e  procedure out1 i ned  i n  Sec t ion  I - l d ( 1 ) .  Wash and r i n s e  waters 
w i l l  be c o l l e c t e d  i n  t h e  decontaminat ion containment u n i t  and 
t r a n s f e r r e d  t o  drums f o r  s torage u n t i l  t e s t  r e s u l t s  a re  rece ived.  
If t h e  water  t e s t s  t o  be hazardous, i t  w i l l  be accumulated i n  
accordance w i t h  VHWMR 6.4.E., t r anspo r t ed  v i a  a  V i r g i n i a  p e r m i t t e d  
hazardous waste t r a n s p o r t e r  and disposed of o f f - p l a n t  a t  an approved 
hazardous waste f a c i  1  i t y .  I f  i t  i s  nonhazardous, i t  w i  11 be disposed 
o f  i n  t he  Bi  01 og i  c a l  Wastewater Treatment P l a n t  w i  t h  approval  from 
t h e  DEQ. For  l a r g e  equipment, f o u r  samples w i l l  be taken o f  post -  
r i n s e  water from t h a t  p o r t i o n  o f  t he  equipment t h a t  was exposed t o  
t h e  contaminated m a t e r i a l s  such as t h e  bucket o f  t h e  backhoe o r  
l oade r  used t o  move ma te r i a l  o u t  o f  t h e  contaminated area. 

I - l d ( 1 )  Closure o f  Surface Impoundments 

Clean c l osu re  o f  t he  sur face impoundment w i l l  be demonstrated by 
sampl ing o f  t he  s o i l  a f t e r  removal o f  t he  waste, contaminated 
s t r u c t u r e s  and contaminated equipment. Since t h e  j o i n t s  i n  t h e  
concre te  l i n e r  (F igure  1A) a re  t he  most l i k e l y  sources o f  
contaminat ion,  sampling l o c a t i o n s  wi 11 be se lec ted  based on t h e  j o i n t  
l o c a t i o n s .  A  g r i d  p a t t e r n  wi  11 be es tab l i shed  across t h e  impoundment 
bottom (F igure  18). It wi 11 c o n s i s t  o f  19 f o o t  by 20 f o o t  sec t ions .  
Th i s  p a t t e r n  w i  11 p lace  t he  boundaries o f  each s e c t i o n  and each 
boundary i n t e r s e c t i o n  a t  t h e  former l o c a t i o n  o f  a  j o i n t  i n  t h e  
concre te  1  i ner .  Each g r i d  i n t e r s e c t i o n  w i  1  1  be numbered and a  random 
number t a b l e  w i  11 be used t o  s e l e c t  e i g h t  o f  these l o c a t i o n s  f o r  
sampl ing .  Se lec t i on  o f  c o n s t i t u e n t s  f o r  ana l ys i s  was based on those 
de tec ted  i n  p rev ious  analyses o f  water f rom t h e  spray pond. The 
l a b o r a t o r y  a n a l y s i s  wi 11 use t h e  method w i t h  t h e  lowes t  d e t e c t i o n  
l e v e l  and w i l l  be as f o l l ows :  

Cons t i t uen t  
A n t i  mony 
Ba r i  urn 
Bery l  1 i urn 
Cadmi um 
Chromi urn 
Copper 
Lead 
N i cke l  
S i  1  ve r  
T h a l l  ium 
Z inc  

SW-846 Tes t  Method 
7041 

De tec t i on  L i m i t  
3.0 u g l l  
2.0 u g l l  
2.0 u g l l  
0.1 u g l l  
1.0 u g l l  
1.0 u g l l  
1.0 u g l l  
15 u g l l .  
7.0 u g / l  
1.0 u g l l  
0.05 u g l l  



The randomly se l ec ted  l o c a t i o n s  w i l l  be sampled every  s i x  inches  i n  
depth.  The samples w i l l  be d i s c r e t e  samples. Resu l t s  o f  a n a l y s i s  
from t h e  f i r s t  s i x  inches w i l l  be compared t o  t h e  e s t a b l i s h e d  
background concen t ra t i on  f o r  each c o n s t i t u e n t ,  us ing  t h e  procedure 
descr ibed  i n  Attachment 11. I f  contaminat ion i s  found, another  s i x  
inches o f  s o i  1  w i  11 be removed and samples w i  11 again  be taken. Thi s  
procedure w i l l  be repeated u n t i l  a l l  contaminat ion has been removed 
t o  background l e v e l s .  Contaminated s o i l s  w i l l  be d isposed a t  an 
approved TSD f a c i l i t y .  Any s torage of t he  s o i l  w i l l  be s u b j e c t  t o  
t he  accumulat ion requirements of Sec t ion  6.4.E. of t h e  VHWMR. 
T ranspo r t a t i on  w i l l  be v i a  a  V i r g i n i a  p e r m i t t e d  hazardous waste 
t r a n s p o r t e r .  

Background sample w i l l  be taken a t  t h e  two l o c a t i o n s  shown i n  
F i gu re  2. Loca t ion  No. 1 i s  approx imate ly  500 ft nor thwes t  o f  t h e  
spray pond and l o c a t i o n  No. 2 i s  approx imate ly  400 ft southwest o f  
t h e  spray pond. These l o c a t i o n s  a re  upwind o f  the  i n c i n e r a t o r s  and 
should  n o t  be a f f e c t e d  by t h e i r  emissions, nor  a re  they  near  any 
o the r  o p e r a t i n g  areas. Sampling i n t e r v a l s  w i l l  be a t  t he  sur face,  
s i x ,  12 and 18 inches f o r  a  t o t a l  of  e i g h t  samples. The samples 
w i l l  be analyzed f o r  t he  c o n s t i t u e n t s  no ted  above. QA/QC procedures 
w i  11 f o l l  ow SW-846, 3 r d  e d i t i o n ,  1986, Chapter 1 procedures and any 
addi  t i onal  procedures r e q u i r e d  by  t he  speci f i c  method. A1 1 
background sample r e s u l  t s ,  a1 ong w i t h  t he  QAIQC, w i  11 be submi t ted  
t o  t h e  DEQ f o r  approval  i n  accordance w i t h  t he  c l o s u r e  schedule.  

Schedule f o r  Closure 

The c l o s u r e  schedule i s  presented i n  Table  1. I t  i s  requested t h a t  
t he  180-day p e r i o d  f o r  c l osu re  s t a r t  wi t h  r e c e i p t  o f  f und ing  f rom 
t h e  Army r a t h e r  than wi t h  c l  osure p l  an approval  . The t ime requ i  r e d  
f o r  t h e  fund ing  approval process cou ld  take  up t o  90 days a f t e r  DEQ 
approval  o f  t h e  c l osu re  p lan .  Based on t h i s  schedule, c l o s u r e  
a c t i v i t i e s  w i l l  be completed w i t h i n  180 days a f t e r  r e c e i p t  o f  
funding. Any extens ions t o  t he  c l osu re  p e r i o d  wi  11 be requested i n  
accordance w i t h  VHWMR 9.6.D.2. 

I- l f C e r t i  f i  c a t i  on o f  Closure 

RAAP w i  11 submit  by r e g i s t e r e d  mai 1, i n  accordance w i t h  t h e  c l o s u r e  
schedule, a  c e r t i f i c a t i o n  by the  Army o r  Hercules and by a  
V i  r g i  n i  a  r e g i  s t e red  p ro fess i  onal eng ineer  t h a t  t he  un i  t has been 
c l osed  i n  accordance w i t h  t he  approved c l osu re  p lan .  A l l  
documentat ion suppor t ing  such c e r t i f i c a t i o n ,  i n c l u d i n g  a1 1 1 abora to ry  
analyses and QA/QC data and a1 1 s t a t i s t i c a l  c a l c u l a t i o n s ,  wi  11 a l s o  
be p rov ided .  



Cont i  nqent  C losure and Post-Cl osure P lans 

If " c l e a n "  c l o s u r e  cannot be achieved, RAAP w i l l  immedia te ly  n o t i f y  
t h e  Department t o  t h a t  e f f e c t  i n  w r i t i n g .  W i t h i n  30 days of  t h e  
n o t i f i c a t i o n ,  RAAP s h a l l  submit t o  t h e  DEQ f o r  approva l  a  m o d i f i e d  
c l  osure p l a n  t o  address c l o s u r e  o f  the  u n i  t as a  1  a n d f i  11 under VHWMR 
10.13. The cor responding post -c losure p l a n  w i  11 be submi t ted  w i  t h i n  
90 days o f  t h e  n o t i f i c a t i o n .  A d d i t i o n a l  l y ,  a  m o d i f i e d  p o s t - c l o s u r e  
p e r m i t  a p p l i c a t i o n  w i l l  be submi t ted w i t h i n  180 days f o l l o w i n g  t h i s  
determi  n a t i  on t o  address t h e  pos t -c l  osure ca re  r e q u i  rements o f  VHWMR 
10.6.H. 

C losure  Cost Es t ima te  

Federa l  l y  owned f a c i  1  i t i e s  a re  exempt f rom t h e  f i n a n c i a l  requ i rements  
o f  10.7 as s t a t e d  i n  10.7.A.3. 

F i  nanc i  a1 Assurance Mechani sm f o r  C losure 

F e d e r a l l y  owned f a c i l i t i e s  a re  exempt f rom t h e  f i n a n c i a l  requ i rements  
o f  10.7 as s t a t e d  i n  10.7.A.3. 



Table 1 

Closure Schedule 

Activity 

Closure pl an approved 

Interim a c t i v i t i e s  t o  obtain Army funding 
-Cost estimate 
-Scope of work 
-Legal review 

Receive funding from Army 

Take background so i l  samples 

Submit background soi l  sample resu l t s  t o  DEQ 

Remove and decontaminate piping, pumps, 
concrete, e t c .  

Take soi 1 samples 

Receipt of 1 aboratory analyses 
S t a t i s t i c a l  evaluation 

Remove contaminated soi 1 /resampl e' 

Receipt of 1 aboratory analyses* 
S t a t i s t i c a l  evaluation 

Equipment decontamination 

Receipt of laboratory analysis of pre- and 
post-rinses and s t a t i s t i c a l  evaluation 

Inspection and.remedia1 action 

Cer t i f ica t ion of closure 

Days 

Up to  90 days 

* These s teps  will be repeated unti l  clean closure i s  achieved, or unti l  i t  i s  
determined t ha t  clean closure cannot be achieved and the unit  wi 11 close as a 
l a n d f i l l .  



FIGURE l A n  LUCATION OF JOINTS I N  CUNCRETE L I N E R  

FIGURE l B ,  LOCATION OF POSSIBLE SAMPLING POINTS 
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FIGURE 2. BACKGROUND SAMPLING LOCATIONS 



ATTACHMENT I 

WASHDOWN STATION AND EQUIPMENT DECONTAMINATION 

1. GENERAL: Equipment used during closure of the spray pond shall be 
decontaminated at the washdown station before leaving the site. 

2. SUBMITTALS: The Contractor shall submit to the Contracting Officer shop 
drawings for the washdown stations. Shop drawings shall be approved prior to 
commencement of work. 

3. WASHDOWN STATION LOCATION AND SERVICE PERIOD: The Contractor shall provide 
vehicle and equipment washdown stations for the spray pond as indicated. The 
washdown stations shall be available for service during the demo1 i tion, soil 
excavation and soil sampling tasks. 

4. CONSTRUCTION OF WASHDOWN STATION: The washdown station shall consist of, at 
a minimum, a washwater containment unit*, a wash station pad, and a 30-mil PUC 
membrane to line the containment unit and wash pad as indicated. The PVC liner 
shall be installed on compacted smooth surfaces. The station shall be equipped 
with a steam cleaner, portable pressure water sprayer, pump, hoses and nozzles 
necessary to wash equipment and to transfer the washdown water to drums prior to 
disposal. Washdown water is to be provided by the Contractor. 

5. OPERATION: 

5.1 Operation During Demolition: All equipment which made direct contact with 
the contaminated material, except for the cargo area of the transportation 
vehicles, shall be cleaned prior to leaving the site. The cleaning shall consist 
of scraping off soi 1 s from a1 1 contaminated parts of equipment. The cargo area 
of the transportation vehicles shall be cleaned only once when transportation of 
a1 1 contaminated material is completed. 

5.2 Operation During Soi 1 Excavation: All equipment which was used to excavate 
subsoil shall be decontaminated at the wash station prior to leaving the site. 
All soil shall be removed from the equipment. 

5.3 Operation During Soil Sampling: Drilling and sampling tools which make 
direct contact with the subsurface soil at the spray pond location shall be 
decontaminated at the wash station by scraping and washing with pressure water. 

6. CONTROL OF WASHDOWN WATER AND SEDIMENT: The washdown water and sediment 
shall be contained within the containment unit. The washdown water accumulating 
in the containment unit shall be removed by pumping into drums and saved for 
analysis. Nonhazardous washdown water shall be disposed of in a manhole in the 
immediate area of the impoundment that goes to the Biological Wastewater 
Treatment Plant with approval from the SWCB. Washdown water determined to be 
hazardous shall be disposed as a hazardous waste at a permitted or interim status 



TSD f a c i  1 i t y .  

7. REMOVAL OF WASHDOWN STATION: The washdown s t a t i o n  w i l l  be removed and t h e  
1 i n e r  and sediment w i  1 1  be disposed as a hazardous waste a t  a pe rm i t t ed  o r  
i n t e r i m  s t a t u s  TSD f a c i l i t y .  

* The washdown containment u n i t  s h a l l  meet t he  VHWMR Pa r t  I d e f i n i t i o n  o f  " tank"  
o r  " con ta i  ne r "  . 



ATTACHMENT I I 

STAT1 S T I C A L  A N A L Y S I S  PROCEDURE 

- 

For each constituent except pH the h v ~ o t h e s i ~  to be tested is: 

for pH: 

Where: 
Ho = the null hypothesis 
H1 = the alternative hypothesis 

= the mean of constituent "in in the unit area Pm pb - the mean of constituent in the background. 

In words, the null hypothesis (Hg) asserts that the mean of 
constituent "in in the unit area is equal to or less than the 
mean of constituent in the background ( e .  no 
contamination}. If the data do not support Ho, then the 
alternative hypothesis (H ) is to be accepted, which says that 
the mean of constituent &ia in the unit area is greater than the 
mean of constituent "i-n the background (i.., there is 
contamination in the unit area). 

The following test st 
. . 

atistlc is to be used for testing the above 
hypothesis : 

Where: - - 5 = the mean of the sample of constituent in the unit 
area 

- 
xb = the mean of the sample of constituent "in in the background 



. 
the nu*; of samples from the unit area 

the number of samples from the background 

Multiplication sign 

the pooled estimate of the variance, and is given by: 

" m + n b - 2  

the variance of constituent "il' in the unit area 

the variance of constituent "iW in the background 

Decision criteria: 

a) For all constituents exce~t DH: 
Conclude that the unit area is still contaminated; if t is 
greater than t.05,df (the value of t. 0 5 ,  df depends on ?he 

degrees of freedom, and is to be obtained from the attached t- 
table). If to is less than t.05,df conclude that the data do not 

show evidence of contamination in the unit area. 

rt u ;  d f Z % + n b - 2 ,  and if a: + a: then 

b) For DH: 
Conclude .that pH is significantly different from the background 
pH; if the absolute value of to is greater than t.025,df. 

Otherwise conclude that there is no significant difference 
between the unit area's pH and the background area's pH. 

Bow to test the euualitv of the variances of the constituents in 
the unit area and the backuround area: 

The test statistic for 

2 Ho: a; = Ob 

2 2 
H,: 0, f q, 



. 
is the ratio of the sample variances 

2 To make the F-test at 5 1  level, put the larger of s,, s; in the 

numerator of F and read the 2.59 level of F from the percentage 
points of the F-distribution (F-distribution table is attached). 
1f the calculated F is greater than t h e  F obtained from the 
table, the variances are not equal. 
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COMMONWEALTH of VIRGINIA 
RICHARO N BURTON 
DIRECTOFI 

DEPARTMENT OF ENVZRONMENTAL Q U W  

JUN 2 8 99 

CERTIFIED MAIL--- 
RETURN RECEIPT REQUESTED 

Mr. Joe D. Wilson 
Chief Engineer 
Engineering Division 
U.S. Department of the Army 
Radford Army Ammunition Plant 
Caller Service 2 
Radford, Virginia 24141-0298 

Dear Mr. Wilson: 

A Enclosed please find duplicate originals of the fully 
executed enforcement order concerning the incinerator spray pond 
at Radford Army Ammunition Plant. One duplicate is for the 
Department of the Army, and one is for Hercules, Inc. 

Thank you for your cooperation in this matter. If you have 
any questions, please let me know at (804) 786-8299. 

~nfokkement Specialist 
Office of Compliance and 
Enforcement 
Waste Division 

Enclosure 

cc: Julia King-~ollins (w/ enclosure) 

James Monroe Building, Eleventh Floor 101 North Fourteenth Street Richmond, Virginia 23219 

Printed on Recvcled Pamr 



DEPARTMENT OF ENVIRONMENTAL QUALITY 

V I R G I N I A  WASTE MANAGEMENT BOARD 

ENFORCEMENT ORDER 

RE: Radford Army Ammunition Plant 
Incinerator Spray Pond 

EPA ID No. VA1210020730 

.n 
SECTION A: PREAMBLE AND AUTHORITY 

This is an Enforcement Order issued by the Virginia Waste 
Management Board ("the BoardM) to the United States Department of 
the Army ("the Amyn) and Hercules Incorporated ("Hercules1*) , 
located in Radford, Virginia. This Enforcement Order is issued 
by the Board, through the Director ("Directorw) of the Department 
of Environmental Quality ("the Departmentw), pursuant to the 
authority granted to the Board and the Director under S S  10.1- 
1402, -1405, -1455, -1183, -1184, and -1185 of the 1950 Code of 
Virginia, as amended ("Va. Codem) . 

Pursuant to 42 U.S.C. § 6926, the U.S. Environmental 
Protection Agency (WEPA!') has granted the Commonwealth of 
Virginia interim and final authorization to administer and 
enforce its hazardous waste program (Phase I and Phase I1 
Components A and B) in lieu of the federal hazardous waste 
program as published in the Federal Register on November 3, 1981, 
August 17, 1983, and December 4, 1984. 

SECTION B: FINDINGS 

1. The Army is the owner of the Radford Army Ammunition Plant 
("Radfordt*), located in Radford, Virginia and operated by 
Hercules. A Notification of Hazardous Waste Activity was filed 
for Radford with the EPA on August 14, 1980, declaring Radford to - be engaged in the generation, treatment, storage, and disposal of 
hazardous waste under Title 40, Code of Federal Regulations, Part 
261. 



2. Since 1979, Radford operated a spray pond for the collection 
of incinerator scrubber waste waters. The water was then reused 
as scrubber water for the incinerator. 

3. In August 1990, the Army and Hercules discovered that the 
scrubber waters collected in the spray pond had been contaminated 
with lead from the incineration process to the level that sludges 
formed in the spray pond met the standards for a characteristic 
hazardous waste under Part I11 of the Virginia Hazardous Waste 
Management Regulations (VHWMRw) . 
4. The Army and Hercules notified the then existing Department 
of Waste Management ("VDWMM) of the contamination by letters of 
August 2 and 9, 1990. Subsequent discussions between the Army, 
Hercules, and VDWM resulted in the installation of a liner and 
the imposition of operational controls for the spray pond to 
prevent the introduction of further contamination and the 
agitation of the scrubber water in the spray pond to prevent 
hazardous waste sludges from forming. 

5. By letter dated March 3, 1992, the Army and Hercules 
informed the Director of VDWM and the Director of the then 
existing State Water Control Board that sludges contaminated with 
lead meeting the levels of toxicity required for classification - as a characteristic hazardous waste under Part I11 of the VHWMR 
were accumulating in the spray pond. 

6. Neither the Army nor Hercules has applied for or been 
granted interim status or a permit for the operation of the 
incinerator spray pond as a hazardous waste surface impoundment. 
Therefore, the Army owns and Hercules operates an hazardous waste 
surface impoundment without interim status or a permit to do so, 
in violation of applicable provisions of Parts IX, X, and XI of 
the VHWMR. 

7. On April 1, 1993, pursuant to Chapter 11.1, Article 1, of 
the Va. Code Ann. (1950), the Department of Environmental Quality 
and its Director assumed the authority and obligations of the 
Department of Waste Management and its Director, respectively. 

SECTION C: ORDER 

As a result of an informal conference on September 14, 1992, 
between agents of the parties, the parties enter into this Order 
after due consideration. It is the intent of the Department that 
laws and regulations of this Commonwealth be most expeditiously 
served and that the environment and public health be protected by 
entering into this Order. It is the intent of the Army and 
Hercules to demonstrate its desire to fully comply with the laws 

I 
and regulations and to avoid litigation between the parties. 



Therefore, in order to ensure that the Army and Hercules 
takes appropriate and timely action to meet its obligations, the 
Board, through the Director, hereby ORDERS and the Army and 
Hercules agree to comply with the Schedule of Compliance in 
Appendix A of this Order, which is incorporated herein by 
reference. 

SECTION D: ADMINISTRATIVE PROVISIONS 

1. For the purpose of this proceeding, the Army and Hercules do 
not contest the jurisdictional and factual allegations contained 
herein. 

2. For the purpose of this proceeding, the Army and Hercules 
waive the right to request further hearing on any issue of fact 
or law herein and consent to the terms and issuance of this 
Order. 

3. The Army and Hercules declare that fair and due process under 
the Administrative Process Act, Title 9, Chapter 1.1:1, S 9- 6.14 
has been received. 

4. This Order shall remain in effect as follows: 

a. Any obligation imposed under Paragraph 1 of Appendix A 
will terminate on the date that the Army and Hercules 
comply with all stated requirements. 

b. This Order shall remain in effect until terminated in 
writing by the Director of the Department of 
Environmental Quality or his designee. The Army or 
Hercules may petition the Director to terminate this 
Order after five ( 5 )  years from the effective date of 
the Order. 

c. Termination of this Order, or of any obligation imposed 
in this Order, shall not operate to relieve the Army or 
Hercules from its obligation to comply with any 
statute, regulation, permit condition, other order, 
certification, standard, or requirement otherwise 
applicable. 

5 .  The Army and Hercules shall not be responsible for failure 
to comply with any of the terms and conditions of this Order if 
such noncompliance is caused by earthquake, flood, or other act 
of God, fire, war, strike, or other occurrences resulting in 
impossibility of compliance and if the Army and Hercules shows 
that such occurrences and noncompliance were beyond their control 
and were not due to a lack of good faith or diligence on the part - of the Army or Hercules. When circumstances are anticipated to 
occur, or are occurring, or have occurred which may delay 
compliance with or cause violation of any requirement of this 



Order, the Army or Hercules shall notify the Director of the 
Department, in writing, of the reason(s) for and projected 
duration of such delay or violation, the measures taken and to be 
taken by the Army or Hercules to prevent or minimize such delay 
or violation, and the timetable by which such measures will be 
implemented. Failure to so notify the Director shall constitute 
a waiver of any claim of inability to comply with a requirement 
of this Order. 

6. If any provision of this Order is found to be unenforceable 
for any reason, the remainder of the Order shall remain in full 
force and effect. 

7. This Order is binding on the parties hereto, their 
successors in interest, designees, and assigns, jointly and 
severally. 

8. This Order shall become effective upon receipt by the Army 
and Hercules of true and correct originals of the fully executed 
Order signed by both the Director oQ the Department of 
Environmental Quality and authorized age-nts of the Army and 
Hercules. 



This is an Order of the Virginia Waste Management Board and the 
Director of the Department of Environmental Quality in accordance 
with SS 10.1-1455, -1183, -1184, and -1185 of the Code of 
Virginia (1950), as amended. 

Director 
Depar t of Environmental Quality 

The foregoing instrument was acknowledged before me on 

Burton, ~irector of the Department of Environmental Quality, in 
the City of Richmond, Virginia. 

My Commission expires: 

Date 
C 

- ,. .- - 
Notary Public 

Seen and Agreed to: 

2-3 ,& 7 3  
'Date 

The Unites states Department of the Army 
Radford Army Ammunition Plant 
Caller Service 2 
Radford, V 

State of 1 County/City of 
L 

The foregoing/instrument was acknowledged before me oh 

199 3 , by BILL W . FORRESTER, LTC , CM I 

Commanding (title), of the United States 
Department of the Army, on behalf Department of the Army 
and Radford Army Ammunition Plant. 

A 
My ~omm*siop expires: 



Seen and Agreed to: 

Hercules Incorporated 
Caller Service 1 
Radford, VA 24141-0299 

\ 

State of County/City of 
/ I f 

I I 
The foregoing instrument was acknowledged before me on) i 

1993, by E. K. HURLEY 
I 

V.P. and G.H. (title), of Hercules Incorporated, a 
Delaware corporation, on behalf of* corporation. 

My ~#mm$ssion, expires: 



APPENDIX A 
SCHEDULE OF COMPLIANCE 

Radford Army Ammunition Plant 
Incinerator Spray Pond 
EPA ID NO. VA1210020730 

1. Within sixty (60) days of the effective date of this Order, 
the Army and Hercules shall submit to the Department a 
groundwater monitoring program for the incinerator spray pond 
surface impoundment which meets the requirements of VHWMR S 9.5 
modified as necessary to meet the closure performance standards 
of VHWMR S 10.10.I.l.a. The Department will approve or modify 
and approve this program in accordance with the VHWMR. The Army 
and Hercules shall implement this program within thirty (30) days 
of receipt of the Department's written notice of approval. 

2. Within sixty (60) days of the effective date of this Order, 
the Army and Hercules shall submit to the Department a closure 
plan for the surface impoundment. This closure plan shall meet 
the requirements of VHWMR SS 9.6., 10.6 and 10.10.1.1. as made 

F applicable by VHWMR S 9.6.L. The Department shall approve, or 
modify and approve, these plans in accordance with the VHWMR. 
The Army and Hercules shall complete closure of the surface 
impoundment in accordance with the approved closure plan. If the 
surface impoundment has been closed under VHWMR S 10.10.1.1. 
("clean closureN), the Army and Hercules shall provide the 
Department with owner/operator and professional engineer 
certifications as required under VHWMR S 9.6.F. If the Army and 
Hercules are unable to achieve closure under VHWMR S 10.10.1.1. 
in accordance with approved closure plan, the Army and Hercules 
shall immediately notify the Department of this fact. This 
notification shall constitute a determination that the unit must 
be closed as a landfill in accordance with VHWMR S 10.13. Upon 
such determination, the Army and Hercules shall submit to the 
Department a modified closure plan within thirty (30) days, a 
post-closure plan within ninety (90) days, and a permit 
application within one hundred eighty (180) days, in accordance 
with the requirements set forth in VHWMR S 9.6.L. The Department 
shall approve, or modify and approve, the closure and post- 
closure plans in accordance with the VHWMR. Following completion 
of closure in accordance with the modified and approved closure 
plan and until such time as a permit is issued, the Army and 
Hercules shall follow the approved post-closure plan referenced 
above. 



CLOSURE, CONTINGENT CLOSURE AND CONTINGENT POST-CLOSURE PLANS 
FOR RADFORD ARMY AMMUNITION PLANT'S 

INCINERATOR SPRAY POND (HWMU-39) 
RADFORD 
RADFORD, VIRGINIA 
EPA ID VA1210020730 

RADFORD ARMY AMMUNITION PLANT 
RADFORD, VlRGMIA 
EPA ID VA12 10020730 

August 18, 1995 
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1.0 INTRODUCTION 

1.1 Purpose of Study 

The following closure plan is subrnittcd in accordance with the requirements of the Commonwealth of 

Virginia's Hazardous Wastc Management Regulations (VHWMR), Section 9.6.L. The plan identifies the 

necessary stcps to close the incinerator spray pond (surface impoundment) located at the Radford Army 

Ammunition Plant in Radford, Virginia (Radford; EPA ID No.VA12 10020730). 

Questions regarding this report should be submitted to: 

Mr. Joe D. Wilson 
Chief Engineer 
US Department of the Army 
Radford Army Ammunition Plant 
Caller Service 2 
Radford, Virginia 24 14 1-0298 

Information about this report can also be obtained from Mr. Robert L. Richardson at (703) 639-8641, or 
Jerome J. Redder, P.E. at (703) 639-7536. 

cl4 

1.2 Background 

The facility has operated a hazardous waste management facility subject to regulations promulgated under 

the Resource Conservation and Recovery Act. The Amy  is the owner of the Radford Army Ammunition 

Plant (Radford), located in Radford, Virginia and operated by Alliant Tech Systems (Alliant) which was 

the then existing Hercules Incorporated (Hercules). A Notification of Hazardous Waste Activity was filed 

for Radford with the EPA on August 14, 1980, declaring Radford to be engaged in the generation, 

treatment, storage, and disposal of hazardous waste under Title 40, Code of Federal Regulations, Pact 261. 

Since 1979, Radford operated a spray pond for the collection of incinerator scrubber waste waters. The 

wastewater was then reused as scrubber water for the incinerator. In August 1990, the Army and Hercules 

discovered that thc scftibber waters collected in the spray pond had been contaminated with lead from the 

incineration process to the level that sludges which formed in the spray pond met the standards for a 

characteristic hazardous waste under Part I11 of the Virginia Hazardous Waste Management Regulations 

(VHWMR). 



Iaci- Spny Pod  Clouro PI.0 (HWMU.39) 
Rdfd Army Amrmnitim PImc EPA ID No.VAI2 10020730 

The Army and Hermles notified the Department of Waste Management (VDMW), [predecessor of the 

Department of Environmental Quality], of the contamination by letters of August 2 and 9, 1990. 

Subsequent discussions bctwccn the Army, Hercules, and VDWM resulted in the installation of a liner and 

the imposition of operational controls for the spray pond to prevent the introduction of M e r  

contamination and the agitation of the scrubber water in the spray pond to prevent hazardous waste 

sludges from forming. 

By letter dated March 3, 1992, the Army and Hercules informed the Director of VDWM and the Director 

of the then existing State Water Control Board that sludges contaminated with lead meeting the levels of 

toxicity required for classification as a characteristic hazardous waste under Part I11 of the VHWMR were 

accumulating in the spray pond. 

Neither the Army or Herculcs has applied for or been gmnted interim status or a permit for the operation 

of the incinerator spray pond as a hazardous waste surface impoundment. Therefore, the Army owns and 

Hercules operates a hazardous waste surface impoundment without interim status or a permit to do so, in 
/-. violation of applicable provisions of Parts LX, X, and XI of the VHWMR 

Thus, the incinerator spray pond which had begun operation in 1979 ceased operations in May 1992. An 

enforcement order ("order") was signed by the Department of Environmental Quality, the US Army, and 

Hercules which became eflective on June 22, 1993. A Schedule of Compliance contained in the order 

required submission and impiemcntation of a closure plan. 



2.0 FACILITY DESCRIPTION 

2.1 Site Location 

The Radford Anny Ammunition Plant (Radford or RAAP) is a government owned industrial complex 

located in southwestern Virginia. The Radford Anny Ammunition Pknt encompasses approximately 4,104 

acres and is located in Pulaski and Montgomery Counties. The facility is located approximately 5 miles 

northeast of the city of Radford, 10 miles west of Blacksburg, and 47 miles southwest of Roanoke, (see 

figures 2-1, 2-2,2-3,2-4, 2-5.2-6). The New River separates Pulaski and Montgomery Counties and also 

divides the RAAP into two portions commonly known as the "Horseshoe Area" and the "Main 

Manufachuing Area" The "Main Manufacturing Area" of Radford is located south of the New River 

meander in Montgomery County, and the "Horseshoe Area" of Radford is located within the New River 

meander in Pulaski County. The incinerator spray pond unit is located in the "Horseshoe Area", the north 

west area, Pulaski County. Table 2- 1 summarizes the propellants which an manufatured at the facility. 

2.2 Incinerator Spray Pond Description 
h The spray pond is a concrete-lincd impoundment which is rectangular with dimensions of 76 x 60 x 5 feet 

deep. The maximum water level is three feet deep for a maximum whune of 13,680 cubic feet or 

102,340 gallons. There are perforated pipes in the spray pond which were used to try to prevent sludges 

h m  forming by blowing air and creating turbulence in the water which must be removed and 

decontaminated Currently there is rain water in the impoundment. The sludge and liquids which 

precipitated the sludge fonnation have been removed The lead content of the water and the sludge in the 

spray pond has at timcs hccn above 5 ppm, which resulted in the hazardous waste surface impoundment 

designation. 



FIGURE 2-1 VICINITY MAP 



FIGURE 2-2 SITE BOUNDARY 
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Incmerator Spray Pond Closure Plan (HUW-39)  
Radford Army Ammunition Plant. EPA ID No.VA 12 10020730 

FIGURE 2-6 INCINERATOR SPRAY POND PICTURES 



IociPonta Spny Pood C l o u n  Flu, (HWMU-39) 
W o r d  Amy hutunition Plm EPA ID No.VA1210020730 

TABLES 2-1 PROPELLANTS MANUFACTURED BY RADFORD 

SINGLE-BASE PROPELLANTS 

Waste Feed: Benite 

Commercial Use: Single-base propellant 

Physical Form: Solid pellets at > 0°F 

Mixture Composition: (% by weight) 

Nitrocell~lose'*~ 
Potassium Nitrate' 
Sul fiu' 
Charcoal' 
Ethyl Centralite2" 
Total Volatiles' 
Moisture' 
Specific Gravity 

I Notes: 

40 2 1.0 
44.3 2 1.0 
6.3 2 0.3 
9.4 2 0.3 
0.5 added 
2.23 max. 
1.00 max. 
1.65 gmkc 

'Percent on ethyl centralite, volatiles, and moisture - h e  basis 

2Added to propellant 

'Byproducts of manuracturc; volatilcs are diethyl ether and ethyl alcohol; percent based on propellant 
weight 

'See Appendix D 



l o c i n a c o r  Spny Pond Cloure Plan (HWMU-39) 
R d f d  Amy Ammuutiw Plan& EPA ID No.VA1210020730 

Waste Feed: BS-NACO 

Commercial Use: Single-base propellant 

Physical Form: Solid 

Mixture Composition: (% by weight) 

N itroccllulose 
n-Duty1 Stcarate' 
I'thyl Ccntralite 
Basic Lcad Carbonate 
I'otassiurn Sulfalc 
Graphite' 
Moisturc' 
Tobl Volat ilcs' 
Spcclfic Gravity 

93.55 nominal 
3.0 2 0.3 
1.2 2 0.2 
1.0 + 0.2 
1.25 + 0.3 
0.1 (acidcd) 
l .O to 3.0 (residual) 
5.0 (rcsidual) 
0.85 gmlcc 

Notes: 

'Added to propellant 

I 

2Byproducts of manufacturer; volatilcs are diethyl ether and ethyl alcohol 



Incinentor Spry  Pood Clonue Plan (HWMU-39) 
R.dford Amry AmmuniIion Plan4 EPA ID No.VA1210020730 

Waste Feed: CBI Powder 

Commercial Use: Single-base propellant 

Physical Form: Solid 

Mixture Composition: (% by weight) 

Nitrocellulose' 98.0% (remainder, minimum) 
Diphenylamine'" 1.5 +_ 0.2 
Potassiyn Nitrate2 0. I max (added) 
Graphite2 0.2 max (added) 
Total Volatiles3 1.3 (residual) 
Specific Gravity' 32.0 Ih/ft3 

Notes: 

'Based on graphite, potassium nitrate, and total volatiles - b e  basis 

'Added to propellant 
I 

'Byproducts of manufacture; volat iles are diethyl ether and ethyl alcohol 

%ee Appendix D 



laciarnta Spry  Poad Clcam RM (HWMU-39) 
W o r d  Army Ammunition Plan& EPA ID No.VA1210020730 

Waste Feed: HES 6706.1 

Commercial Use: Flash suppressant 

Physical Fom: Solid 

Mixture Composition: (% by weight) 

Nitrocellulose' 69.0 nominal 
Ethyl Centralite' 0.8 (minimum) 
Potassium Sulfate' 30.0 nominal 
Graphite' 0.03 added 
Total Volatile2 0.40 (residual) 
Specific Gravity 1.70 glcc 

'Based on total volatilcs - frce basis 

2Byproducts of manufacture; volatiles are diethyl ether and ethyl alcohol 



Waste Feed: IMR 5010 

Commercial Use: S ingle-base propellant 

Physical Fom: Solid 

Mixture Composition: (% by weight) 

Nitrocellulose 
Diphcnylamine 
Graphite 
Potassium Sulfate 
Total Volat ilcs' 
Residual Solvents' 
Moisture and Vo!z:iles' 
Specific Gravity 

Remainder 
0.50-1.25 
0.4 max 
0.1-1.00 
2.35 max 
1.10 rnax 
1.00 + .25 
0.9 10- 1.025 gmtcc 

' Notes: 

'Total volatiles are sum of moisture and solvents from production process (diethyl ether and ethyl alcohol) 



r~ Inciombx P o d  Cl- Ran (HWMU-39) 
W o r d  Amy hmmitim Rant, EPA ID No.VAI210020730 

Waste Feed: M 1 

Commercial Use: Singlc-base propellant 

Physical Form: Solid 

Mixture Composition: (% by weight) 

Nitrocellulose' 85.00 2 2.00 
Dinitrotoluene' 10.00 2 2.00 
Diphenylamine' 0.90 2 1.20 (added) 
~ibutylphthalate'~' 5.00 2 1.00 
Potassium Sulfatc2 1 .OO 2 .3 (added) 
Total Moisture' 0.60 2 0.2 
Residual Solvent1 0.8 mar 

Notes: 

'Based on total volatiles, diphenylamine, and potassium sulfate - free basis 

'Added to propellant 
/C 

'Byproducts of manufacture; diethyl ether and ethyl alcohol 

'See Appendix D 



Incinemtor Spny P o d  Cloavc Ran (HWMU-39) 
W o r d  Army Ammunition Rant, EPA ID No.VA I210020730 

Waste Feed: M6 

Commercial Use: Single-base propellant 

Physical Fom: Solid 

Mixture Composition: (% by weight) 

Nitrocellulose' 87.00 2 2.00 
Dinitrotoluenc' 10.00 2 2.00 
Dibutylphthalate" 3.00 2 1.00 
Diphenylamine3 0.90 2 1.20 
Potassium Sulfate3 1.00 2 0.3 
Total Volatiles 
Moisture4 0.6 2 0.2 
Volatile Solvents4 

Notes: 

'Based on total volatiles, diphenylamine, and potassium sulfate - free basis 

- 'See Appcndix D 

'Added to propellant 

4Byproducts of manufacturc; dicthyl ethcr and ethyl alcohol 



I n c i m m  Spny Pond Cloalrc Plrn (HWMU-39) 
Rdford A m y  Anununitiocl Plant. EPA ID No.VA1210020730 

Waste Fccd: M I0 Flakc/All M I0 Formulations 

Commercial Use: Singlc-base propellant 

Physical Form: Solid 

Mixture Co.mposition: (% by weight) 

Nitrocellulose' 98.00 2 1.00 
Potassium Sulfate' 1.00 2 0.30 
Diphenylamine' 1.00 2 0.30 
craph1t2 0.25 max 
Total volatiles3 2.00 max 
Moisture' 0.50- 1.20 

Notes: 

'Total volatiles and graphitc - free basis 

- 3Byproducts of manufacture; volat iles include diethyl ether and ethyl alcohol 



Waste Feed: M6 + 2 

Commercial Use: Single-base propellant 

Physical Form: Solid 

Mixture Composition: (% by weight) 

Nitrocellulose' 87.00 2 2.00 
Dini~rotoluene' 10.00 2 2.00 
Dibutylphthalate' 3.00 2 1.00 
Diphcnylamine2 0.90 - 1.20 
Potassium Sulfate' 2.00 2 0.30 
Total Volatiles3 1.62 Max 
Moisture3 0.60 2 0.20 

Notes: 

'Calculated on total volatilcs, potassium sulfate and diphenylamine - fiee basis 

h 
'Added to propellant 

'Byproducts of manufacture; volatilcs include diethyl ether and ethyl alcohol 



lmwnux Spny Poad Closure Plan (HWML1-39) 
hdford Army Amnmitioa PIml, EPA ID No.VA1210020730 

Waste Feed: IMR 4895 

Commercial Use: Singlc-basc propellant 

Physical Form: Solid 

Mixture Composition: (% by weight) 

Nitrocellulose Remainder 
Diphenylamine 0.50 to 1.25 
Graphlte 0.4 max 
Dinitrotoluene 5.0-9.0 
Potassium Sulfate 0.10-1 .OO 
Total Volatiles' 2.35 rnax 
Moisture and Volatilcs 1.00 2 0.25 
Residual Solvents' 1.10 max 
Specific Gravity 0.905-0.950 gmlcc 

Notes: 

'Total volatilcs is sum of moisture and volatile solvents (diethyl ether and ethyl alcohol) - 



IDciDerrror S p y  P o d  C l m  Pllo (HWMU-39) 
W o n 1  Army Ammunition Rant. EPA ID No.VA1210020730 

Waste Fccd: IMR 7383 

Commercial Use: Single-base propellant 

Physical Form: Solid 

Mixture Composition: (% by weight) 

Nitrocellulose Remainder 
Diphenylamine 0.50-1.25 
Graphite 0.40 max 
Dinitrotoluene 9.5-13.5 
Dibutylphthalate 2.004.00 
Potassium Sulfate 0.10-1.00 
Total Volatiles 1.90 max 
Moisturc and Volatiles 0.50 2 0.20 
Kcsidual Solvents 1.10 max 
Spccific Gravity 0.790-0.875 gmkc 



lncinwuor S p y  Pond Cl- Plan (HWMU-39) 
W o r d  Amy Ammunitia, P l m ~  EPA ID No.VA1210020730 

Waste Fccd: IMR 8097 

Commercial Use: Single-basc propcllant 

Physical Form: Solid 

Mixture Composition: (% by weight) 

Nitrocellulose Remainder 
Diphenylarnine 0.50-1.25 
Graphte 0.40 max 
D initrotoluene 0.0-5.0 
Potassium Sulfate 0.10- 1 .OO 
Total Volatiles 2.35 max 
Moisture and Volatiles 1.00 0.25 
Residual Solvcnts 1.10 max 
Spccific Gravity 0.870-0.920 @cc 



lociaaator Spny Pood Cloam PIm (HWXRf-39) 
Rdford Amy Ammumtion PIMI. EPA ID No.VAI210020730 

Waste Fccd: MI4 MP 

Commercial Use: Single-base propellant 

Physical Form: Solid 

Mixture Composition: (% by weight) 

Nitrocellulose' 90.00 + 2.00 
Dinitrotolucne' 8.00 + 2.00 
Dihutylphthalalc' 2.00 + 1.00 
Diphcnylamine' 1.00 + 0.10 
Total Volatiles3 1.25 maximum 
Moisture3 0.60 + 0.20 
Volatile Solvents3 0.55, nominal 

Notes: 

'Calculated on total volatiles, potassium sulfate and dphenylamine - free basis 

'Added to propellant - 
3Byproducts of manufacture; volatiles include diethyl ether and ethyl alcohol 



b y  Pod Clorurr PIm (HWMU-39) 
bdford Army hmmuoilioa Rant, EPA ID No.VA1210020730 

Waste Feed: 25 mm Bushmaster 

Commercial Use: Single-base propellant 

Physical Fom: Solid 

Mixture Composition: (% by weight) 

Nitrocellulose 
Diphenylamine 
Potassium Nilralc 
Dinilrotoluene 
Graphite 
Total Volatiles 
Moisture 
Residual Solvent 
Specific Gravity 

Remainder 
0.5- 1.3 
1.0 (min) 
3.1 (nominal) 
0.4 (max) 
2.9 max 
1 . 1  2 0.4 
1.7 max 
0.99 gm/cc (min) 



Inciocnta Spny P d  Cl- RM (HWMU-39) 
W o r d  Amy hmmuartioo RM~. EPA ID No.VA1210020730 

Waste Feed: IMR 8208 M' 

Commercial Use: Singlc-basc pmpcllant 

Physical Form: Solid 

Mixture Composition: (% by weight) 

Nitrocellulose 100.00 
Potassium Sulfate' 1 .OO 
Diphenylamine' 1.00 
Total Volatile# 2.35 max 
Moisture2 0.75- 1.25 
Residual Solvent' 1.10 

Notes: 

' 'Added to propellant 

2Byproduc~s of manufacture; volatilcs include diethyl ether and ethyl alcohol 

.- 'Data same for IMR 8138 M and 4475 



Iocinartor s p y  Pod Clourr Plm (HWMU-39) 
Rdfd  A- Ammumtion Plrnt, EPA ID No.VA1210020730 

Waste Fccd: DIGL-RP 

Commercial Usc: Propellant 

Physical Fonn: Solid 

Mixture Composition: (% by weight) 

Nitrocellulose 62.5 2 2.00 
Diethylcnc Glycol Dinitrate' 36.70 2 1.50 
Ethyl Centralite 0.22 2 0.05 
Akardit I I '  0.45 2 0.15 
Magncsiwn Oxidc 0.05 max 
Graphite 0.05 max 

Notes: 

'See Appendix D 



!jpmy P o d  C l m  Ran (HWMU-39) 
L- W o r d  Army humn~boo Plank EPA ID No.VA1210020730 

DOUBLE-BASE PROPELLANTS 

Parameters 
M7 TOW M7 

Launch Motor LAW Unit 

Physical Form Solid Solid 

Chemical Composition 

N ilrwcllulosc 54.60, nominal 58.70 
N ilroglyccrin 35.50, nominal 32.00 
I'okssium pcrchloriitc 8.05, max 7.80-8.05 
Carbon hlau k 1.20, nominal 0.60 
llthyl ccntralitc 0.80, min 0.8-0.9 
Total volatilcs' 0.80 0.8, max 
Spccific gravity ( g d c c )  1.60-1.70 

Notes: 

'Byproducts of manufacture; volalilcs include acetone and ethyl alcohol; based on weight of propellant; 
free basis 



Incinerator S p y  P o d  Cloauc PIm (HWMU-39) 
W o r d  Army Ammunitim Rmf EPA ID No.VAI210020730 

Parameters 

Physical Form 

Chemical Composition: 

N itrcke llulose 
Nitroglycerin2 
Lead salicylate 
Lead 2-ethylhcxoate 
2-nitrodiphenylaminc2 
Graphite 
Lcad beta resorcylatc 
Carbolac I (carbon black) 
Total volatiles 
Barium nitrate 
Potassium nitrate 
Ethyl centralaite 
Total moisture 
Specific gravity (gmkc) 

AHH Casting 
Powder 

Solid 

83.0 f 1.3 
1 1.4, nominal 
2.3, nominaP 
2.3, nomind 
1.0 2 0.15 
0.03-0.06' 
-- 

ARP Casting 
Powder 

Solid 

5 

75.00 2 1.20 
17.00 2 1.00 
3.00 f 0.25 - 
2.00 2 0.15 
0.04 2 .0i3 
3.00 2 0.25' 
0.30 f 0.102 
1.75, max4 - 
- 
- 
- 
1.638-1.701 

Solid 

-- 
2.00, max4 
0.75 f 0.20 
0.70 2 0.20 
6.00 2 0.50 
0.70, max 

C Notes: 

'Graphite and volatilcs - frcc basis; pcrccnt by weight 

'See Appendix D 

'Added to propellant 

'Byproducts of manufacture; percent based on propellant weight; volatiles include acetone and ethyl 
alcohol 

'Carbolac, graphite and volatiles - free basis; percent by weight 



- hci- *Y PoDd Cl0.m PI.0 (HWMU-39) 
Ridford Army Amm~~uli~fl Amt. EPA ID No.VA1210020730 

PNJ Casting 
M26 El Powder (TOW2 - M9 

Physical Form Solid Solid Solid 

Chemical Composition: 1 2 1 

Nitrocellulose 
Nitroglycerin 
Ethyl centralite 
Graphite 
Total volatiles 
Potassium sulfate 
2-nitrodiphenylamine 
Carbolac 1 
Lead 2,4 dihydroxybcmoate 
Lead Salicy late 
Potassium nilrdte 
Density (Iblcu ft) 

57.75 + 1.50 
40.00 + 1.50 
0.75 + 0.10 
0.40 max3 
0.50, max' 

Notes: 

.n 

'Graphite and volatiles - h e  basis; percent by weight 

'All percentages nominal, except potassium sulfate 

'Byproducts of manufacture; based on propellant weight; volatiles include acetone and ethyl alcohol 

'Added to propellant 

'See Appendix D 



Parameters 

Inciaentor Spny Poad Clorurr Plan (HWMU-39) 
Rdford Amrv AmMnilioa Plrnl EPA ID No.VA 1210020730 

M7 Subscriber 
L A N  Unit - M2 

Physical Form Solid Solid 

Chemical Composition: 1 3 

Nitrocellulose 
Nitroglycerin 
Potassium pcrchloratc 
Carbon black 
Ethyl centralite 
Total volatiles 
Barium nitrate 
Potassium nitrate 
Graphite' 
Total moisture 
Specific gravity (gmkc) 

58.70 
32.00 
7.80?q4 
0.60 
0.80 - 0.90 
0.80, max 

- 
0.60 + 0.15 
2.10, max 
1.40 + 0.25 
0.75 + 0.25 
0.30 + 0.10 
0.70, max 

'Volatiles - fiee basis; percent by weight 

2Blended with 0.5% by weight magnesium oxide and 0.5% magnesium sttarate 
C, 

'Graphite and volatiles - free basis 

Solid 

- 
0.60 + 0.15 
1.25, max 
0.50 - 1.60 
0.25 + 1.00 
0.30 + 0.10 
0.70, max 
0.42, min 

'See Appcnix D 



Imnmator Spray Poad Cloam Ran (HWMV-39) 
b d f d  Army Amrmnitioa Rank EPA ID No.VA1210020730 

Parameters 

Physical Form 

Chemical Composition: 

Nitrocellulose 
~ i t i o ~ l ~ c e r i n  
Diethylene glycol dinitrate 
Akradi t I I 
Magnesium oxide 
Graphite 
Dinitrotoluene 
Ethyl centralite 
Potassium sulfate 
Carbon black 
Lead stearate 
Triacct in 
Lead salicylate 

Notes: 

'CL 

'Percent by wcight 

M 16 - 
Solid 

I 

55.12 
27.68 - - 
- 
- 
10.66 
3.97 
1.56 
0.50 
0.50 - 
- 

Solid 

59.50 2 2.00 
14.90 2 1.00 
24.80 2 1.502 
0.70 + 0.20' 
0.05, max 
0.05, max 

M-2 I - 
Solid 

I 

53.00 
31.00 - 
- 
- 
- 
- 
2.00 - 
0.03 
0.50' 
1 l .W 
2.50 

'See Appendix D 



C 1moarra Spny Pood Cloruc R.0 (HWMU-39) 
R d f d  Anny hmuutioa Rlnt, EPA [D NaVA1210020730 

Parameters 

ABL 2776 
Casting Powder 

2680 DQ T w e  11 - N 4  

Physical Form Solid Solid Solid 

Chemical Composition: 1,4 1 1 

Nitrocellulose 
Nitroglycerin 
Resorcinal 
Ammonium pcrchloratc 
2-nitrodiphcnylaminc 
Aluminum 
Total volatilcs 
Dicthylphthalate 
Potassium sulfate 
Lead stearate 
Carbon black 
Specific gravity, (gm/cc) 

25.00, nominal 
12.50 2 1.00 
1.50 2 0.302 
50.00 2 2 . w  
1.00 2 0.20 
10.00 2 0.50 
0.5, max1 

27.56 
10.03 
1.68 
49.78 
1.00 
9.95 
0.5, max - 

Notes: 

'Percent by wcight 

'See Appendix D 

lByproducts of manufacture; volatiles include acetone and ethyl alcohol 

'ABL 2901 D Q D  propellant has some composition 



C Inciacrrror *Y Pood CIQLFC PIM (HWMU-39) 
R d f d  Army Amrmmtioo EPA ID No.VA1210020730 

Parameters 
N- 12 HEN- 12 

N-8 Standard High Enera 

Physical Form Solid Solid Solid 

Chemical Composition: 1 1 1 

Nitrocellulose 
N itroglyccrin 
Dicthylphthalatc 
2-N itrodiphcnylaminc 
Wax 
Carbon black 
Lead 2,4 dihydroxybenzoate 
Lead salicylate 
Di-normal-propyl adipate 
Cupric salicylate 

'Percent by weight 

50.0 2 1.5 
38.0 nominal - 
2.00 2 0.5 
0.15 - 
2.0 nominal - 
5.85 nominal 
2.0, nominal 



loci- M y  PQd Cloaue Rm (HWMV-39) 
Rdfd Any hmrmnrtioa EPA ID No.VA1210020730 

Physical Form Solid Solid Solid 

Chemical Composition: 1 1 1 

Nitmcllulosc 
Nitroglycerin 
Diethylphthalate 
Potassium nitrate 
Ethyl centralite 
Total volatiles 
Wax 
2-N itrodiphenylamine 
Moisture 
Lead 2-ethylhexoate' 
Lcad salicylate 
Di-n-propyl adipatc 
Lcad bctarcsorcylatc, 

monobasic 
Cupric salicylatc 

48.5 - 52.0 
34.9, nominal 
10.5, nominal 

0.2, nominal 
1.5 - 2.0 
0.60, max 
1.2, nominal 
1.2, nominal 

0.1, nominal 
2.0 2 0. 
0.60, max 

- 
0.4, nominal 
2.5, nominal 

2.5, nominal 

.- 
Notes: 

'Percent by wcight; volatilcs - free basis 

2Byproducu of manufacture bascd on propellant weight; volatiles include acetone and ethyl alcohol 

'See Appcndix D 



Parameters 

Physical Form Solid 

Chemical Composition: I 

Nitrocellulose 
Nitroglyccnn 
2-N itrodiphcnylaminc 
Di-n-proply adipatc 
Triacct in 
LC-12-15 
wax 
Moisture 
Cupric salicylate, monobasic 
Lead salicylate 
R-303 Type 11 
Aluminum 
C a h n  black 
LC- 12-6 

51.0 2 1.5 
38.6 
2.0 2 0.5 
1.6 
2.7 
4.0 
0.10 
0.60, max 

.- Notes: 

'Percent by weight; nominal unless noted 

Solid 

49.0 - 50.5 
38.8, nominal 
1.8 - 2.0 
2.0, nominal 
3.25, nominal 
- 
0.1, nominal 
0.60, max 
1.50, nominal 
3.30, nominal 
0.30, nominal 
1.50, nominal 
0.05, nominal - 

Solid 

- 
0.1 
0.60, max - 

2Moisture-free basis 



Physical Form 

Chemical Composition: 

Nitrocellulose 
Nitroglycerin/Metriotrinitrate 
Aluminum 
Di-n-proply adipatc 
2-Nit rodiphcnylaminc 
Cupric salicylatc, monohasic 
Lead bctarcsorcy latc' 
Lead betarescorcylate, 

monobasic 
Wax 
Moisture 
Cupric salicylate 
Triethylene gylcol dinitrate 
Dibutylphthlate 
Lead Carbonate 
Ethyl centralite 
Potassium sulfate 

Solid 

1 

NOSOL- I8 

Solid Solid 

12  194 

45.0 2 1.5 50.0 - 1.5 46.0 - 

Notes: 

'Perccnt by wcight; nominal unlcss notcd 

'Moisture-frce basis 

jSee Appendix D 

'Volatile - free basis 

NG 44.2 
2.5 
1.2 
2.0 2 0.5 
2.5 
0.3 
2.2 

0.1 
0.60, max - - - 
- - 
- 

+ 1.25 
MIN 385 + 1.00' 



IPciarntor Spny Pond C l a r e  Plan (HWMU-39) 
hiford Anmy Ammunition Rant. EPA ID No.VA1210020730 

Roland 11 
Booster 

Physical Form Solid 

Chemical Composition: 1 

Nitrocellulose 
N itroglyccrin 
2-Nitrodiphcny laminc 
Diethylphthalate 
Copper chromite 
Potassium cryolite 
Lead stearate, dibasic 
Total volatiles 
Acetylene black 
HMX 
Ammonium perchlorate 
Aluminum 
Resorcinal 

54.65 
33.50 
1.34 - 1.96 
5.88 
0.98 
0.58' 
2.45 
0.8, max 
1.00 2 0.5 - 

- Notes: 

'Percent by wcight; nominal unlcss noted 

HDDR-A 

Solid 

'See Appcndix D 
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TRIPLE-BASE PROPELLANT 

Physical Form Solid Solid Solid 

Chemical Composition: 1,2 1,2 12 

Nitrocellulose 
Nitroglycerin 
N i t r o w d i n e  
Ethyl centralite 
Cryolite 
Graphite 
Total volatilcs 
Potassium sulfate 
Potassium nitrate 
Spccific gravity 

28.00 + 1.30 
22.50 + 1.00 
47.70 + 1.00' 
1.50 + 0.10 
0.30 2 0.10' 
0.2, max 
0.50, max4 - 

Notes: 

1 

.A 
Percent by weight; nominal unless noted 

'Grapiute and volatiles - free basis; volatiles include pentane and methylene chloride 

'See Appendix D 

27.00 + 1.30 
22.50 2 1.00 
46.25 + 1.00 
1.50 + 0.10 - 
0.15, max 
0.5, max4 - 
2.75 + 0.25 - 

'Volatilcs includc mcthylcnc chloridc and pentane 
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Paramctets 

Physical Form Solid 

Chemical Composition: 1 

Nitrocellulose 
Nitroglycerin 
Nitroguanidine 
D ibutylphthalate 
2-Nitrodiphenylamine 
Potassium sulfate 
Graphte 
Total volatiles 

20.00 + 1.30 
19.00 + 1.00 
54.00 + 1.00 
4.50 + 0.30 
1.50 + 0.30 
1.00 + 0.30 
0.15, max 
0.30, max2 

Notes: 

'Percent by weight on graphite and volatile - h e  basis 

'Volatiles include mcthylcnc chloride and pentane 
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Parameters 

Physical Form 

Chemical Composition: 

CAST AND EXTRUDED PROPELLANTS 

Nitroc.ellulose 
Nitroglycerin 
Triacct ine 
2-nitrodiphcnylaminc 
Lcad salicylate 
Lcad 2-cthylhcxoatc 
R-303 
Ethyl centralitc 
Potassium sulfate 
Carbolac I 
Graphite 
Lead stearate 
Carbon black 
Moisture 

Rocket Assisted 
Projectile (RAP) 
V155mm. M549 

Solid 

1 2  

53.9 min 
31.6 
8.8 
0.9 
1.2 
2.0 - 

'Percent by wcight; on volatilcs - frcc basis 

PNJ for 
TOW 

Solid 

3 

49.23 
36.29 
8.16 
1.62 
1.93 - 
1.93 
0.02 
0.4-0.6 
0.19 
0.03 - 
- 
- 

Bermite 
Grain 

Solid 

4 

53.00 
3 1.00 
11.00 

2.50 

2.00 

0.50 
0.03 
0.5, max 

'Same composition for Rockct Assistcd Projectile (RAP) 08-inch, XM650 propellant 

Nominal composition unless noted; percent by weight 

'Moisture and carbon black - free basis 
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Paramctcr 

Chemical Composition: 

Acctonc 
Nitromethane 
Nitrocellulose 
Nitroglycerin 
Ethyl centralite 
Propylcnc glycol &nitrate 
Di-n-butyl sebacate 
2-nitrodiphcnylaminc 
Dicthylcnc glycol dinitratc 
Akardit I 1  
Mapcsiwn oxidc 
Moisture 
Graphte 
Specific gravity gmkc 
Percent solids 

Notes: 

MISCELLANEOUS lTEMS 

MR-23 Otto Fuel 
Adhesive 11 - 

Muhiperforated 
Propellant 
L5460 (JA2) 

Solid 

'Percent by weight; moisture - frtc basis 

'See Appendix D 

'Perccnt by wcight 
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Parameter 

Physical Form 

Chemical Composition: 

Nitrocellulose 
DEGDN 
Ethyl centralite 
Akardit I1 
Graphite 
Magncsium oxidc 
Moisturc 
Spcc~fic gravity (gm/cc) 

Notes: 

'Percent hy wcight 

'Diethylene glycol dinitrate 

Single-perforated 
Powders (15420. 5421. 5422. 5423) 

Solid 

62.50 2 2.00 
36.70 2 1.502 
0.20 - 0.50 
0.30 - 0.70 
0.05, max 
0.05, max 
0.5 2 0.3 
1.56 



loci- S p y  Pad Claurr Plro (HWMU-39) 
Rdford Amry Ammunitioa Plrnl EPA ID No.VA 1210020730 

2.3 Facility Background 

Although Radford is owncd by the US Government, it has h e n  operated under contract by Hercules 

Aerospace Corporation since 194 1. This facility, which contains over 1,696 buildings and occupies close 

to 3,649,965 square feet, is the top manufacturer of solid propellants in the United States. The major 

products manufac~ured at this facility are solvent and solventless propellants that include single phase 

(nitrocellulose), doublc-phaw (nitrocellulose and nitroglycerin), and triple phase (nitrocellulose, 

nitroglyccrin, and nitroguanidinc) propellants; cast propellants; and high energy propellants. These 

propellants are ultimately uscd in small arms, anti-tank weapons, anti-aircraft weapons, rockets, torpedoes, 

missile systems, igniters, and other numerous ordnance-related items. 

2.4 Incinerator Background 

The Army and Hercules have been manufacturing explosives and rocket propellants at the facility since 

1941. In 1979 two incinerators were completed and the incineration of waste and off-specification 

explosives and propellants began. These incineration operations became regulated subsequent to the 
- promulgation of the federal hazardous waste regulations under RCRA in 1980. On November 15, 1980, 

the facility submitted Pad A of the RCRA permit application and was granted "interim status" by the 

Unitcd Statcs lnvironmcnbl Protection Agency on November 30, 1981. On December 3, 1984, the 

facility submitted Pad H of thc KCRA pcrmit application After several reviews and revisions of the Pan 

B application, a final pcrmit was issucd by the Virginia Department of Waste Management on November 

9, 1989. 

On December 7, 1989, the A m y  and Hercules filed a Notice of Appeal of the final permit. The primary 

basis of the appcal was thc claim that operating conditions in the permit, specifically the minimum kiln 

operating tcmpcrature, wcrc not masonable. On January 31, 1990, the Director of the Department of 

Waste Management grantcd a stay of the Depanment's November 9, 1989, decision issuing the permit. 

On July 23, 1990, the Depanmcnt of Waste Management, the Amy, and Hercules entered into a 

compliance agreement. This agreement continued the stay of the November 9, 1989, pennit and required 

the Army and Hercules to conduct a new trial burn in order to re-establish incinerator operating 

parameters. In April 1993, the facility conducted a trial bum and on July 10, 1993, the facility submitted 

a trial burn report as required by the compliance agreement. The DEQ Waste Division, reviewed the new 
C 
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trial burn rcpofl and found it to hc complete and adequate. Pursuant to VHWMR 8 11.19., the DEQ 

simultaneously revokcd thc Novcmher 9, 1989, permit and issued a new pennit. The incinerator spray 

pond is no longcr used in conjunction with the incinerators. 

2.5 Type of Wastes Managed at the Facility 

The major products of manufacture at the RAAP are explosives and rocket propellants. There are five 

major catcgorics of propcllants produccd at the facility. These categories are: 

Single base propellants (primary constituent nitrocellulose); 

Double base propellants @ W r y  constituents nitrocellulose and nitroglycerine); 

Triple base propellants (pnmary constituents nitrocellulose, nitroglycerine, and nitroguanidine); 

Cast and extruded propellants; and 

Miscellaneous items 

- "Off-specification" propellants which do not meet Army production standards and "NG slums" are the 

waste materials which arc trcatcd and incinerated at the facility. NG slums are generated from cleanup 

of nitroglyccnne (NG) in thc production process and contain nitroglycerine, sawdust (to absorb the liquid), 

and triacctin (to dcscnsiti~c thc NG). 

All of the waste materials dcscribed above are regulated as hazardous waste by virtue of the fact that they 

exhibit the hazardous characteristic of reactivity pursuant to VHWMR 3.8. 

Hazardous wastes incincratcd at the facility may contain hazardous constituents as specified VHWMR 

Appendix 3.6. Such constituents include: 

Din~trotolucne 
Nitroglycerine 
2,4 and 2,6 Dinitrotoluene 
Dihutylphthalate 
Diethylphthalate 
Resorcinol 
Antimony 
Arsenic 
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Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Mcrcury 
Silver 
Thallium 

During the April 1993 trial bum, the facility demonstrated adequate destruction and removal efficiency 

(DRE) for these constituents. In addition, the maximum content of these constituents fed to the 

incinerator, and maximum emissions of the constituents fiom the incinerator are specified in the incinerator 

pennit. 

2.6 Waste Management Operations at the Facility 

Hazardous waste h m  manufacturing operations at the facility is placed into containers at the point of 

generation. These containers are transferred to the ki l i ty  hazardous waste accumulation area where they - 
are hcld until thcy arc transferred to the permitted treatment area. 

At thc pcnnittcd trcatmcnt a m ,  thc solid materials are ground and then mixed with water to form a slurry. 

The slurry is thcn pumpcd from thc tank to one of two incinerators. Each incinerator system has a rotary 

luln incinerator followed by an afterburner, a gas cooler, a fabric filter, a liqud scrubber, an exhaust draft 

fan, and a 35 foot exhaust stack. 

The rotary kiln incinerators are natural gas fmd units manufactured by Bartlett-Snow. Waste slurty is 

fed into the burner end of thc kilns. Thc inclined rotating kilns create a tumbling action which allows the 

liquid ponion of the slurry to boil off and the remaining solids to be burned 

- - 
The afterburners, gas coolers, fabric filters, Liquid scrubbers, draft fans, and exhaust stacks comprise the 

air pollution control systems (APCS). The afterburners are also natural gas fired and they serve to 

combust any unburned gases evolved from the primary kiln. The gas coolers are wet systems utilizing 

water to cool the exhaust gas fiom the afterburners. The fabric filter is a series of Gore-Tex bags designed 



to capturc parliculatc mattcr in thc gas stream. The scrubbers are wet scrubbers with hydro filters 

designed to m h c r  cool thc exhaust gases and dissolve or precipitate vapors in the gas stream. 

Operating conditions for thc kilns and APCS are specified in the incinerator permit. Should any of the 

monitored pramcters vary bcyond thc prescribed operational limits, the waste feed to the incinerator will 

automatically shut off. Wastc fccd will not resume until operating conditions are again within the 

specilicd limits. 

2.7 Scrubber Description 

The scrubber is installed at the exhaust from the explosive waste incinerator. The scrubber water contacts 

the incinerator exhaust gases which exchange heat and dissolve contaminants fiom the hot incinerator gas. 

Currently, the scrubber water does not flow to the spray pond, but stays in a tank and is part of the 

incinerator's operating permit. Previously, the scrubber water was pumped back to the spray pond where 

evaporative cooling took place. Water in the spray pond was reused until the sludges which formed in 

PL 
the spray pond mct the standards for a characteristic hazardous waste under Part I11 of the VHWMR The 

spray pond contained varying amounts of lead at any time depending on the quantity of lead containing 

propellant incinerated. Traccs of othcr heavy metals have also been detected in the spray pond water, 

although not at high cnough conccntrations to be a toxic hazardous waste. 

Currently, the incinerator process has been modified so that the scrubber currently evaporates to the 

atmosphcre while lead and other metals are deposited into a dust hopper afier the water is evaporated, with 

no excess scrubber water which could contain leaded sludges. 
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3.0 CLOSURE PLAN 

3.1 Introduction 

The following closure plan for the incinerator spray pond has been prepared to meet the requirements of 

VHWMR Sections 9.6.L, 10.6 and 10.10.1. 

3.2 Closure Performance Standards (VHWMR Section 10.6.8) 

The following paragraphs dcscrihc thc closure plans for the incinerator spray pond These plans are 

intended to provide for closure of these units in a manner that will: 

Minimize the need for m h e r  maintenance, and 

Control, minimize or eliminate, to the extent necessary to prevent threats to human health and the 

environment, post-closure escape of hazardous waste, hazardous waste constituents, leachate, 

contaminated rainfall, or waste decomposition products to the ground or surface waters or to the 

atmosphere. 

The closurc performance standards will be accomplished by (1) the removal of the pond's contents; (2) 

removal or decontamination of any contaminated liner components, as well as aeration piping, ancillary 

piping, and pumps; (3) Ihc sampling, tcsting, analysis, and possible removal of contaminated subsoils; and 

(4) assess groundwater contamination by implementation of the approved groundwater management plan. 

Sampling of the subsoils to show that constituent levels are no higher than background concentration will 

be the demonstration for clcan closure. If subsoils cannot feasibly be shown to have less than or equal 

to background levels of constituents statistically, then the facility can attempt a clean closure by use of 

health based standards. The facillty retains the option at any time to not attempt clean closure and to close 

as a landfill as delincatcd in 4 9.13., VI l WMR Amendment 13. 

3 3  General Closure Approach 

The free liquld in the ponds was drained to the minimum pump intake level dunng operation of the 

incinerator leaving approximately 6 inches of liquids and sludge on the floor of the pond shortly after the 

enforcement order became effective. The remaining water and sludge was removed and properly dcipscd 

of according to the VHWMR by transporting the waste residues to a permitted RCRA h d o u s  waste 
1 



m s a l  facility by a pcrmincd hazardous waste transporter. The hazardous waste manifest f o m  are on 

file with VDEQ. Thc sprdy pond has subscquently been inactive and has filled with rainwater. 

The water in the ponds will be analyzed for COD, Lead, and pH for Radford's hazardous waste generation 

reporting requuements, and the liquids will be sent to the waste water treatment plant via the adjacent 

forcemain The pond's concrete liner will be demolished Any bedding material under the concrete will 

be removed Pumps and ancillary piping will be removed and decontaminated Soil sampling and testing 

will identi@ subsoils to be removed for m s a l .  Testing of the subsoils will be performed to confum 

that the closure performance standards have been met. Once any contamination has been removed, the 

excavation will be back-filled with clean soils, graded to promote positive drainage, and re-vegetated 

Equipmcnt will hc dccontaminatcd in an approved manner. The contaminated materials (i.e. possibly soils, 

. sludges, concrctc, pipcs, pumps and cquipment rinsate) will be analyzed for all hazardous constituents of 

concern idcntificd in this docurncnt and disposed of in accordance with VHWMR and VSWMR. 

- 3.4 Inventory of Wutts (VHWMR Q 10.6.C.2.c) 

The inventory of wastcs includcs both a description of the amount of waste as well as its characteristics. 

3.4.1 Maximum W u t t  Inventory 

An estimate of the maximum waste inventory for the incinerator spray pond is shown in Table 3-1. 

TABLE 3-1 MAXIMUM WASTE INVENTORY II 

3.4.2 Wute  Cbrrrctertution - - .  

Waste Type 

Liqrudlsludge 

The spray pond was used to cool scrubber water by evaporation. The water contacted the incineration 

W t i r Y  

76' x 60' x 3' = 13,680 c f  = 102,336 ~ ~ O I U  

exhaust to cool the hot gas and precipitate and Wive contaminants. Heavy solids settled to the bottom 

of the spray pond and formcd a bycr of sludge beneath the liquid The sludge was determined to be toxic 

for lcad (>5 ppm), or EPA lluardous Waste code D008. 



3.5 Cleanup Targets 

The devclopmcnt of clcanup targets is a two step process. First the hatardous constituents of concern 

(HCOCs) are identified In this case, the incinerator's permit has identified cettain VHWMR, Appendix 

3.6 constitucnts bc considcrcd as potential hazardous constituents of concern. Appropriate cleanup levels 

are then dcvclopcd for thc constitucnts. 

Target levels for clcanup will be developed by analyzing the background samples for the constituents of 

concern using the analysis methods outlined in Table 3-2. Using the analysis results, the tolerance limits 

for a normal distribution are calculated with 95% coverage and a 95% confidence. Analysis results for 

each constituent of concern for the pond will be compared to the upper tolerance limit. If the constituent 

level in the unit exceeds the upper tolerance limit for the background, the soil will be considered 

contaminated, and will be removed h m  the site. Disposal will be in accordance with VHWMR and 

VSWMR using analytical results from the wastes. 

- 3.5.1 Hazardous Constituents of Concern 

Hazardous constitucnts of conccrn arc dcfined as those materials which may have come into contact w~th 

the unit dmng its lirctimc. I Iaurdous constituents of concern for this closure are based on a review of 

off-specification product incincrdtcd at Radford fmm the incheratots operating permit. The following 

table 3-2 lists the hazardous constituents for this closure. The associated analysis methods and detection 

limits are also provided 



TABLE 3-2 HAZARDOUS CONSTlTLJPrrS OF CONCERN 

Dl-n-butylphthalate 806 1 3.3 220 

hethy lphthalate 8061 2.5 170 

Reaorclnol 8270 100 - 
Antunony 6020 0.2 0.2 

h m c  6020 0.2 0.2 

Banurn 6020 0 2 0.2 

Beryllium 6020 0.2 0.2 

CsQnrm 6020 0.2 0.2 

cbromlum 6020 0.2 0.2 

Lepd 6020 0.2 0.2 

Mercur~ 7470 or 2 2 
747 1 

Nickel 6020 0.2 0.2 

Silver 6020 0.2 0.2 

'Iballiurn 6020 0.2 0.2 

Note: - = Not determumi Method 8270 may k used The detection limit must be consutent with the detection lirmt 
of other constitucnb usinp this method a d  documented through the QAIQC. 
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3.5.2 Devebpment of Cleanup Targets 

Closure to background levcls will constitute soil's clean closure. Background levels will be determined 

from soil samples collectcd in arcas that have not been affected by the operation of the incinerator spray 

pond Background soil samplcs will be collected in an area with a depositional environment similar to 

the sedirncnts underlying thc incinerator spray pond, i.e., same approximate depth, color, odor, etc. 

Background soil samples will be collected from selected locations in uncontaminated areas near and 

around the incinerator spray pond. By dstnbuting the sample collection points within a geographic area 

with similar underlying sediments, the background sampling group will not be unduly influenced by any 

unknown local "hot spots". 

3.6 Procedures for Removing, Transporting, Treating and Disposing of Wastes from the 

lncinerator Spray Pond (VHWMR Sections 10.6.C.2.c, 10.6.C.2.d and 10.10.I.l.a) 

VHWMR Section 10.10.1. I .a rcquires that all sludge and other contaminated components of the pond (i.e. 

piping, concrete, beddmg material, s u b s h e  soils, ctc.) be removed or decontaminated for surface 

A impoundment soils to be "clean closedw. To meet these requirements, Radford will remove all 

contaminated materials. 

3.6.1 lncinerator Spray Pond Dewatering 

The free liquid in the ponds was dmned to the minimum pump intake level dung operation of the 

incinerator leaving approximately 6 inches of liquids and sludge on the floor of the pond (prior to this 

closure plan's approval). The remaining water and sludge was removed and properly m s e d  of 

according to the VIIWMR by transporting the waste residues to a permitted RCRA hazardous waste 

disposal facility by a pcnnincd hazardous waste transporter. The hazardous waste manifest forms for the 

transport of thc waste arc on filc with VDEQ. 

The spray pond has - subsequently - .  been inactive and has filled with rainwater. The water in the ponds will 

be tested for hamrdous characteristics for the facilitfs waste generatiodrecord keeping purposes, and the 

liquids will be sent to the waste water treatment plant via the adjacent forcemain. When the ponds' free 

liquid has drained, a visual inspection will inspect for any remaining or newly formed sludge. If sludge 

is found, it will bc tesicd for bardous  characteristics and handled in accordance with the VHWMR All 
A 
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hazardous waste generator requirements of VHWMR Parts V and VI will be followed It is expected that 

no solids will have formcd since the pond has not been in use since it was thoroughly cleaned 

3.6.2 Concrete Liner and Bedding Material Removal 

The cowrctc lincr will bc dcmolishcd. One representative sample of the concrete will be taken and tested 

for hazardous characteristics in accord with VHWMR Part 111. If the concrete tests positive for a 

hazardous characteristic, then the concrete liner will be transported by a permitted hazardous waste 

transponer to a RCRA approvcd hazardous waste treatment, storage, or dq~osal  facility. All hazardous 

waste generator rcquircments of VHWMR Parts V and VI will be followed If the concrete liner 

representative samplc tests ncgative for hazardous characteristics, then the concrete will be m s e d  of 

in a permitted dchris landfill. 

A sand and gravel bedding material may exist under the concrete liner. One representative sample of the 

beddrng material will be taken and tested for hazardous characteristics. If the bedchg material tests 

- positive for a hazardous characteristic, then the bed- material will be transported by a permitted 

hazardous waste transporter to a RCRA approved hazardous waste treatment, storage, or -1 facility. 

All hazardous waste generator requirements of VHWMR Parts V and VI will be followed If the bedding 

material representative sample tests negative for hazardous characteristics, then the bedding material will 

be duposed of in a permitted debris landf111. 

3.63 Pipes and Pump Removal 

In cooperation with concrctc dcrnolition, the piping, drains, and pumps will be removed and 

decontaminated according to Scction 3.8.3. Piping, valves, and pumps will be dismantled and placed in 

a washdown slation Dccontaminatcd piping will be dqosed of as scrap metal. If in good condition, 

decontaminated pumps, valves, and piping will be placed in storage for possible future use. Pipes, pumps, 

and valves which cannd - .  be dcconminated will be transported to a permitted RCRA havvdous waste 

dqosal  facility by a permitted hazardous waste transporter. The materials will be transported by a 

permitted hazardous wastc transpoaer to a RCRA approved hazardow waste treatment, storage, or dqosal  

facility. All hazardous wastc gcncrator requirements of VHWMR Parts V and VI will be followed 



3.6.4 Subsoil Assessment 

The investigatiodassessmcnt described herein will be implemented to detennine whether residual 

hazardous wastc constituents (as dcfincd under the VHWMR) associated with the scnrbber water leached 

into the undcrly~ng subsoils, and to dctcrmine if clean closure! of the soils is achievable. If it appears 

achievahlc, Radford will cxcavate contaminated subsoils. The materials will be transported by a permitted 

hazardous wastc transporter to a KCRA approved hazardous waste treatment, storage, or disposal facility. 

All hazardous waste generator requirements of VHWMR Parts V and VI will be followed 

The pond will be excavatcd as rapidly as possible to lessen the possibility of a precipitation event that may 

transport contaminants through the unsaturated zone. Radford will be responsible for scheduling and 

planning thc excavation to limit thc occurrence of this potential situation. 

Data will bc collcctcd hy pcrfonninp thc following task: 

- Collect d ~ c i e n t  data to determine the horizontal and vertical extent of contamination in the 

subsoils. 

Collect sufficient data to calculate the quantities of affected subsoils. 

Stat~stically compare samples to representative background samples for designated closure 

parameters to evaluate achievement of clean closure. 

3.7 Sampling and Analysis Plan 

The following soil sampling and analysis plan details the necessary sampling procedures and analysis 

. methods that will hc employcd to verify clean closure of the soils. 

3.7.1 Background Sampling for Soil Assessment 

Background conditions. will be established as follows. Four background samples are the minimum number 

to achieve statistically usablc background data VDEQ recommends 6 to 8 background sampling locations 

for Radford's Incinerator Spray Pond Closure!. It is Radford's option to select more than eight background 

sampling locations to providc variance in the statistical background The sampling locations shall be in 

soil similar to thc soil undcr thc concrctc spray pond liner. These background sample locations will be 
.--- 



lorimma Spry Rod CloM PI.0 (HWMU-39) 
Rdfd Amry Anmueitioo RmI, EPA ID No.VA1210020730 

selected from an area of the plant reasonably assumed (based on general knowledge of the area and plant 

operations) to be uncontaminated by any tndustnal activities that could have resulted in past or present 

releases of harardous constituents. Background soil sample results along with the quality assurancelquality 

control (QNQC) documcntirtion rcquircd by SW-846 will be submitted to the VDEQ prior to performing 

statistical comparisons for approval of background soil sample locations. 

Standard statistical methods will be used to test assumptions of normality and to check for possible data 

outliers; tcchniqucs supported by thc statistical literahue will be used, and relemt references will be cited; 

(i.e, "Outliers in Statistical Data," V. Barnett and T. Lewis, 1984). 

Any outlier data idcnt~ficd wdl c~thcr be: 

Rcplaccd by data ohtamcd in a subsequent supplemental background sampling effort; 

Replaced by the samplc value closest to the outlier value (if no firrther supplemental background 

sampling is conducted); or 

em 
If any other method(s) are identified to handle outliers, justification will e provided for the use 

of the selected method(s). 

Data transformations will be applied, as needed, to ensure that the key assumptions are met when 

computing interval estimates andlor conducting hypothesis tests. However, the analytical methods to be 

employed are robust (in the statistical sense), and will likely apply even if the underlying assumptions are 

not hlly mct. 

The minimum number of valid background samples to be utilized is four. Radford Amy Ammunition 

Plant mscrves thc option to takc additional background samples for purposes of determining whether 

collected data are non-normal so that appropriate adjustments can be made. 

- .  

Special handling will be rcquited for samples with "notdetected" values as the analytical result. One-half 

of the corresponding lower dctection limit value for the analytical method employed will generally be used 

as the numerical rcplaccment for "not detected" 
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AAer an appropriate assessment of the background data is conducted and the data arc formally approved 

by the VDEQ, a background critical value will then be calculated based on a one-sided upper tolerance 

limit. 

With rcspcct to thc tolerance limit approach discussed below, many references can be cited, but the 

method and numbcrs quoted in this section come from Handbook 91, Experimental Statistics, United 

States Department of Comrncrcc. National Bureau of Standards, issued August 1, 1963. From this 

reference (spccilically pagcs 2 through 14 subsection 2.5.3). the upper tolerance limit for a normal 

dstribution is as follows: 

X,=X,*( W s )  

where, X, is the critical value computcd for the one sided upper tolerance limit; 

X, is thc computcd avcrage of the background samples; 

s is thc computcd standard dcviation of the background samples; and, 

K is a thcon.tically-dctcrmincd value given in a table. 

The parameter K (or &,,9,,,) establishes the upper tolerance limit such that there is a 95% chance that 

at least 95% of the time, the actual constituent background concentration will be below this upper bound 

The value of this parameter for eight samples ( ~ 8 )  is 3.188. To establish clean closure of the soil, the 

results of the analyses of each sample will be compared to the upper tolerance limit for the HCOCs. If 

the values for each HCOC are below the respective upper tolerance limit, then the sample has been 

demonstrated to be "clean." 

The establishcd statistical conditions are to be 95% confident that at least 99.75% of the background 

population can be expcctcd to lie bclow the critical value, X,. Therefore, if a clean closure parameter 

observed in a spmy pond soil sarnplc yiclds a value that exceeds X, then it will be concluded that the 

soil (in thc samplc's rcprewntiltivc location) is statistically greater from background and must be removed 

to establish clean closure of thc soil. 



3.7.2 Subsoil Testing 

This section describes the specific assessment protocols to be utilized to determine if clean closure can 

be achieved for the incinerator spray pond subsoils. The methodology presented below is based on 

meeting thc data requircmcnts outlined. Figure 3-1 shows the 20 grid nodes developed based on the 

outlay of expansion joints. Sincc the joints in the concrete liner are the most likely sowces of 

contamination, sampling locations will be sclected based on the joint locations. The grid consists of 19x20 

foot sections. 

The plan described below was developed in accordance with sound standard statistical methods. All data 

obtained will be reviewed, summarized, and analyzed according to the methods described in this section 

Statistical techniques used throughout the analysis will be clearly explained and will be supported by citing 

appropriate rcfcrcnccs. Full citations can be found in the References. The closure plan consists of the 

followings aspccts: 

..- Background charactcrkt ion 
Initial random sampling of the subsoils 

Possible excavation, repeat sampling, or contingent closure 

Repeat excavation and sampling or contingently close 

Supplemental "hot spot" delineation sampling of the subsoils (if required) 



FIGURE 3-1 SAMPLING GRID AM) NODES 

FIGURE 1A LOCATION OF JOINTS I N  CONCRETE LINER 
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The initial random sampling will be conducted to detennine if clean closure can be achieved and whether 

soil removal will be requed to achieve clean closure. A "hot spot" sampling approach may be used to 

better delineate contaminated areas for excamtion and subsequent dtsposal depending on the fcsults fkom 

random sampling. The samplcs will be discrete samples. 

Radford Army Ammunition I'lant rcscrves the option, at any point during the incinerator spray pond 

subsoils asscssmcnt, to ahandon ancmpts to demonstrate clean closure and immediately implement 

contingent c losw and postclosurc. 

The subsoils will be evaluated by collecting a minimum of eight soil brings, randomly distributed across 

the gr~d  nodes which intcrscct the expansion joints in the concrete liner, (or identified cracks). Samples 

. will be collected at the surface (0-3 inches), 6 inches, 12 inches, 18 inches, and 24 inches. The samples 

will be analpcd by vcrtical strdtum for the established hazardous constituents of concern. If analytical 

results of thc surface sampla arc bclow clcanup goals, the unit will be considered clean and no additional 

- sampling and analysis will bc pcrformcd 

If the surface samples' analytical results arc statistically above background levels, each successive set of 

samples (6 inches, 12 inches, 18 inches, 24 inches) will be analyzed until all sample analytes are 

statistically below the background levels of constituents. The subsoils will be excavated to the depth 

where all sample analytes are below the background levels. 

Alternatively, Radford may choose to sample, test, and compare each one of the 20 sampling node 

. locations. Thc nadcs Iwtcd  as "hot spots" by ths  testing will then be excavated to a point where the 

sample analytcs are bclow clcan-up goals. 

If random sampling i-dicatcs that contamination is widespread across the spray pond in a layer, then the 

layer may bc excavated without performing additional sampling to reduce costs on sampling. On the other 

hand, if it appears that contamination is localized, more sampling and testing can be performed with the 

intention of rcducing costs on cxcavating only the contaminated subsoils. 
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The excavation of "hot spot nodes" will be the 19x20' grid surrounding the node, (or half way between 

the successive nodes.) 

A sullicicnt numbcr of samplcs will be analyzed to statistically confvm clean closure. Sample values will 

be comparcd to thc uppcr tolerance limits as discussed in "Background Sampling". Data values reported 

as less than thc Practical Quantitation Limit will be treated as one half (%) the Practical Quantitation Limit 

(PQL) wlcss thc facility chooscs anothcr method in accordance with the methods outlined in Guidance 

on Statistical Mcthods for Cirowchvatcr Data Analvsis at a Solid Waste or Hazardous Waste Site. Virginia 

De~artmcnt of Environmental Oualitv. Oflice of Waste Resource Manaeement, 1994, and by the 

procedures summarized in Statistical Analvsis of Groundwater Monitoring Data at RCRA Facilities, 

Interim Final Guidance (Avril, 1989). 

If the samplcs takcn at any lcvcl contain hazardous constituents of concern statistically above the 

background Icvcls, a dcxision may bc made to continue sampling and excavation or to implement the 

- contingent closurc plan. A dctcrmination of the appropriate point to discontinue excavation and begin 

implemcntation of the contingent closure plan will be based on actual field conditions encountered. 

3.73 Initial Physical Observation of Subsoils and Excavation 

Radford Army Ammunition Plant may observe physical signs of contamination includmg discoloration 

of subsoils, odor, X-ray fluorescence (XRF), or others. If physical signs of contamination are observed, 

Radford reserves the option to excavate potentially contaminated subsoils until the physical signs of 

contamination are no longcr apparent prior to initial random sampling. XRF will analyze the soils samples 

for total Icad. Thc XRF data will be used to guide the excavation and aid in removal of contaminated 

soils prior to initial random sampling. 

3.7.4 Initial Random - Sampling and Excavation 

The samplc grid will bc asscmblcd by ficld personnel prior to sampling. Wooden stakes or other suitable 

material will be used to mark all points along the sample grid. 
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A minimum of eight soil borings, distributed randomly across the 20 grid nodes will be advanced to a 

depth of 24 inches. The eight nodes selected for sampling will be determined via use of a random number 

generator. All eight samples taken will be analyzed for each of the hamdws constituents of concern 

specified in this closure plan. Additional borings may be placed in areas of suspected contamination, such 

as an arca whcrc thc lincr was found to be cracked Samples will be collected at the d a c e ,  6 inches, 

12 inchcs, 18 inchcs, and 24 inchcs. 

In the evcnt that the contaminated soils c a ~ o t  be practically removed, then the contingent closure plan 

will be implcmcnted A dctcrmirration of the appropriate point to discontinue excavation and begin 

implementation of the contingcnt closurc plan will be based on actual field conditions encountered 

The surface samples will be collected using stainless steel hand corers. A stainless steel auger will be 

used for collecting thc 6, 12, 18, and 24 inch samples. The auger will be forced down into the soil and 

then withdrawn. Thc bottom of thc six inch soil layer will be placed in the sample container. If the 

- desired Jcpth cannot bc rcachcd using thc hand auger or if the soil is tightly packed, then a portable power 

auger will be used for sample collection Soil sampling will be performed in accordance with the 

representative sampling methods contained in VHWMR Appendix 3.2. 

For a particular clean closure parameter, if all of the individual random sample values arc at or below the 

established critical value (X,), then the pond will be considered "clean" with respect to that clean closure 

parameter and no W e r  sampling for that parameter will be required However, if any of the indvvidual 

lagoon random sample values for that clean closure parameter are above the critical value supplemental 

"hot spot" dclincation sampling (discussed below) may be performed based on actual field condvtions 

encountcrcd. 

3.7.5 "Hot SpotWPeUnertbn - Sampling and Excrvrtbn 

Based on the rcsults of thc initial random sampling, supplemental "hot spot" delineation sampling will be 

conducted for all clean closure parameters. (However, as previously noted, W o r d  rtservcs the option 

at any point in the sampling process to abandon attempts to achieve clean closure and immediately 

implement the Contingent Closure and Post-Closure Plans.) 
A 
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If implemented, the hot-spot delineation method will proceed as follows: 

1. Additional sampling of the existing d u e  soil (0-6) inch layer will be conducted at the 

remaining (20-8=12) twelve grid nodes not previously sampled under the previous random 

sampling effort. These additional samples will be analyzed for all clean closure parameters for 

which clean closurc was not confirmed under the previous random sampling effort. 

2. For all 20 grid nodcs samplcd, independent comparisons will be made of each individual node 

sample value to thc background critical value (X,). 

3. If the background critical value (X,) is equal to or greater than the individual pond node sample 

value, that particular node is considered "clean" with respect to the closure parameter being 

evaluated. If, on the othcr hand, the background critical value (X,) is less than the node sample, 

then: 

a Based on the results from m u n d m g  sample location nodes, hot spot area(@ within the 

defined areal extent of the pond will be delineated for subsequent soil removal efforts. 

b. Additional subgrid sampling may be performed to fUrther refine delineation of identified 

"hot spots" for soil excavation. 

c. After excavation of the existing surfice soil (0-6 inch) layer within defmd hot spot(s), 

resampling will be performed at all established grid nodes within the "hot spot" area(s). 

Sarnplcs will be analy-ed for all clean closure parameters (HCOCs) for which clean 

closurc has not k c n  demonstrated 
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d. Follobvmg resampling, comparison to background' along with addtional 6-inch soil layer 
excavation (ifrequlred) \dl be performed-in accordance with the protocols previouslv outlined. 

If. upon followm,o these protocols m an attempt to actueve clean closure, the pond surface sods have been 
removed from the hot spot(s) down to a suffic~ent level wlthout achievement of clean closure for all closure 
parameters, Radford Army Ammumtion Plant (RkAP) wll  

x Implement the contmgent closure and post-closure procedures of this plan; or 
* Contrnue with removal activities and sampling of soil layers, as de tded  above: or 
* Perform closure to risk based standards as detaled in $ 5 . 7 6  of thls closure plan. 

As previously stated. the facility reserves the option, at any pomt during the minerator spray pond subsoils 
assessmerq to abandon attempts to demonstrate clean closure to either background or risk based standards, and 
imrnedately implement contingent closure and post-closure. 

3.7.6 Risk-Based Closure 
- - 

As an alternative to clean closure to background standards. specified above, or m conjunction with background 
standards. M P  may propose to demonstrate that the concentrations of hazardous constituents detected do not 
pose m unacceptable level of nsk to human health and the envuonrnent. The fac~lity mav present h s  proposal - to the DEQ followng the requrements as outlined m h s  sectlon and as de tded  in Xppendx A. 

In order to estimate the risk for HCOCs, a nsk assessment will be conducted accordmg to the DEQ doc~ment 
titled "Guidance for development of health based cieanup soak using decision tree/REXMS program (herem after 
"Virgxua h s k  Guidance"), November 1, 1994, prepared by Old Domimon Chversity and the approved closure 
plan. The ~ % k  ,ooals/perfonnance standards mill be a hazard index of 1.0 for non-carcmogens and an individual 
carcmogenic nsk of 1x10" and cumulative carcinogenic risk of lx10d4. %s risk assessment will be conducted 
assuming a future residential use of the p r o p e e .  

The Depamnent will review the risk assessment report to determine that it conforms to risk assessment 
requirements for residential risk-based protocols. If acceptable, attainment of the closure standards may then be 
demonstrated using the residential risk-based assessment in lieu of the clean closure to background standards 
established under $3.7.1 Background Sampling For Soil Assessment. 

If the Incinerator Spray Pond cannot meet the residential risk closure standards, then M A P  mav propose to 
mod& h s  closure plan for indusmal risk-based closure. Pvlodfication will require notification of the DEQ and 
the submttd of a closure amendment, in accordance with 9 VXC 20-60-58O.C (previously, VHWMR 49.6.C). 

!(Oprional) The background cntical value described thus far wll have been computed from the top layer (0-6 
inches) of the background area. I t  may be necessary to sample background at lower intervals (6- 12 inches, 12-24 inches) 
for comparison at lower intervals to avoid b~as. Thls oprion should be implemented if for example, distinctly different soil - types are encountered at depth, thereby necessitating re-establishment of background. 

6 1 October 9 ,  199- 
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Note, for the remaining sections of the closure planl an]; lscussrons of "clean" closure of the incinerator spray 
ponds' subsoils. will sigmfy either clean closure to background levels and/or closure to risk based clo~ure 
standards. as described in this section. 

3.8 Field Quality Control 

To ensure the collection of representative samples, the following field quality control procedures will be ut~lized 
during the closure operations. 

Equipment blanks will be collected afrer every 20th sample. If equipment blanks ~ndicace contamination. then 
resampling d l  occur only lfsample results are above c!eanup levels. Samples will be analyzed for the hazardous 
consntuents of concern identified in t h ~ s  document. Laboratory quality control will be x c o r l n g  to the methods 
detaded in SW-846. 

Laboratory quality control will be accordmg to the methods detailed in SW-846 

October 9, 1997 
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3.8.1 Sample Preservation and Maximum Holding Times 

Soil samples usually requirc no preservation other than storing a! 4°C until analyzed The maximum 

holding times vary for diflcrcnt measurements. Table 3-3 provides the maximum holding times for certain 

inorganic and organic analyses. Although these criteria were specifically designed and tested for water 

samples, they are also applicahlc for soil sampling studies (Bath and Mason, 1984). 



TABLE 3-3 REQUIRED CONTAINERS AND MAXIMUM HOLDING TIMES FOR SOIL SAMPLES 
(Thu table was sdapted h m  Tables 2-16 and 4-1 of SW-846) 

I Name 

AlWiruty 

Ammonra 

Chemical Oxygen lkmand 

Cyan,&. tntal and iuncnablr to chlorination 

b s v h n m .  total 

Container Maximum Holdmg Time 

P.G 14 days 

P.G 28 days 

P 28 days 

P.G 14 days 

P.G 24 born 

P,G 28 days 

P,G 6 months 

P.G 48 born 

P.G I 28 days 

P.G 48 born 

G 28 days 

P,G 28 days 

G only I 28 days 

G 48 born 

P.G 28 davs 

P,G 1 7 days 

P,G 1 Arralyzc immediately 

4 ounce, (120 ml) wide mouth glass 14 days 
with teflon liner 

8 orore, wide mouth glass with 
kflon Liaed lid I Samples must be emacted w i t h  14 

days and cxwact analyzed w i h  40 
1 days following extraction. 

t 

Notes: Soil sampler wllected for purgeable e c  compounds d y x r  shall be thoroughly mixed and amtaiacrized as soon 
M possible aRer sampling. The samples shall be p k e d  in the m p l e  container so that m hud space is k!l in the contsiner after 
the container IS cloud. 



3.8.2 Split Samples, Spiked Samples and Blanks 
Blanks, split samples and spiked samples are collected to provide a measure of the internal consistency 
of the sample collection and handling methodology and to provide an estimate of the components of 
variance and the bias in the analytical process. 

Samples can be split to: 

Providc a mcasun. of the within sample variability. 
i'rovidc matcrial for spiking in order to test recovery. 
Providc a masurc of thc samplc extraction error. 

The componcnt of variation that is measured by a split sample is determined by the location of the sample 

splitting. A field split measures errors associated with field handling and w i t h  sample variation A split 
of samples made in the laboratory for extraction purposes measures the extraction error (Barth and 
Mason, 1984). 

A truc split of scdimunt, soil or sludgu samples is almost impossible to accomplish under field conditions. 
C The dilliculty of splittmg a sample increases as the sample's moisture content increases. The sample 

should be considered a duplicate sample, rather than a split sample (EPA Region lV, Standard Operating 
Procedures and Quality Assurance Manual, 1986). 

Spike samples are made by addmg a hrown amount of a reference chemical to one of a pair of split 
sarn~les. The recovery of the analytical process is measured by comparing the analysis results of the 
splked sample with the non-spiked sample. The difference in results provides a measure of the analytical 

bias. 

Spike samplcs are difficult to prepare with soil material. Usually, the spike solution is added to the extract 
of the soil. Utilizing this proccchut avoids the problem of mixing, ctc., but does not provide a measure 
of the interaction of the chemicals in the soil with the spike nor does it provide an evaluation of the 
extraction clkicncy. Duc to thcsc constraints, field spikes are not commonly used (Barth and Mason, 

1984). Ficld s~ ikcs  - will not k usud in these investieations. 

Blanks are collcctcd to providc measures of various crosscontamination sources, background levels in the 
reagents, decontamination elliciency and any other potential errors that can be introduced from sources 
other than the sample. The blanlrs associated with field QAIQC include the trip blank field blank and 
equipment blank. A trip blank measures any contamination that may be introduced into the sample during 

C 
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shipment of containers from the laboratory to the field and back to the laboratory. A field blank measures 
input into the sample from contaminated air or dust. An equipment blank measures chemicals that may 
have been in the sample container or on the tools after equipment dezontarnination is complete. 

EPA's Third Edition of Tcst Mcthods for Evaluatin~ Solid Wastes. (SW-846) recommends that QNQC 
,samples hc collected at Iwst once with every analytical batch with a minimum of once per twenty 
samples. This sampling fxqucncy has also been stated in the document Soil Sam~ling Oualitv Assurance 
Users Ciuidc (Ilarth and Mason 1984). 

Table 3-4 prescnts a breakdown of the recommended field QNQC procedures for soil sampling. The 

contracting laboratory may desire to collect more QNQC samples than detailed. Prior to sampling, 
Radford will consult with thc contracting laboratory about the appropriate QNQC procedures. These 
procedures will bc in accordance with EPA's Third Edition of Test Methods for Evaiuatinp Solid Waste 
(SW-846). 
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I .  Field Field bl& am m e t n l d o r  organic h e  water pliquots tht con- mnpliw equipment rmdcr 
Blank field conditlonr ad are ndyzd to detect any con- h n  mnplmg equipment, cmm- 

contamhation h m  p r r n o d y  colleasd mmplea, or conmiination fiom amditiona dmng 
ympling (i.e. lirbome contaminants that are nm &om th waste being mnplai). One sample 01 
site tap water will be collected evay day in which tap watcr is uud for dsoontaminntlon 
purposes. 

2. Duplicate Field duplicatca are employed to docrnnent prahion. Th p c i a h  in sample duplicates is a 
Samples function of th vyiaocc of waste cornpition, th variance of th mnplmg technique. and th 

variance of h e  analytical tschque. Duplicate sunples rbwld be collected in bw field by 
aliquottrng a sample into sepame containem. One duplruts sample WIII be collected for every 
twenty .sampler. Thc cnntainm should be labeled as duplicate mnples. 

3. T ~ P  Trip blanks are uscd to detect my contaminat~on or ~o~ccontnmirrntion dmng lmdhg and 
B lanlu tmqortat~on. Tnp blanks b u l d  accompany ~ m p l e  con- to an h m  th field The 

appropnatc trip blank containem b u l d  be filled with ndyte-bee water. Rmrvatiom smd 
adrlit~vcs will bc added as reqwed for coch p~rameter wup. Trip bl& b u l d  be d e d  and 
stored in M ice chest where r a l  sunples will be stod .ad tmupotted. A pair of trip binakr 
will accvmpany each m l n  containing empty or filled volatile sample containm. 

4. Equrpmcnt 
Blanks 

An eqrupmcnt b i d  should be prepad for esch p~mcter w u p  sampled wkn a parhcular 
piece of mnplmg quipment WM employed f a  m n p h  collection .ad submpatly 
dsamtammated in thc field f a  we in d d i t i d  mnpling. Ihe equipment blpnk sbould be 
compused in thc field by collecting, in th appropriate container for th paramete group. a 
blank svater rinse h m  th equipment (auger, pump tubing, ctc.) Ifter excation of th last step 
of th proper field dccoatammation protocol. R+servotrves a dditives must be ddtd to th 
qurpment blank w h  appropriate for each pameter  pup. Th type ad fkqwncy of thse  
m n l c r  am lrae~ificd within thc text discussinn the extent of wntpmination sam~linn. 

NOTES: 
Rcfbmncc: SW-846. ( h p t r r  Ninc. Ibgcs Nine 61-63; Chapter One Page 1-10. I :j F~eld QNQC a p l c s  ahuuld be m l 1 M  at Y o r  with every ndflcal batch with a minimum of once 



3.8.3 Sampling Equipment Decontrminrtion 

All non-disposablc sampling cquipmcnt will be decontaminated between each sample, Those sampling 
implements whch cannot be dccontarninated effectively will be containerized and properly &posed of 
based on sample analytical results. 

The decontamination of sampling equipment (hand auger, scooplula, trowel, etc.) will be performed as 
follows and follows the decontamination procedures for sampling equipment (EPA Region IV. Standard 
Owrating Procedures and O u a l i ~  Assurance Manul, 1986,): 

1. Clean with tap water and a soap solution (A phosphate-fiee laboratory detergent such as Alconox, 
Aliquinox, Liquinox will be used for cltarung) using a brush if necessary to remove particulate 
and swfacu films. 

2. Hinsc thoroughly with thc Radford's potable water. 
3. Rinsc thoroughly with dcionkcd water. 
4. Kimc thoroughly with organic-free water and allow to air dry as long as possible. If organic-free 

watcr is not awilablc, allow equipment to air dry as long as possible. Do not rinse with distilled 
or dcionizcd watcr. 

c4 
5. Wrap with aluminum foil, if appropriate, to prevent contamination if equipment is going to be 

stored or transpodcd. 

All rinsate watcrs will bc contained and analyzed for the constituents of concern prior to discharge. 
Disposal of rinsate will bc pcrforrnod bascd on sampling results and in accordance with the VHWMR. 

All sampling cquipmcnt will hc dcxontaminated prior to sampling, between sample depths, and between 
samples wloss ncw or dedicated (ix, uscd only for one sample) equipment is used Sampling equipment 
will be disposed of as hazardous waste at the conclusion of the sampling program, where appropriate. 

Large equpment used for closure activities will be cleaned prior to its use on site. The decontamination 
of the larger sampling equipment will occur in a temporary coastnrcted decontamination area A 2 0 4  

x 3 0 4  area will be g d e d  with at least a 2% slope towards one comer of the ma The area will be lined 
with an appropriate plastic liner to prevent infibtion of decontamination water into the soils. The area 

will drain into a polyethylene - container. Rinsate and other wastes generated during decontamination will 
be placed into 55 gallon dnrms. This proposed decontamination area has been &signed so as not to meet 
the definition of a surfacc impoundment (40 CFR Part 260.10). Following closure, the large sampling 
equipmcnt will bc dccontaminatcd using steam cleaning followed by a potable water rinse. 



All wastes generated during the decontamination process will be accumulated in 55 gallon dnuns for less 
than 90 days storage. 

The decontamination area's synthetic liner will be disposed of in accord with the VHWMR and the 
VSWMR If analytical results show the liner is a hazardous waste by characteristic, then the liner will 
be transported via a Virginia permitted hazardous waste transporter and dqmsed of off-phnt at an 
approvcd hazardous wastc facility. if it is not hazardous, it will be m s e d  of in a permitted debris or 
sanitary landfill. 

The rinsatc collcctcd during thc dccontamination process will be transferred to 55-gallon drums for storage 

until tcst rcsults arc rcccivcd. If thc water in the d m s  tests to be hazardous, it will be accumulated 
according to VIIWMK, 4 6.4.11., transported via a Virginia permitted hazardous waste transporter and 
dqmsed of off-plant at an approved hazardous waste facility. if it is not batardous, it will be disposed 
of in the biological waste watcr treatment plant with VDEQ approval. Equipment blanks will be collected 

for decontamination quality control. 

3.8.4 Sample Handling - Each samplc jar should hc clmrly labclcd with an identifj.ing number, the point of sampling as 
documcntcd on a dkgrdm of thc arca, thc time and datc of sample collection, the name of the individual 
responsible for samplc collcction, and the parameters for analysis. 

When the sample jars are shipped to the laboratory, a seal will be placed on the shipping container in such 
a way that the containers cannot be opened in transport wk50ut brealclng the seal. 

A chain-ofcustody record will be maintained to document the responsibility for sample possession from 
the time of collection until the analysis is completed 

A field log book will be maintained The sample location, the time, date, parameters for analysis, and 
approximate volume of each sample will be recorded The appearance of the sample, the conditions at 
the time of sampling and any dhcr relcvant field observations will be recorded 

- .  

3.9 Sample Custody 
3.9.1 Introduction 
Sample identification and chain-of'ustody establishes the documentation and control required to identifj. 
and trace a sample from collcction to completion of analysis. Sample identification and chain-ofcustody 
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will be maintained dunng all closure activities conducted at Radford h y  Ammunition Plant through the 
following chain-of-custody procedures and documentation: 

Sample lahcls, which prevent misidentification of samples; 

Custody scals to prcscrvc the integrity of the sample from the time it is collected until it is opened 
in thc laboratory; 
Ficld loghook and picturcs to tccord dormation about closure activities and sample collection; 
Chain-ofcustody record to establish the documentation necessary to trace sample possession fiom 
the time of collection to laboratory analysis; and 
Sample analysis request sheet to d o r m  the laboratory of pertinent information noted in the field 
logbook. 

The purpose of these procedures is to ensure that the quality of the sample is maintained dunng its 
collection, transportation, storage and analysis. 

3.9.2 Chain-01-Custody 
A sample is in custody if ir is ( I )  in someone's physical possession or view, (2) locked up, or (3) kept 

- in a securc arca that is rcstrictcd to authorized personnel. 

3.9.3 Field Custody Procedures 

As few pcrsons as possihlc should handle samples in the field The sample collector is personally 
responsible for the care and custody of samples collected until they arc transferred to another person. The 
site team leader for the closure activities will determine whether proper custody procedures were followed 

during field work and decide if additional samples are required 

3.9.4 Sample Labels 
Identification samplc l a h h  arc to bc attached to the field sample containers. Gummed paper labels or 

tags should bc uscd Thc tag,, should contain the following information: 

1. Namc of collector 
2. Date and time of sample collection 

3. RAAP-#39-XX-YY-ZZ 
where: = Site name (RAAP) 

#39 = Unit Number 
XX = Grid Location Number 
YY = Sample Depth (As depth below datum, i.e., bottom of concrete liner) 
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22 = Special Code as follows: 
0 l -Normal Sample 

02-Duplicate Sample 
03-Field Blank 
04-Trip Blank 

4. Type of sample with brief description (i.e., grab, composite, background, soil, liquid, concrete, 
bcdding material; rdndom, "hot spot", decontamination test, etc.) 

Sample information will bc printed on the label in a legible manner using waterproof ink The 
identification on thc labcl must bc sufficient to enable cross reference with the laboratory logbook. 

Sample labcls will bc affixcd to thc sample containers prior to or at the time of sampling. The labels will 
be filled out at thc time of collection. 

3.9.5 Custody Serb 
Custody seals are reprinted adhcsive-backed seais with security slots designed to break if the seals are 
distwbcd Scals are placcd ovcr the cap of the individual sample bottle and in as many places as possible 
on shipping containcrs. Thc scals will hc affixed to the sample bottles and shipping containers before the 

A 
samples and containers lcavc thc cu\lody of the sampling personnel. The custody seals will at a minimum 

contain the following information: 

Sample number (This number must be identical with the number on the sample label) 
Name of collector 
Date and time of sampling 
Place of collection 

3.9.6 Fkld Logbook 
Field logbooks are necessary to provide sdlicient data to enable field participants to reconstruct events 
that occumd h n g  the closurc activities. 

All pertinent sampling and ficld survey information will be recorded ia a logbook. All logs will be kept 

in a waterproof hound-notchook with numbered pages (8-112 by l I inches). AM entries will be printed in 
waterproof ink. No pagcs will bc rcmovcd and corrections will be made by drawing a single line through 
the incorrect data and initializing and dating the correction that was made to the side of the error. Entries 
in the logbook should contain at a minimum the following infonnation: 

- Location of sampling point (and location code XX-YY-ZZ as stated above) 
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Namc and addrcss of ficld contact 
Typc of wastc (LC. soil, sludgc, wastewater) 
Suspcctcd wastc composition, including concentrations (i.e, DOO8) 

Nurnhcr and volumc of samples laken 

IZlrposc of sampling (i.c. contrict number, closure activities) 
Description of sampling poml and sampling methodology 
Date and time of collcction 
Collector's samplc idcntification number 
Samplc distribution and how transported (i.e. name of laboratory, UPS, Federal Express) 
Rcfcrcnces, such as maps or photographs, of the sampling site 
Ficld ohscrvations 
Any ficld mcasurcmcnts madc (i.c. pH, conductivity) 
Signaturcs of pcrsonncl rcsponsiblc for observations 

3.9.7 Chain of Custody Record 
A chainsfcustody record will accompany every sample. The record should contain the following 
information: 

Sample number 
Signahue of collector 
Date and time of collection 
Place and address of collcction 

wastc typc 
Signature of pcrsons involved in the chain of possession 

Inclusive Jatcs of pmcssion 

Photographs 
Documentation of a photograph is cnrcial to its validity as a representation of an existing situation 

Therefore, the following information regarding photographs will be recorded in the Field Logbook: 

Date, time, location - of photograph 
PhotoGher 
Wcathcr conditions 
Rcasons why photogrdph was taken 
Scqucntial numbcr of photogaph and the film role number 
Camera lcns systcm uscd - 
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Once thc photopphs havc bccn developed, this information will be recorded on the back of the 
photograph. 

Photographs cannot bc rcadily takcn without the permission of Radford Army Ammunition Plant's 

Commanding Oficcr. Thus, prior to closure activities, a request will be made to the Commanding Officer 
asking Tor permission to photograph the closure activities. 

3.9.9 Sample Analysis Request Sheet 
A sample analysis request shcct will accompany the sample on delivery to the laboratory. The person 
who collccts thc samplc will complctc the field portion of the form. All pertinent information recorded 
in thc licld loghook will also hc imludcd on the sample analysis request sheet. The laboratory portion 
of thc (om will hc complctcd hy kihordlory perso~cl .  The following minimal information will be 
recorded: 

Name of person receiving the sample 
Laboratory sample number 

A Date and time of sample receipt 
Sample allocation 
Analyses to be performed 

All samples will be dclivcrcd to the laboratory as soon as practicable (usually w i t h  1 or 2 days after 

sampling and samples must always be kept at 4'C). The sample will bc accompanied by a chainsf- 
custody rccord and also by a samplc analysis request sheet. The sample will bc delivered to the laboratory 

persomcl who is authorized to rcccivc samples. 

3.9.10 Sample Designation 
Sampling lmat~ons at thc pond will bc marked with stakes and surveyed to determine the coordinate and 

elevation where possible. Once the stake is marked and in place, the area will be photographed The 
stake will be marked with the appropriate station andlor sample number. 

- .  

Samples collected from cach locatios other than those collected for omite field measurements or 

analyses, will he idcntificd hy using a standard label which is attached to the sample container. 
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3.9.11 Sample Handling, Packaging, and Shipplng (VHWMR 3.1.D.2) 
For sampling packing and shipping, Radford Army Ammunition Plant will comply with the U.S. Postal 
Service Regulations, Depanment of Transportation Regulations andor the Virginia Regulations Governing 
Transportation of Hazardous Materials. 

3.10 Data Reporting 
During the Incinerator Spray Pond Closure, the following data reporting will be conducted: 

Background soil sampling results along with the QAIQC documentation required by Chapter 1 of 
SW-846 will be submitted to the VDEQ prior to performing statistical comparisons for approval 
of background soil sample locations. 
Upon complction of thc sub-soil assessment sampling, the data will be tabulated and the required 
statistical comparisons pcrfonncd. The results will be submitted to the VDEQ for review. Based 
on thc rcsults, either: 

Clean closurc will hc achieved and the corresponding closure certification report will be 

prcprcd and submitted to the VDEQ. 
Additional soil removal efforts will be conducted in an attempt to achieve clean closure.. 

Contingcnt closure and post closure will be implemented as detailed in this plan. 

3.1 1 Groundwater Cbsure 

Groundwater will hc monitored in accordance with the Groundwater Monitoring Plan (as updated) 
until: 

"Clean" closure for both s a w e d  soils (groundwater) and unsaturated soils (the 
incinerator spray pond subsoils) have been demonstrated; or, 
A postclosure cart permit for cap maintenance andor groundwater monitoring 
requirements is obtained. 

The specific procedures and criteria for determining "clean" closure with respect to groundwater 
will be specified in the groundwater monitoring plan. The following procedures are outlined in 

more detail - b. the groundwater monitoring plan: 

For all monitoring wells, initial background concentrations of all designated monitoring 
pardmctcrs will be establishcd based on quarterly sampling for 1 year. 
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.I 
For cach pardmctcr on the "clean" closure list, specific statistical methods listed in the 
groundwater monitoring plan will be used to make statistical comparisons. The 
comparison will considcr cach of the wells individually in the monitoring system. 

After the fifth quarter statistical comparison is performed, the following scenarios are possible: 

If "clean" closure with respect to both the soil and groundwater is ach~eved, then no 
further groundwater monitoring will be required. 

If the soils are determined "clean" closed and the groundwater is not "clean" closed, then 
the groundwater will have been determined to have been contaminated. Therefore, 
quarterly sampling of the groundwater will be required, pursuant to the VHWMR 4 9.5.D, 
&ng thc postclosure care period. 

If thc soils arc not c l an  closed and the groundwater is determined to be clean closed, 
thcn at least semiannually monitoring of the groundwater will be required pursuant to the 

VI 1WMR 4 Y.5.C, during thc postclosure care period. In addition, a f m l  cover system 
will hc placed over thc arca to address nonclean closure of soils. 

After five quarters, the frequency of groundwater sampling and analysis (if required) will be 
dctermincd by the VDEQ based on the closure scenarios noted above. 

These proceduredcritcria should also be contained in the groundwater monitoring plan for the 
incinerator spray pond closuc. (The reader is referred to the separate Groundwater Monitoring 

IDhn document Tor Tmhcr details on the groundwater monitoring system and sampling/analytical 
protocols. 

3.12 Certification of Cbsure (VHWMR Sectbn 10.6.F) 
Radford Army Ammunition Plant will provide for an independent Professional Engineer in the 
Commonwealth of Virginia to ven@ that the Incinerator Spray Pond was closed in accordance with this 
closure plan. Closure activities will be monitored by a Professional Engineer. The independent engineer's 
certification will include all documentation such as daily reports, test results, observations, photographs, 
etc. which demonstrate that the closure was completed in accordance with this approved plan. 

The certification o f  dosure will be submitted, by registered mail, to the Director of the Commonwealth 

of Virginia's Department of Ilnvironmcntal Quality. The certification will be submitted withm 60 days 
of the completion oT final closurc. Thc certification will be signed by both the independent Professional 
Eng~nccr and thc responsible ofkial for Radford Army Ammunition Plant. 
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I 3.13 Closure Schedule (VHWMR Section 10.6.C.2.f) 

VHWMR 10.6.D. I req\llrcs that Ihc closure activities be implemented within 90 days of formal approval 

of this closurc plan by thc Commonwealth of Virginia The regulations require that the final closure of 
a hazardous wastc unit be complctcd within 180 days of receipt of the Commonwealth of Virginia's 
written noticc of approval (VI IWMR Section 10.6.D.2). The regulations also state that an extension to 
the closure process may be approved by the Commonwealth of Virginia if the final closure activities will 
take longer. than 180 days (VI IWMK Scxtion 10.6.D.2.a( 1)). Table 3-5 shows the closure schedule dunng 
the clean closurc attcmpt. 

TABLE 3-5 CLOSURE SCHEDULE 
P 

Activity 

Closure Plan Approved 

Army Cost estunak. Scope of Wo 

Sample B a c k p o d  Calculate B Results to VDEQ for approval of 
b a c k p o d  (DEQ mponsc 7 
Remove and Decoataminate 

Remove conkrnuvted 

r& Conlinucs 

Close or submit a letter to VDEQ and go 

Equpmcnt Decontminaiion 
Receive Lab Analyrs of h- and Post- Rinses 
Submit Final Report of QNQ(' on Work k r f o d  

Letter suhniittrd for t-ertification of C l o m  Submitted or Contingent Glow 
m- 

Please see the contingent closure plan's contingent closure schedule for estimates of construction times 
for the cap, ctc. 

3.14 Clean Cbsure Excrvrtbn Filling 
Once any contamination has hccn rcmovcd, the excavation will be back-filled with clean soils, graded to 

. - 
promotc positive drainage, and rc-vcgctated 

- - -  

4.0 CONTINGENT CLOSURE PLAN 

4.1 Introduction 

- In the event that all contaminated soils cannot be practically removed, Radford will notify the Virginia 
Department of Environmental Quality, Waste Division and begin implementation of the following 
contingent closure pian and the contingent postclosure plan 
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closure will he utilizcd in determining the are. and boundaries of the landf~ll. The entire open area will 

be covered by the RCRA cap. If, dunng cap constmction, additional information becomes available, cap 
coverage will be extendcd or reduced accordmgly. All changes to the cap boundaries will be fully 

documented. 

4.2 VHWMR Contingent Closure Plan Requirements (VHWMR Sections 1O.lO.I.l.b and 
10.10.1.3.a(1)) 

Contingent closure plan tcquircmcnts arc outlincd in VHWMR Section 10.10.I.l.b. These requirements 
consist of thrcc main clcmcnts: ( I )  climination of free liqwds; (2) stabilization of remaining wastes to 

a bearing capacity suficient to support a final cover; and (3) construction of a final cover designed and 

constructed to: 

Provide long-term minimization of the migration of liquids through the closed pond; 
Function with mhmum maintenance; 
Promote drainage and minimize erosion or abrasion; 

Accommodate settling and subsidence so that the cover's integrity is maintained; and 
Have a permeability less than or equal to the permeability of any native subsoils present. 

-. 4.3 Contingent Closure Implemtntrtion 
All frec liquid will hc rcmovcd. Any sludge, the concrete layer, associated drains and piping and bedding 

materials w~ll he rcmovcd. Contaminated subsoils will then be removed as practicality dictates and as 

detailed in this plan. A final covcr will then be installed if clean closure is no longer to be attempted. 
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FIGURE 4-1 RCRA 2-1-2 CAI' 
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A typical schematic of the multi-layer K C M  cover is illustrated in Figure 4-1. The cover will contain 

threc layers. From the surfiice down these are: a top layer consisting of vegetation and soil; a soil 
drainage layer, and a low-pcnncability bottom layer. The design requirements for each layer are discussed 

below. 

4.4.1 Plans and Discussion 
Available dormation from previous closure activities will determine the boundary of the landfill. All 
changes to the area capped will be documented with photographs and surveyed so the final as-built 
drawings are accurate. Photographs also will be taken to document each stage of cap construction. An 
indcpendcnt, profcssional cnginecr registered in the Commonwealth of Virginia will be on-site dunng all 
cap construction activities to cnsurc that the cover system is constructed in accordance with this closure 

plan. Thc Quality ControVQuality Assurance (QNQC) Plan discussed this document will be followed 
h n g  cap constnrction; the contractor's quality control oficer (CQCO) will maintain complete QNQC 

records as outlined. 

4.4.2 Specifications 
The constnrction spccifications for this closure plan are to be provided in a report, Spec@cations for 
Incinemror. Spay Pond C'k>.~we, once it is decided that clean closure will no longer be attempted and 

I submittcd to VDLQ from Radford. In the case of conflicting information between the construction 
specifications and the closure plan, the closure plan will take precedence. Radford A m y  Ammunition 
Plant will dcvclop final construction driwings and specifications for the incinerator spray pond final cover. 

Thcsc construction drawings and spccifiations will mcet thc design requirements detailcd herein. Also, 
Radford will finali~c the Construction Quality Assurance (CQA) plan for the final cover system. 

The following sections, at a minimum, will be included in the construction specifications: 

General Paragraphs 
Clcaring and Grubbing 

Excavation 
Filling 

Clay Cap Placement 

W L  Cap 
Gco fabrics - 
Driinap Laycr Construction 

Erosion Laycr Constwtion 
1,rosion and Sediment Control 

Lcachatc Collection and Rcmoval System 
Decontamination Arm Constnrction 

.- Gcofabrics 

Fencing 

Turf 
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F. Cast-in-Placc Concrctc (Minor Construction) 

Signs 
Groundwater Monitoring Systcrn 

The following plan shccts will he suhrnittcd to VDEQ: 

Cover Shcet 
Pre-Closure Condtions 

Existing Conditions 
Final Grading Plan 
Gas, Leachate, and Groundwater Monitoring Plan Sheet 
Erosion and Sediment Control 
Cross Section of Incinerator Spray Pond 
Dctails 

4.4.3 Cap Design 

Closure will he initiated by yrddinp the sitc to slopes bctween 3-5% slope and constructing a RCRA cap 
to covcr all arcas whcrc waste is IcA in place. The landfill cap will consist of a 24-inch clay liner with 
a maximum pcrmcahility of 1 X 10" cmlscc, a 60-mil high dcnsity polyethylene (HDPE) flexible 

I mernbranc cap (FMC) in dircct and uniform contact with the clay liner, a 10-ounce geotextile fabric filter, 
a 12-inch drainagc laycr dcsigncd to maintain less than 12 inches of head above the FMC, a second 10- 
ouncc gcotcxtile filtcr fabric, an 18-inch erosion layer, and a 6-inch topsoil layer which can sustain native 

plant growth. 

4.4.4 Cap Foundation 

The sitc will bc clcarcd of existing vegetation in prcpardtion for placement of the RCRA cap. 

It will bc grddcd to provide a s lop  of at last 3-5 pcrcent over the area. Clean backfill will be obtained 
from an off-sitc borrow arca to establish the base for the cap. The buried waste will not be disturbed 

during construction activities. 

4.4.5 Settlement Potential 

Since all the waste werials  and containment structures will be removed from the incinerator spray pond 
prior to placement of the cover, the foundation material beneath the cover will be predominately native 

soil or compacted soil fill. Installation of the cap will not introduce loading rates on the foundation in 
excess of those historically obscrved For these reasons, the potential for further settlement, consolidation, 
or crcep of thcsc foundation materials is minimal. Each soil layer of the cover is compacted as it is placed 
and it is therefore not anticipated that ohjcctionable settlement of the cap will occur. Settlement is not 

-. anticipated in the final covcr and thus the ability of the cap to minimize infiltration should not be 
compromiscd. 
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an 
The averagc depth of frost penetration In the Radford area is I5 inches (EPA). The top layer (the soil and 
root zone laycr) will be constructed at a thickness of 24 inches. Frost penetration will only extend into 
the top laycr of thc cover and not to the low permeability compacted clay layer. Frost will not adversely 

affect thc covcr performance. 

4.4.6 Bearing Capacity and Stability 

The cxisting area is judged to have sullicicnt baring capacity for the cap systcm. The HDPE cap material 
was selcctc,d for its flcxrhility and durdbility in the event settlement does occur. Preparation and 

placemcnt of a protectivc bcdding layer is required to cushion and support the FMC. The compacted 
subgrade and protective bedding layer will support the FMC and protect it from irregularities in the 

foundation soil during the postclosure period The bedding layer for this RCRA cap is the uppermost 
lift of the clay layer. Ths  bcdding material will be free of rock, fractured stone, debris, cobbles, rubbish, 
and roots. The surface of this layer will be fme-finished with a vibrating roller prior to placement of the 
FMC. 

A IO-ounce, non-woven polypropylene geotextile filter fabric with a puncture resistance of at least 600 
N will covcr thc FMC and prcvcnt pcnctrations from angular stones in the drainage layer. Calculation 2 
demonstratcs that thc punctun: resistance of the geotextile is d r c i e n t  to resist puncture from the drainage 
layer. 

.c- 

The uppcr hcdding laycr will he placcd soon after installation, seaming, and seam testing of the FMC. 
As scctions of the FMC arc approved by the CQCO and Radford representative, placement of the dramage 
layer will begin. No vehicles will be allowed to drive directly on the FMC. The geotextile and drainage 
layer stonc wrll bc placed on thc FMC with the drainage stone spread to its MI depth before vehcles are 

drivcn on thc FMC. The drdinage stone layer will be used as a bridge for equpment movement on the 
M C .  Thc drainagc stonc will be placed at the base of the slopes and pushed up the slopes to minimize 

damagc to the underlying gcotcxtilc and FMC. Equipment used in construction of the cap will be limited 

to 6 psi or less gound contact prcssm*. Materials will he placed on the liner using only rubber tircd or 

tracked vchrclcs. 

As sections of the drainage laycr are completed, the second geotextile fabric filter will be placed followed 
by the Winch erosion and &inch topsoil layers. 

The QNQC Phrr busses inspections, monitoring, and testing needed to ensure the foundation is 
properly installed to support the FMC. 

4.4.7 Cap System 
The cap will be constructed and closure will proceed as follows: - The sitc will bc clcarcd and gruhbcd (as necessary) to ensure adhesion between the existing soil 

and the cap systcm. UackfiII will be placed to establish the slopes for the cap system. 

No gas vents wrll be rcquircd duc to the nature of thc waste. 
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- A 2-foot thick low-pcrmcability clay barrier with an in-place saturated hydraulic conductivity of 
no more than 1 x 10" c d s e c  will be constructed over the cap foundation to provide a base for 
the flexible geomembrane liner and minimize liquid infiltration should the geomembrane fail. 
A geomembrane liner will be placed on the clay layer to prevent miiltration of precipitation 
through the cover and into the underlying waste. The geomembrane cap will provide maximum 
flexibility to conform with any settlement which may occur. The liner will be textured to provide 
added stability to the side slopes and allow increased friction necessary for support of the drainage 
media. The liner will have enough tensile strength and durability to withstand the applied force 
of thc topsoil layer for the duration of the closure and post-closure periods without breakdown or 
rcduccd ability to pcrform as dcsigned. 
A 10-ouncc pcr square yard non-woven geotextile fabric filter. designed to protect the FMC from 
puncturc by the overlying drdinagc layer, will serve as the upper bedding layer for the FMC. The 
synthetic filter material will he non-woven polypropylene mat with suficient tensile strength and 
durdhility lo withstand the applicd forcc of the drainage and soil layers for the duration of the 

closurc and post-closure periods without breakdown or a reduction in its ability to perform as 
designed. 

A 12-inch drainagc laycr of VDOT No. 8 clean crushed stone (containing no calcium carbonate) 
with a minimum pcrmcahility of at least 1.1 cmfsec will be placed on the geotextile. This layer 
is designed to rcmovc surfdce water which infiltrates the top layer and maintain a head of less 
than 12 inchcs on the 1:MC. 

A gcotcxtilc filter laycr designed to allow surface watcr infiltration and separate the overlying soil 
laycr from the underlying drdinagc layer will be placcd over the drainage layer. The filter layer 
will bc an 10 odsy non-woven geotextile fabric filter designed to prevent clogging of the drainage 
layer. The synthetic filter material will be non-woven polypropylene mat with a minimum 
permitivity of 0.8Isec and tensile strength and durability to perform as designed throughout closure 
and post-closure. 
An 18-inch erosion layer of common fill will be placed over the geotextile filter fabric and 
drainage layer. A &inch layer of topsoil capable of sustaining vegetation will be placed over the 

erosion layer. These soil layers will protect underlying layers h m  mechanical and frost damage. 
The entire area will be seeded to stabilize the soil and prevent erosion Seed will be applied at 

a ratc of 200 IWacrc in the following percentages: 

Kcntucky 3 1 -on Turf Typc Tall Fcscue 95-1 Om 
Kcntucky L31uc~ii.s~ 0-5% 

Fertilizer ( 10-20- 10) will be applicd at 28 lbsi 1000 square feet (sf) and lime (pulverized agricultural grade 

limestone) will be applied at W l W  1000 sf. All seeding operations will be conducted in accordance with 
the Vit~inia Sediment and Etusion Contrvi Handbook, Third Edition (1992). - 



- 4.4.8 Clay Liner 

A 2-foot thick low-permeability clay bamer will be constructed over the cap foundation to provide a base 

for the flcxihlc gcomcmhranc lincr and to reduce liquid infiltration should the geomembrane fail. The clay 
soil uscd in the lincr will he frcc of rock clods, and soil, debris with a minimum of 20?4 fines (20% 
passing thc No. 200 sicvc), maximum of 10% retained on the No. 4 sieve, plasticity index between 10 and 
35 pcrccnt, and maximum in-place pcrmcability of 1 X 10" cmkec. The layer will be placed in &inch 

lifts and compctcd to 95% of its maximum dry dcnsity and within 2 to 4 percent wet of optimum 
moisturc contcnt as dctcrmincd in thc Standard Proctor test (ASTM Method D-698). In-place hydraulic 

conductivity will be measurcd using the two-stage borehole method 

If the water contcnt of thc clay borrow is less than specified during the design, water will added by 
spraying from a truck or large hose bcfore the clay is compacted Adequate curing time must be allowed. 
If the clay is too wct, it will he allowcd to dry before compaction. Efforts will be made to reduce clod 
size during excavation and placement to achieve the required permeability. The clay will be compacted 
using cquipmcnt such a. shccpshot rollers to achicvc the required compactiodpermcability and bonding 

betwccn lins. The surface of each liR will be scarified so there will be an adequate bond with the lift 
above it. The cdgcs of the lifts will be beveled or overlapped to ensure complete coverage. The fural lift 
of the clay laycr will be compacted with a steel drum roller to obtain a uniform, smooth surface for the 
FMC. To prevent drylng resulting in cracking, the clay layer will be kept moist until the geomembrane 

.A is placed. The maximum slope of the capped area is 5%. Material will be phced at the toe of the slope 
and worked upward to the top. 

The low permeability layer must be entirely below the maximum depth of frost penetration estimated for 
the area in which the facility is located According to the €PA, the frost depth is approximately I5 inches 

in the Radford area. The top of the clay liner will be 3 feet below grade which is well below the frost 
penetration dcpth. 

A small-wale construction tcst pad will not be constructed on the cap because of the relatively small size 
of the ixincrdtor spray pond. 

4.4.8.1 Clay Material Specifications 
The 2-foot clay layer of the cap will be constructed of bomw materials. The material must possess an 
in-place recompacted - .  cocllicicnt of pcrmeabihty (k) equal to or less than 1x10' cdsec. Testing and 
inspection methods necessary to ensure thu in-phce permeability are detailed in the subsequent sections. 

The clay material will meet the following ruqurcments in order to be classified as select clay fill for usc 
in construction of thc clay lincr. 

P Clay will be classified according to the Unified Soil Classification System (USCS) as CH or CL 
(ASTM D 2487-83). A liquid limit of at least 30, plasticity index (PI) equal to or greater than 
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IS, and a fines content of greater than 5W passing the No. 200 sieve will be considered for 
propcr classification. 
Sclect clay fill materials will be reasonably h e  of gypsum, ferrous, andor calcareous concretions 

and nodules, r e h c ,  roots, or other deleterious substances. 

4.4.8.2 Preconstruction Testing 
All soil to be used for construction of the clay cap will be inspected by the CQA inspection personnel. 
Rock fragments, boulders and cobbles contained in the soil will not exceed 3 inches in any dimension. 

Material will be inspected to remove limbs, roots, and other deleterious materials to the extent practical. 
Continuous and repeated visual inspection of the materials being used will be performed by the Contractor 

to ensurc that propcr soils arc bcing used 

The Quality Assurance tcsts spccificd in the following tables will be performed on material proposed for 

liner constnrction at the spccificd frcqucncies and whenever a change in material occurs. Tables 4-1 and 
4-2 delincatc thc quality controls for construction of the two foot thick relatively impermeable clay cap. 

TABLE 4-1 CLAY BORROW SOURCE TESTING 
d 

Factor to be Inspected I CQA inspection ~ e ~ e s  
I I 

Grain Size Analysis I ASTM D422 a d  ASTM D-1140 IlperlOOOCY 
I I 

Moisture Content 

Specific Cmvity 

Moisture Content 
D4959 calibrated ~gatnst ASTM D- 

.%~ls ~'lasstficatinn 

A n d u q  I m l t r  

Mo18twe Dem~ly Curve 

- 
ASTM D-2216 

ASIM D-854 

IperlOOOCY 

1 per 5000 CY 

ASIM D-24117 

ASTM D4318 

D-698. D-1557, &or rrduced 
bmctcn f 15 blows acr inch) 

I per 5000 CY 

1 pcr 5000 CY 

1 per borrow sourn 
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- The mo~sturcfdcns~ty rclatronshlp to control actual field placement of the clay cap will be established using 
a laboratory procedure. Thc cocficient of permeability relative to minimum compaction will be 
determincd in the laboratory as follows: 

A sample of the selccted material which will be used to construct the clay cap will be taken to 
the laboratory. 
A standard moisturedensity curve will be developed to determine optimum moisture content and 
maximum dry density of the compacted soil in accordance with the Standard Proctor Test, ASTM 

D698. 
A sample will be compactcd at or above optimum moisture content to a density of not less than 
90% o l  thc maximum dry dcnsity. 
I'crmcahility tcsts will bc conducted in accordance with ASTM D 5084 to determine the 
cocficicnt o l  pcrmwbility (k). If k is less than lxIC7 cm/sec., the soil will be placed in 
accordance with thc permitted plans at a dcnsity of not less than 90% of the maximum dry density 
(as dctcrmincd in ASTM D698). If k is greater than IxlQ7 cdsec,  the soil will either be 
considcrcd to bc unsuitable and another source(s) will be located and tested, until the permeability 
rcquiremcnt is mct, or a series of tests varying moisture content and density will be conducted to 
dctcrminc an alternate moisture or density standard which conforms to the specified maximum 
pcrmcability. 

4.4.8.3 Clay Cap Construction 
Sclect clay fil l  material will hc applied such that the lift thickness (after compaction) will be no greater 
than 6 inchcs. T h i ~ e r  liRs arc pcrmissihlc. Prior to compaction, each lift of select clay fill material will 
be thoroughly disced to providc soil particle sizes less than 4 inches in diameter. Equipment or truck 
trafic on thc surface will not be permitted dunng the period between scarifying and placement of the 
following lift. In order to ensure that the clay liner becomes one continuous mass of clay from bottom 

to top of the liner, the surface of each lift must be maintained at the specified moisture content and it must 
be scarified (lightly chopped with a &), not smooth, when covered by the succeeding lift. 

After scarifying of the underlying lift, representative samples of the new lift will be taken and tested for 
moisture content prior to any compactive efforts. If the moistun content is within the specified range 
(range determined by laboratory tcaing of borrow source), compaction may begin. If the moisture content 
is outsidc of this rangc, thc sclcct clay fill will be wetted or dned and reworked accordingly. The select 
fill should be sprinkled or sprayed with water (most probably from a water truck) and dozed, wind-rowed, 
and/or disc-plowed to uniformly imrcasc moisture content of the clay if the material is below the optimum 
moisturc content. Thc sclcxt clay fill should be dozed, wind-rowed, andlor disc-plowed to help air dry 

the ciay if thc moisture contcnt is too high 

A. 
Each lift will bc thoroughly compactcd and satisfy moisture and density controls through field testing 
beforc a subscqucnt lift is placcd. Compaction of lifts will be conducted as follows: 
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,- Compaction of lifls will he pcrfonncd with an appropriately heavy, properly ballasted, penetrating- 
foot compactor (such as a CAT 815 or eqwvalent) subject to approval from the CQA inspection 

personnel. A minimum of 6 passes will be required on each lift regardless of whether the lift 
meets density specifications. This requirement is to allow thorough remolding of the clay by 
kneading action. 
The daily work area will extend a distance no greater than necessary to maintain moist soil 

conditions (facilitate bonding) and continuous operations. Desiccation and crusting of the lift 
surface will be avoided as much as possible. 

If desiccation and crusting of the lift surface occurs before placement of the next lift, this area will 
bc sprinklcd with watcr and thcn scarified and tested for water content to ensure unifom moisture 
bcforc placement of a subscqucnt lift. 
Transition from full depth lincr to b e g i ~ i n g  of adjacent new section will be accomplished by 

sloping (cutting hack) thc end of a full depth section at 5: 1 (horizontal to vertical) or flatter for 
tying in a ncw lifl. Altcmativcly, each ncw lif t  will be benched into the previously constructed 
lincr at 2-foot horixontal intervals. 
Doncr or xrdpcr equipment will not be used for pnmary compaction efforts. 

The selcct fill will be cornpactcd to mcct or exceed the density detemined from the Standard Proctor Test, 

describcd in the previous prcconstruction testing section Densities less than the specified density will be 
C recompactcd and/or rcmovcd and rcworked to meet density objectives. In addition, unless laboratory 

testing indicates othcrwisc, thc compactcd rnatcrial's dry density/moisture content will lie within the 80% 
saturation line, to he cstahlishcd from tcstcd spccific gravitics. 

No sclcct fill will bc placed or compactcd during a sustained period of temperatures below 30°F. Select 

fill may be placed and cornpactcd dunng periods of early morning and evening freezing temperatures with 
waming trends above freezing during the day. During construction, finished lifts or sections of 
compacted clay liner may be sprinkled with water as needed to prevent drymg and desiccation At the 
end of each construction day's activities, completed lifts or sections of compacted clay liner will be sealed 

by rolling with a rubber tired or smooth dnrm rollers and s p d e d  with water as needed 

The compacted clay cap will be a minimum of 24 inches. Thickness of the clay h e r  on the side slopes 
w~ll  be measwd peqxndicular to the slope face. The as-built thickness of the compacted clay liner will 

be dctennincd hy nondcstruclivc - survey methods as described below. An individual lift may be sampled 
upon compldion ibut prior to subscqucnt lift placement) with an approved sampler or other investigative 

tool, but thc rcsultlng pcnctration will hc properly backfilled with hand tamped select clay fill or bentonite. 
Samplcs of the in-placc compctcd clay liner will be tested and evaluated prior to acceptance. 

After completion of a scgmcn of compacled clay cap, but before installation of the subsequent layers of - the cap. Thc top of the clay will bc sumeycd to ensure that: (a) the specified thickness of compacted clay 
liner has bccn achievcd; (b) thc top of the clay liner slopes across the cell at the grades specified on the 
pemittcd plans. 
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- 4.4.9 Flexible Membrane Cap 
4.4.9.1 Materials Specification 

The geomembrane will be constructed of 60-mil HDPE, 30 mil VLDPE, or 30 mil PVC. Raw polymer 
specifications and manufactured shcct specifications for the HDPE membrane are as follows: 

HDPE 
Gauge 
Dens~ty 
Melt kluw I&% 
( d l 0  mm.) ( n w )  

Myurnurn '1c.nwlc 
hprt1c.s 

1 .  Tens~lc at Hwak (Ibslmch w~dth) 
2. Tenslie at y~eM (Ibdmch w~dth) 
3. Elongat~on at Break (%) 
4. Elongation at Ylrld (YO) 
5. Modulus of Elast~c~ty 
Tear Res~stance 
Low Temp Bnnlcness 
Dunens~onal Stab~l~ty 
Carbon black contcnt 

TEST METllOD 

AS7M Dl 505 
ASIM 111238 Codtion E (190T. 2.16 kg.) 

ASIM 1) 638 Type IV (Dumbbell at 2 ipm) 

ASTM D882 
ASTM Dl004 
ASTM D746 
ASTM Dl203 
ASIM 11-1603 

Thcsc spccificalions may hc supcrscclccl hy mon: stringent spc~ifications of the manufacturer. 

VALUE 
60 mils 

0.94 
0.5 

216 
126 
630 

12 
1 . 1  
4 1 

- 1  12 
-2 

2% 

Radford 
will suhmit thc cxact type of mcmhrdnc proposcd for use and the manufacturefs product specifications. 

.I 

4.4.9.2 Differential Settlement in the Foundation Soils 
Due to the small area to be capped and minimal depth of backfill soil the differential settlement effects 
are negligible. During clearing and grubbing operations and placement of soil fill to establish the final 
grade for cap placement compaction will occur. Settlement resulting in foundation compression and soil 

liner compression will be minimal. There is no solid waste in place like landfills to biodegrade and cause 
settlement or gas production 

4.4.9.3 Strain Requirementr at the Anchor Trench 

The mcmbrdnc and gcotcxtile will bc anchored in a trench at the toe of the cap. In the case of the 

memhrdnc, thc anchor trcnch docs not a k t  the potential for slidmg because it is at the toe rather than 
at thc top of thc slope. For thcsc rcasons, calculation of strain requirements of the anchor trench is not 

applicahlc. 

4.4.9.4 Strain Requirements Over Side Sbpes 

The mcmbranc and geotextile must be strong enough to resist tensile forces acting from the weight of the 
soil abovc. Thc sclcction of mcmbranc provides maximum strength during installation. The steepest slope 
of the cappcd arca will 5%. At such "flat" slopes, the membrane will support its own weight and not 
slide. Thc mcmbranc will hc hcncath 2 feet of cover soil and I foot of gmnular drainage material which 

is wcll hclow thc 8-inch frost pcnctrdtion dcpth, rcducing strcsses associated with climatic conditions. 
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h 4.4.9.5 Chemical Compatibility 
Polycthylcnc and I'VC liners arc non-rcactlve with most Icachate constituents (Kocmer, 1986). The liner 

will be placcd ahovc thc waste constituents in the "landfill" a n 4  therefore, will not contact chemicals in 

the "landfill." Thc liner will hc in direct contact with the clay barrier soil layer and the granular drainage 
layer. The only liquid contacting thc liner will be precipitation that percolates into the granuiar drainage 

layer. 

4.4.9.6 Liner Strength Requirements and Integrity Under Mechanical Stresses 
The mcmhrdnc must hc caphlc of withstanding both the stresscs of installation and stresses afler 
placcmcnt. The 60-mil I II)I1I< mcmhrdnc, 30 mil VLDPE, or 30 mil PVC mcmbrane is suitable for both 
conditions. Thc 60-mil thickness and strcngth of the HDPE will provide sufficient strength to withstand 
installation stksscs such as wind, temperature and seaming. The flexibilrty and strength of 30 mil PVC 
or VLDPE lincr will providc sufficient strength to withstand installation stresses such as wind, temperature 
and seaming. As previously discussed, the membrane will be placed on a smooth clay foundation, free 
of rocks, clods, and other debris that might puncture the geomembrane. A geotextile fabric filter will be 
placed over the membrane to protect it from the overlymg stone drainage layer. No vehlcles will be 
dnven on the membrane until the geotextile and 12-inch stone drainage layer have been placed 

Prior to installation, the membrane will be protected from sunlight and the weather by a cover or under 

V- a temporary shclter. AAcr placerncnt, the liner will be covered with the geotextile and stone layer as 
quickly as pssihlc aflcr approval of scaming. The 3-foot cover (I-foot granular drainage layer and 2-foot 

sod layer) will providc long-tcrm protcction from mechanical and thermal stresses. Except during 
istallation, thc gcomcmhrdnc will not bc exposed to wind, sunlight, or direct precipitation. 

4.4.9.7 Friction Factors 
The litemtux (Mitchcll, Kcttlcman llills) indicates a friction angle of approximately 11 to 14 degrees for 

polyethylene shccts and clay, and a friction angle of 16 degrees between the polyethylene sheets and 
overlying gcotcxt~le. Thcsc friction angles are more than adequate for use on a small relatively "flat" cap 
design for an impoundment closure. 

4.4.9.8 Best Anchorage Configuration for the FMC 
Thc anchorap ofthc mcmhrdnc is not a dcsign issue. The liner will be anchored in a one-foot wide, two- 

foot dccp trench loccrtcd - at the cdgc of thc cap systcm around thc perimeter of the "landfill." This is a 
typical anchoring method shown in EPA guidance documents. 

4.4.9.9 Soil Cover Stability on Top of FMC 
Stability of cover soil is an important concern in designing a landtill cap. However, due to the small size, 
and relatively flat slopes, sliding instability is negligible. A geotextile will be placed between the flexible 
membrane and the drainage layer to provide reinforcing and increase friction. Another layer of geotextile 
will be provided between the drainage layer and the soil erosion protection layer. Calculations show that 



- the erosion layer will he stahlc. and universal soil loss is much less than 2 for 5% slopes, less than 100 
feet of slopcs, and a modcrdlc stand of grass. 

4.4.9.10 Installation 
Thc canhwork contractor wdl be rcsponsiblc for preparing and maintaining the subgrade in a condition 
suitable for lincr installation. The clay liner suhgrade will be smooth and firm. Sharp stones, gravel, 
debris, or any other objects which could penetrate the liner will be removed Any ruts caused by the 
compaction cquipment or thc gcomcmbrane placement equipment will be leveled The subgrade will be 

visually inspcctcd prior to installation of the membrane. 

The mcmhrdnc will bc delivered lo thc site on rolls, stored off the ground in small stacks, and protected 
with a covering or stored in a tempordry storagc sheltcr. The storage space will be protected from thcfi, 
vandalism, and pssagc of vchiclcs. Cicosynthctics will he handled in a manner to prevent physical 
damagc, contamination. and exposun.. 

Before moving a roll from the storage site, an anchor trench 2-feet and I-foot wide will be completed. 
Slightly rounded comers will be provided where the geomembrane adjoins the trench to avoid sharp bends 
in the geomembrane. 

.- The construction contractor will submit a geomembrane layout pbn to the owner and CQCO for approval 
prior to placing the membrane. The membrane will be installed during dry, moderately warm weather to 
minimize the effects of thermal expansion and contraction. The manufacturefs instructions will be 
followed for liner placerncnt and scam overlap. The method used to unroll the panels will not cause 
scratches or crimps in the gcomcmhranc. Sandbags will be placed along the edges of the geomembrane 
to prcvcnt upliR prcssurcs of up to 37 psf and the resulting wind damage. Field panels will be placed one 
at a rime in a manncr which minimkcs wrinkles. 

The panels w~ll hc scamcd immcdialcly afier pkemcnt following the manufacturer's tecommendcd 

seeming proccdurcs. Thc ambient temperature should be above 5" F during seaming. Surfaces to be 
seamed will bc clcan and dry whcn the seams are made. Scams will be oriented parallel to the line of 
maximum slope. All ficld scams will be nondestructive tested in accordance with ASTM D 4437 seam 
evaluation using the vacuum box technique. Destnrctive tests will be performed on test specimens in 
accordancc with ASTM - D413 and ASTM D-638 for peel and shear of geomembrane seams. One samplc 
will bc taken for-dcstmclivc testing cvcry 500 linear fcct of weld 

The lincr will hc covcrcd within thc time limits spccificd by thc manufacturer. The geotcxtile fabric will 
be placed on the gcomcmbrdne as soon as possible after approval of the geornembrane placement. The 
done drainage laycr will bc placed on the geotcxtile using equipment which will either not need to move 

. on to the cap area or rubbercd tired cquipment. Vehicles will be driven only on the 1 1 1  depth stone 
drainage layer or subsequcnt soil cover. Vehicles will not be allowed to drive directly on the 
geomemhrane or geotextile layers. 
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,A QAIQC proccdurcs to hc folkwcd dunng cap ~nstallation, including inspections, material certifications, 
and testing will be discussed in Scction 7 ofthis document. 

4.4.10 Filter Layer 
The design prnpcrtics of conccrn for thc gcotcxtile filter layer above the drainage layer are permitivity and 
clogging potential. The minimum pcrmitivity rcquircd for the gcotextilc is 6.0 x 10" tsec. The 
permitivity nf thc gcotcxtilc specified in thc dcsign is O.O8/scc, well above the minimum. Therefore, the 
geotcxtilc will casily allow surface watcr to flow through it to the dramage layer. 

The potcntial for the geotextile to clog must be evaluated using site specific cover soil and recommended 
geotextile. The suggested test is the U.S. Army Corps of Engineers Gradient Ratio Test CW-02215 with 
the gradicnt ratio calculated value less than 3. The chosen geotextile must have an apparent opening size 
(O,,) mceting the following specifications: 

Clogging polcntial will bc dctcrmincd by the contractor after the source of the backfill is selected and the 
specific gcotcxtilc is chosen. 

. r 4  

The gcotcxtilc filter located ahovc the FMC is designed as a protective layer and pennitivity of this 
geotcxtilc is not a conccrn. 

4.4.1 1 Drainage Layer 
The drainagc laycr is rcquind to rcduce the head of water on the soil barrier layer and also to prevent 
water backup into the vcptativc laycr. The minimum thickness of the middle drainage layer will be 12 
inchcs. Thc satwdtcd hydriulic conductivity of the drainage materials will not be less than 1x10'' cm/sec 
at the t ~ m c  of installation. 

The uppcr portion of the drdinagc hycr will be designed to prevent clogging, and will be overlain by a 
synthetic fabric filter or graded granular material. The upper slope will be at least 3-5 percent after 
allowance has k a  made for settling and subsidence, and will be overlain by granular materials such as 
sand The granular material will be no coarser than 318 inch and classified as SP. The material will be 
crushed and an& with no debris that may damage the underlying flexible membrane liner, or fines that 

may lessen pcnneability, or dusolvable minerals such as lime. 

Discharge from the drainage layer will flow fmly so that fluid docs not back up into the vegetative layer 
dunng a major sustained storm event. The Qaurage layer will be sloped to an exit drain which will allow 

n the percolated water to drain. 
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- 4.4.12 Vegetative Layer 
The top layer is rcquircd to retain soil moisture, minimize root penetration into the barrier layer, and 
provide grcatcr tolerance to the adverse impact of erosion. The top layer will have a thtckness of no less 
than 24 inchcs, of which a minimum of the top six inches will be topsoil and will contain sufficient 

nutrients necessary for the growth and sustenance of a vegetative cover. 

The cntirc arca will bc sccdcd to stahilizc thc soil and prevent erosion. Seed will be applied at a rate of 
200 Ibs/ac& in the following pcrccntagcs: 

Kentucky 3 1 on Turf Type Tall 1:cscuc 95- 1 OPh 

Kcntucky Bluegrass 0-5% 

Fertilizer ( 10-20- 10) will be applied at 28 lbd1000 square feet (sf) and lime (pulverized agricultural grade 
limcstonc) will be applicd at 90 lhs/1000 sf. All seedmg operations will be conducted in accordance with 
the Virxinia Sediment and Erosion Control Handbook, Third Edition (1992). Cover vegetation should be 
drought resistant, persistent, erosion resistant and adapted to local conditions. 

The surface drainage system will be capable of efficiently conducting runoff across the cap. The drainage 
ditches will bc adequate to accommodate the runoff from a 24-hour, 25-year storm. 

A 

4.4.13 Drainage Evaluation 
In ordcr to limit runoff infiltrdtion and to limit erosive velocities from runoff on the impoundment surface 
it is recommcndcd that a uniform 3-5% grade be incorporated into the design of the final cover. One of 
the most cffcctivc ways to minimi~c surface watcr infiltration through the final covcr is to divert runoff 

away from thc closcd stuturc. Sincc thc site will be graded for positive dr;lmage, and based on existing 
site topography. positivc drainage will bc maintained away fmm the site. Run-on from an off site source 
is not expccted duc to site sp~xific conditions. 

4.4.14 Survey Control 
The following prcxcciurcs will hr: hllowcd with rcspect to the survey of the complcted clay cap: 

Thc complctcd chy surfxc w~ll bc swcyed, bcfore the placement of subscquent cover layers, 
to vcrifL that gradcs arc in accordance with the plans. In addition, a comparison of the pre- and 
post-clay-cap constmction surveys will be conducted to verifL comstruction to the permitted 
thickness. 
A minimum of one cross-section for evey 100 linear feet of cell length and width will be 
surveyed At a minimum, survey points will be established at the top, mid-point, and bottom of 
each slope. Thcse survey points will be coincident with those of the previous cross-section lines. 

A Acceptable tolerances on survey coordinates will be 3 . 2  feet on elevations and 51.0 foot on 
coordinates. The clay cap will be greater than or equal to the thickness specified 
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- The CQA inspection prsonncl cert~fying the survey results will be either a Registered Land 
Swcyor or a I'rofcss~onal Ihginccr. 

The CQA Ofliccr wdl ccrt~fy that the clay cap mects the requirements in the plans and 
specifications and suhm~t dtxwncntation to the Project Manager. 

4.5 Construction Quality Assurance Plan 
The CQA plan will detail p r o c e h s  for inspecting the quality of construction materials and the 
constmtion practices employed during their placement. The CQA plan will W e r  provide assurance 
that: ( 1 )  the materials for each layer are as specified in the design specifications; (2) each layer is 
constructed as specified in the plans; and (3) all layers of the final cover are uniform and damage-free. 
The CQA plan can be found in the appendix. 

4.6 Site Access 
Acccss to the Kadrord Army Ammunition Plant is severcly limited due to the on site security required for 

operations All vchiclcs cntcring the Radford must pass through the main entrance and a second security 
checkpoint hchrc approaching the site. Existing fences, gates, and vegetation will be utilized to restrict 
unauthori~cd access to the waste disposal arca. A clearly visible and legible sign will be maintained at 
the closurc arca indicating the hamds. 

- 4.7 Engineer's Certiflcatlon of Contingent Closure (VHWMR Sectbn 10.6.F) 
Radford will provide for an indcpcndcnt Professional Engineer in the Commonwealth of Virginia to verifL 
that the lncincrator Spray I'ond was closed in accordance with the specifications in this closure plan. The 

indcpcndcnt cnginccr will he pmscnt during all closure aciivities. The independent engineer's certification 
will include all dtwmcntation such as daily reports, test results, observations, photographs, etc. which 

demonstrdtc that the closurc was complctcd in accordance with the approved plan. 

The ceflification of closurc will bc submitted, by registered mail, to the Director of the Commonwealth 
of Virginia's Depaflment of Environmental Quality. The ceflification will be submitted w i h  60 days 
of the complet~on of final closure. The certification will be signed by both the independent Professional 
Engineer and the responsible offiial for Radford Amy Ammunition Plant. 

4.8 Notification of Type., Quantity and Location of Wutcs (VHWMR Section 10.65.1) 
No later than 60 days after certification of closure of the incinerator spray pond, Radford will submit to 
the County ~d- o f ~ u p e n k o r s  and to the Director of the Commonwealth of Virginia's Department of 

Environmental Qulity a rccord of the type, location, and quantity of hazardous waste located in the closed 
incinerator sprdy pnd .  

- 4.9 Survey Plat Submittal (VHWMR Section 10.6.G) 

Withln 60 days or closurc, a s w c y  plat indicating the location and dimensions of the incinerator spray 

pond closure as a landfill with rcspcct to permanently surveyed benchmarks will be submitted to the local 
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I 
zowng author~ty and to thc Dircctor of the Commonwealth of Virginia's Depariment of Environmental 
Quality. The plat will be prepared and cert~fied by a Professional Land Surveyor in the Commonwealth 
of Virginia Radford will submit a certification to the Director that a survey plat and record of the type, 
quantity, and location of the hazardous wastes has been submitted to the local zoning authority. 

4.10 Deed Restriction (VHWMR Section 10.65.2) 

Within 60 days of certification of closure of the pond, Radford will record in accordance with state and 
local law, a notation on thc dccd to the facility property, or on some other instrument which is normally 

examincd during titlc scarch, that will in perpetuity notify any potential purchaser of the property that: 

The land has hccn used to managc hazardous wastes; and 
Its uic is restricted under VI IWMK Section 10.6; and 

Thc survey plat and record o i  thc typc, location, and quantity of hazardous wastes disposed of 
w~thin each huirdous wutc unit rcquircd by VHWMR Sections 10.6.G and 10.6.J.1., have becn 

filcd with the local govcnuncnt and with the Director of the Commonwealth of Virginia's 
Dcpartmcnt of Environmental Quality. 

Radiord will submit to thc Dircctor a certification stating that the facility has recorded the notation 
spccificd in VIIWMR Scclion IO.ii.J.2.a. A copy of the document in which the notation has been placed 

,- 
will also hc suhmittcd. 

4.11 Post Ciosure Care Permlt Application (VHWMR 11.1) 

Within 180 days of contingent closure, an application for a postclosurz care permit with the applicable 
permit fee will be submitted to the Virginia Department of Environmental Quality, Waste Division. 
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4.12 Contingent Closure Schedule (VHWMR Scctlon 10.6.C.2.C) 
The contingent closure schcdulc for thc pond is detailed in Table 4-3. 

I- TAItI.1. 4-1 ('ONTINGENT CLOSURE SCHEDULE 
- 

S m y  Excavation--------- 
Backfill w ~ t h  Clean Soils--------- 
Reparr Plan Shecta, Geomembrane Type & Layout, Erorion Control Plan with Support Calculations, 
and Specifications--------- 
Submit to DEQ for Approval Plan Sbats, Geomembranc Type & Layout. Erosion Control Plan with 
Support Calcula~ions. and Specifications---- - 
Obtain DEQ Approval------------ - 
Request A&tional Army F&g------ -- 
Receive A&tional F&g from Army -- -- 
B e p  Consacllon of  Cap--------------------------- 

clay ------------------------.------- 
geomembraae------------ ---- 
geotextile---- -------------.. .--------- - 
& a m g  layer ------.---------- ---- -- 

W i t h  60 Days of Coniplct~d ('ap Construction Submit: 
Record of Type. Loutios  a d  Quantity of Waste Closed in Place 
Cnt~ficat~on Lenm Survey Pla~ war Submlnd to Loul Z o n q  Authoricy w ~ t h  copy of Suwey 
Plat 
Certificat~on l r n m  ha t  P m m n l  Notalion was made on Roperty Deed, with Wordmg Submitted to 
VDEO for Annmval 

Upon Complrt~on of the 30 Year PuotCbsure Care Period: 
W i h  60 Days of Completion of th Porl Clorrm Care Period Submit a CdfiCation Letter that Port- 

Days 

30 yean + 
60 days 
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.- 5.0 CONTINGENT POST-CLOSURE PLAN 
5.1 Introduction 
Postclosurc care will hcgin aflcr completion of contingent closure and continue throughout the post- 
closurc carc pcriod. I'ost-closw carc consists of maintaining the final cover and perfonning monitoring, 

and rcsptmsc, as necessary. to prevent adverse impacts to human health and the environment (VHWMR 
Sccticm 10.6.11 through 10.6.K, 10.10.1.2, and IO.IO.l.3.a.(2)). 

Postclosure activities will be duected by the requirements of t)us plan until the postclosure permit 
becomes effective. The postclosure requrrements will be as follows. 

5.2 Post-Closure Care Period 
Unless extended or reduced by subsequent modfication of this plan or by permitting action, the post- 

closure care period will bcgin after closure of the unit and continue for 30 years after that date. 

5.3 Ground Water Monitoring and Reporting (VHWMR Sections 10.6.H.l.a and 10.10. I.2.b) 
The ground watcr monitoring systcm, detailed in the document Ground Water monitor in^ Plan for the 
Incinerator Srrra~ I'ond ( 1995). will be maintained for continuous ground water compliance monitoring 
thro yhout thc post-closurc carc period. 

F 5.4 Maintenance of Final Cover (VHWMR Sections 10.6.H.l.a.(2) and 10.10.1.2.a) 
The intcgrity and cNectivcncss of the final cover will be maintained for a period of thirty years. The 
vegetative cover will be mowed at least twice yearly and re-fertilized in accordance with the 

recomrncndations of thc local officc of the U.S. Department of Agriculture's Soil Conservation Service 
(SCS). Thc covcr and dra~nagc systcm will be inspected quarterly during the frrst year and every 6 

months thcrcaflcr hy a quali ficd pcrson. These inspections will determine if there have been an), changes 
to the structural integrity of thc covcr due to settling, subsidence, erosion, and if the vegetative cover is 
wcll estahlishcd and hcalthy. During thc first 6 months, the drainage system will be inspected 
immediately following cach major precipitation cvcnt to initially establish the e fkctiveness of the drainage 

system design. Any damage or failurc of the cover andlor drainage system will be repaired within 30 days 

of inspect~on. 

Any erosion or ponding will be repaired by backfilling and regmchg the surface to prevent surface water 

~nfiltration and runoff and to prepare the covcr surface for re-vegetation Bald and spottily vegetated areas 
will be dused o&erwise prepared for re-vegetation New topsoil will be added as necessary. Re- 

vegetation will stabilize the surface from further erosion by wind and water and will contribute to the 
development of a naturally fertile and stable nutiwe environment. Mulching, seeding with native grasses, 
and fertilizing will be performed as soon as possible after repll;dlllglducing, and in accordance with the 
rccommcndations of the local SCS ollice. 

crrr, 
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"- 5.5 Maintenance of Groundwater Monitoring Wells 
Ground water monitoring wells rcquire regular inspections and maintenance over time in order to maintain 

them in the originally completed condition. Over extended time periods (one year or longer) monitoring 
wells should be inspected and maintained for the following potential conditions or problems: 

Abovcground portion. oT monitoring wells should be inspected for evidence of tampering or actual 
physical damage each time the well is samplcd or checked for static ground water level. At a 
minimum. an annual physical impcction should bc pcrTonned 
At similar intervals, the total depth of monitoring wells should be checked in order to ascertain 
if thcrc ha.. bccn cxccssivc sedment influx into the well casing that could potentially clog the well 

screen. 
During all rounds of pre-sampling well purging, the ground water should be checked for unusually 
high levels of Ph (10 to 12) which could indicate that the bentonite seal in the well has failed or 
partially dissolved and washed into the screened portion of the well. Bentonite has been 
documented to cause high Ph levels when present in well water. 
Other unusual wcll conditions may warrant using downhole geophysical tools or a downhole 
camcra in order to properly assess deep hole well conditions of both riser casing and well screen. 
Extrcmc or uncxpcctcd water level changes may also be indicators of downhole casing or screen 

problems. Very low levels may indicate a problem such as screen clogging with sediment or 
hactcrial growth. Unusually high water levels could indicate a bentonite seal or riser casing 
Tailurc that would allow surface runoff water or water from a different aquifer to be entering the 
well bore. 

Maintenance should be pcrfomcd on ground water monitoring wells at least annually, and should 
consist of surging and purging the well to clear any sediment influx over time and to allow 
checking for unusual or uncxpwtcd well conditions that may have developed since initial well 
complct ion. 

5.6 Maintenance of Run On and Runofl Control Structures 

The Commonwealth of Virginia ~ q u i t c s  a plan for continucd maintenance of stonn water management 

facilities. Whcrc Iwl government docs not choose to accept maintcnance responsibility the responsible 
entity is required to acccpt maintcnancc nq.mnsibility and a maintenance agreement must be entered into 
with the local government. 

In order to guardagii~nst the cumulative efftcts of erosion and storm damage it is important to prepare 
and follow a maintenance plan Tor the facility. Inspections will be conducted as indicated in the inspection 
reports in the appendix. Maintenance will be conducted as indcated below. 

The cap surface, adjacent wales, storm water management area will be inspected quarterly and 
I after major storm events. 

Berms shall be spcc~fically inspected for evidence of slope failure, erosion and overall integrity. 
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I:vidcncc of erosion. outlct structure blockage, vegetation over-growth, and other features which 
F 

may c ffccl the function of the drainage system for the facility shall be noted. 
Ancr an inspectinn is conducted, if required, areas of erosion shall be filled and seeded with 
appropriate cover vegetation. swalcs and berms shall be inspected by qualified personnel and 
ii,,scssmcnts of the integrity of thc structures made, the storm water management pond outlet 
structure including outlct structure, orifice and outlet culven shall be cleaned of all extraneous 

dchris, trash, scdimcnt and vegctation. 

5.7 Benchmark Integrity 
Numcrous USGS hcnchmarks arc located at Radford Army Ammunition Plant. All survey work will be 

conductcd using at Iwst one of thcsc hcwhmarks. Due to the controlled nature of RAAP, the benchmarks 
should hc sccurc. 

5.8 Post-Closure Inspection Log [VHWMR Section 10.6.H.l.a(2)] 
The Post-Closure lnspcction Log form is included in the Appendices. This form will be utilized to guide 
and documcnt the abovedescribed urspection activities. 

5.9 RecordkeepingfContact Persons 
The postclosure care plan and records (i.e. inspection logs) will be maintained at the fwility. The plan 

and records will be available for review by the Commonwealth of Virginia's Department of Environmental 
C"4 

Quality. The Radford Army Ammunition Plant representative to contact about postclosure care will bc: 
Mr. J o e  D. Wilson. Chicf Ikginccr, US Department of the Army, Radford A m y  Ammunition Plant, Caller 
Scrvice 2, Radford, Virginia 24141-0298. lnfonnation about ths  report can also be obtained from Mr. 
Robcn L. Richardson at (703) 639-8a1, or Jerome J. Redder, P.E. at (703) 639-7536. 

5.10 Certification of Completion of Post-Closure Care (VHWMR 10.6.K) 

No latcr than 60 days aficr completion of the established postclosure care period, Radford Army 

Ammunition I'lant will suhmit to thc Commonwealth of Virgha's Department of Environmental Quality 
Director, by rcgistcrcd mail, a ccrtification that the postclosure care period for the incinerator spray pond 

was perfonncd in accordance with the specifications in this approved postclosure plan. The cenification 
will be signed by thc oficial rcprcscntative for Radford and an independent Professional Engineer 

rcgistcrcd in thc Commonwealth of Virginia. 
- .  
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5.11 Post Cbsure inspection Form 
SAMiDI,E I'OST CLOSURE MSPECTION LOG SHEET 

SURFACE IMPOUNDMENT CLOSURE 

Scheduled Insprct~on (Yes or No):- 
Supplemental Inspcct~on (Ycs rjr No):- 

Date: Timc: In*pcxlor: 

In-t~on kcm Pdential Roblenu - SI.tus 

1. Securitv Controls 
Fencing 
Warning Sips 

Missing 
Damaged 

Indsquw 

3. Final Cover Erodoe dunage 
ScnlemcaVubadend a dirplmmcal 
W I l a  pDdin%imdquk dn~nage 
IMavrOdmt drmrge 
DamrgaUdd vegetation 
Trccs,h&s, a other d e q  rrmod p w t h  

Not @law 
Damaged 
No idmlifiution 

OBSERVATIONS: 
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.n 6.0 QUALITY ASSURANCE QUALITY CONTROL (QA/QC) PLAN INTRODUCTION 

6.1 Introduction 

This QNQC I'lan is provided as part of thc Contingent Closure for the Incinerator Spray Pond at the 

Radford Army Ammunition I'lant. Thc purpose of this Plan is to establish standards that, when 
followed by thc Owner's inspcction pc r so~e l  (Quality Control - QC Engineer or Oflicer), will ensure 

that the contrdctor constructs the cap in accordance with the plans and the VHWMR Radford will be 

respons~hlc for cnsunng through thc implcmcntation of the QA\QC Plan that the terms and conditions 
of thc clnsurc plan arc ful fillcd during construction. The Radford representative on thc site, hereinafter 
referred to as the I'rojcct Manager. will bc responsible for coordination between Construction 
Contractorts) and thc QC Enginccr (or Oflicer), as well as for the overall project management during 
construction and implcmcntatmn of the full QA\QC Plan attached to this document as an appendix. 

Prior to construction, the Project Manager, the Contractor and the QC Officer will review the proposed 
cover plans for clarity and completeness. In the event that additional clarification is required, the 
design engineer will be consulted for necessary clarification or modifications. 

6.3 QC Engineer 

..4 

A QC Ihginccr. who will he an indcpcndcnt party and not responsible to the Construction Contractor, 

will he contrdctcd hy kidford during construction of the cover. The QC Engineer must be a 
Professional I'nginccr. liccfiscd in thc Statc of Virginia. The QC Engineer will direct the construction 
inspcction, tcsting and dcxumcntatitm cf i*  with specific responsibilities for the following activities: 

Ensure that thc anachcd full QA\QC Plan is implemented so that the final structure constructed 
mccts thc dcsign rcquircmcnts and the VHWMR. 
Reviewing the construction plans and specifications for c h t y  and completeness. 

Reponing and documenting construction activities to the owner (and VDEQ in a final report) 
that thc plans and specifications wcre followed by the contractor. 
Educating thc QA\QC impcction p c r s o ~ c l  on the QA\QC requirements and pmcdures. 

- Scheduling and coordinating the QA\QC inspection activities. . - 
- Directing and supponing t he QA\QC inspection personnel in performing observations and tests 

with rcsp&t t 0 - k  equipment calibration, and &ta collection, validation, reduction, 
interpretation and rcponing. 
Reviewmg and interpreting all &ta sheets and reports associated with the construction activities 
and reporting them to Radford. 
Identifying work that should be accepted, rejected, or uncovered for observations, or work that - may require special testing, inspection or approval, and reporting it to Radford 

- Rejccting defective work and verifying that corrective measures have been implemented 
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.- 
- 1:urnishing to the fdcility rcprcscntativc and to thc Contractor the results of all observations and 

tests as the work progresses. and coordinating with the Contractor when modifications to the 

plans arc necessary to cnsurc compliance with the specified design. 

6.4 QA\QC Inspection Personnel 

The respowihilitics of the QA\QC inspection pc r so~c l  will include: 

Conducting indcpcndcnt on-site inspcction of constmction activities to assess compliance with 
thc facility design plans and specifications. 
Verifying that the cquipmcnt uscd for testing meets the QA\QC specified test requirements, and 
that all tests are conducted according to the QA\QC Plan procedures. 
Reporting to the QC Engineer the results of all inspections, including work that is not of 
acceptable quality or that fails to meet the specified design. 

6.5 Project Meetings 

6.5.1 Preconstruction QAQC Meetings 

- A rnccting will he held to ~ s o l v c  any uncertainties following the award of the construction contract. 

The I'rojcct Manager. thc QA\QC inspcction pe r so~e l  and the Contractor will be prcsent. The topics 
of thc mccting wdl include. hut wdl not hc limitcd to: 

Providing w h  organkition rcprcscntative with the QA\QC documents and the suppoding 
information. 

- Rcvicwing all aspccts of thc site-specific QA\QC Plan to ensure understanding of the 
rcsponsihilitics, dut ics and inspxtionlmonitoring procedures. 
Discussing thc cstahlishcd pmcdurcs or protocol for handling construction deficiencies, repairs 

and rctcsting. 
Reviewing mcthcds Tor documenting and reporting inspcction data, and for distributing and 

storing doc;umcnts and rcpods. 
Identifying any changes to thc QA\QC Plan necessary to ensure that construction will be 
conducted in accordance with the permit. 
Discussing p&edures for the location and protection of construction materials and for the 

prevcntion of damage to the materials from inclement weather or other adverse events. 
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.- 6.5.2 Daily Progress Meetings 

A progress mccting will he held daily at the work arca just prior to commencement or just following 

thc complctlon or work. At a minimum, thc mccting will be anendcd by the Contractor and the 
QA\QC inspection pcrsomcl. The purposc of the mecting will be to: 

Review thc previous day's activities and accomplishments. 

Rcvicw thc work locations and the activities for the day. 
ldcntify thc Contractor's pcrsomel, and the equipment assignments for the day. 

- Discuss any potential constwtion problems. 

Daily mcctings will he dtumcntcd hy a mcmbcr or thc QA\QC inspection personnel, and copies of 
thc dcwmcntation will he compiled into a wcckly summary rcport for submission to Radford. 

6.5.3 Problem or Work Deficiency 
A special mceting may bc held when and if a problem or deficiency is present or is likely to occur. 
At a minimum. the meeting will be anended by the Contractor and the QA\QC inspection personnel. 
The purpose of the meeting w~ll be to define and resolve a problem or a recurring work deficiency as 
follows: 

..- Define and discuss the problcm or deficiency. 
Rcvicw alternative solutions. 

- lmplcmcnt a plan to rcsolvc thc problem of deficiency. 

Thcsc mcctings will hc dt~umcntcd hy a membcr of the QA\QC inspection personnel, and the 

documentation will he ixludcd in thc wcckly summary report. 

6.6 Test Equipment Calibration 
Ail field tcst equipment will hc kcpt under the control of the QA\QC inspection personnel. The 
QA\QC inqpcct~on pcrsonncl will bc hlly trained in the use of equipmen4 test procedures, and 
intcrprctation of rcsults for cach picce of test equipment. A copy of the calibration certificate will be 

kept by thc QC Ihginccr. Thc cquipmcnt will be calibrated in accordance with the Quality Assurance 
proccdwcs. 

Calibration or n i l &  &nsity gauges will conform to thc frcqucncics and mcthods outlined in ASTM 
D 2922-78 and D 3017-78. Unstable or erratic gauges will not be used for density testing and will be 
immediately rcmovcd from the site. 

6.7 Non-Conforming Test Results - Density and moisture contcnt test locations which fail to meet or exceed construction criteria will 
requlre rcworklng. The boundaries of the area to be reworked will be defined by the closest test 

locations which meet density and moisture content specifications. The nonconforming area will be 
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- reworked. dried or wcttcd as necessary, and retested. A nonconformance report will be prepared for 
areas which do not mcct construction specifications after reworking and retesting. 

Laboratory pennubility tcst rcsults which demonstrate a permeability above I x 10" cdsec  will be 

immediately hroupht to the attention of the QC Engineer. Nonconforming pcrmeability test results 
may rcsult in a rcvicw of previous tcst rcsults, ~tcsting, andor a reevaluation of compaction criteria. 

After rcvicw andlor rctcstinp a r w  which do not meet the specified permeability will require 

reworking. 

All nonconformance reports will be brought to the attention of the Project Manager by the QC 
Engineer and will be documented in the Quality Assurance files. 

6.8 Documentation 

6.8.1 Daily Recordkeeping 

Standard daily rcporling prtxcdurcs will include preparation of a summary report with supporting 
inspcwt ion data shccts. W hen appropriate, problem identification and corrective measures reports will 

bc appcndcd. 

/"- 

6.8.2 Daily Summary Report 

A standard Daily Summary Rcprt will be prepared by the QC Engineer or the QA\QC inspection 
persomcl. This rcporl will summaluc that day's construction activities and the chronological 

framework for identifying and recording all dher reports. The Daily Summary Report will include the 
following inhnnat ion: 

- Unique identifying shcct numhcr for cross-rcfemncing and document control. 

Ilatc. project name. Itnation, or dhcr idcntification. 
Data on weather conditions. 

Reports on any meetings held and their results. 
Unit processes and locations of construction underway during the time frame of the Daily 

Summary Report. - - -  
Equipment and p e r s o ~ e l  present on-site, including subcontractors. 

- Descriptions of areas ancVor activities being inspected andor tested, and related documentation. 
Description of off-site materials received, including any Quality Control certifications received. 

- 
' Calibration of test equipment. 

Dcc~sions made regarding approval or rejection of materials or construction activity, and any - corrcctivc actions taken. 

Kcfcrcncc to pcrtincnt data shccts or corrective mcasures reports prepared 
Signature of the QC' Ihginccr or the QA\QC inspection persomel preparing thc rcporl. 
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.- 6.83 Inspction Data Sheets 

Pertinent ohscrvations and hhordtory andor ficld data will be recorded on inspection data sheets. A 
standard data shcct format will he dcvclopcd by the QC Engineer. Where possible, a checklist will be 
used to cmsurc that no pcrtincnt factors of a specific observation are overlookcd. Inspection data 

shccts will include the following information: 

Uniquc idcnt i&g shcct numhcr for cross-re ferencing and document control: 
- Description of thc inspction activity. 

Location of the inspcction activity or location where sampling or testing activities occurred 
Typc of inspcction activity and procedure used 
~ccordkd observation or tcst data, with da ted  calculations. 

Rcsults of thc inspcction activity or tcst rcsults and comparison with spccification requirements. 
l'crsonncl involved in the inspcction activity. 

Signatures of thc appropriate QA\QC inspection personnel and concurrence by the QC Engineer. 

6.9 Acceptance Reports 

All daily inspection summary reports and inspection data sheets will be reviewed by the QC Engineer. - The documentation will be evaluated and analyzed for internal consistency and for consistency with 
similar work. 

Ttus information will periodically bc assembled and summarized into acceptance reports for submittal 
to Radford. Thcsc reports should indicatc that the materials and consmtion processes comply with 

thc pcrmittcd plans. 

6.10 Final Documentation 

At thc completion of thc project, a final ccrtification report will be issued by the QC Engineer and 
transmitted to RildforJ. This document will include, but not be limited to, the following: 

- Scopc of work. 

All daily ficld reports. 
All lahorat&y ;nd ficld &st rcsults. 

Test methods. 
I:.valuation of all tcst tcsults with rcspcct to projcct specifications. 

- Any non-conformancc reports. 
Personnel involved with thc project and their respective qualifications. - - As-built drawings and survey notes. 

Certification of f'l construction as meeting or exceedmg construction specifications. This 

ccrtification should be signed and stamped by the QC Engineer. 
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C At thc complction of lhc project, b d h r d  will suhmit a final report to the VDEQ - Waste Division. 
This rcport will include a summary of the observations and tcsting conducted during construction, 

deviations from &sign and material spccifications (with justifying documentation), and as-built 

drawings. This dmumcnt will hc prcprcd and certified correct by the QC Engineer and included as 
part of thc QA\QC I'lan dixumcntation. 

6.1 1 Document Control 

Thc QC Ihginccr will initiate a project filing syslem which will include, but not be limited to, the 

following: 

File copy of thc Quality Assurance pmceduts, updated as necessq. 

Photographic construction documentation. 
Survey rncasurements. 
Field and laboratory test results. 
Daily and weekly ficld results and reports. 
Field certification rcports including as-built drawings. 
Non-confonnance and corrective action reports. 
Minutes of construction meetings. 

,- 

6.12 Storage of Records 

During all construction activities, the QC Enginccr will be responsible for all facility QA\QC 
documents. This includcs the QC 1:nginccr's copy of the dcsign plans, the QA\QC Plan, and the 
originals of all the data sheets and r c p o ~ .  Duplicate rccords will be maintained by the facility to 
avoid loss of this infomation if thc originals are destroyed A copy of all documents will be 
maintaincd hy Radford throughout thc postclosure care period 
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1.0 INTRODUCTION 

1.1 Purpose 

The purpose of this document is to provide the quality assurancelquality control (QNQC) requirements 

for contingent closure system construction for the INCINERATOR SPRAY POND at the Radford Amy 

Ammunition Plant. This document provides the minimum inspection, testing, manufactutmg, material, 

and installation requirements needed to ensure that design requirements of the contingent closure system 

are met. Specifications and plan sheets are required for the construction of the landfill cap. The Quality 

Control Engineer (QC Engineer) will report to the owner, independent of the contractor, to ensure that the 

design reqwements are met. 

1.2 Scope 

This document addresses the test methods, test frequencies, and documentation necessary to ensure 

adherence to the construction specifications in all phases of the contingent closure system construction 

Protocol for reporting test results that c o n h  compliance with construction specifications, correcting 

C 
construction deficiencies, and documenting such corrections are also provided. 

1 3  Quality Assurance Organization 

1.3.1 Quality Assurance Plan 

The Radford INCINERATOR SPRAY POND Closure Construction Quality Assurance Plan (QAP) 

outlined herein will be admirusered by an engineering fm experienced in facility engineering, quality 

assurance, and construction management. The engineering firm, hereafter referred to as the "Engineer", 

reports to the Owner. The Engineer has the authority to halt any phase of construction due to quality- 

related concerns involving materials or mstalhtion. The Engineer will be responsible for the preparation 

of closure system construction reports to the Owner. A Professional Engineer will lead this effort. 

13.2 Quality Con-el - Engineer 

A Quality Control Engineer (QC Engineer) shall be employed or retained by the Engineer for this project. 

The QC Engineer is responsible for tabuhng all field and laboratory test data Products that will be used 

in the construction of the cap will have physical properties in accordance with the QAP presented herein. 

The QC Engineer will report his findugs and recommendations to the Engineer. The Engineer may reject 
C 
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materials andor modify construction operation based on these results. 

1.33 Vendors 

All vendors supplying materials used in the construction of the contingent closure system will implement 

a quality assurance/quality control (QNQC) program or comply with the QNQC Program outlined herein, 

and will report to the QC Engineer. The vendors shall submit physical test and chemical properties of 

materials and products that will be used in coastruction of the contingent closure system in accordance 

with the QAP presented herein and the vendor's QA document. Based on these results, the Engineer may 

reject materials andor halt production andor reject finished products. 

13.4 Contractors 

All contractors providing construction services for the contingent closure system shall comply with either 

a QNQC program reviewed and approved by the Engineer or with the QNQC program outlined herein. 

QC technicians will test and document all phases of the contingent closure system, includmg the testing 

of vendor-supplied materials and testing of completed construction to ensure adherence to construction - 
specifications. QC technicians will report to the QC Engineer. Based on QC test results, the Engineer 

may reject construction materials andlor rn* construction operation Audits of all aspects of the 

QNQC Plan for contingent closure system shall be conducted by the Engineer at least once during 

construction 

1.4 Qualifications of Personnel 

All QA personnel will be properly trained and wed to test and inspect the contingent closure system 

construction The QC Engineer is the key to the mspection and certification program. This person will 

have sufficient education and technical and administrative experience to perform his responsibilities. He 

will have demonstrated knowledge of specific construction practices re- to geosynthetics, all 

regulat~ons and specifications, - .  observation and testing procedures, and documentation procedures. 

Although qualifications for other QA personnel are not as stnugent, adequate formal training in 

observation and testing procedures is required 
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Vendors and Contractors will submit qualifications of their planned QA personnel to the Engineer. These 

qualifications will be kept on permanent file as a record of the construction process. 

1.5 Definitions 

Definitions of terms pertinent to the QNQC include: 

At tekrg  Limits - The liquid limit and plastic limit for soils (ASTM D4318-84). The water 
content when the soil behavior changes from the liquid to the plastic state is the liquid limit and 
from the plastic state to the semisolid state is the plastic limit. 

Classification System - The Standard Test Method for Classification of Soils for Engineering 
Purposes (ASTM D-2487-85, Unified Soil Classification System). 

Compaction - The process of increasing the density or unit weight of soil by rolling, tamping, 
vibrating or other mechanical means. 

Density - Mass density of a soil is its weight per unit volume; usually reported in pounds per 
cubic foot. 

Engineer - The consulting engineering firm responsible for earthwork monitoring, soil and 
synthetic laboratory testing, and providmg general supervision of all aspects of construction for 
conformance to the specifications and design drawings based on this QNQC Plan. The Engineer 
is technically accountable to the owner. 

Geomembrane - Very low permeability synthetic membrane liners or barriers used with any 
geotechnical engineering related material so as to control fluid migration in a man-made project, 
structure, or system. 

Geonet - A synthetic mesh dramage net used in civil engineering for geotechnical projects. The 
material has a wame-like cross section of openings that channel flow. Hydraulic transmissivity 
is dependent upon the slope w e n t  and the dimension of the geonet. 

Geotextile - Any permeable textile material used with foundation soil, rock, earth, or any other 
geotechnical engineering related matenal, as an integral part of man-made product, structure, or 
system. 

Grain-Size Distribution - The distribution of parkle sizes within a soil. Applicable method: 
ASTM D422-72. 

In Situ - "As is", or as it exists in place naturally. 

Moisture Content - The ratio of quantity of water in the soil (by weight) to the weight of the soil 
solids (dry soil), expressed in percentage; also referred to as water content. 
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12. Optimum Moisture Content (OMC) and Maximum Density - The moisture content corresponm 
to maximum dry density as determined in "Moisture Density Relations of Soils and Soil Aggregate 
Mixtures Using 4.54-Kg Hammer and ddmeter(m) Drop" (Modified Proctor ASTM 1557 unless 
otherwise stated). 

13. Permeability - The ability of pore fluid to travel through a soil mass via interconnected voids. 
"High permeability indicates relatively rapid flow. Rates of permeability are generally reported 
in centimeters per second (cdsec). 

14. Plasticity - The ability of soil mass to flow or be remolded without raveling or bxealung apart. 
Generally, hat range of soil water content between the liquid and plastic limit. 

15. Sieve (200 Mesh) - Refers to soil particle size passing (smaller than or equal to) the U.S. Sieve 
No.200 (ASTM Specification E- 1 1-8 l), which includes a 75-micrometer (0.00295-inch) opening. 

1.6 Document Control 

The Engineer will be responsible for the overall administration and control of the project QNQC 

document. The Engineer will verify that a QNQC filing system is implemented that will include, at a 

minimum, survey measurements, field and laboratory tests of soils, plant, field, and lab tests of synthetic 
C 

materials, daily field reports, and certifications. A file index will be prepared to expedite retrieval of 

documents. QNQC p e r s o ~ e l  will be required to update the filing system weekly with new data, test 

results, certifications, etc. 

1.7 Preconstruction Meeting 

A preconstruction meeting shall be held at the site prior to the start of construction. Representatives fiom 

the Engineer and the Contractor shall attend the meeting to review construction plans, the QNQC Plan, 

and other phases of construction This meeting should take place at least 1 week prior to construction. 
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2.0 STRUCTURAL FILL QUALITY ASSURANCE 

The structural fill will be placed over the Incinerator Spray Pond area The structural fill will be placed 

in a fashon that minimizes settlement and provides a uniform, smooth, compacted surface upon which 

to place the capping system's geomembrane. Material used for structural fill will be provided primarily 

by off-site sources that have a composition that meets the requirements of this section. 

2.1 Preparation of the Area Receiving Structural Fill 

Prior to placing structural fill within the Incinerator Spray Pond area, the entire subgrade area will be 

visually inspected, hand probed, and proof rolled by the Contractor. If any soft or loose areas are detected 

by the visual inspectionlhand-probing activities, these areas will be recompacted with as many passes as 

necessary to density these materials to the satisfaction of the QC Engineer. If these materials cannot be 

densified suffciently by the additional proof rolling, they shall be undercut and replaced with approved 

stmctwal fill. Unsuitable soil will be checked for contaminants and will be dqosed of in accordance 

with the lagoon closure plan. - 
2.2 Testing Prbr to Structural FUI Placement 

Prior to the placement of structural fill, geotechnical testing from each borrow source will be performed 

to verifL that material properties are in conformance with the closure plan and specifications. The table 

of ASTM tests to be used on the borrow source and the placement of the clay cap in the closure plan will 

be followed. Clean fill for compacting into the excantion will a clean eartben material free of large rock 

fragments, roots, or other objectionable matter. The Contractor will provide the certified test reports to 

the QC Engineer for approval of borrow material. 

2 3  Delivery Tkkets 

When requested by the Engineer, the delivery tickets supplying the following information for each load 

of borrow material will be submitted by the Contractor: 
- .  

A Name and location of supplier. 

A Type and amount of material delivered 

2.4 Structural Fill Construction 

-C 
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Structural fill material will not be placed, spread, or compacted while it is frozen or thawing, or placed 

upon h z e n  or thawing ground, or installed dutrng unfavorable weather conditions. When the work is 

interrupted by rain, fill operations will not resume until field tests indicate that the moisture content and 

density of the fill are within the specified limits. Before placement of the next layer occurs, a compacted 

layer that has been fiozen will be reworked and recompacted to the required specified density after 

thawing. 

The finished top elevation of the structural fill will represent the grades shown on the construction 

drawings. The structural fill will be constructed in 8-inch lifts (loose thickness) maximum, and compacted 

to a minimum of 92% of its maximum dry density as determined by the Modified Prcctor Compaction 

Test (ASTM D-1557). For fine-grained material, a sheepsfoot roller (minimum 20-ton &tic load) with 

l l l y  penetrating feet (&inch minimum) will be used If necessary, the material will be dried or water will 

be added to bring the moisture content to within 2% of its optimum moisture content. 

- The finished grade of the clay cap will be smooth, uniform, and free of any objects (i.e., stones) larger 

than 314-inch in diameter and any objects protruding from the surfbce that may damage the synthetic liner. 

A smooth drum roller (minimum 20-ton static load) will roll the area prior to acceptance and field survey. 

Final acceptance of the clay cap will not be given until synthetic liner installation A final inspection by 

the Engineer will be made at this time and any damage due to erosion and general exposure will be 

remediated prior to membrane installation 

2.5 Field Density Testing 

As the structural fill is placed and compacted, each Lift will be tested by the quality control technicians 

as specified in the closurt plan Areas of the stmctud fill that fail to meet density construction 

specification criteria will be reworked and retested 

- .  

2.6 Removal of Undesirable Materials 

All structural fill will be clean and inert; h of organics, waste or contamination, and miscellaneous or 

deleterious material; and will not contain particles larger than 3 inches in diameter. The maximum 

allowable particle size for f d  &inch lift will be no larger than 314 inch in diameter. If unsuitable 
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materials are observed dunng placement, they will be removed by the Contractor. Any voids created as 

a result of unacceptable materials removal will be filled with suitable material and recompacted according 

to the QC Engineer's direction 

2.7 Final Surface of Structural Fill 

The QC Engineer will visually inspect the surface of the compacted structural fill for smoothness and 

uniformity, includq undulations caused by the roller. Any objects p r o m d q  from the final surface or 

coarse fragments within the material that may damage the synthetic liner will be removed 

2.8 Survey Control 

Prior to structural fill placement, a topographic survey of the area will be conducted by the Contractor 

using a land surveyor registered in the State of Virginia. The completed surface will be surveyed to 

ensure that the actual depths and grades are in accordance with the plans and specifications. Two 

submittals comprised of as-built drawings before and after structural fill placement will be submitted to 

rrr 
the Engineer by the Contractor. The Engineer will certify that the grades of the structural fill are in 

conformance with the planned elevation 

2.9 Review of Quallty Control Information 

The Engineer will be responsible for the overall administration and control of the project QNQC 

document. The QC Engineer will be responsible for obtaining all of the laboratory test results and field 

test data from the Contractor, and for reviewing these data for conformance to the specificationdQAP. 

A copy of these data will be provided to the Owner. All nonconformance items not resolved between 

the Engineer and the Contractor will be brought to the Owner's attention The QC Engineer will maintain 

a field log and record all observations with regard to conformance with the QAP. The daily log, which 

will be provided to the owner, will summarize daily activities and QNQC inspections, testing, and 

documentation - - 
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3.0 SYNTHETIC LINER QUALITY ASSURANCE 

3.1 Quality Assurance Testing of Synthettc Liner Materials 

The following quality assurance testing will be conducted on the synthetic membrane to be used as the 

barrier layer within the cap system. The geomembrane will be 30-mil polyvrnyl chloride (PVC), 30-mil 

VLDPE, 60 mil HDPE, or an equivalent geomembrane. The Contractor will submit the test results of the 

following to the QC Engineer prior to geomembrane delivery. The QC Engineer will then inspectlreview 

these data for conformance to the material specifications. 

The membrane will be tested prior to shipment to ensure that the physical and chemical properties of the 

frnished product are in conformance with the construction specifications. The Contractor is responsible 

for providmg these test data prior to liner installation Test frequencies shall be at minimum at least as 

stringent as the manufacture's recommendation. The mean, minimum, maximum, and standard deviation 

of the conformance testing results will also be provided to the Engineer. 

3.2 Inspectbn of Material Handling and Storage - 
Materials will be delivered to the site after the required submittals have been h h e d  and approved The 

QC Engineer will inspect the handling and storage of the geomembrane for conformance to the 

manufacturer's recommendations to prevent damage to the geomembranes. The Contractor will provide 

labor and equipment to properly unload material upon arrival at the site. The material will be stored in 

a reasonably level area, well drained, away from oiwheis, brush, and poison oak or ivy. The material 

should be stored on a smooth surfice that provides good support and in an area that facilitates easy access 

by inspectors. The protective covers used to wrap each matenal roll shall not be removed until 

immediately before the matenal is to be installed in the field Geomembrane rolls will be stored in a flat 

area underlain by a be- geotextile and will not be stacked more than three rolls high. 

3 3  Foundation Preparation lad Equipment 
- .  

Prior to installation of the geomembrane, the hung contractor will venfy the conditions of the clay cap 

fill to ensure that this surface represents aa adequate swface for the geomembrane. The hung contractor 

will noti@ the facility representative in writing of his acceptance of the clay cap prior to installation of 

the geomembrane. This notification shall be consistent with the liner supplier's requirements for the 

.C 
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structural fill in order to presehre the warranty for the liner. 

3.4 Field Installation Supervisor Requirements 

The geomembrane liner will be installed by the liner manufacturer or an approved Contractor trained and 

licensed to install the manufacturer's geomembrane. Installation will be performed under the constant 

direction of a field installation supervisor who will remain on-site and be responsible, throughout the 

complete liner installation, for liner layout, seaming, patcllmg, testing, repairs, and all other installation 

activities. The installation supervisor will have installed or supervised the installation and seaming of a 

minimum of 250,000 sf of geomembrane. Actual seaming will be performed under the direction of a 

master seamer (who may also be the installation supervisor) who has seamed a minimum of 250,000 sf 

of geomembrane using the same type of seaming apparatus specified for the geomembrane in this project. 

-This installation supervisor andlor master seamer will be present dunng all seaming activities. The 

geomembrane shall be laid out and installed by trained technicians in accordance with the applicable 

Engineer-approved panel installation drawings. The geomembrane to be used in this project and the seem 

.1. 
layout will be submitted to VDEQ as specified in the closure plan narrative. 

3.5 Weather Conditions 

Geomembrane weldmg will not take place in temperatures less than O"C (32°F) unless it can be proven 

via test strips that acceptable seams can be fabricated at lower temperatures. For cold weather seaming, 

it may be advisable to preheat the sheets with a hot& blower, use a tent of some sort to prevent heat loss 

during seaming, change solvent to one appropriate for cold weather seaming, or decrease the seaming rate. 

The Contractor will submit, prior to liner installation, proposed cold weather seaming procedures for 

approval if it is anticipated that ambient temperatures will be below 32°F dunng weldmg operations. 

Ambient temperatures for seaming should be below 40°C (LOST), measured 2 A above the liner. 

3.6 Visual I n s ~ t b a  - of Geomembrrne During Placement 

The lining contractor will be responsible for the Lnspaction of the sheet rolls upon arrival at the job site. 

Should the rolls show damage h m  transit, they will be so identified by the lrnrng contractor and set aside 

for either return to the manufacturer or repair in accordance with the manufacturer's recommendations. 

During unrolling of the lining material, the luung contractor and QC Engineer will perform visual 
C-- 
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rnspection of the sheet surface. Any faulty areas will be repaired by the lining contractor using pre- 

approved techniques. 

Such repairs will be recorded on the shop drawings and reported to the Engineer by means of a daily 

quality control (QC) log. At any point in the work, if the daily QC log has not been submitted, the 

Engineer has the right to stop work at the cost of the Contractor. Work will resume upon receipt of the 

required daily QC log. 

3.7 INSTALLATION PROCEDURES 

The geomembrane liner will be laid out and installed by trained technicians in accordance with the 

applicable Engineer-approved panel installation drawings. The liner will be installed by the liner 

manufacturer or an approved representative. After the sheets are properly positioned, the pre-approved 

welders will then weld the liner using the accepted method No work will begin until the Engineer has 

received proof of the welders' r e q d  qualifications. - 
The sheets will be piaced in a configuration that permits termination at the edge of the perimeter trenches, 

as will be shown on the drawings. The layout will be designed to minimize the number and length of the 

field joints, consistent with proper methods of liner installation. 

3.7.1 Field Panel Placement 

Prior to commencemcnt of the installation, the Contractor will provide the Engineer with a proposed panel 

layout drawing. The proposed p e l  Layout drawing is tentative and may be modified by the Engineer or 

the field installation supervisor. In general, seams will be oriented parallel to the line of maximum slope. 

Seams where more than two panels are connected (Y and T scams) will be patched 

A seam numbering system comwble with a p e l  numbering system will be employed on the project. - - 
Field joints will be made by overlapping adjacent sheets a minimum of 4 inches. Anas cut to remove 

wrinkles or f~hmouths will be cut along the ridge of the wrinkle and patched at the ends with a solvent 

weld or heat weld completely sumundurg the patch perimeter. Small circles, approximately 3 to 5 inches 

in diameter, will be cut at the ends of the stmight cuts to preclude propagation of these cuts under stress. - 
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lf panel overlap is excessive, the bottom sheet will be field cut. Where the overlap is inadequate, an oval 

or round patch extending 4 inches beyond the cut will be installed 

3.7.2 Seam Preparation 

Prior to seaming, the seam area will be clean and free of moisture, dust, dtrt, debris of any kind, and 

foreign material. Seams will be aligned to create the fewest possible number of wrinkles and fshmouths. 

Panels will be overlapped with the upgnubent panel overlapping the dow-ent panel. All seam 

interfaces will be visually examined for scratches, blemishes, flaws, and texture. All seam preparation, 

includmg cleaning and trimming, will be completed at least 50 fi ahead of the seaming operation so 

seaming may be continued with as few intenuptions as possible. Trimming of seams and patches will be 

accomplished using scissors with blunt or round ends. 

3.73 Seaming 

The approved seaming techniques for this project are solvent seam and bodied solvent weldmg for PVC 

.n 
geomembtane or h ~ t  weldmg for the polyethylene (HDPE or VLDPE) products. The sheets which are 

overlapped for seaming must be clean and completely free of moisture in the seam area Seam areas will 

be wiped clean with dry rags or towels, and will be dried with air blowers or infrared lamps unless the 

contractor has an abundance of Qy rags, which would be acceptable for drying purposes. 

Seaming activity will not be permitted duMg rain or snow unless the contractor provides an enclosure 

or another form of shelter to ensure moisture-fhe seaming. If PVC geomembrane is used all production 

seaming will be performed with a seaming board underlying the seam area The seaming board will 

prevent sub-base moisture from king drawn into the seam area by the drying apparatus as well as provide 

a fum base for seaming. 

3.73.1 Equipment - Preparation - .  

For PVC geomembtane there must be an ample supply of the manufacnne?~ recommended solvent 

available on-site prior to liner placement. Storage of the solvents will bc away from any portion of the 

liner in an area sheltered from the elements and kept at room temperature. The Contractor will provide 

..- 
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an adequate quantity of plastic squirt bottles, fine bristle paint brushes for applying bodied solvents, 

natural fiber rags, rollers, brushes and seaming boards for the project. The plastic squirt bottles will be 

equipped with end appliances that will provide a unifonn amount of solvent to the seam area. Bottles will 

be filled away from the liner area. The natural fiber rags will be of a compatible nature with the solvent 

so as not to deteriorate and interfere with the seaming process. Brushes provided will have fine bristles 

for quick and efficient dust removal from seam areas. Pressure will be applied to the bonded seam area 

by steel, rubber, nylon or wood rollers that are 2 inches to 3% inches in width. Roller surfaces will be 

clean to ensure smooth seaming. Several 1 inch by 10 inch wooden boards with m d e d  comers will be 

available for use as seamlng boards. These "workmg platforms" will be at least 4 ft long bul no longer 

than 16 ft long. A properly functioning small electric generator to power heat lamps or hot air blowers 

will be located within close proximity of the seaming area The generator will be placed on a completely 

stable smooth plate that will pose no hazard to the hung system. Fuel for the generator will be stored 

away from the liner. The generator will be reheled over a scrub sheet that will protect the liner from the 

hel. A small air compressor to be used to power air lance testing will also be provided The same liner 

protection measures taken for the generator will apply to the air compressor. 
rCI 

For polyethylene (HDPE or VLDPE) products, they shall be stored in an area secure from adverse weather 

conditions, and protected from W light, heavy winds or precipitation, temperature extremes, and vandals. 

The liner bedding should be observed and verified by the h e r  m a n u f m r ' s  representative. The 

engineer shall: measure and c o n f i  that required overlaps of adjacent membrane sheets are achieved; 

visually inspect each panel for tam, punctures, and thin spots; mark thin spots for npair, observe 

conditions while seaming operations proceed on the polyethylene sheets; observe that the sheets are free 

of drt ,  dust, and moisture; observe and note that the seaming materials and equipment are as specified 

by the manufacturer, observe and note the weather conditions while seaming; take measurements of 

temperatures, pressures, and spetd of seaming, when applicable, to ensure that they are as spacified (i.e., 

gauges and dials shall - .  be checked and ceadmg recorded); make sure the double weld seaming heaters shall 

run a test seam which will be destructively tested before each shift's weldmg begins; verify that 

appropriate destructive and nondestructive tests are performed and that horizontal and vertical control is 

maintained; document that 10003 of the seams are nondtstructively tested; vcnfy that any npairs made 

were made in accordance with the manufacturer's recommendations and specifications and then retested; 

fl 
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requve additional testing in areas of discoloration or suspicious observations; document destructive test 

samples as to location, time, crew, and technique. 

Prior to placement of the drainage layer or any temporary coven, QA personnel shall visually inspect the 

membrane for any damage that may have occurred dunng installation If any damaged areas are located, 

they shall be marked and patched using approved repair methods. Any repairs made shall be non- 

destructively tested 

3.73.2 Test Seams 

Prior to production welding, test seams will be prepared by each welder. This will be implemented every 

4 horn or at the direction of the Quality Control Engineer. The purpose of the test seams is to establish 

proper preparation and w e l d q  procedures and subsequent seam evaluation A large enough test seam 

will be obtained in order to field test one section, retain one section for laboratory testing at the direction 

of the QC Engineer, and retain one section for the project archives. Individual samples will be cut from . 

the test seams and cured in a field oven When curing is complete, the samples will be tested in a field 
h 

tensiometer in both shear and peel. If a test seam fails to meet seam specifications, the seaming procedure 

andlor welder will not be accepted and will not be used in production w e l d q  until the deficiencies are 

corrected and two consecutive successll test seams are achieved 

3.733 Seaming Process 

If PVC panels are used, the PVC gwmembrane panels will be positioned in a manner that creates an 

overlap of at least 4 inches. Of the 4-inch overlap, the inner 2 inches will be left unbonded while the 

remaining width will make up the weld The reason for the unbonded areas on the PVC sheets is that this 

will prevent excess solvent from p o n d q  on the underlying soil, creating a possible hazard to the 

overlying PVC liner. The solvent will spread over the unbonded area, creating a wider weld instead of 

a concentrated area that would damage the he r .  Once the panels are properly positioned, the wooden 
- .  

seaming board will be placed under the area to be welded A fme bristle brush will be used to remove 

dust particles from the seaming area 

Where possible, seaming will begin at the midpoint of the panel and progress toward the ends in order 

h 
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to prevent the occurrence of fuhmouths in the center of the panel welds. Searmng will progress in the 

uphlll direction whm solvent seam weldmg is to be used If the "dwell time" is negated due to solvent 

depletion, the bodied solvent will be used At "T" connections, additional solvent will be used to ensure 

proper bonding. 

The critical part of the solvent welding process is the application of the correct amount of the appropriate 

solvent. For solvent weld seams, the solvent will be applied with a squirt bottle until it has puddled on 

the bottom panel. For the bodied solvent seams, the bodied solvent is applied uniformly to the bottom 

of the upper panel and to the top of the bottom panel. For either process too little solvent will result in 

a weak seam, and excess solvent must be squeezed out of the seamed area with the roller. For this reason, 

the installer will be required 10 exercise great care dunng solvent application to ensure the correct amount 

of solvent applied 

After applying the solvent, the panels will not be mated to one another before the flash time or initial 

reaction time has elapsed Flash times are a h t i o n  of solvent, thickness, and type of thermoplastic liners 
*rr- 

and vary from 2 to 5 seconds. The flash time will be recommended by the manufacturer and confumed 

in the field by the installer who will then wait the mpred time prior to panel mating. Once the flash 

time has elapsed, the panels will be mated together and pressure will be applied to the upper panel above 

the seam area. The pressure will be applied with the roller described previously. The rolling process will 

be accomplished in two phases. The fm phase involves rolling parallel to the seam for five passes within 

a 2-ft-long seam increment. This will force excess solvent toward and out of the exposed edge of the 

overlap. The second phase involves rolling perpendicular to the seam. A minimum of eight perpendicular 

passes will occur in the 2-A-long increment of the seam. This will ensure that no air pockets remain in 

the bonded area, hence providmg close contact between the two PVC panels. The installer will make sure 

roller surfaces are clean and smooth at all times. Excess solvent will be immediately wiped from the top 

of the liner towards the leading edge of the seam to minimize spreadmg of the solvent. 
- .  

The QC Engineer will ensure that these installation procedures are followed If installation procedures 

deviate fiom those described herein, the Engineer will document it in the field and daily logbooks. If the 

deviation results in defect, the QC Engineer will note this and will ensure that proper repair procedures 

.- 
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are performed and recorded 

3.8 Inspections During and After Seaming 

3.8.1 Weld Inspection 

All site welds will be visually inspected immediately after production by the field QC technician andlor 

liner site manager. Any area of the liner containmg spilled solvent or puncture holes will be cap stripped 

with the patch extending at least 4 inches beyond the affected areas. In addition, all field welds will be 

nondestmctively tested over their full length for continuity and water tightness using tests described below. 

The results will be recorded daily on a Report of Welds Form. 

3.8.2 Nondestructive Seam Continuity Testing 

The Contractor will nondestructively test all field seams over their full length using an air lance, or other 

method approved by the Engineer. The purpose of the nondestructive tests is to check the continuity of 

seams. It does not provide information on seam strength Continuity testing shall be conducted as the 

seaming work progresses, not at the completion of all field seaming. 
rs4 

3.8.3 Air Lance Testing 

The equipment shall be comprised of the following: 
& An air compressor equipped with pressure gauge capable of generating and sustainrng a pressure 

of at least 50 psi. 
& A nozzle with a 3116-inchdiameter orifice. 
& A rubber pressure hose with fittmgs and connections. 

The following procedure shall bc followed: 
Energize the air compressor until the tank pressure is at least 50 psi (10 inches of Hg). 

& Open the nozzle valve. 
A Direct air flow beneath the upper edge of the overlapped seam. Air nozzle should be no M e r  

than 3 inches from the seam area 
A Examine the geomembrane for evidence of inflation and fluttering in the localized area for 

approximately 5 seconds. 
A Mark anbqiair all areas where inflation or fluttering appear in accordance with Subsection 3.8.5. 
A Record air lance-tested seams in the daily QC log. 

3.8.4 Random Weld Samples (Destructive Seam Strength Testing) 

Random weld samples will be cut from the installed welded geomembrane at a minimum frequency of 
C 
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one sample for every 500 A of weld A maximum frequency will be agreed upon by the Contractor, 

Owner, and Engineer prior to liner placement. Additional locations will be determined dumg seaming 

at the Engineer's discretion Selection of such locations may be prompted by suspicion of excess solvent, 

contamination of set welds, or any other potential cause of imperfect weldmg. In order to obtain test 

results prior to completion of liner installation, samples will be cut by the installer as the seaming 

progresses. Sampling times and locations will be determined by the QC Engineer based upon visual 

observation and experience. The QC Engineer must witness the obtainment of all field test samples, and 

the installer will mark all samples with their location, roll seam number, and welder. The installer will 

also document the date, time, ambient temperatures, and pass or fail description A copy of this 

information must be attached to each sample portion All holes in the geomembrane resulting from 

obtaining the seam samples will be immediately repaired 

The installer will cut a 12-inch-wide by 40-inch-long sample with the seam centered lengthwise for each 

random (seam) sample. Two I-mch-wide strips will be cut from each end of the sample. The installer 

a will field test the two specimens fiom each end (total of four) for shear strength and peel adhesion using 

a laboratory-quality tensiometer. To be acceptable, all four test specimens must pass. Any specimen that 

falls through the weld is considered a failure. 

The remaining sample will be cut into three parts ("coupons") and distributed as follows: 

A One portion to the geomembrane installer for laboratory testing (12 inches by 12 inches). 

A One portion for independent laboratory testing (12 inches by 12 inches). 

A One portion to the Engineer for archive storage (12 inches by 12 inches). 

The QC Engineer will package and ship seam samples for independent laboratory testing received from 

the ~nstaller for the determination of shear and peel strengths. The Contractor will be responsible for all 

independent laboratory - testing. The test method and procedures to be used by the independent laboratory 

will be the same as those used in field testmg, where seam samples are 1 inch wide. Four of five 

specimens per sample shall pass both the shear strength (ASTM D-3083, modified by NSF) and peel 

adhesion tests (ASTM D413, modified by NSF) per the criteria listed above. 
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All test results from the geomembrane installer's laboratory and the independent laboratory will be 

submitted to the Engineer as soon as they become available. The Engineer will evaluate all test results 

and determine the required corrective action, if any. 

The following procedure will apply whenever a sample fails the field destructive test. The geomembrane 

installer has two options: 

1. The geomembrane installer can reconstruct the seam between the failed location and any passed 

test location 

2. The geomembrane installer can ntrace the weldmg path to an intermediate location (at a 1 0 4  

minimum for the locatim of the failed test) and take a 12 inch by 12-inch sample for an 

additional field test. If this additional sample passes the test, then the seam should be 

reconstructed between that location and the origrnal failed location If this sample fails, then the 

process is repeated 

In any case, all acceptable reconstructed seams must be bounded by two passed test locations (i.e., the 
C 

above procedure should be followed in both directions from the origrnal failed location), and one test must 

be taken w i t h  this reconstructed area. 

In the event that a sample fails a laboratory destructive test (whether it is conducted by the independent 

laboratory or by the geomembrane installer's laboratory), the above procedure should be followed 

considering laboratory tests exclusively. B e c m  the final seam must be bounded by two passed test 

locations, it may then be necessary to take one or more new samples for laboratory testmg in addition to 

the one required in the reconstructed seam area 

3.8.5 Laboratory Testing of Welds 

Laboratory testing of seaming operations will concentrate on the seams and joints in the membrane. 
- - -  

Physical testing requirements for field scam coupon samples are listed below: 

A Seam Peel Stress (ASTM D-413 - NSF Modified). 

A Thickness (ASTM D- 1593). 

A Shear Strength (ASTM D-3083 - NSF Modified). 
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Acceptable values for the thickness test are 1 W !  or more of the values for the parent material. Peel and 

shear tests will meet NSF Standard 54 requirements, which includes FM or 10 poundslinch width for both 

shear and peel tests. 

Test location as-built drawings and results shall be submitted to the Engineer with certification that the 

geomembrane has met all of the requirements in the p b  and specifications. 

The approved destructive and nondestructive testing shall be carried out by the liner contractor in 

accordance with the approved procedures and plan. Repairs and replacements shall be made based on the 

test results. 

3.8.6 Defects and Repairs 

All seams and non-seam areas of the geomembrane will be evaluated by the QC Engineer for identification 

of defects, holes, blisters, unrllspersed raw materials, and foreign matter contamination Because light 

reflected by the geomembrane aids in the detection of defects, the surface of the geomembrane should be - 
clean at the time of inspection The geomembrane surface should be swept or washed by the 

geomembrane installer if the amount of dust or mud inhibits inspection 

Each suspect location, both in seam and non-seam areas, will be nondestructively tested using the methods 

described previously. Each location that fails the nondestructive testing will be marked by the QC 

Engineer and repaired by the geomembrane installer. Repair procedures will be agreed upon between the 

Engineer, geomembrane installer, and inspector prior to geometric installation Unless otherwise agreed, 

the procedure will be as follows: 

L Defective seams will be repaired by reconstruction, as described below. 

L Tears or pinholes that have penetrated the geomembrane will be repaired by patch .  

A Blisters, larger boles, undqersed raw materials, and contamination by foreign matter will be - - .  

repaired with patches. 

A All seams used in repairing procedures must be approved and will be subjected to the same 

nondestructive test procedures as outlined for all other seams. 
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Each patch will be numbered and logged. Patches will be round or oval in shape, made of the same 

material as the geomembrane, and extend a minimum of 4 inches beyond all edges of the defect. Patches 

will be applied using the approved method as required in the manufacturer's specifications. The 

specifications will include the comers of the patches being rounded; and the patch extendmg a minimum 

of 6 inches from the area to be repaired. 

Each repair will be nondestructively tested using the methods described previously. Repairs that pass the 

nondestructive test will be taken as an indication of adequate repair. Repairs that fail will be redone and 

retested until a passing test results. The QC Engineer will observe all nondestructive testing of repairs 

and will record the number of each patch, date, name of patcher, and test outcome. 

.3.9 Review of Quality Control Information 

Thc Engineer will review all QC information, inc- raw material conformance, furgerprinting, and 

field and independent laboratory test data If test results or observations reveal that the work is not in 

ICq 

conformance with the specifications, the Engineer will resolve the problem by the methods set forth in 

the construction specifications. If the method to be used is not in the specifications and the Engineer and 

Contractor agree on use of the method, the method will be recorded. A copy of all QC information 

recorded or received by the Engineer shall be given to the Owner. 

3.9.1 Submittals 

The lining manufacturer or supplier will submit to the Engineer for approval within 4 weeks after award 

of the contract the following information: 

A Manufacturer's QC program andlor manual tbat outlines the factory QC procedures. This shall 

address, at a minimum, delivery and use of raw materials, geomembrane roll production, and 

QAIQC of these activities. 

A Two sets of certified laboratory test results for the tests required prior to delivery of - - -  

geomembrane. In addition, the Contractor shall provide a certified statement from the 

manufacturer that the geomembrane to be delivered to the site meets all of the physical property 

requirements. 

A Manufachmr's Certificate of Compliance for geomembrane raw materials conformance. 

h 
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Manufacturef s certificate of compliance to the construction specification. 

Manufacturefs warranty for the installed liner. 

Proposed installation panel layout drawings, including seam identification, orientation, and roll 

numbers. The Contractor shall also provide on the drawings the correspondmg panel and roll 

numbers fiom which coupons were taken by the manufacturer. 

Manufacturer's recommended product defect repair and construction repair procedures. 

Manufacturefs recommended field seaming procedures and techniques, includmg: methods, 

overlap, personnel identification, QAIQC of seaming operations, temperatures, and preparation of 

materials. 

Manufacturer's nondestructive and destructive seam testing procedures, includmg type(s) of tests, 

a list of equipment required, frequency of tests with locations, methods, qualifications of personnel 

performing the tests, and acceptancelrejection criteria for tested seams. 

Contractofs daily QC log format to be used during liner installation. 

As-built drawings of the liner showing all seams, construction repairs, patches, coupon test 

locations, and repaired factory defects. All repair shall be recorded on the as-built drawings. The 

as-built drawings shall also indicate the panel and roll numbers fiom which coupons were taken 

prior to installation. 

Using the construction drawings, the lining manufacturer will specify all components and details requlred 

for liner construction. 

3.9.2 Daily Quality Control Log 

The Contractor will maintain a daily QC log during all phases of liner installation. This log will document 

the daily progress cf the liner installation from the delivery of the liner to f d  acceptance. The daily log 

will designate those constrwtion activities that influence the integrity of the liner d u ~ g  installation. The 

log, at a minimum, will include entries and detailed documentation of the following: - 
& Weather - temperature, winds, and precipitation. 

& Preparation activities, includmg removal of water, sediment, liner cleaning, or sub-base smoothing 

and repair. 

a Document roll number and sheet lot number placed in the required panel locations. 

rC 
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d, Repairs and replacements. 

d, Document seaming activities, includmg name of welder(s) for each seam and any leakage detected 

in testing of that seam. 

d, Results and locations of destructive and nondestructive testing performed as part of liner 

installation, includurg corrective action taken 

d, Equipment used to place the liner, 

d, Inspection and backfilling of perimeter trench 

Prior to performing the work, the Contractor will submit the daily QC log fonnat for approval by the 

Engineer. 

CQA Plan - Page 21 



1- Spny Pod Clourr F'lm (HWMU-39) 
W o r d  A m y  Ammunition Plant, EPA ID No.VA1210020730 

4.0 DRAINAGE LAYER QUALITY ASSURANCE 

The drainage layer will consist of a 12 inch crushed aggregate layer with a minimum permeability of 1x 10  

2~mJs. The drainage layer will drain into a perimeter trench consisting of a come aggregate. PVC outlet 

pipes may be spaced to drain the perimeter trench A perimeter dramage channel will drain the outlet 

pipes as well as cap runoff. 

4.1 Drainage Layer Material Specifications 

4.1.1 Geotextiles 

Geotextiles will be used for filtration and separating applications in the drainage layer. An 8 ozIyd2, non- 

woven, needle-punched geotextile will be used on top of the geonet and will be placed beneath the 

protective cover. 

4.1.1.1 Conformance Testing 

Geotextiles will be tested prior to shipment to ensure that the physical properties of the finished product 

,-. are in accordance with the construction specifications. Samples of the geotextiles will be tested by the 

manufactuier or at the approved testing laboratory at a frequency of one sample (at least 4 A by 4 A) for 

every 25,000 ff of material installed in the dramage layer. Geotextile samples will be tested to determine 

unit weight, thickness, grab strength, puncture strength, Mullen burst strength, trapezoidal tear, AOS, and 

permeability. Each sample of geotextile will have the roll, lot, and manufacturer clearly marked on or 

attached to the sample. 

Certified test reports within the requirements of standards and testing methods specified herein will be 

submitted to the QC Engineer prior to delivery. The geotextile manufacturer and Contractor must assure 

the Engineer that the material they offer to fiPNsh and install will meet every aspect of the construction 

specification requirements. The Contractor will transmit to the QC Engineer all information given to him 

by the manufacturer er supplier prior to approval for h h m g  and installing any such material. 

4.1.1.2 Delivery, Handling, and Storage 

Materials will be delivered to the site after the r e q d  submittals have beem fUrnisbed and approved 

Storage and handling of the materials will conform to the manufacturer's recommendations and will be - 
CQA Plan - Page 2.2 



laciwntor S p y  P o d  C l m  Rm (HWMU-39) 
Word Amy AmMnitioa Rant, EPA ID NaVA1210020730 

conducted in such a manner as to prevent damage to any part of the work. The Contractor will provide 

labor and equipment to properly unload material upon arrival at the site. The material shall be stored in 

a reasonably level area, well drained, away from oilsffbels, brush, poison oak or ivy, in an accessible area 

for inspection, and on a smooth surface so that the material is well supported and not resting on sharp 

objects. Individual pieces or bundles shall be stored with safe wallung space and clearance to allow full 

view for inspection purposes. The protective covers used to wrap each material roll shall not be removed 

until immediately before material installation 

All geotextiles will be covered within 14 calendar days following removal of their protective wrapping 

and their placement in the field to protect them from ultraviolet light degradation. Any geotextiles left 

exposed longer than the 14 calendar days will, at the QC Engineer's direction, be removed and replaced 

at no cost to the Owner. 

4.1.1.3 Inspection of Gcotextiie Before and During Plrcement 

The Contractor will be responsible for the inspection of the geotextile rolls upon arrival at the job site. - 
Should the rolls show damage from transit, they will be so identified by the Contractor and set aside for 

either return to the manufacturer or repaired in accordance with the manuf'turer's recommendations. 

Prior to commencement of the installation of any geotextile, the Contractor will provide the Engineer with 

a proposed panel layout drawing, i.e. a drawing of the facility to be provided with geotextile based upon 

submitted engineering drawings. The proposed panel layout drawing is tentative and may be modified 

by the Engineer. 

During placement of the geotextile, the Lining Contractor will conduct visual inspections of the material 

surface. Any faulty areas rclatmg to a r k  integrity, uniformity, rips or tears, sewing incompleteness, and 

seam overlap will be - repsured by the lining contractor using pre-approved techniques. Such repairs will - 
be reported to the Engineer by meam of a daily QC log. At any point in the work, if the h l y  QC log 

has not been submitted, the Engineer has the right to stop work at the cost of the Contractor. Work will 

resume upon receipt of the required daily QC log. 
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QC technicians will verify that fabric placement conforms to the constmction plans and specifications. 

4.1.2 Perimeter Trench Coarse Aggregate 

Material for use in the perimeter trench backtill will be obtained from an approved off-site borrow source. 

The material will be inorganic, environmentally clean, well-graded, gravel sized material that is non- 

calcareous and possesses a compacted hydraulic conductivity equal to or greater than 1.0 X 10-2 cmlsec. 

The material may not contain miscellaneous fill or other deleterious inclusions. Shales, clay-stones, silt- 

stones, and other rapidly degradable materials will not be acceptable as perimeter trench backfill. 

Prior to delivery and placement of any perimeter trench backfill, the Contractor will notify the QC 

Engineer in writing of the location of his proposed aggregate source(s). Upon visual acceptance by the 

QC Engineer, a minimum of two representative 100-pound samples of the material from each borrow 

source will be obtained by the QC Engineer and transported by the Contractor to the approved 

geotechnical testing laboratory for testing. A complete series of tests will be conducted on each sample 

I 
and will consist of deteminations of moisture content (ASTM D-2216); grain-size distribution (ASTM 

D 4 2 ) ;  maximum and minimum dry density (ASTM D4253, 4254); and the hydraulic conductivity 

(ASTM D-2434) of a sample compacted to at least 75% relative density. 

The geotechnical laboratory will prepare a certified test report and transmit these data to the Contractor. 

The Contractor will then transmit this report to the QC Engineer for review and approval. 

The Contractor will submit certified test reports for the proposed aggregate source(s) before delivery of 

the primary leachate collection zone material. Each t ~ ~ ~ k l o a d  of material delivered to the site will have 

a "transit slip" from the supplier that provides the following information: Ownefs name; Contractofs 

name; borrow source; type of material; and other required geotechnical information. 

- .  

4.13 Pipe Material Specifications 

Pipe material, if used for perimeter trench dramage, will be 3-inchdiameter PVC slotted schedule 40 pipe. 

Drainage pipes will be metered in field to confom to cap slope. 
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The Contractor shall submit to the Engineer for approval certificates of compliance before delivery of 

materials for PVC pipe furnished by the Contractor for this project. Certificates will include the following 

infonnation: a copy of the manufacturer's certified test reports; job location; the Contractor's name; types, 

classes, and strengths of pipe; and the pipe manufacturer's name. 

4.2 Drainage Layer Installation 

4.2.1 Installation of Ceotextiles 

The manufacturer's recommended installation procedures will be submitted by the Contractor for the 

sewing of the geotextiles, including procedures for repair. All seaming shall be performed by the 

manufacturer's trained personnel. The Contractor may also be requested to submit tmnmg or experience 

records of the installers to the Owner for approval. 

Geotextile shall be placed by the geomembrane lining contractor at the locations shown on the drawings. 

All geotextile seams will be overhpped a minimum of 8 inches and tacked using a "Liester" gun or sewn 

C" 
securely in a prayer fashion using KEVLAR thread. Endsf-roll seams will be offset a minimum of 5 !I 

between adjacent roll ends. Installed fabric shall be covered with the protective cover material as soon 

as possible, but in no case longer than 14 calendar days. During periods of high winds, sandbags or other 

methods approved by the manufacturer shall be used to s e c w  any exposed fabric. 

A minimum of 12 inches of earthen material will be placed upon the geotextile and spread in advance of 

construction equipment with high flotatiodow ground pressure equipment. The Contractor will exercise 

extreme care during placement of the protective cover so as to cause no damage to the fabric. At no time 

will construction equipment be permitted to track directly on the fabric. Any damage to the fabric or 

lining system will be repaired by the Contractor (using approved methods) at no expense to the Owner. 

4.23 Installation of the Perimeter Trench Backfill 

The perimeter trench backfill consists of compacted coarse aggregate that meets the material requirements 

of Subsection 4.1.3. 

The material shall be placed in horizontal Ms not to exceed 8 inches in loose thickness and compacted 
F 
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until dense and stable as determined by the Engineer. Hand-manipulated compaction equipment such as 

vibrating plates or mechanical tampers should be used 

Equipment used for placing the perimeter trench backfill shall not be driven directly on the PVC liner or 

geotextiles. The perimeter trench backfill material will be placed before placing the protective cover. The 

Contractor will use a track extendedarm backhoe or other approved equipment to place the material in 

the perimeter trench End dumping will be prohibited The Contractor will submit to the Engineer for 

approval proposed installation procedures for the perimeter trench backfill. 

The Contractor will measure perimeter trench backfill thickness and verifL that the thickness required 

during constnrction is met, that final thickness is consistent with design, and that placement of material 

is completed in such a manner that geomembrane damage is unlikely. 

4.2.4 Pipe Installation - Prior to pipe installation, if used, be- material will be brought to grade along the entire length of pipe 

to be installed. The pipe will be installed to a true uniform line and graded as indicated with continuous 

bearing of barrel on bedding material. The exposed edge of pipe will then be metered to meet the frnished 

slope of the cap. The Engineer will visually inspect the beddmg to ensure that the pipes are bedded as 

described, so as to prevent movement. 

4.3 Ceotextlle Clogging Potential 

The clogging potential of the geotextile that separates the protective cover fiom the drainage layer has 

been addressed by the design, with an adequate factor of safety included against its primary clogging 

mechanisms (soil clogging, intrusion, and biological). If a geonet is used in place of the aggregate 

drainage layer, the reduction of geonet transmissivity has also been addressed in the design by similar 

safety factors. Experience bas shown that geonets, aggregate dramage layers, and geotextiles on moderate 

slopes which only contact surface water are safe from clogging. 

4.4 Review of Quality Control Information 

Quality control information will be reviewed, recorded, and filed as described in Subsection 2.9. 
rC 
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5.0 PROTECTIVE COVER QUALITY ASSURANCE 

The protective cover will consist of 18 inches of environmentally clean soil capable of supporting 

vegetative growth overlain by 6 inches of topsoil. The protective cover will protect the underlying 

geosynthetics from frost damage and vandalism. 

5.1 Soil Design 

Soils for use in the protective cover will be obtained from an approved off-site borrow source. The 

material will be clean, inert, inorganic, and free of waste, excess moisture, and miscellaneous or 

deleterious materials. It will meet the requirements set forth in the construction specifications for the 

contingent cover system. 

. 5.1.1 Testing Prior to Placement of S o h  

Prior to installation of any soils, geotechnical testing of the materials from each source will be performed 

to venfL that the material properties are in conformance with the specifications. Compaction tests 

C- 
according to the Modified Proctor Test-Method (ASTM D-1557) will be performed at the frequency 

required by the specifications. Grain-size distribution (ASTM D-421 and 422), plastic and liquid limits 

(ASTM D-4318), and natural moisture content (ASTM D-2216) tests will also be performed. 

5.1.2 Installation of Protective Cover 

Compaction of the topsoil and protective vegetative cover will be achieved using appropriate compaction 

equipment. The lower 18 inches of soil will be compacted to 90% of the maximum dry density of the 

soil as determined by the Modified Proctor Test. The moisture content will be within 2% of the optimum 

moisture content of the soil. No heavy equipment will be placed on or over the geosynthetics placement 

of the protective cover. A minimum of 12 inches of soil will be placed over the geosynthetics before any 

heavy equipment is placed over same. No sharp or hot objects that may damage the liner may be used 

for placement of-the protective cover. The Engineer will visually ensure that these conditions are 

enforced. Any violation of these conditions that may have damaged the liner will be recorded, along with 

the location of the damage and the repair procedure. 

5.1.3 Field Testing 
"--- 
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The Engineer will conduct a visual inspection of the soils of the cover system once they are placed and 

compacted Prior to compaction, lift thickness and initial water content will be tested at least once per 

lift. Each lift will also be tested to determine the compacted density and water content before subsequent 

lifts are placed This grid will shift on the next lift so that test locations are above an untested location 

of the previous lift. The results of the test must indicate that the in-place dry densrty values correspond 

to those required in the specifications. If the soil fails to meet this value, it will be reworked and retested 

As soils arrive on-site, the Engineer will check them for any organics, excessive moisture, waste, or other 

deleterious materials. lf he finds unacceptable material, it will be removed, if possible. Otherwise, the 

soil will be rejected 

5.1.4 Topsoil Layer Phcement 

The topsoil will conform to the requirements set forth in the construction specifications for the contingent 

cover system. The uniformity of the application process will be monitored by the Engineer, who will' - check the loose thickness (before compaction) of the topsoil layer. To enswe that the soil is not overly 

compacted, a small test area of topsoil will be compacted and then tested Topsoil will be compacted until 

it is dense and stable as determined by the Engineer. After placement of the topsoil, the facility will be 

surveyed at the identical locations of the previous surveys to ensure that the correct final grades have been 

achieved. The slope of the topsoil layer will follow the slope of the underlying layers. 

5.1 .5 Topsoil Seeding 

Topsoil seeding wiil proceed as described in construction specifications for the contingent cover system. 

The Engineer will inspect the seed tag to determine if the seed meets the requirements of the 

specifications. If it does not, it will be rejected. The Engineer will record the weather condition of the 

time of seeding. If weather conditions are not favorable for seedug, the see- will be performed as 

soon as weather - con_&tions pennit. The Engineer will also measure the tilling depth and record the 

application rate of seed. If they do not meet the requirements of the specifications, the Engineer will 

direct corrective action. 

5.2 Survey Control 
..- 
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Prior to demobilization, a topographic survey of the frnal surface will be conducted by the Contractor 

using a land surveyor registered in the State of Virginia. The completed surface will be swveyed to 

ensure that the actual depths and grades are in accordance with the plans and specifications. The 

Contractor will establish a baseline for survey control. The Engineer will certify that the grades of the 

frnal cover are in conformance with the planned elevation. 

5.3 Review of Quality Control Information 

Quality control information will be reviewed, recorded, and filed All-mspections will be performed by 

qualified technicians. 

5.3.1 Security Controls 

Access to the area is currently restricted by a fence that encloses property. This fence will be maintained 

as part of the Contingent Post-Closure Plan. The fence will be inspected and any damaged fence will be 

repaired or replaced, as necessary. 

1 

"Danger-Unauthorized Personnel Keep Out" or similar warning signs will be posted around the Incinerator 

Spray Pond area. These signs will be inspected weekly during security inspections. 

5.3.2 Erosion Controls 

The Incinerator Spray Pond area will be inspected weeldy or after every major &all (approximately 2 

inches per 8-hour period) until a post closure permit is developed which specifies another inspection 

schedule. 

Erosion controls (sloptdvegetation) will be maintainedhpaired in accordance with the o r i g d  design for 

erosion controls. The final cover design specifies erosion control by g d m g  the final cap to match the 

natural topography - a$ a vegetative layer on top of the cap, thereby creatmg positive drainage. If 

necessary, new or additional vegetation will be applied 

5.33. Final Cover System 

The final cover system is designed to ensure the integrity and to minimize surface water w o n  and runoff - 
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with a minimum of maintenance. No heavy equipment or vehicles will be permitted on the final cover 

area unless involved in maintenance or repair activities. No postclosure use of these areas is planned 

533.1 Settlement, Subsidence, and Displacement 

The final cover will be maintained at tbe approximate slope and g d e n t s  described in Subsection 4.2. 

Slope and gradient will be checked when there is an apparent change detected dunng inspections due to 

settling, subsidence, or dqkemen t .  

533.2 Erosion DamagelWater Pooling 

Inspections of the final cover will be conducted weekly or after heavy precipitation occurrences 

(approximately 2 inches per &hour period) for erosion, pooling of water, and visible damage. Erosion 

or pooling of water will be corrected Topsoil is readily available, and if repair is necessary, this material 

will be used to correct the situation. See- procedures will be implemented if the cap must be repaired 

- 533.3 Insect and Rodent Control 
Insect and rodent control will be provided as needed The Incinerator Spray Pond area will be monitored 

for evidence of insects and rodents dunng weekly inspections. If required, insect and rodent control 

services will be contracted from commercial contractors. Should contractors be required, they will be 

informed of potential hazards and instructed not to ~ISIUP~ cover materials. 

5.3.3.4 Vegetative Cover 

The condition of the Incinerator Spray Pond area's vegetative cover will be assessed during inspections. 

Maintenance will be performed as needed Damaged or dead vegetation will be removed and replaced 

with equivalent vegetation. No trees, shrubs, or other deeprooted plants will be allowed to grow on 

closed landfill units. Areas damaged by erosion will be repaired and re-vegetated The vegetative layer 

will be maintained - by fertilizing, irrigating, and cuttmg. Fertilizing will .be performed as often as 

necessary to maintain the layer. Inigating and cuttmg are seasonally dependent and will be performed 

as often as necessary. 

53.4 Drainage (RunodRunoff Control) System - 
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All drainage controls will be maintained and kept h e  of debris or other blockage. Drainage controls will 

be inspected after major storms (approximately 2 inches of rain over an &how period) and cleaned, as 

necessary. Repairs will include re* and revegetation, if necessary. No ditches will be constmcted 

on the Incinerator Spray Pond cover system. 

53.5 Benchmarks 

5.35.1 On-Site 

All surveyed benchmarks will be maintained, repaired, or replaced as necessary. Benchmarks will be 

clearly identified and protected, and will be inspected quatterly. Permanent s w e y  benchmarks will be 

constructed of concrete. These units are not typically degradable and should not require replacement 

during the postclosure care period 

53.5.2 Off-Site 

The locations of on-site facility benchmarks will be established from United States Geological S w e y  

a 
(USGS) benchmarks. These USGS benchmarks arc maintained by the USGS indefinitely. 

53.6 Groundwater Monitoring Well Seem 

All groundwater monitoring wells will be inspected quarterly (or dunng each groundwater sampling event 

if the soils are "clean" closed) and repaired or replaced, if necessary. 

All monitoring wells will be inspected for general condition and integrity. This inspection will consist 

of the following: 

A Inspection of outer protective casing, lockmg cap, and concrete pad. 

A Inspection of inner cap and riser pipe. 

The outer protective - casing - will be vmdly inspected to determine casing integrity. Well caps and locks 

will be visually inspected to ensure tbat both are in place and fbnctioning properly. The concrete pad will 

be visually inspected for the presence of cracks and settlement. The inner cap and riser pipe will be 

visually inspected to ensure that they are intact and functioning properly. Based on visual inspection, 

monitoring wells will be maintained by conductmg the following, as required: 
C 
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A Replacement of well caps. 

A Lubrication of locks. 

A Replacement of locks. 

A Painting of outer protective casing in high-visibility color. 

A Replacement of concrete pad. 

A Replacement of well. 

5.4 Post-Closure Notifications 

The following postclosure notifications will be made, as required: 

A Post-clom requirements will be implemented and will continue for at least 30 years after the 

date of contingent closure unless the VDEQ redwedextends the post-closure period as described 

in VHWMR 10.6.H. In the event that the facility desires a reduction of the post-closure period 

and can demonstrate justification, a request will be made for such a reduction to the VDEQ. 

A Property on or in w k h  waste residuals remain after contingent closure will not be used for any 

other purpose if the use will disturb the integrity of the final cover, liner(s), or any other 

component of the cover system or the fimction of the groundwater monitoring system unless the 

VDEQ approves of such use of the area in accordance with VHWMR 10.6.H. The facility will 

submit a request to the VDEQ for approval of such use. 

A No later than 60 days after completion of the established postclosure care period, a certification 

will be submitted to the VDEQ that the post-closure care period was performed in accordance with 

the specifications in the approved Post-Closure Plan. The ccrtrflcation will be signed by the 

facility representative and an idpendent Virginia-registered professional engineer. 

Documentation supporting the cer t i fdon will be fUrnished to-the VDEQ upon request. 

5.5 Reporting and Record Keeplag 

The results of the post-closure iaspection program will be 
-. 

maintained on file at the facility and will be 

made available to the VDEQ upon rtquest. a 
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RISK-BASED CLOSURE 

1. Introduction 

This document discusses the protocol for conductin: a risk assessment :o implement closure of  a , 
hazardous waste management unit (HWhK? in accordance with the Virginia Hazardous Waste I 
Management Regulations ( V H W I R )  as codified in Title 9 of  the Virginia Administrative Code. ~ 
Agency 20, Chapter 20 (9 VAC 20-60-10 et seq). 

2. Risk-Based Evaluation 

In order to estimate the risk for hazxdous constituents of concern (HCOC) associated w i ~ h  the 
materials remaining in a HFWv!X7, a risk assessment will be conduc~ed according to the Virginia DEQ 
document titled "Guidance for Development of Health Based Cleanup Goals Using - Decision . , 
T;ee,RE,CvIS Progarn (herein after "Vir,@nia h s k  Guidance") (November 1 ,  1994) prepared by Old i 
Dominion University and the approved closure plan. The risk assessment report will contain [he 
following sec~ions: 1 

I 
site evaluation, 
development of a site conceptual model, 

- @  identification of contaminants of concern. 
identification of media and exposure pathways, 
toxicity assessment, 
estimation of contaminant concentration at the point of exposure, and 
summary of health risk. 

The submission instructions contained in Appendix IX of [he Virginia Risk Guidance will be 
reviewed prior to submitting the report to confirm that all necessary risk issues have been addressed. 
The risk goals associated with the closure performance standards (risk goals) will include: 1 

I 

I .  a hazard index of 1.0 or less for non-carcinogens; I 
1 

11. a risk of 1E-06 or less for individual carcino,oens; I 

. . .  
HI. cumulative risk of 1E-04 or less for all carcinogens; and i 

IV.  the concentrations ofHCOC remaining in the HWVU will not result in contamination of 
other environmental media of concern, inciuding the soundwater underneath the unit. 

Compliance with the closure standard shall be verified by comparing the calculated individual and I 
cumulative riskhazard for all HCOC that failed the background s~atistical comparison (if such 1 
companson is preformed) to the risk sods .  I 

C 



The risk assessment will be conducted assumins a future residentiaVindustria1 use of the property. 
I The methodology and equations for estimating the exposure concentration are presented in 

subsequent sections. 

The initial step in the risk assessment will be to develop a site conceptual exposure model (SCEhL) 
which depicts all potential exposure routes and media for the site and the receptors which may be 
exposed.  hen HCOC for the risk assessment are identified (See Section 3 of this document). 

In the next step, the exposure assumptions outlined in the Virsjnia k s k  Guidance will be employed 
to estimate the risk. Information will also be taken as needed from U.S. EP.4 documents and 
databases (e.g., the k s k  Assessment Guidance for Superfund (RAGS), and the Integrated Risk 
Information System (IRIS)). The chemical intake equations and exposure parameter assumptions 
used to estimate risk (obtained from the Virginia R ~ s k  Guidance) are shown in Tables 1 through 4. 
Additional details on the approach and assumptions used for each potential exposure pathway are 
provided below. 

As a part of the Risk Exposure and Analysis Modeling System (REAMS) evaluation, fate and 
transpon modeling is conducted to demonstrate that the residual soil concentrations of 
contaminants of concern would not result in contamination of other environmental media of 
coGcern including the groundwater underneath the closure unit. For this purpose, representative 
soil sample(s) will be collected around the unit (subjected to closure) for analysis of the properries 
listed on page 62 of the REAMS document. In certain situations, groundwater sampling is - preferable. 

3.  Identification of Hazardous Constituents of Concern for Risk Assessment 

For the purpose of REA-MS evaluation associated with a HWMU, HCOC are those closure 
constituents present at concentrations statistically exceeding the backsround levels. If the 
concentrations of a closure constituent did not statistically exceed the background levels, no 
further risk-based evaluation for such constituent is required. 

4. Exposure Assessment 

The exposure assessment will identify transport mechanisms for the contaminants of concern that 
may potentially impact human receptors. The results of this assessment will be used to 
document the current and potential exposure posed by the HWMU. 

With regard to the soil, a residential exposure will be assumed to document unrestricted closure 
of the soil. If the risk for potential residential exposure does not exceed the performance 
standards, unrestricted closure of soil will be accepted. If the site cannot be clean closed for 
residential use, then the option to pursue restricted closure (comrnercial/industrial) will be 
exercised. Closure to cornmercial/industrial scenario will require the facility to enact a deed 
restriction that eliminates the possibility of furure residential use of the site. The requirements 
for establishing such a deed restriction are detailed in VDEQ's Guidelines for Developing Health- 



C. 

Based Cleanup Goals Usino Risk Assessment at A Hazardous Waste Site Facilitv for Restricred 
Industrial Use, dated June 1995. (A copy of this document is attached.) 

Exposure routes will include ingestion, dermal absorption, and inhalation of vapors and dust 
parricles. 

Wi[h regard [o impact to the groundwater underneath the HWMU, REAMS f x e  and transporr 
modeling' will be required to assess impact from residual soil contamination to the groundwater. 
If the goundwater does not qualify for clean closure, the scope of future zroundwater rnoni[oring 
will be discussed with VDEQ. The groundwater exposure routes to be evalua~ed include 
ingestion, dermal absorption, and inhalation of volatiies emitted from the contaminated 
groundwater. 
u 

The exposure assumptions presented in the following sections are based on residential exposure. 
These constitute a reasonable maximum exposure scenario (RIME), an exposure whlch is unlikeiy 
to occur but is reasonably possible. The exposure pathways for residential exposure include 
ingestion of soil. dermal contact with soil, inhalation of resuspended soil particulates, and inhalation 
of volatile organic compounds. 

4.1 Ingestion of Soil 

The equation for potential chemical intake by soil ingestion on-site is included in Table 
1. n s  scenario also assumes that weather or other conditions (e.2.. frozen ground snow 
/other cover) do not affect exposure and that all soil ingested is from contaminated areas 
of the site. These assumptions are protective of human health and the environment. 

1.3 Dermal Contact with Soil 

The equation for calculating the potential absorbed chemical dose by dermal contact with 
contaminated soil is provided in Table 1. T h s  scenano assumes chat weather or other 
conditions (e.g., frozen ground snow or other cover) do not affect exposure, that 
contaminated soil remains on the slun long enough for the HCOC to be absorbed and that 
all soil adhering to the skin is kom contaminated areas of the site. 

The skin surface areas (SA) used in the dermal pathway have been identified in Virginia 
h s k  Guidance as 4,560 cm' for adults, which is the 30th percentile value for the armst 
hands and lower legs (U.S. EPA, 1989b - See Attachment A). 

W&MS includes the unsarurated zone fate and ~ansporc model SESOIL. The purpose of running the model 
is rwo fold: a) determine whether the c o n t a m a n t s  w ~ l l  reach the goundwater table in next 30 years. b) calculate the 
risk associated with the estimated concentration in the groundwater. For consntuents with a promulgated MCL, the 
esmated concentration will be directly compared against the MCL. However, pnor to running the SESOIL model the 
faclliry should obtain all the Lnforrnation idennfied on page 62, of the Virginia R ~ s k  Guidance. The closure report must 

-.. include evaluation of model results (concentrarions rexhmg the groundwater) and a copy of SESOIL output file. 
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A skin-soil adherence factor of 1.45 rng'cm' will be used in the dermal intake calculations. 
The U.S. EPA gidance for dermal exposure assessment (Dermal E.upostrre Assessmenr: 
Prznciples and .-fpplicarions, EPN600iS-91/01 IB) states that a range of values fiom 0.1 
mgicm' to 1.5 mg!cm2 per event appear possible for dermal adherence factors (M). In 
order to estimate the amount of a particular HCOC which may potentially be absorbed 
through the skin, chemical-specific dermal absorption factors (-asde,) are used. 

4.3 Inhalation of Resuspended Soil 

The equation for potential chemical intake by inhalation of resuspended contaminated soil 
is included in Table 1. .4n inhalat~on rate of 0.83 rn'ihr will be used as specified in the 
Virginia Risk Guidance. Thls scenario assumes that the concentration of HCOC in indoor 
dust will be equal to that in ourdoor soil and that weather or other conditions, (e.g., frozen 
groundlsnow or other cover) do not affect resuspension or exposure. 

However, an appropriate model or equations in Table 1 will be used to estimate the 
potential amount of respirable particulate matter generated by wind erosion. The 
estimated generation rate for eroded particulate matter will then be used to derive an 
ambient air particulate concentration. Justification for and documenration of the model(s) 
used will be submitted to the D e p m e n t  as part of the risk assessment. 

4.4 Inhalation of Volatilized HCOC in Soil 

Since the HCOC have appreciable vapor pressures, they are expected to volatilize tiom 
soil. Inhalation of HCOC as volatilized vapors is considered for h s  risk assessment. The 
equations in Table 1 will be considered for estimating the intake for this condition. 

5 .  Toxicitv Assessment 

The two principle indices of toxicity used in risk assessment are the reference dose (RfD) and the 
cancer slope factor (SF). An RfD is the intake or dose per unit of body weight (mglkg-day) that 
is unlikely to result in toxic (non-carcinogenic) effects to human populations, including sensitive 
subgroups (e.g.,  the very young or elderly). The RfD allows for the existence of a threshold dose 
below which no adverse effects occur. 

The SF is used to express the cancer risk attributable to a discrete unit of intake; that is, the 
cancer risk per milligram ingested per kilogram of bodyweight per day ([mglkg-day]-'). The SF 
is an estimate of the upper-bound probability of an individual developing cancer as a result of 
exposure to a particular carcinogen. Unlike the RfD, the SF assumes that there is no threshold 
dose below which the probability of developing cancer is zero. Note that SFs are only developed 
for those chemicals which have been shown to be carcinogens in man or in at least several anirna I 
species. A carcinogenic weight of evidence rating is used to describe the strength of the 
experimental evidence for carcinogenicity. The U.S. EP.4 has developed SFs for most chemicals - 



with weight w of evidence ratings of "A"  (known human carcinogen) or "B" (probable human 
.c carcinogen). 

RfDs and SFs are derived by the U.S. EP-4 for the most toxic chemicds generally associated with 
chemical releases to the environment for which adequate toxicoiogical data are available. If both 
the carcinogenic and non-carcinogenic effects of a parricular compound are significant, both values 
may be established. However, in most cases only one value is available. 

5.1 Inhalation and oral RfDs and SFs 

RfDs and SFs pertinent to the oral and inhalation exposure pathways will be obtained 
frorn U.S. EPA's IRIS database. The IRIS (Integrated h s k  Infomation System) on-line 
database was established by the U.S. EP.4 to provide risk 3ssessors with peer reviewed 
toxicological data on chemicals commonly encountered at environmental sites of 
contamination. If data is not available frorn IRIS, it will be obtained from the Health 
Effects Assessment Summary Tables (HEAST), a compilation of toxicity values 
produced by the USEPA on a quarterly basis. The hierarchy presented in Appendix 111 
of Virginia k s k  Guidance will be followed for using these sources. 

5.3 Dermal RfDs and SFs 

Chemical specific oral-route absorption values (ABS,,,) are used to adjust the oral RtD 
or SF, which is computed from an administered dose, for use in the dermal exposure 
pathway. This correction is necessary due to the differences in absorption between the 
skin and the gastrointestinal tract. By correcting the administered-dose oral RiD or SF 
for the fraction expected to be absorbed in the gut, a dermal absorption factor can be 
used to estimate the correct dose received through the slun. 

6. Evaluation of Risk 

Using the toxicity criteria and identified exposure pathways discussed above, and the procedures 
described in the Virginia h s k  Guidance, the risk presented by the HCOC will be estimated. The 
estimated risk will consider the effects from multiple constituents and all routes of exposure. The 
risk goals will be a total cumulative hazard index of 1.0 for multiple noncarcinogens and a total 
cumulative carcinogenic risk of 1E-04 for multiple carcinogens. However, the risk from each 
individual carcinogen shall not exceed 1E-06 (i.e., one case of cancer per 1,000,000 population). 

6.1 Estimation of exposure concentration 

For the contaminants detected at the site, an exposure point concentration (EPC) for 
each exposure pathway will be calculated for each contaminant by estimating the 95th 
upper confidence limit (UCL) on the arithmetic mean of the concentrations. If the 
calculated 95th UCL is greater than the maximum detected concentration, then the 









Table 2 
Xse Adjusted Factors 

Yore x r i r d ~ n e  age adiusted facror: 

Because contact m e  w ~ t h  u p  water, arnb~ent 3tr. m d  rcs~dent~al so11 are dlt'ferent for ch~ldren and adults, carclnopemc nsk dunng 
rhe lint 30 y e w  o l l ~ f e  we* cdculxed usmg age adjusted Bctor These facton approximate [he ~nregnted exposure tiom blnh unrll 
age 30 by combln~ng contact ntes, body wctghts, 2nd exposure durauons tor two age groups - small ch~laren and adults 
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Table 4 
Exposure Variables Included in Tables 1 ,  2, and 3 

Symbol 

.4BS 

I 0 W, Bodv welght adult k g  

AF 

ATc 

ATn 

II CF I ~onverslon factor I 

Term 

Absorption factor 

Chemical concencranon ~n rn y Kgiiay I User spec~iied 
so11 I 

Adherence hctor 

Aveng~ng nme 
carctnogens 

Averaging m e  non- 
carctnogem 

I 

Urur 

11 ED, I Exposure duranon child I years I 6 1 c 

days 

days 

I 
I 

Value 

Cser specified 

Reference 

1 45 

25550 

ED .( :65 

CW 
-- 

I 
I 

a 

a. L 

I 

Chem~cai concenrnnon ~n 
water 

ED., 
ED 

EDo 

1 
I 
I 

FI 

L 

11 1%. I Inhalatm rate chlld I rn'ldav 1 12 I b 

myL 

Exposure duranon for 
urcinogen total or 

Res~dennal 

Exposure duranon 
occupanonal 

EF 

Exposure Time 
General/Occupanonal 

Groundwater 
Surface Warer - ingesnon 

Surface water - dermal 
.41r -1nha1anon 

IRA, 

I%,  

11 I ~nhalanon rate adult I rnl/day I 20 1 b 

User spec:fied 

Exposure Frequency 
restdennal 

Fraction ingested 
Res~dennal 

Occupational 

y e m  

years 

c davs 

hwday 

Inhalanon rate a ~ r  adult 

Inhalation rate - air 
adjusted 
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30 

25 

8.0 
0.2 

2.6 
1 .6  
34 0 

b 

rn'iday 

c 

c 

c. d 

Ingestion rate food 
F ~ l d v e g ~ e s  

Fish 

30 

11.66 

b 

kgldav 9.18 
0 121- 
0.054 

c.d 



C 

l m c  

[RS, 

IRS, 

I% 

I 
I I 

Ingesnon rate so11 chdd 

IRW, 

I 

[ngesnon rate so11 adult 

Ingesnon rate sod chlld 

Ingestion - so11 adjusted 

IRW,a 

1 1RW. 

rnp1da;v 

I I 

Ingest~on rate water adult 

PC 

PEF 

rngday 

rnydav 

Inpesnon -yarer adjusted 

Ingesnon rate water ctuld 

Volanlizanon factor. 
water to a a  

I 

I 

200 

L. dav 

Pcrme3b1lity consrant 

P3mculate cmlsslon 
factor 

References: 

100 

100 

I14 39 

b 

b 

L-y1kg-d 

L'dav 

SAW 

- 
SAS, 
SAS: 

SASW I surfice area so11 ajusted 

VF 

1. Risk Assessment Guldance for Superfund. Volume I. EPNS4011-891002. December 1989 

b 

b 

1.09 

irrvhr 

kg/md 

cm2'cvent 

cml 

cm:!event 

SAW, 

SAW,,, 

b. Reglon I11 values 

I 

0.5 

Surface a r a  chdd 
groundwater dermal 
surface water dermal 

Surrice xa  so11 
occupanonal - adult 

chdd 

Surface ara for water 
connct adult 

Surface xa  for water 
conract 

Volanlam~on factor. 
sod to air 

S .  Exposure Factors handbook. EP.4J60018-891043, July 1989 

b 

User spec~tied 

6 789926E08 

32M 

820 

9200 

d.  Human hedrh evaluat~on manual supplemend guidance. OSWER D~recnve 9285.6-03. March 15. 1991 

b 

f 

cml 

cm1,event 

b 

kg/rnJ 

5 .  Dermal exposure Assessment, Pr~nc~ples and Applicanons, Inter~m Rcpon. EP.4160018-911011b January 1992. 

User specified 

f.  Tcchn~cal Background Document for Dnfr Sod Screerung Level Guidance. Office of Solid Waste and Emergency Response. 
EP.W540IR-941101. December 1994. 

7500 

4500 
1875 

Risk-Based CIosure - Page 13 

b.c 

c 



Risk Assessment and Closure 
Certification for the Former 
Incinerator Spray Pond at the 
Radford Army Ammunition 
Plant 

Allian t Techsys terns, inc. 
Radford, Virginia 

Miant Techeystems, Inc., 
P.O. Box 1 

Radford, Virginia 24141 



Jlr. TABLE OF CONTENTS 

1.0 INTRODUCTION 

2.0 DESCRIPTION/SITE HISTORY 

2.1 Description 
2.1.1 Facility Description 
2.1.2 Spray Pond Description 

2.2 Site History 
2.2. I Facility Background 
2.2.2 Incinerator Spray Pond Background 

3.0 CLOSURE PLAN PROCEDURES 

3.1 Development of Background Levels 

3.2 Health and Safety 

3.3 Concrete and Piping Removal 

3.4 Soil Sampling 
3.4, I On-Site Soil Screening 
3.1.2 Six Inch Layer On-Site Soil Screening 
3.4.3 Twelve Inch layer On-Site Screening 
3.4.4 Confirmation Sampling 
3.4.5 18 Inch and 24 Inch Samples 
3.4.6 Closure of the Incinerator Spray Pond 

4.0 RISK ASSESSMENT FOR RISK-BASED CLOSURE 

4.1 General 

4.2 Site Evaluation 

4.3 Exposure Assessment 
4.3.1 Media and Exposure Pathways 
4.3.2 Site Conceptual Exposure Model (SCEM) 

4.4 Hazardous Contaminants of Concern (HCOCs) 
-C 

N~WII Tutsptmnc.. I=. i immmtor Spray Pond 



4.5 Toxicity Assessment 

4.6 Contaminant Concentration at the Point of Exposure 

4.7 Risk Evaluation and Summary 

5.0 COMPLIANCE CERTIFICATION 

LIST OF FIGURES 
Figure 1 - Facility Location Map 
Figure 2 - RAAP Boundary Map 
Figure 3 - Hazardous Constituents of Concern 
Figure 4 - Sampling Grid and Nodes 
Figure 5 - Site Conceptual Exposure Model (SCEM) 

LIST OF TABLES 
Table I - Toxicity Values 
Table 2 - Summary of Potential Exposure Pathways 
Table 3 - On-Site Resident Human Exposure to Soils (Carcinogen) 
Table 4 - On-Site Resident Human Exposure to Soils (Non- 

carcinogen) 
Table 5 - Soil Screening Level Partitioning Equation for Migration 

to Ground Water 

ATTACHMENT 1 - OCTOBER 9,1997 CLOSURE PLAN AMENDMENT 

ATTACHMENT 2 - BACKGROUND LEVEL DEVELOPMENT 
INFORMATION 

ATTACHMENT 3 - CHAINS OF CUSTODY AND SAMPLE RESULTS 

ATTACHMENT 4 - RISK TABLES FOR EXPOSURE PATHWAYS 

ATTACHMENT 5 - PHOTOGRAPHS 

A h n t  Trch.ystmr, Inc 1 I Irruwrmtor Spray Pond 



INTRODUCTION 

Alliant Techsystems, Inc. (Alliant) has prepared this closure report for 
the former incinerator spray pond (HWMU-39). 

The purpose of this report is to certify that closure of the Radford 
Army Ammunition Plant (United States Environmental Protection 
Agency (USEPA) ID No. VA1210020730) incinerator spray pond (ISP) 
was performed in accordance with the approved closure plan, dated 
18 August 1995 and modified 9 October 1997. A copy of the 9 October 
1997 modification is included as Attachment 1. This report will satisfy 
the following objectives: 

Facility history/description; 

ISP history/description; 

Documentation of closure procedures; 

Risk assessment for risk-based closure; 

Independent professional engineer certification; and 

, Attachments providing figures, tables, photographs, chains-of- 
custody, sample analyses, photographs and other relevant information 
for this project. 

Each of the objectives listed above will be discussed in the remaining 
sections of the report. 
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DESCRIPl70N/SITE HISTORY 

2.1 DESCRIPTION 

2.1.1 Facility Description 

The Radford Army Ammunition Plant (Radford AAP) is a government 
owned industrial complex located in southwestern Virginia. It 
encompasses approximately 4,104 acres and is located in Pulaski and 
Montgomery Counties. The facility is located approximately five 
miles northeast of the city of Radford, 10 miles west of Blacksburg, 
and 47 miles southwest of Roanoke (see Figure 1). The New River 
divides the Radford AAP into two portions commonly known as the 
"Horseshoe Area" and the "Main Manufacturing Area." The 
"Horseshoe Area" lies mainly to the north and west in Pulaski County. 
The "Main Manufacturing Area" lies in Montgomery County to the 
south and east. 

The ISP is located in the northcentral portion of the "Horseshoe Area." 
(see Figure 2). 

2.1.2 S p a y  Pond Description 

The spray pond was a concrete-lined, rectangular impoundment with 
dimensions of 76 x 60 x 5 feet deep. The maximum water level was 
three feet deep for a volume of 13,680 cubic feet or 102,340 gallons. 
Perforated pipes in the spray pond were used to try to prevent sludges 
from forming by blowing air and creating turbulence in the water. 

SITE HISTORY 

Facility Background 

Radford AAP was operated under contract by Hercules Aerospace 
Corporation from 1941 to 1995. Alliant purchased the operations of 
the Radford AAP from Hercules in 1995 and is the current facility 
contractor. This facility, which contains over 1,696 buildings and 
occupies close to 3.65 million square feet, is the top manufacturer of 
solid propellants in the United States. The major products 
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manufactured at this facility are solvent and solventless propellants 
that include single base (nitrocellulose), double base (nitrocellulose 
and nitroglycerin), and triple base (nitrocellulose, nitroglycerin, and 
nitroguanidine) propellants; cast propellants; and high energy 
propellants. These propellants are ultimately used in small arms, anti- 
tank weapons, anti-aircraft weapons, rockets, torpedoes, missile 
systems, igniters, and other numerous ordnance-related items. 

2.2.2 Incinerator S p y  Pond Background 

In 1979, two incinerators were constructed and the incineration of 
waste and off-specification explosives and propellants began. These 
incineration operations became regulated subsequent to the 
promulgation of the federal hazardous waste regulations under the 
Resource Conservation and Recovery Act (RCRA) in 1980. 

Beginning in 1979, Radford AAP operated a spray pond for the 
collection of incinerator scrubber wastewaters. The wastewater was 
then reused as scrubber water for the incinerator. In August 1990, the 
Army and Hercules discovered that the scrubber waters collected in 
the ISP contained lead from the incinerated propellants and the 
sludges which formed in the spray pond met the standards for a 
characteristic hazardous waste under Part 111 of the Virginia 
Hazardous Waste Management Regulations (VHWMR). 

The Army and Hercules notified the Department of Wask 
Management (VDWM) of the contamination by letters dated 2 and 9 
August 1990. Subsequent discussions between the Army, Hercules, 
and VDWM resulted in controls designed to prevent further 
contamination of the ISP and to introduce agitation of the scrubber 
water to prevent hazardous waste sludges from forming. 

By letter dated 3 March 1992, the Army and Hercules informed the 
Director of VDWM and the Director of the then State Water Control 
Board that sludges contaminated with lead meeting the levels of 
toxicity required for classification as a characteristic hazardous waste 
under Part III of the VHWMR were continuing to accumulate in the 
ISP. 

The ISP ceased operations in May 1992. An enforcement order was 
signed by the Virginia Department of Environmental Quality 
(VADEQ), the U. S. Army, and Hercules which became effective on 22 
June 1993. A Schedule of Compliance contained in the order required 
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submission and implementation of a closure plan. A closure plan was 
completed 18 August 1995, with a subsequent revision dated 9 October 
1997. 
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CLOSURE PLAN PROCEDURES 

DEVELOPMENT OF BACKGROUND LEVELS 

The hazardous constituents of concern (HCOCs) for this unit were 
identified in Table 3-2A of Section 3.5.1 of the E P  closure plan (see 
Figure 3). Background levels for these HCOCs were then developed. 

The initial background soil sampling event occurred on 2 January 
1996. Seven samples (six plus one duplicate) were collected in the 
vicinity of the E P  which were neither influenced by the activities at 
the ISP nor in an area likely influenced by past environmental 
activities. These results were submitted to the VADEQ on 25 March 
1996. As indicated in the 28 May 1996 and the 28 October 1996 letters 
from the VADEQ, several analytical methods did not conform to Table 
3-2 of the approved closure plan dated 24 August 1995. However, 
because most of the constituents were detected above the Practical 
Quantitation Limits (PQLs) or method detection limits (MDLs), 
VADEQ accepted the results for the constituenk except for arsenic, di- 
n-butyl phthalate, diethyl phthalate, and resorcinol. Additional soil 
samples were collected on 5 December 1996 and analyzed for the 
aforementioned constituents using the analytical methods specified in 
Table 3-2A, which was updated and enclosed in the 28 October 1996 
VADEQ letter. 

Upon VADEQ's acceptance of the background soil sampling results, 
the tolerance limits for a normal distribution of the sample results 
were calculated with 95% coverage and 95% confidence. The upper 
tolerance limit became the reasonable background value for each 
constituent These background levels were approved by VADEQ on 
22 May 1997 and became the target cleanup levels for E P  closure. 

Information pertaining to the development of the background levels, 
including copies of the correspondence between VADEQ and Alliant, 
can be found in Attachment 2. 

Samples collected in the vicinity of the ISP during demolition and 
removal, and analyzed for the HCOCs in Figure 3, indicated that most 
of the analytes were below the calculated background values; 
however, there were E P  samples with levels of arsenic, barium, and 
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chromium exceeding the target cleanup levels. Table 6 presents a 
comparison of the results of the ISP sample analyses and the calculated 
background levels. 

Analytes of the ISP samples with results below the background values 
were not considered to be ISP contaminants; the constituent levels 
detected in the vicinity of the ISP were approximately equivalent to 
the same constituent levels in the surrounding, undisturbed soil. This 
process eliminated most of the constituents on Table 3-24 of the ISP 
closure plan from further consideration during the limited removal 
action and subsequent risk assessment (RA) contained herein. As 
stated above, some samples collected from the ISP produced results of 
arsenic, barium, and chromium above the background levels (see 
Table 6). Therefore, Radford AAP could not "clean close" the ISP 
based on comparison of sample results to the background constituents 
levels. In lieu of continued excavation of the soils at the ISP, Radford 
AAP elected to perform a RA to close this unit 

HEALTH AND SAFETY 

Safety issues are a significant concern at Radford AAP. Each 
employee/contractor/visitor allowed access to the site is required to 
wear coveralls, a hard hat, safety shoes, and safety glasses. A face 
shield and gloves were utilized for power washing and other 
decontamination activities. Based on operational knowledge and early 
field sampling activities, no respirators or other PPE will be required. 

The ISP consisted of a concrete basin with metal pipes through which 
air was circulated in order to prevent formation of sludges in the 
basin. 

Recent rain events had caused storm water to accumulate in the basin. 
A sample of the accumulated storm water was collected and analyzed 
for the hazardous characteristic of RCRA heavy metals using the 
Toxicity Characteristic Leaching Procedure (TCLP). The result for 
lead was 5.3 mg/kg. All other metals were below the regulatory 
thresholds. Per discussions with VADEQ, the storm water was 
pumped to the wastewater treatment plant Remaining sludges were 
placed in Department of Transportation (DOT) approved 55-gallon 

ALLIANT TECHSWEMS, INC. 6 INCINERATOR SPR4Y POND 



drums and sent off-site for treatment as DO08 characteristic hazardous 
waste. 

Environmental Directions was contracted by Alliant to decontaminate 
the piping and the basin upon removal of the storm water and the 
sludges. 

Copies of the manifests and analytical results can be reviewed in 
Attachment 3. 

CONCRETE AND PlPING REMOVAL 

Following decontamination of the basin and the piping and prior to 
demolition of the concrete, the piping was sold as scrap metal to a 
recycler. 

Once the piping was removed, the approved contractor began the 
demolition of the bottom of the concrete basin. A representative 
sample of concrete was tested for the hazardous characteristic of lead 
using the TCLP. The result indicated a TCLP lead concentration of 
approximately 0.5 parts per million (ppm). Once the floor of the ISP 
had been removed, the sidewalls were removed. Proper care was 
exercised to prevent encroachment of the excavation to the natural gas 
pipelines that pass in the vicinity of the ISP. Trucks hauled the 
concrete to a state approved landfill in Roanoke, Virginia, owned by 
Joe Bandy and Son, Inc. 

SOIL SAMPLING 

3.5.1 On-Site Soil Screening 

With the onset of concrete removal, preparations began for sampling 
according to the sampling grid described in the closure plan. Figure 4 
shows the approximate layout of the sampling grid. Initial samples 
were analyzed on-site using a PaceScan 3000 instrument, with a 
detection limit of 12.5 parts per million (ppm) for total lead. The 
screening efforts focused on lead since this was the metal which had 
been previously detected in the ISP sludges. 

Samples of the surficial soil (soil directly beneath the 12 to 18 inch 
layer of concrete) were collected during the time of the concrete 
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demolition. Four samples exceeded the 19.0 pprn target level for total 
lead as analyzed by the PaceScan 3000 instrument, with ranges from 
approximately 21 pprn to 540 ppm. 

Six samples were taken at varying depths (from 6 inches to 24 inches) 
below the level of the concrete. These sample results were below the 
detection limit (BDL) of 12.5 ppm. 

With the sample results indicated above and the spread of concrete 
debris in the surficial soils, the decision was made to remove six 
inches of soil directly beneath the concrete prior to field testing 
according to the grid layout shown in Figure 4. 

Six Inch Layer On-Site Soil Screening 

Removal of the six inch layer occurred in stages. Initially, the 
northeast end was excavated with samples collected and analyzed for 
lead from grid nodes A1 to C4 using the PaceScan 3000. The results of 
the total lead analyses are shown in the table below: 

Sample 
Location 

A1 
A2 
A3 
A4 
B1 
B2 

Result (ppm) Sample Result (ppm) 
Location 

18 B3 18 
71.5 €34 35 
BDL C1 18 
36 C2 27 
32 C3 16.5 

42.5 C4 33.5 

Two additional samples were collected from the six inch layer: El and 
halfway between nodes Dl and D2 (labeled as D1/2) produced results 
of 18 pprn and 20.5 ppm, respectively. Based on the results above, 
sampling was halted at the six inch depth and begun at the twelve 
inch level. 

Twelve Inch Layer On-Site Soil Screening 

Instead of removing an additional six inches of soil prior to sampling, 
an auger was used to collect samples from the twelve inch level at the 
grid nodes. The following table presents the sample results for total 
lead at this depth: 

Sample Result (pprn) Sample Result (mm)  
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Location 
A1 
A2 
A3 
A4 
B1 

BDL 
BDL 
BDL 
BDL 
BDL 

BDL 
BDL 

18 
BDL 
BDL 

Location 
C3 
c 4  
Dl  
D2 
D3 

D3 (dup.) 
D4 
El 

El (dup.) 
E2 
E3 
E4 

18 
16.5 
BDL 
BDL 
14 

BDL 
BDL 
BDL 
14 

BDL 
BDL 
BDL 

None of the samples collected from the 12 inch level exceeded the 19 
ppm threshold for lead. To certify clean closure, confirmation 
sampling was performed at locations identified using a random 
number generator. 

Confinnation Sampling - 12 Inches 

The confirmation samples were collected from eight grid nodes 
identified by a random number generator. The collection equipment 
was decontaminated between each sampling event as specified in 
Section 3.8.3 of the ISP Closure Plan. The samples went to REIC 
Laboratory in Beaver, West Virginia, to be analyzed for the HCOCs 
shown in Figure 3. A copy of the results of the samples collected and 
analyzed from a depth of 12 inches can be found in Attachment 3, 
including results for the equipment blank, field blank, and the trip 
blank. A trip blank sample bottle was not included in the sample 
containers supplied by the laboratory; a separate sample container was 
filled with distilled water at the site and sent for analysis. 

Most of the analytes from the 12 inch sample depth were below the 
calculated background values. No semi-volatile organic compounds 
were detected in any of the samples. Various metals were detected in 
the nine samples, but only three constituents were detected above 
background levels. Page 1 of Table 6 presents a comparison of the 
results of the ISP sample analyses (at 12 inches in depth) and the 
calculated background values. The threshold exceedances at a depth 
of 12 inches are summarized below: 
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safety procedures as outlined in the ISP Closure Plan were followed. 
The excavated soil was staged on-site placed on and covered by plastic 
sheeting until analyses determined it was acceptable as cover material 
by the Montgomery County Regional landfill. At this time, Alliant 
exercised its option to perform a risk assessment for risk-based closure 
of the ISP as outlined in Section 3.7.6 of the amended ISP Closure Plan. 

3.5.6 QNQC Findings 

Table 3-2 was amended with VADEQs letter to Radford AAP dated 
28 October 1996. Table 3-2A (Figure 3) changed some of the methods 
of analysis and the corresponding Practical Quantitation Limits (PQLs) 
for the HCOCs for soils only. PQLs for the samples collected on 8 
September 1997 from depths of 18 and 24 inches below the bottom of 
the concrete correspond with the amended PQLs for soil in Table 3-2A 
with three exceptions: antimony, mercury, and silver. 

The PQLs from the 8 September 1997 sample event for antimony and 
mercury are lower than the PQLs in Table 3-2A. Having antimony 
and mercury PQLs lower than the PQLs listed in Table 3-2A is a 
conservative situation, where detections of these two constituents are 
possible at levels below the minimum levels expected in the approved 
closure plan. Therefore, laboratory PQLs lower than the PQLs in 
Table 3-2A are acceptable. 

The PQL for silver is listed as 25 ug/kg in the laboratory reports for 
the 8 September 1997 sample event. This was identified as the method 
detection limit for silver using method 7761. Table 3-2A shows the 
PQL to be 10 ug/kg. Because silver was detected in slightly more than 
half of the samples analyzed on 8 September 1997, and no samples 
exceeded the upper tolerance limit of 120 ug/ kg, the PQL of 25 ug/ kg 
was deemed acceptable. 

3.5.7 Closure of the Incinerator Spray Pond 

After completion of the risk assessment for risk-based closure 
(described in Section 4.0 of this closure report), backfilling of the ISP 
commenced. Clean soil was placed into the excavation and compacted 
in approximate one foot lifts. The excavation was graded to promote 
positive drainage and power-seeded to promote re-vegetation. 
Photographs documenting the progress of the excavation activities can 
be found in Attachment 5. 
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RlSK ASSESSMENT FOR RISK-BASED CLOSURE 

GENERAL 

Once clean closure could not be established based on the results of the 
soil samples collected below the ISP, Radford AAP elected to perform 
a risk assessment (RA). The risk assessment detailed herein was 
conducted in accordance with the VADEQ document titled "Guidance 
for Development of Health Based Cleanup Goals Using Decision 
Tree/REAMS Program" (herein after "Virginia Risk Guidancerr), and 
Section 3.7.6 of the amended closure plan. Successful risk-based 
closure would demonstrate that the concentrations of the HCOCs 
would not pose an unacceptable risk to the potentially exposed 
population. 

sm EVALUATION 

At the time this RA was completed, the area encompassed by the 
former ISP was approximately eight to nine feet deep. This depth 
accounted for removal of the concrete from the ISP along with the 
excavation of an additional 18 to 24 inches of soil from beneath the 
concrete liner. The entire excavated area was approximately 90 feet by 
70 feet which accounts for some side slope removal due to stability 
problems. 

EXPOSURE ASSESSMENT 

Media and Exposure Pathways 

Exposure to the HCOCs potentially involves multiple receptors and 
various media pathways. We will look first at the current potential 
receptors and pathways. 

Radford AAP continues to operate as an industrial complex; as such, 
access is limited by the use of gated entrances and security personnel. 
On-site workers in the vicinity of the ISP are one potentially significant 
human receptor. Because of the security associated with Radford 
AAP, we assume only escorted guests are subject to the risk associated 
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with the ISP area. In the unlikely event a trespasser crosses the area of 
concern, the trespasser would most likely be subject to the same risk 
associated with a site visitor. In either situation, visitors which 
frequent the area of concern are unlikely to experience the same risk 
associated with an on-site worker. Therefore, under the current 
scenario, a Radford AAP worker is the primary human receptor. 

An Radford AAP worker can be subject to multiple exposure 
pathways: inhalation of particulate matter, ingestion, and dermal 
contact. Soil particles can become windborne and inhaled by the on- 
site worker. Additionally, a worker can physically handle the 
contaminated soil, which can lead to absorption by the skin or 
accidental ingestion. Risks associated with soil contamination can be 
assumed to be minimal in this instance, however. The soil samples 
that produced the contaminated soil results are located approximately 
eight and one-half feet below grade, beneath the former ISP concrete 
liner. The excavation has been backfilled with clean material. We 
have assumed that the eight to nine foot layer of clean soil is a 
sufficient barrier to soil particle inhalation, ingestion, and dermal 
contact. Because no complete pathways exist for ground water (no 
drinking water wells exist), we have assumed the risks corresponding 
to potential human receptors for the current working conditions is 
insignificant. 

The closure plan for the ISP states that a future residential/industrial 
use of the property must be considered in the RA. Assuming 
residential homes are built on the property, on-site residents will 
experience a much greater potential risk than visitors or trespassers, 
simply by their proximity to the contamination source. 

As with a Radford AAP worker, on-site residents will be subject daily 
to the contaminant concentrations of the soil and ground water. In 
addition to inhalation of soil particulates, ingestion, and dermal 
contact with the contaminated soil, no restrictions have been placed by 
Radford AAP on the use of ground water in the area. Therefore, 
residents can also be exposed through ingestion and dermal contact 
with ground water. Again, as with the Radford AAP worker, we can 
assume an incomplete pathway for risks associated with soil 
contamination; however, we have elected not to make this assumption 
for the assessment of risk. We conservatively assumed that soils 
excavated during housing construction or well construction have been 
evenly spread across the remainder of the parcel. This could bring 
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contaminated material to the surface, creating a complete exposure 
pathway via soil inhalation, ingestion, and/or dermal contact 

The potential pathways quantitatively modeled for this RA pertain to 
an on-site resident. The potential exposure routes include soil 
inhalation, ingestion, and dermal contact, and ground water ingestion 
and dermal contact. Each potential exposure pathway was 
quantitatively evaluated using the REAMS model exposure 
assumptions (where applicable), the March 1997 USEPA Region III 
Risk Based Concentration Table of toxicity values presented in Table 
1, and default values provided in the existing closure plan. 

4.3.2 Site Conceptuul Exposure Model (SCEM) 

The SCEM is based on existing and future site conditions and depicts 
the potential exposure routes and media for the site (Figure 5). The 
SCEM presents the primary applicable migration pathways and 
identifies the exposure routes and potentially affected populations 
which warrant either further consideration and/or quantitative risk 
characterization. Table 2 provides a summary of the exposure 
pathways to human populations. While there are multiple potential 
exposure pathways to humans, only the future on-site resident was 
quantitatively evaluated for this assessment. The remaining receptor 
pathways were qualitatively evaluated and determined to be 
insignificant when compared to the risk associated with a future on- 
site resident. 

HAZARDOUS CONTAMINANTS OF CONCERN (HCOC) 

To determine the HCOCs, samples were collected by ERM in the 
vicinity of the E P  to determine a statistical background value for 
various contaminants. This statistical background value became the 
threshold value against which future samples would be compared to 
determine if a particular sample was "contaminated," i.e., above the 
statistically generated threshold value. 

ERM collected samples at the E P  at a depth of 18 inches to 24 inches 
below the base of the existing excavation. The following results 
indicate the three contaminants which exceed the background 
threshold concentrations as described above. It is these three 
contaminants for which this RA is being performed. The location of 
the samples with respect to the E P  excavation and the threshold 
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values for the listed contaminants are included. Only those tests 
which exceed the background (threshold) values are included in this 
table. 

Constituent Location 

Arsenic Dl 
Barium El 
Chromium A1 

A4 
C2 
Dl  
D3 
E2 

TOXICITY ASSESSMENT 

Result (ppm) Threshold 

0 
5.43 

125.75 
30.55 
30.55 
30.55 
30.55 
30.55 
30.55 

The toxicological assessment involved the identification of adverse 
health effects associated with exposure to a chemical and the 
relationship between the extent of exposure and the likelihood of 
adverse health effects. Toxicity values for carcinogens are represented 
by potency slope factors (CPSs) and toxicity values for non- 
carcinogenic chemicals are represented by reference doses (RfDs). The 
toxicity values used in this risk assessment for the HCOCs were 
derived from the USEPA Region III Risk-Based Concentration Table- 
March 1997, and are presented in Table 5. 

Of the three HCOCs for this RA, only arsenic exhibits carcinogenic 
effects. The USEPA Region III Risk-Based Concentration Table 
provides oral and inhalation slope factors for arsenic. Similarly, this 
table provides oral and inhalation references doses for non- 
carcinogenic effects for each of the metals, except for the inhalation 
reference dose for arsenic. In this instance, no RfD exists for arsenic. 
Where a reference dose for one exposure pathway is not available (i.e., 
arsenic), the toxicity value for another exposure pathway of the same 
metal is substituted (if available). Therefore, the RfD for inhalation for 
the noncarcinogenic effects of arsenic is assumed to be equal to the 
RfD for the ingestion of arsenic. Although it is recognized that 
substitution of the exposure route-specific toxicity value may not be 
applicable for all compounds, it was determined that a more 
conservative risk estimate is derived by retaining the exposure route 
without a published toxicity value for consideration in the overall RA. 
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CONTAMTNANT CONCENTRATION AT THE POINT OF 
EXPOSURE 

The table in Section 4.4 provides the sample results which exceed the 
threshold values determined for the Radford AAP ISP site. The 
development of the concentrations at the points of exposure required 
selecting the sample with the highest concentration exceeding the 
threshold value. For arsenic and barium, only one sample exceeded 
the threshold. For chromium, we used 38.5 parts per million (ppm) in 
the calculations of risk and exposure point concentrations. 

For migration of the contaminant from soil to ground water, the 
maximum contaminant levels (MCLs) for the HCOCs mark the 
starting points for determination of the contaminant concentrations. 
The MCL is the maximum contamination allowed in drinking water. 
Demonstrating a concentration at this level and below gives an 
acceptable risk for the contaminant in question. 

KlSK EVALUATION AND SUMMARY 

This section combines the information developed in the exposure and 
toxicity assessment sections to estimate the potential risks to human 
health posed by the contaminants detected. The excess cancer risk 
(carcinogens) and the hazard quotient (HQ - non-carcinogens) for 
exposure to each chemical by each route of exposure, exposure 
pathway, category of receptor, and exposure case are initially 
estimated separately. The separate cancer risks are then summed 
across chemicals and across all exposure routes to obtain the total 
excess cancer risk for that population. The HQ is also summed across 
chemical, exposure routes, and pathways applicable to the same 
population. 

For this RA, arsenic is the only HCOC which has demonstrated 
carcinogenic effects, and subsequently, has cancer slope factors for 
various media. Normally, the lifetime carcinogenic risk shall not 
exceed 1 x 10-6 (i.e., one case of cancer per 1,000,000 population) for 
individual carcinogens, and 1 x 1 0 4  cumulative risk for multiple 
carcinogens. In this instance, a cancer risk for arsenic of 1 x 10-3 is 
considered acceptable. The reason we used this risk level is discussed 
in the question and answer section of the USEPA Region III Risk- 
Based Concentration Table dated March 17,1997, and summarized 
here. A 1988 risk management policy by USEPA suggests 
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carcinogenic risk for arsenic up to 1 x 10-3 is acceptable because 
cancers of this origin tend to have a low mortality rate. Therefore, this 
RA must demonstrate that the maximum concentration of arsenic must 
give a cumulative carcinogenic risk of less than 1 x 10-3. 

The risk tables for the exposure pathways can be found in Attachment 
4, pages 1,2, and 3; the results of the risk calculations are shown in 
Table 3. The cumulative carcinogenic risk associated with the 
inhalation, ingestion, and dermal absorption of arsenic in soil is 
approximately 2.93 x 10-5, well below the allowable risk level of 
1 x 10-3. 

All three HCOCs have quantified noncarcinogenic effects as indicated 
by the RfDs given in Table 4. The cumulative noncarcinogenic risk 
for the three HCOCs must have a hazard index (HI) of less than one, 
where the HI is the sum of the HQs calculated for each relevant route 
of exposure for each HCOC. Another aspect of noncarcinogenic risk 
calculations is that effects are not cumulative for a lifetime, and the 
susceptibility of effects differs between adults and children. 
Therefore, different equations and default parameters are necessary to 
calculate the risks attributed to adults and the risks attributed to 
children. Likewise, separate HIS must be calculated for both adults 
and children. 

The risk tables for the exposure pathways can be found in Attachment 
4, pages 4 through 9; the results of the HI calculations are shown in 
Table 4 and summarized here. For adults, the HI is approximately 
0.131; for children, approximately 0.515. Both values fall below the HI 
threshold of one. 

Another potential area of contamination is the migration of 
contaminants to ground water. Percolation through the contaminated 
zone may generate leachate which can reach the ground water. As 
shown in Table 5, the Soil Screening Level Partitioning Equation was 
used to estimate the screening level in soil which will generate a 
concentration no greater than the MCL in the ground water. Using 
default parameters as necessary, the calculated screening level in soil 
for each contaminant was determined to be above the maximum 
concentration detected. The table on the following page illustrates the 
results. 
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Constituent Screening Maximum Below 
Level (mn/ kg) Level Detected Screening 
O Level? 

Arsenic 29.2 6.46 Yes 
Barium 1,648 199 Yes 
Chromium A 38.5 Yes 

A = According to Appendix A of the 1996 Soil Screening Guidance: Users Guide, there 

is no generic soil screening value for chromium 111 because; "Pathway not a concern 

in any soil contamination concentration." 

Therefore, potential impacts to ground water will not exceed the 
acceptable criteria (MCLs). 

In summary, the maximum concentrations of the HCOCs pose an 
acceptable risk under the current use and to a potential future 
residential population. The cumulative carcinogenic risk associated 
with inhalation, ingestion, and dermal absorption of arsenic in soil is 
near 3 x 10-5, well below the risk level of 1 x 10-3. The non- 
carcinogenic risk for the same three pathways is approximately 0.13 
and 0.52 for adults and children, respectively. These risks are below 
the target HI of one. Comparing the calculated soil screening values to 
the HCOC's maximum detected levels demonstrates the HCOCs do 
not pose a threat to migrate from the soil to the ground water at levels 
equal to or above the MCLs. Therefore, the soil concentrations of 
HCOCs remaining in the ISP area meet the acceptable risk levels as 
outlined in the ISP Closure Plan and the Virginia Risk Guidance for 
risk-based closure. 
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COMPLIANCE CERTIFICAl7ON 

Environmental Resources Management certifies that the closure of the 
incinerator spray pond at the Radford A m y  Ammunition Plant in 
Radford, V i r p a ,  was performed and completed in accordance with 
the Virginia Department of Environmental Qualitv approved Closure 
Plan dated 18 August 1995, and amended 9 ~ c t o b e r  1997. 

,&&--/&@~-, o t M f f  V A  4 - . g f  
Catherine C. Warner Regstration No. State Date 

for   ad ford A A ~  Ammunition Plant 
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Attachment 1 

October 1997 Closure Plan Amendment 



George Allen 
Governor 

Becky Yonon Dunlop 
Secraary ol Ziaturd Rcsourca 

97-4 7)( c '  + gig 
COMM(BNWE.4LTE-I of VIRGINIA -& I& 

DEPARTMENT OF EiWlmNMENTAL QUALlTY 
Thomas L. Hooklns Sueel address: 629 EYI Man Street. R~chmond. Vlrglnla 23219 

D~recror .Mulling address: P 0. Box 10009. R~chmond. Virglnn 232M 
Fax (804) 698-1500 TDD (804) 6984021 (804) 698-1000 

http://www deq.sute.va.us 1-800-591-5482 

Certified Mail 
Return Receipt Requested 

October 9, 1997 

C.A. Jake 
Alliant Techsystems Inc. 
~niironrnental Manager 
Radford Army Ammunition Plant 
P.O. Box 1 

I 

Radford, VA 24141-0100 

RE: Radford Army h m u n i t i o n  Plant (RAM) 
EPA ID# VA1210020730 
Incinerator Spray Pond Closure Plan Amendment 

Dear Ms. Jake: 

Your letter requesting an amendment to the approved closure plan for RAAP's incinerator 
spray pond was submitted to the Depament of Environmental Quality (DEQ) on October 3, 
1997. The amendment will allow for RAAP to pursue closure to risk-based standards for the 
referenced hazardous waste management unit. 

Based on the information submitted, the amendment requested is approved. An update to the 
closure plan's pages are attached and will need to be added to the ciosure pian. Please update 
your closure plan as needed. 

As provided in Rule 2A:2 of the Supreme Court of Virginia, you have 30 days from the date 
of service of this decision to initiate an appeal by filing a notice of appeal with: 

Thomas L. Hopkins, Director 
Virginia Department of Environmental Quality 
629 East Main Street 

An Agency of the Nruural Resources Secreran'a 



RAAP Incinerator Spray Pond - Background Data Review 
Page 2 

P.O. Box 10009 
Richmond, Virginia 237-40-0009 

In the event that this decision is served to you by mail, the date of service will be calculated as 
three days after the postmark date. Please refer to Part Two A of the Rules of the Supreme 
Court of Virginia, which describes the required content of the Notice of Appeal, including 
specifications of che Circuit Court to which the appeal is taken, and additional requirements 
concerning appeals from decisions of administrative agents. 

If you should have any questions, concerning this marter, please contact Debra iMiller, 
Environmental Engineer Senior, of my staff at (804) 698-4206. 

Sincerely, 

f Thomas L. Hopkins 

Attachment 
cc: Jerry Redder. Alliant Techsystems-MAP 

Robert Greaves, EPA Region III 
Leslie Romanchik, DEQ (wlout Artachrnent) 
Debra Miller, DEQ 
Glenn VonGonten, DEQ 
Claire Ballard, DEQ (wlout Attachment) 
Aziz Farahmand. DEQIRRO-Compliance 
CENTRAL HW FILES 



Incmerator Sprav Pond Closure Plan (HWbfi-;9) - Radford A m v  . h m u t l o n  Plant. EPA ID No VAL? 100207i0 

d. Following resampling, companson to background' along with addtional 6-inch soil layer 
excavation ( i f r e w e d )  will be performed-in accordance twth the protocols previously outlined. 

If, upon followmg these protocols m an attempt to acluete clean closure, the pond surface sods have been 
removed from the hot spot(s) down to a sufficient level twthout achrevement of clean closure for all closure 
parameters, Radford Army Arnrnwhon Plant ( W P )  wll I 

I Implement the contmgent closure and post-closure procedures of thls plan. or 
* Conunue with removal actlvmes and samplmg of so11 layers. as detaled above: or 
* Perform closure to nsk based standards as detded ln 3 3  7 6 of this closure plan 

As prev~ously stated. the fac~lity reserves the optlon. at any pomt dunng the tncmerator spray pond subsods 
assessment to abandon attempts to demonsrate clean closure to elther backgound or nsk based standards. and 
m e d a t e l y  implement contmgent closure and post-closure 

3.7.6 Ris k-Based Closure I 

--  _ 
As an alternanve to clean closure to background standards, specified above, or in conjunction with background 
standards, RrWP may propose to demonstrate that the concentrations of hazardous consatuents detected do not 
pose an unacceptable level of nsk to human health and the envuonment. The facility may present h s  proposal 
to the DEQ following the requirements as outlined m h s  section and as detailed in XppenQx A. - 
In order to esumate the risk for HCOCs, a risk assessment will be conducted a c c o r b g  to the DEQ document 
titled "Guidance for development of health based cleanup gals using decision treeREAMS program (herem after 
" V i r p a  hsk Guidance"), November 1, 1994, prepared by Old Dominion University and the approved closure 
plan. The nsk goaWperfomance standards will be a hazard index of 1.0 for non-carcinogens and an indvidual 
cucinogcmc risk of 1x10" and cumulative carcinogenic risk of 1x10~". This risk assessment will be conducted 
assurmng a future residential use of the property. 

The Depamnent will review the risk assessment rcporc to dettnnine that it conforms to risk assessment 
regurnments for residential risk-based protocols. If acceptable, a t t m e n t  of the closure standards may then be 
demonstrated using the residential risk-based assessment in lieu of the clean closure to background standards 
established under 45.7.1 Background Sampling For Soil Assessment. 

If the Incinerator Spray Pond cannot meet the residential nsk closure standards, then M A P  may propose to 
m d f y  th closure plan for industrial risk-based closurc. Modfication will require notification of the DEQ and 
the submittal of a closure amendment, in accordance with 9 VAC 20-60-j80.C (previously, VHWMR 49.6.C) 

:(Optional) The background critical value described thus far will have been computed from the top layer (0-6 
inches) of the background area. It may be necessary to sample background at lower intervals (6- 12 inches, 12-24 ~nches) 
for camparism at lower mtavals to avoid bias. This opuon should be unplrmented if. for example, distinctly duTerent soil 
types are encountered at depth, therebv necessitaung re-establishment of background 



Incmerntor Spray Pond Closure Plan ( W I U - 3 9 )  
Radford h n v  .hmun~t~on Plant. EPA ID No VA 19 100907~0 

Note, for the rernlllning sectlons of the closure plan. my lscuss~ons of "clean" closure of the mcmerator spra: 
ponds' subso~ls, ~wll sigmfy either clean closure to backgound levels andlor closure to nsk based closure 
standards. as descnbed m th~s  section. 

3.8 Field Quality Control 

To ensure the collecnon of representative samples, the following field quality cone01 procedures will be ut~lized 
dunn,o the closure operations. 

Equipment blanks will be collected after every 20th sample. If equipment blanks indicate contamination. then 
resampling wdl occur only If sample results a e  above cleanup levels. Samples will be analyzed for the hazardous 
consnruents of concern idenafied in t h ~ s  document. Laboratory quality connol will be accordmg to the methods 
detailed in SW-846. 

Laboratory quality control will be accorhg  to the mechods detailed m SW-846 

October 9. 1997 



Appendix A 

RISK-BASED CLOSURE 

1. Introduction 

This document discusses the protocol for conducting a risk assessment to implement closure of a 
hazardous waste management unit (HWIC? in accordance with the Virginia Hazardous LVaste 
Management Regulations ( V H W )  as codified in Title 9 of the Virginia Administrative Code, 
Agency 20, Chapter 20 (9 V.AC 20-60-10 et seq). 

2. Risk-Based Evaluation 

In order to estimate the risk for hazardous constituents of concern (HCOC) associated with the 
materials remaining in a HLVILTU, a risk assessment will be conducted according to the Virgima DEQ 
document titled "Guidance for Development of Health Based Cleanup Goals Using Decision 
TreeREAbiS Proprarn (herein after "Vir,ginia Risk Guidance") (November 1, 1994) prepared by Old 
Dominion University and the approved closure plan. T l e  risk assessment report will contain the 
followin,o sections: 

site evaluation, 
development of a site conceptual model, 
identification of contaminants of concern, 
identification of media and exposure pathways, 
toxicity assessment, 
estimation of contaminant concentration at the point of exposure, and 
summary of health risk. 

The submission instructions contained in Appendix IX of the Virginia Risk Guidance will be 
reviewed prior to submitting the report to confirm that all necessary risk issues have been addressed. 
The risk goals associated with the closure performance standards (risk goals) will include: 

I. a hazard index of 1.0 or less for non-carcinogens; 

. . 
11. a risk of 1E-06 or less for individual carcinogens; 

. . . 
111. cumulative risk of 1E-04 or less for all carcinogens; and 

1v. the concentrations of HCOC remaining in the HWMU will not result in contamination of 
other environmental media of concern, including the groundwater underneath the unit. 

Compliance with the closure standard shall be verified by comparing the calculated individual and 
cumulative risk'hazard for all HCOC that failed the background statistical comparison (if such 
comparison is preformed) to the risk goals. 

C 
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The risk assessment will be conducted assumins a hrure residentialhdustrial use of the property. 
C The methodolog and equations for estimating the exposure concentration are presented in 

subsequent sections. 

The initial step in the risk assessment will be to dev_elop a site conceptual exposure model (SCEM) 
which depicts all potential exposure routes and media for the site and the receptors which may be 
exposed. Then HCOC for the risk assessment are identified (See Section 3 of this document). 

In the next step, the exposure assumptions outlined in the Virginia h s k  Guidance will be employed 
to estimate the risk. Information will also be taken as needed from U.S. EPA documents and 
databases (e.g., the h s k  Assessment Guidance for Superfund (RAGS), and the Integrated Risk 
Information System (IRIS)). The chemical intake equations and exposure parameter assumptions 
used to estimate risk (obtained from the Virginia Risk Guidance) are shown in Tables 1 throush 1. 
Additional details on the approach and assumptions used for each potential exposure pathway are 
provided below. 

As a part of the Risk Exposure and Analysis Modeling System (REALMS) evaluation, fate and 
transporr modeling is conducted to demonstrate that the residual soil concentrations of 
contaminants of concern would not result in contamination of other environmental media of 
concern including the groundwater underneath the closure unit. For this purpose, representative 
soil sarnple(s) will be collected around the unit (subjected to closure) for analysis of the properries 
listed on page 62 of the REALMS document. In cerrain siruations, groundwater sampling is 
preferable. 

I 

3. Identification of Huardous Codtuents of Concern for Risk Assessment 

For the purpose of REALMS evaluation associated with a HWMU, HCOC are those closure 
constiruents present at concentrations statistically exceeding the background levels. If the 
concentrations of a closure constiment did not statistically exceed the background levels, no 
further risk-based evaluation for such constiment is required. 

4. Exgosure Assessment 

The exposure assessment wiil identify transport mechanisms for the contaminants of concern that 
may potentially impact human receptors. The results of this assessment will be used to 
document the current and potential exposure posed by the HWMU. 

With regard to the soil, a residential exposure will be assumed to document unrestricted closure 
of the soil. If the risk for potential residential exposure does not exceed the performance 
standards, unrestricted closure of soil will be accepted. If the site cannot be clean closed for 
residential use, then the option to pursue restricted closure (cornrnercial/industrial) will be 
exercised. Closure to commerciaYindustrial scenario will require the facility to enact a deed 
restricrion that eliminates the possibility of future residential use of the site. The requirements 
for establishing such a deed restriction are detailed in VDEQ's Guidelines for Developing Health- 

Ocrober 9. 1997 



Based Cleanup Goals Using Risk Assessment at A Hazardous Waste Site Facilitv for Restricted 
A 

Industrial Use, dated June 1995. (A copy of chis document is anached.) 

Exposure routes will include ingestion, dermal absorption, and inhalation of vapors and dust 
particles. 

With regard - to impact to the groundwater underneath the HWMU, REAMS fare and trmsporr 
modeling' will be required to assess impact from residual soil contamination to the groundwater. 
If che groundwater does not qualify for clean closure, the scope of fume  groundwater monitoring 
will be discussed with VDEQ. The groundwater exposure routes to be evaluated include 
ingestion, dermal absorption, and inhalation of volatiles emitted from the conraminaced 
groundwater. 

The exposure assumptions presented in the following sections are based on residential exposure. 
These constitute a reasonable maximum exposure scenario (RME), an exposure whlch is unlikeiy 
to occur but is reasonably possible. The exposure pathways for residential exposure include 
ingestion of soil, dermal contact with soil, inhalation of resuspended soil particulates, and inhalation 
of' vo iatile organic compounds. 

4.1 Ingestion of Soil 

The equation for potential chemical intake by soil ingestion on-site is included in Tabie 
1. This scenario also assumes that weather or other conditions (e.g.. frozen ground/ snow 
lother cover) do not affect exposure and that all soil ingested is from contaminated areas 
of'the site. These assumptions are protective of human health and the environment. 

4.2 Dermal Contact with Soil 

The equation for calculating the potential absorbed chemical dose by dermal contact with 
contaminated soil is provided in Table 1. Trus scenario assumes that weather or other 
conditions (e.g., frozen ground snow or other cover) do not affect exposure, that 
contaminated soil remains on the skin long enough for the HCOC to be absorbed and that 
all soil adhering to the skin is from contaminated areas of the site. 

The skin surface areas (SA) used in the dermal pathway have been identified in Virginia 
Risk Guidance as 4,860 cm2 for adults, which is the 50th percentile value for the m s .  
hands and lower legs (U.S. EPA, 1989b - See Attachment A). 

'REAMS includes the unsarurated zone fate and tramport model SESOIL. The purpose of running the model 
is rwo fold: a) determine whether the contaminanu wll reach the groundwater table in next 30 y e m .  b) calculate the 
nsk associated with the estimated concenuaaon in the groundwater. For constituents with a promulgated MCL, the 
estimated concenuaaon will be directly compared against the MCL. However, prior ro running the SESOIL model the 
fac~licy should obtain all the i n f o m a o n  identified on page 62, of the Virginia Risk Guidance. The closure report musr 
mclude evaluation of model resulu (concentrations r e a c h g  the groundwater) and a copy of SESOIL ourput file. 

.- 
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A skin-soil adhkrence factor of 1.45 mgcm' will be used in the dermal intake calculations. 
The U.S. EPA s idance  for dermal exposure assessment (Dermal Exposure Assessment: 
Principles and Applications, EPN60018-9 1/01 1B) states that a range of values from 0.1 
mgcm' to 1.5 mslcm2 per event appear possible for dermal adherence factors (XF). In 
order to estimate the amount of a particular HCOC which may potentially be absorbed 
thou& the skin, chemical-specific dermal absorption factors (.US,,) are used. 

4.3 Inhalation of Resuspended Soil 

The equation for potential chemical intake by inhalation of resuspended contaminated soil 
is included in Table 1.  h inhalation rate of 0.83 m'ihr will be used as specified in the 
Vir,ginia Risk Guidance. This scenario assumes that the concentration of HCOC in indoor 
dust will be equal to that in outdoor soil and that weather or other conditions, (e.g., kozen 
ground/snow or other cover) do not affect resuspension or exposure. 

However, an appropriate model or equations in Table 1 will be used to estimate the 
potential amount of respirable particulate matter senerated by wind erosion. The 
estimated generation rate for eroded particulate matter will then be used to derive an 

-- _ ambient air particulate concentration. Justification for and documentation of the model(s) 
used will be submitted to the Deparnnent as part of the risk assessment. 

4.4 Inhalation of Volatilized HCOC in Soil 

Since the HCOC have appreciable vapor pressures, they are expected to volatilize from 
soil. Inhalation of HCOC as volatilized vapors is considered for t h~s  risk assessment. The 
equations in Table 1 will be considered for estimating the intake for thls condition. 

5. Toxicitv Assessment 

The two principle indices of toxicity used in risk assessment are the reference dose (Rf D) and the 
cancer slope factor (SF). An RfD is the intake or dose per unit of body weight (mglkgday) that 
is unlikely to result in toxic (noncarcinogenic) effects to human populations, including sensitive 
subgroups (e.g., the very young or elderly). The RfD allows for the existence of a threshold dose 
below which no adverse effects occur. 

The SF is used to express the cancer risk attributable to a discrete unit of intake; that is, the 
cancer risk per milligram ingested per kilogram of bodyweight per day ([mglkg-day]-'). The SF 
is an estimate of the upper-bound probability of an individual developing cancer as a result of 
exposure to a particular carcinogen. Unlike the RfD, the SF assumes that there is no threshold 
dose below which the probability of developing cancer is zero. Note that SFs are only deve loped 
for those chemicals which have been shown to be carcinogens in man or in at least several anima 1 
species. A carcinogenic weight of evidence rating is used to describe the strength of the 
experimental evidence for carcinogenicity. The U.S. EPA has developed SFs for most chemicals 

I 
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with weight of evidence ratings of ''A" (known human carcinogen) or "B" (probable human 
FL carcinogen). 

RfDs and SFs are derived by the U.S. EP.4 for the most toxic chemicals generally associated with 
chemical releases to the environment for which adequate toxicological data are available. If both 
the carcinogenic and non-carcinogenic effects of a particular compound are significant, both values 
may be established. However, in most cases only one value is available. 

5.1 Inhalation and oral RfDs and SFs 

RfDs and SFs pertinent to the oral and inhalation exposure pathways will be obtained 
from U.S. EPA's IRIS database. The IRIS (Integrated Risk Information System) on-line 
database was established by the U.S. EPA to provide risk assessors with peer reviewed 
toxicological data on chemicals commonly encountered at environmental sites of 
contamination. If data is not available from IRIS, it will be obtained from the Health 
Effects Assessment Summary Tables (HEAST), a compilation of toxicity values 
produced by the USEPA on a quarterly basis. The hierarchy presented in Appendix I11 
of Virginia k s k  Guidance will be followed for using these sources. 

5.3 Dermal RfDs and SFs 

Chemical specific oral-route absorption values (ABS,,J are used to adjust the oral RfD 
or SF, which is computed from an administered dose, for use in the dermal exposure 
pathway. Thls correction is necessary due to the differences in absorption between the 
skin and the gastrointestinal mct. By correcting the adrninistereddose oral RfD or SF 
for the fraction expected to be absorbed in the gut, a dermal absorption factor can be 
used to estimate the correct dose received through the skin. 

6. Evaluation of Risk 

Using the toxicity criteria and identified exposure pathways discussed above, and the procedures 
described in the Virgima Risk Guidance, the risk presented by the HCOC will be estimated. The 
estimated risk will consider the effects from multiple constiruents and all routes of exposure. The 
risk goals will be a total cumulative hazard index of 1.0 for multiple noncarcinogens and a total 
cumulative carcinogenic risk of 1E-04 for multiple carcinogens. However, the risk from each 
individual carcinogen shall not exceed 1E-06 (i.e., one case of cancer per 1,000,000 population). 

6.1 Estimation of exposure concentration 

For the contaminants detected at the site, an exposure point concentration ( E X )  for 
each exposure pathway will be calculated for each contaminant by estimating the 95th 
upper confidence limit (UCL) on the arithmetic mean of the concentrations. If the 
calculated 95th UCL is greater than the maximum detected concentration, then the 



maximum detected concentration will be used as the EPC. The risk for contaminanrs 
will be calculated as per the equations and assumptions described in Tables 1 through 
4. If for a contaminant both carcinogenic and noncarcinogenic risk-based cleanup goal 
exists, the lower of the two will be used as a pathway specific to estimate the risk. 

6.3. Risk Estimation 

Health risk assessments are based on the relationship involving intake, contaminant 
concentration, risk, and toxicity. Chronic daily intake (CDI), a product of intake and 
contaminant concentration, are estimated using the exposure equations and assurnprions 
associated with each route of exposure. CDIs are then combined with the RfDs or SFs 
to determine the resulting risk. For carcinogen(s), cumulative potential risk (RISK,) can 
be calculated as follows: 

For noncarcinogen(s), cumulative hazard index (HI,) can be calculated as follows: 

where, takmg into account all HCOC and relevant exposure pathways, the excess 
cancer risk is 10" or the hazard index is 1.0. 

October 9. 1997 
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Table 2 
Age Adjusted Factors 

ED, x Sac 
SAS,,, = - - - - - - - -  - - - - -  + 

Bw, 

(ED,,, - ED,) x I;?& 
. . . . . . . . . . . . . . . . . . . .  

E W a  

(ED,,, - ED,) x SA, 

Because contact m e  wrh tap water, amb~ent alr, and res~dennal sod are diffmnt  h r  chtldren and adults, carclnogentc nsk dunng 
h e  fin; 30 y w n  of l ~ f e  were ulculsred using age ad~usud factor These hcton appmxlmu the tntepted exposure h r n  bmh unt~l 
age 30 by cornb~n~ng contact rstu. body we~ghu. and e.cposure dun~ions  (or two age p u p s  - s m l l  ch~ldren and adults. 
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Table 4 
Exposure Variables Included in Tables 1, 2, and 3 

Symbol Term L'NL Vzlue Reference 
I I 1 

ABS 

AF 

AT, 

C h d  conccnaaaon rn mvKgday I User specrfied I 

AT, 

B W, 

BW, 

CF 

Absorpnon factor 

Adherence facror 

Averapg  nmc 
wcmogcnr 

Avengmpng nmc non- 
cvcmogcnr 

Body werght adult 

Body we~ghr cMd 

Conven~on facror 

CW 

Lxposure Time 
GcncaUOccupaaonal 

Gmundwater 
Surface Warn - ingauon 

S h e  warn - dmnal 
Air -mbalaaon 

days 

EDc 

ED- 
ED 

ED0 

EF 

days 

k3 

k3 

3 

C h c m ~ d  concenuaaon in 
waur 
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Lser specified 

1.45 

l55jO 

Exposure duraaon chld 

Exposure duraaon for 
u r c i ~ g e n  mral or 

Rurdennal 

Exposure dunaon 
occupaaonal 

Exposure frequency 
r a i d e n d  

R 

m 
I% 

m 
m 
IR 

a. c 

ED I !6j 

70 

L 5 

0.000001 

mg/L 

1 

c 

User specified 

!em 

yeus 

Y- 

days 

b 

b 

b 

b 

c.d 

6 

30 

25 

350 

-- - - - 

1.0 
0.5 

10 

1 1  66 

12 

20 

0 18 
0.122 
0.054 

-- -. 

F m m n  ~ n g a t c d  
Rcsldcnd 

Occupoaoml 

Inhalaaon a r c  arr adult 

Inhrlanon a r c  - a a  
adjured 

InManon rarc chid 

hhalaaon rate adult 

Ingesaon rate food 
Fru~c/vegg~cs 

Fish 

c 

c 

c 

c 

mJlday 

m'lday 

mJlday 

kgfda~ 



IRW, 

IRW, 

IRW, 

PEF 

SAW, 

SAS, 
SAS: 

S AS, 

SAW, 

SAW, 

References: 

a. 

b. 

C. 

d. 

e. 

f. 

Inganon rau so11 adulr 

Ingesnon rare sod ch~ld 

Ingunon - so11 adjusted 

h g a n o n  rate so11 ctuld 

Ingauon nu water adult 

Ingaaon -water djusced 

Ingunon nu water cfuld 

Volanluanon facmr. 
waur to a u  

Perrnub~l~ry consant 

Surface arm soil 
occupaaonal - adult 

chlld 

I I 

rnqday 

Pmculate crnlsslon 
factor 

Surface a m  child 
grouadwarcr dermal 
surface water dermal 

rnydav 

myday 

L. dav 

L-ykgd 

L h v  

crrvhr 

Surface ua for waur 
conact 

100 

kg/mi 

cm: 

I User specified 

b 

100 

114 23 

7-00 

7 

I09 

I 

0 5 

I 

R I S ~  Asessmmt Guiduwe for Superfund. Volume I. EPAl54011-891002. December 1989. 

Repon 111 valua 

Exposure Facmn hudbook. EP.4/60018-891043, July 1989 

Human h d r h  evalrudon manual supplemental gu~dure .  OSWER Direcnve 9235.603. March 25. 1991. 

Dennal exposure &sasmenc. Pnncipla yd Appliuuom, Inur~m Repon. EPAI60018-91/01 lb. January 1992. 

Technical Background Document for Drah So11 Screelung Level G u ~ d a m .  Office of Solid Waste and Emergency Response. 
EP.415401R-941101. December 1994. 

b 

b 

b 

b 

6 789926EO8 

7500 

1230 

820 

Surface ua sod ajuccd 

Surface ua for water 
contact adult 
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~ s e r  spec~fied 1 b 

f 

b.e 

b 

cmL!event 

cmL 
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c f, Reference: L0706.05.01 
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Mr. Arne Olsen 
Alliant Techsystems 
P. 0 .  Box 1 
Radford, Virginia 241414100 

- * - .  , 

7 $ Re: Incinerator Spray Pond Closure, .&, ' 

3.,-t3'<, Background Soil Sampling Results 
-'&, - ' . . 

a - y f.. - .. 
4, -;, . ;., .:* . .  ,. . . v , .,." :. . .  ., Dear Arne: 
, ;.. 

-,?. , >.~ .: &?' 
. :.- ,. ... .,.ti 'i 
-? % . ,*.; ..' -2-= The following represents the updated report for background soil 
. . .A,* 
. !  sampling results for the Incinerator Spray Pond based on our 26 March -5: ; .Jr;' .. ; , . L t  

..:? . .:, :; -r. 1997 telephone conversation. 
. . . .. 

. ,, ...- . . ,  - -J: 
r; 

Alliant Techsystems, Inc. (Alliant) is submitting background soil 
sampling results and revised critical values in support of closure of the 
Incinerator Spray Pond at the Radford Army Ammunition Plant in 
Radford, Virginia. These changes are being made in response to 

+ comments received from the Virginia Department of Environmental 
>'- . -.! 
*: - . , : . : Quality (DEQ) on 26 March 1997. Changes include recalculation of the 

- -;% critical values for chromium, lead, mercury, nickel, and thallium using 
. .  

a . , .. . analytical values reported between the method detection limit and 
practical quantitation limit (PQL). It is noted that because the reported 
values are less than the laboratory PQL, the values may not be true or 
accurate values. Basing the critical values on these analytical results may 
lower cleanup levels. Secondly, the critical values were recalculated 
using 95% data coverage and 950h confidence level. 

The background critical values are based on samples taken on 2 January 
1996 and 5 December 1996. In accordance with Section 3.7.1 of the 

': approved closure plan for the Incineratory Spray Pond, Alliant collected 
and analyzed six background soil samples for the constituents provided 
in Table 3-2A, "Hazardous Constituents of Concern. " The following 
statistical operations were conducted on the data: 

3140 Chaparral Drive, SW 
Suite 201 
Roanoke, VA 24018 
(540) 776-3545 
(540) 776-8530 (fax) 

ERM 

Check for possible data outliers; 

Test assumptions of data normality; 
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Environmental 
Resources 
Management, Inc. 

Check for adequate number of samples collected; and 

Calculation of background critical values. 

Table 1 summarizes the analytical results and indicates the hazardous 
constituents of concern, Practical Quantitation Limit (PQL), units, and 
results. Table 2 provides the calculated soil background critical values. 
Analytical methods, statistical methods, and conclusions are discussed 
further below. 

Data 

Background soil sampling results with the Practical Quantitation Limits 
for the 2 January 1996 sampling events were submitted on 25 March 
1996. As indicated in the 28 May 1996 and 28 October 1996 letters from 
DEQ to Ms. C. A. Jake, Alliant Techsystems, Inc., several analytical 
methods did not conform to Table 3-2 of the approved closure plan for 
the Incinerator Spray Pond, dated 24 August 1995. However, because 
most constituents were detected above the PQL, DEQ accepted the - results for all the constituents in Table 3-2 with the exception of arsenic, 
di-n-butyl phthalate, diethyl phthalate, and resorcinol. Consequently, 
additional soil samples were collected and analyzed for these 
constituents on 5 December 1996. The analytical methods used were 
those identified in the updated Table 3-2A enclosed with DEQ's 28 
October 1996 letter. 

The analytical methods used for antimony, barium, chromium, lead, 
mercury, nickel, and thallium were not those identified in the approved 
closure plan. However, these constituents were detected at levels above 
the method detection limit for the methods used. Because the 
constituents were detected, DEQ indicated its approval of the methods in 
DEQ's 28 October 1996 letter to C.A. Jake, Alliant Techsystems. 

Alliant resampled and reanalyzed for arsenic, di-n-butyl phthalate, 
diethyl phthalate, and resorcinol in December 1996 because of several 
concerns. First, the analytical method utilized in the first sampling event, 
SW-846 Method 8061, could not confirm the presence of diethyl phthalate 
because the ions in the clay soil matrix interfere with the laboratory 
instrumentation. Second, the recovery of several surrogates was not 
within acceptable ranges. Finally, the non-detected values for resorcinol 

P and diethyl phthalate were based upon a Mass Spectral Library Search 
only. Although DEQ later approved the use of Method 82708 for these 

A nirnihcv <,I tlic Enr I I , .H .< * -  ,,' t 

Kt%~urcts M~nlr.r~r~tiwn~ t * . .  ., 



Table 1: Analytical Results Page: 1 

INCINERATOR SPRAY POWD BACKGROUHI SOIL RESULTS 
BASIC RESULTS (COWDENSED) 

FOR ALL DATES 

Pm BG1 
Pm BG2 
Pm BG3 
PPB BCI 
PPB BGS 
PPB 866 
Pm BG1 
PPB BG2 
PPB m 
PPB BCI 
PPB g;S 
PPB 866 
m BG1 
m 0G2 
m BG3 
m BG4 
PW BG5 
m 866 
m BG1 
m BG2 
m BG3 
m BCI 
m BC5 
m 866 
m BG1 
m BG2 
m BG3 

(continues) 
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INCINERATOR SPRAY P M l  BAU(GROUWD SOIL RESULTS 
BASIC RESULTS (CONDENSED) 

FOR ALL DATES 

ml 
ml 
ml 
ml 
m 
m 
m 
m 
ml 
ml 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 

BCI 
BCS 
866 
BG1 
BG2 
BG3 
BG4 
BC5 
866 
BG1 
BG2 
BG3 
BCI 
BGS 
866 
BG1 
BG2 
BG3 
BCI 
BCS 
866 
BG1 
EG2 
BG3 
BCI 
BG5 
866 
BG1 
EG2 
8 3  
BCI 
BGS 
866 
BG1 
BG2 
BG3 
BCI 
BGS 
BG6 
BG1 
EG2 
BG3 
BCI 
BGS 

93.300 
91.500 
74.600 
0.702 
0.538 
0.451 
0.920 
0.895 
0.817 

lbn-Detec 
Eon-Detec 
Ma-Detec 

0.058 
0.054 
0.053 

17.000 
16.000 
19.000 
23.500 
U.500 
U.500 

Eon-Detec 
Eon-Detec 
Eon-Detec 
Eon-Detec 
Eon-Detec 
Ilon-Detec 
Ilea-Detec 
Eon-Detec 
Eon-Detec 
Eon-Detec 
Eon-Detec 
Ilon-Detec 

11.000 
10.000 
13.000 
14.500 
ll.500 
14.500 
0.250 
0.250 
0.200 
0.150 
0.100 
0.250 

Page: 2 

(continues) 
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II1m 
YIUKL 
I I 1 m  
n I m  
n I m  
nun 
RESORCIlKlL 
I(ESOILCrnL 
RBSOPCIIKH, 
RBSOIKIIIKH, 
~~ 
ReSORCMOL 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
l'EALLIun 

L.l). TaALLm 
TBhUIIM 
TEALLnm 
WOII 
TEALLIOII 

INCINERATOR SPRAY POWD BACKGROUND SOIL RESULTS 
WIG RESULTS (COWDENSED) 

FOR ALL DATES 

BGl 
BCZ 
Be3 
Be4 
BC5 
BG6 
f f i l  
ffi2 
ffi3 
m 
BC5 
Be6 
ff i l  
Be2 
Be3 
m 
BGS 
EG6 
f f i l  
BCZ 
863 
BCI 
BQ 
BG6 



Parameter 

2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Di-n-butyl phthalate 
Diethyl phthalate 
Lead 
Mercury 
Nickel 
Resorcinol 
Silver 
Thallium 

Table 2: Critical Values 
Incinerator Spray Pond Closure 

Upper Tolerance 
Limit [UTU 

130.0 ppb 
70.0 ppb 
7.8 pprn 
5.43 pprn 
125.75 pprn 
1.44 pprn 
0.071 pprn 
30.55 pprn 
330.0 ppb 
330.0 ppb 
19.4 pprn 
0.44 pprn 
20.1 pprn 
330.0 ppb 
0.12 pprn 
0.45 pprn 

Practical Quantitation 
QL) 

130.0 ppb 
70.0 ppb 
1.5 pprn 
1.25 pprn 
1.00 pprn 
0.1 pprn 
0.05 pprn 
25.0 pprn 
330.0 ppb 
330.0 ppb 
50.0 pprn 
1.0 pprn 
7.5 pprn 
330.0 ppb 
0.01 pprn 
0.5 pprn 
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constituents, Alliant resample and reanalyze for these constituents on 5 
December 1996. 

SW-846 Method 6020 was utilized for analysis of arsenic. However, the 
laboratory Minimum Qualifying Limit (MQL) was 1.25 ppm versus 0.2 
ppm identified in Table 3-2A. This discrepancy was due to the nature of 
the sample matrix and the digestion method used. Soils, especially 
clayey/silty soils, present special interference problems in laboratory 
analysis. The clay particles contain ionic charges and higher natural 
levels of metals which tend to interfere with the more sensitive 
laboratory equipment. Because arsenic was detected above the 
laboratory MQL, resampling will not be necessary. 

Environmental 
Resources 
Management, lnc. 
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Outliers 

The data were checked for possible outliers using the Outlier Test, which 
follows ASTM Standard E178-75. The Monitor System, developed by 
Entech Systems, Inc., who also developed GRITSTAT, contains the same 
programs as GRITSTAT. These programs allow users to perform 
evaluations on more than one constituent at a time. The Outlier Test 
program is particularly useful for statistically detecting and verifying 
suspected outliers and locating possible data entry errors. It uses a 
standard t-test to compare the largest value from a sample set to the 
remaining values and then designates the possibility of this value being 
an outlier as "Yes" or "No." If the report indicates "Yes" for any 
parameter, it then lists the following information about it: 

The value of the possible outlier; 

Sampling location; 

Sample date; and 

Sample number. 

No possible outliers were identified for any of the parameters. The test 
report is included with this letter as Attachment A. 

Normality 

The data were checked for normality using the Shapiro-Wilk Goodness- 
of-Fit Test. This program systematically designates the underlying 
distribution as normal, lognormal, or non-normal. If the data fails the 
test of normality, the program automatically takes the logs of the data 
and repeats the procedure. The Data Distribution program and report 
also computes: 

Sample size; 

Percentage of non-detects in each sample set; 

Coefficient of Kurtosis; 

Coefficient of skewness; and 
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Coefficient of variation. 

The report is included with this letter as Attachment B. As expected, the 
following compounds were not detected in any of the six samples and 
the data set is, therefore, non-normal: 

2,CDinitrotoluene 
2,6-Dinitrotoluene 
Di-n-butyl phthalate 
Diethyl phthalate 
Resorcinol 

The following compounds were detected above the method detection 
limit, but in some cases below the PQL, in all six samples and normally 
distributed: 

Antimony 
Arsenic 
Barium 
Beryllium 
Chromium 
Lead 
Mercury 
Nickel 
Silver 
Thallium 

One compound, cadmium, was detected in 50% of the background 
samples. A non-normal distribution results when more than 50% of the 
samples are non-detects. In accordance with DEQ's Guidance on Statistical 
Methods for Groundwater Data Analysis at a Solid Waste or Hazardous Waste 
Site, Version 2.0 (10 August 1995), Alliant performed the recommended 
functions for data with more than 15% but less than or equal to 50% non- 
detected values. 

The data set excluding non-detected values was checked for normality. 
As indicated in Attachment B, the detected only data for cadmium were 
normally distributed. 

Environmental 
Resources 
Management, Inc. 
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Appropriate Sample Numbers 

A simple check to ensure that an appropriate number of samples were 
taken for analysis was completed for each parameter which had detected 
results. An appropriate number of samples could not be calculated for 
those parameters which had non-detected results. 

The method is listed in Chapter 9, Sampling Plan, of SW-846, and 
summarized in Attachment C of this letter. Use of this alternate method 
was approved in a letter to J. J. Redder of Alliant Techsystems from C. L. 
Parker IV of DEQ dated 15 November 1995. 

This method calculates an appropriate number of samples based on the 
variance as computed by the actual sample results. Then the calculated 
appropriate number of samples is compared to the actual number of 
sample measurements taken, which was six for each parameter, to ensure 
that an adequate number of background samples were taken. The 
calculated appropriate number of samples should be less than or equal to 

I the actual number of samples taken. 

Only barium, for which an appropriate number of 16 samples was 
calculated, did not pass this test. AUiant believes additional samples for 
barium are not necessary for the successful closure of this unit. barium is 
not a constituent of primary concern for closure of this unit; the mean 
concentration of barium in the samples is 78.5 mg/kg, or 28% of the 
naturally occurring mean concentration of 280 mg/kg for the eastern 
United States. 

Critical Values 

Based on the previous calculations and evaluations, Table 2 provides the 
calculated critical soil values for the Incinerator Spray Pond. In 
accordance with DEQ's guidance, an upper tolerance limit (UTL) was 
calculated for the data that were detected in all six background samples, 
using the Tolerance Limits method. A 95% level of coverage and a 95% 
confidence level were chosen. The calculated UTLs are listed in 
Attachment D. 

C 
For cadmium, which had 50% non-detect values and a normal 
distribution of detected-only values, Cohen's method of adjustment was 
used to calculate the mean, standard deviation, and UTL. The laboratory 

A nrcn~lwr I ~ L .  E n v ~ r ~ n ~ i i ~ ~ t t . i I  
U~wwrrc-. Manaprn~.nl  C h u p  



Arne Olsen 
~ 0 6 . 0 5 . 0 1  
2 April 1997 
Page 7 

PQL was used as the background value for those constituents with 100% 
nondetected values. 

An electronic copy of this document has been enclosed with this report. 
If you have any questions regarding this letter or would like any 
additional information, please call me at (540) 776-3545. 

Sincerely, 
P 

Christel E. Compton 
Branch Manager 

CC:db 
enclosures: Table 1: 

Table 2: 
Incinerator Spray Pond Analytical Results 
Critical Values 

Attachments A-D 

Environmental 
Resources 
Management, Inc. 



Attachment A 
Outlier Test Report 



04/02/1997 Page: 1 

BACKGROUND SOIL W L E S  
OUTLIER TEST 

FOR ALL DATES 

Background 
IK) 

Background 
10 

(continues) 



04/02/1997 Alliant Techsystems Inc. Page: 2 

BACKGROUND SOIL W L E S  
OUTLIER TEST 

FOR ALL DATES 

Background 
m 

Backgrolmd 
1KI 

CI 

(continues) 



Alliant Techsysters Inc. 

BACKGRWWD SOIL W L E S  
OUTLIER TEST 

FOR ALL MTES 



Attachment B 
Normality Test Report and 
Descriptive Stat is tics 



Page: 1 

BACKGROUND SOIL W L E S  
DATA DISTRIBUTIW 

FOR ALL DATES 

Backgrolmd 
6 0 knal 0.8583 0.7880 0 . n  1.81 0.33 

BadrQround 
6 0 knal 0.9173 0.7880 9 . 0 1  1.00 0.16 

(continues) 



Alliant Techsystem Inc. Page: 2 

BAU(GROU)(D SOIL SAMPLES 
DATA DISTRIBUTION 

FOR ALL DATES 

BacmuQd 
6 0 Uonal  0.9127 0.7880 -0.27 1.0d 0.27 

Backgrormd 
6 0 l lonal  0.9380 0.7880 -0.07 1.09 0.15 

Backgrormd 
6 100  lo^-llonal 0.0000 0.7880 0.00 0.00 0.00 

Backqormd 
6 0 I Ional  0.8308 0.7880 -0.49 1.30 0.32 

(continues) 



Alliant Techsystels Inc. Paqe: 3 

BAaC6UOUWD SOIL W L E S  
DATA DISTRIBUTIW 

FOR ALL DATES 

Background 
6 0 lord 0.8693 0.7880 0.71 1.84 0.56 

Background 
6 0 lonal 0.9120 0.7880 4.11 0.98 0.30 



Paqe: 1 

NORllALITY CHECK W DETECTED VALUES - 50% NON-DETECT 
DATA DISTRIBUTIW 

FOR ALL DATES 

--- -- of Report ---------------- 
The Hodtor Spa, M 

Copyright (C) 1992-94, Entech System Iacorporated 



INCINERATOR SPRAY PO)iO BACKGROUII) SOIL RESULTS 
DESCRIPTIVE STAT1 STICS 

FOR ALL DATES 



Attachment C 
Appropriate Number of Samples 



Variance of Sample, s2 

where n=number of sample measurements. 

Appropriate Number of Samples, n 

where RT = regulatory threshold, 
X = sample mean, and 
t = value based on the number of degrees of freedom (n-1) 

The results for the following parameters were non-detect and, therefore, an appropriate number 
of samples could not be calculated: 

2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Di-n-butyl phthalate 
Diethyl phthalate 
Resorcinol 

Although many of the results for most of the following parameters were below the PQL, an 
appropriate number of samples was calculated using the laboratory detection limit. 

Antimony = 
Arsenic = 
Barium = 
Beryllium = 

Cadmium = 
Chromium= 
Lead = 
Melrury = 

Nickel = 
Silver = 
Thallium = 

Number of Actual Samples = 6 



Attachment D 
Critical Values 



Page: 1 

UPPER TOLERANCE LIMIT FOR 50% W-DETECTS 
T O L E M E  LIUITS 

FOR ALL DATES 

- Background 
6 50 0.050 0.000 0.071 



Page: 1 

UPPER TOLERANCE LIMITS FOR 100% DETECTED 
TOLERANCE LIMITS 

FOR ALL DATES 

.- Background 
6 0 3.690 0.000 7.810 

Background 
6 0 2.462 0.000 5.430 

Background 
6 0 78.467 0.000 125.749 

Background 
6 0 0.721 0.000 1.436 

(continues) 



Page: 2 

UPPER TOLERAHCE LIMITS FOR 100% OETECTEO 
TOCERMCE LIMITS 
FOR ALL OATES 

SIIlBLII 1101- BBaRdMPY O P P g P ~  
SIZE WreCI Mu LDm LDm 
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I CENTRAL VIRGINIA 
LABORATORIES & CONSULTANTS, INC. 

P 0 Box  lOPl9 Lt~uhburg. Vlr Inla 24506 
OFFICE. 1109Odd Fellow Rod (P2-4, 947-2852 &.296-1470 FAX (800 847.2830 

Christel Ackerman 
Environmental Resources Management, Inc. 
3140 Chaparral Drive, Suite 201 
Roanoke, Virginia 24018 

PROJECT NAME: 

PROJECT NUMBER: 

CUSTOMER ID: 

c w  ID: 

COLLECTION DATE : Crab: 

COLLECTION TIME (hours): Crab: 

RELINQUISHED DATE: - AELINQUISHED TIME (hours): 

RECEIVED DATE: 

RECEIVED TIME (hours): 

RAAP Site 39 

17684.07.0 1 

BG - I (4.5') 

96-0006 1 

0 1/02/96 

1115 

0 1/03/96 

1050 

0 1/03/96 

1715 

RAAP Site 39 

176E4.07.0 1 

BG - 2 (4.5') 

96-00062 

0 1 /Om6 

1130 

0 1/03/96 

I050 

0 1/03/96 

1715 

RAAP Site 39 

176E4.07.0 1 

BG - 3 (4.5') 

96-00063 

0 1 /Om6 

1150 

0 1/03/96 

1050 

0 1/03/96 

1715 

RAAP Site 39 

176E4.07.0 1 

BG - 4 (4.5') 

96-00064 

0 1/02/96 

1215 

0 1/03/96 

1050 

01/03/96 

17 15 

NC = Not Given 

Comments: 
The presence of Diethyl Pbthdate detected by method SW 8061 in several of the samples was not confirmed by 
mass spectrometry. Tbemforr, Diethyl Pbtbahte for t hee  sample was reported by SW-846 Method 8270. 

Respectfully Submitted, 

a * . a L  
Janet M. Zwetoliw 

bboratory Director 

January 16, 19% 
Report Date 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

PROJECT NAME: 

PROJECT NUMBER: 

CUSTOMER ID: 

CVLC ID: 

COLLECTION DATE : Grab: 

COLLECTION TIME (hours): Grab: 

RELINQUISHED DATE: 

1. .LELINQUISHED TIME (hours): 

RECEIVED DATE: 

RECEIVED TIME (hours): 

RAAP Site 39 

176E4.07.0 1 

BG - 5 (4.5') 

96-00065 

0 1 /02/96 

1230 

0 1/03/96 

1050 

0 1 /03/96 

1715 

RAAP Site 39 

176E4.07.01 

BG - 6 (4.5') 

96-00066 

0 1 /02/96 

1255 

01/03/96 

1050 

0 1 /03/96 

1715 

RAAP Site 39 

176E4.07.0 1 

BGD - 3 (4.5') 

96-00067 

0 1 /02/96 

1200 

0 1 /03/96 

1050 

0 1 /03/96 

1715 

RAAP Site 39 

176E4.07.0 1 

Field Blank 

96-00068 

0 1 IOU96 

1040 

0 1 /03/96 

I050 

01/03/% 

1715 

NG = Not Given 

Comments: 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

PROJECT NAME: 

PROJECT NUMBER: 

CUSTOMER ID: 

CVU= ID: 

COLLECTION DATE : Crab: 

COLLECTION TIME (hours): Crab: 

RELINQUISHED DATE: 

rL- 
AELINQUISHED TIME (hours): 

RECEIVED DATE: 

RECEIVED TIME (hours): 

RAAP Site 39 

176E4.07.01 

Equip Blank 

96-00069 

0 1 /02/96 

1310 

0 1/03/96 

1050 

0 1 /03/96 

1715 

RAAP Site 39 

176E4.07.0 1 

Trip Blank 

96-00070 

12/19/95 

1200 

0 1/03/96 

1050 

0 1 /03/96 

1715 

NC = Not Given 

Comments: 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

INORGANIC COMPOUNDS SW-846 Method DL (MGIKG) MGlKG - MGlKG MGlKG MGtKG -- 
Antimony, Total 7041 0.150 3.37 3.25 3.70 5.48 

Arsenic, Total 

Barium, Total 

Beryllium, Total 

Cadmium, Total 

Chromium, Total 

Lead, Total 

, .v¶ercury, Total 

Nickel, Total 

Silver, Total 

Thallium, Total 

ND - Not Detected 

 he spike recovery was not within the acceptable range. Therefore, the reported result is estimated. 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

BG - 5 (4.5') BC - 6 (4.5') BCD - 3 (4.5') 
~ 9 6 - 0 0 0 6 6 ~  

INORGANIC COMPOUNDS SW-846 Method DL (MGXG) MGKC - MGKC MCIKC 

Antimony, Total 

Arsenic. Total 

Barium, Total 

Beryllium, Total 

Cadmium, Total 

Chromium, Total 

Lead, Total 

Iercury, Total 
*rr. 

Nickel, Total 

Silver, Total 

Thallium, Total 

ND = Not Detected 



- 
CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 

Analytical Results 

Field Blank Equip Blank Trip Bhnk 
96-00068 P6-0aW9 46-(K](170 

INORGANIC COMPOUNDS SW-846 Method DL (MG/L) MG/L - MC/L MG/L 

Antimony, Total 704 1 0.003 ND ND ND 

Arsenic, Total 7060 0.00 1 ND ND ND 

Barium, Total 60 10A 0.002 ND ND ND 

Beryllium, Total 

Cadmium, Total 

Chromium, Total 

Lead, Total 

Mercury, Total 

F."* Nickel, Total 

Silver, Total 

Thallium, Total 

ND = Not Detected 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

SW-846 METHOD 8061 DL(UG/KG) UGMG UGMG UGMG UGMG 

Di-n-butyl-phthalate 
Diethyl phthalate 

ND = Not Detected 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

BC - 5 (4.5') BC - 6 (4.5') BCD - 3 (4.5') 
96-00065 -96-W06696;;MH)67 

SW-846 METHOD 8061 DL&JG/KC) UCKC UCMC UG/KG 
I 

ND = Not Detected 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

Field Blank Equip Blank Trip Blank 
9 6 - 0 b 8  9 6 - U d r  

SW-846 METHOD 8061 DL&JC/L) UG/L U G L  UC/L 

ND = Not Detected 



CENTRAL V IRGINIA LABORATORIES AND CONSULTANTS, I N C  
Analytical Results 

SW-846 M E T H O D  8090 DL(UC/KC) UGKC' UCIKC' U C K C  uC/KC1 

ND = Not Detected 

 he recovery for each surrogate was not within the acceptable n n g c  Therefore, the reported results a r t  estimated. 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

BG - 5 (4.5') BG - 6 (4.5') BGD - 3 (4.5') 
96-00065 ?%!mlr- 

SW-846 METHOD 8090 DYUGKG) UGKG UGKG' UGKG - 

ND = Not Detected 

 he recovery for each surrogate was not within the acceptable range. Therefore, the reported results are estimated. 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

Field Blank Equip Blank Trip Blank 
~ 6 - v b 6 8  - ? z m m ! Y w  

SW-846 METHOD 8090 D w c n )  UG/L UG/L UG/L - 

ND = Not Detected 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

SW-846 METHOD 8270 DL(UGn<c) UGMG UGMG UGMG UGMG - 

ND = Not Detected 

'Flust Note: Values obtained above are bucd upon an NBS Mass Spectral Library Search only - 
these values should be considered approximations. 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

BG - 5 (4.5') BG - 6 (4.5') BGD - 3 (4.5') 
96-Uo65 P6;M)a66 96-00067 

SW-846 METHOD 8270 UGlKG UGlKG UGlKG 

ND = Not Detected 

'pleast Note: Values obtained above are b u t d  upon an NBS M u ,  Spectral Library Search only - 
these values should be considered approximations. 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

Field Blank Equip Blank Trip Blank 
96-0&1( ~ 6 ; ~ 0 6 ~  9 6 - 0 m  

SW-846 METHOD 8270 DYUG5) UG/L U C 5  U G 5  

~esorcinol' 100 ND ND ND 

Diethyl phthalate 2.5 ND' ND' ~5.9 '  

ND = Not Detected 

'~lcuc Note: Valuu obtained above are based upon an NBS Mass Spectral Library !karch only - 
thue valuu should be considered approximations. 

- 
' The recovery for each surrogate was not within the acceptable range. Therefore, the reported results are estimated. 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

SURROGATE COMPOUND RECOVERY RANGE PERCENT RECOVERY (%) 

SW-846 Method 8061 
Diphenyl Phthalate 

SW-846 Method 8090 
Dibutyl Chlorendate 

SW-846 Method 8270 
Phenol46 
2-Fluorophenol 
2,4,6-Tribromophenol 

r1.4 .*litrobemned5 
2-Fluorobipheny l 
pTerpheny1-d 14 

me he recovery for each surrogate was not within tbe acceptable range. Therefore, the reported result3 are  estimated. 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

BG - 5 (4.5') BG - 6 (4.5') BGD - 3 (4.5') 
96-00065 -96-00066 9 6 - a  

SURROGATE COMPOUND RECOVERY RANGE PERCENT RECOVERY (%) 

SW-846 Method 8061 
Diphenyl Phthalate 

SW-846 Method 8090 
Dibutyl Chlorendate 

SW-846 Method 8270 
Phenol46 
2-Fluorophenol 
.,4,6-Tribromophenol 

,rrr- Nitrobenzene-d5 
2-Fluorobiphenyl 
p-Terphenyl-d 14 



CENTRAL VIRGINIA LABORATORIES AND CONSULTANTS, INC 
Analytical Results 

Field Blank Equip Blank Trip Blank 
US-OW~! 9 6 - e  ?J?m!mr 

SURROGATE COMPOUND RECOVERY RANGE PERCENT RECOVERY (%) 

SW-846 Method 8061 
Diphenyl Phthalate 

SW-846 Method 8090 
Dibutyl Chlorendate 

SW-846 Method 8270 
Phenol46 
2-Fluorophenol 

L 
?,4,6-Tribromophenol 
Nitrobenzene-d5 
2-Fluorobiphenyl 
pTcrpheny1-d 14 

 h he recovery for each surrogate nu not within the acceptable range. Therefore, the reported results are  estimated. 



LEGEND 

The matrix spike sample analysis provides Information about the effect of each 
sample matrix on the dlgestlon and measurement methodology. Spike recoveries 
must be wlthin specified ilmlts. However, according to EPA Document NO. 
EPA/S40/R/90/082, -Y DATA V-TION FU-I CUlDELm FOB 

IC ANALYSES, December, 1994 (Laboratory Functional 
Guidelines), if the sample result is outside the acceptable range, the results are 
reported as estimated. 

Laboratory performance on Individual samples Is established by means of spiklng 
activltles. Ali samples are spiked with surrogate compounds prior to sample 
preparatlon. The evaluation of the results of these surrogate spikes Is not 
necessarily straightforward. The sampie itself may produce effects due to such 
facton as interferences and high concentrations of analytes. Since the effects of 
the sampie matrix are frequently outside the control of the laboratory and may 
present relativeiy unlque problems, the review and validation of data based on 
specific sample results Is frequently subjective and demands analytical experience 
and professional judgement. 

Often durlng anaiysis, an lnterferant or high concentratlon of a compound may 
create the need to dilute a sample. When the sampie is dlluted, the Method 
Detection Llmit Is elevated by the factor of the dllutlon. 

The Method Detection Limit Is the minimum concentration of a substance that can 
be measured and reported with 99% confidence that the analyte concentration is 
greater than zero. 



Attachment 3 

Chains of Custody and Sample Results 



RElC Laboratory 
225 Industrial Park Rd. 
P.O. Box 288, Beaver, WV 2581 3 
Phone: 304-255-2500 or 800-9990105 
FAX: 304-255-2572 

CLIENT: &&AT;& CONTACT PERSON: frs flu - 

ADDRESS: 0 0 .  I TELEPHONEFAX: h-2 0 

CITY/STATE/ZIP: SITE ID & STATE: 

BILL TO:& . PROJECT ID:TW bn - 3,-1 &j C L ~  T m .  - 
ClTY/STATE/ZIP: SAMPLER: 0 .(A 



RElC Labontory 
225 Industrial Park Rd. 
P.O. Box 286, Beaver, WV 25813 
Phone: 304-255-2500 or 800.99901 05 
FAX: 304-255-2572 

1 ./ 
CHAIN OF CUSTODY RECORD NO. 5 3 9 

, I 
. !.r :, 

I 

CONTACT PERSON. 

TELEPHONEIFAX: 

CITYISTATERIP: 

CITYISTATEIZIP: 

SAMPLE LOG 

AND 

ANALYSIS REQUEST 

1- I IYC - fl ktr twlr*lr D L :  F A I R a n h :  V I 



Pmg. 2 
Allbnt Horwlrr, hc. 
Job 1C: 0897641 13 

ALLIANT SAMPLE #: A1 1T 
RElC SAMPLE #: 541 13-1 

DATE $AMPLED: 08-19-87 
MATRIX: SOLID 
MOISTURE: ian 

TOTAL METALS I 

, 

SEMNOlATlLE ORGANIC COMPOUNDS I 

mercury 

nkkd 

rihrer 

PARAMETER 

antimony 
h 

rrqanlc .. A v 

'b@m - 
be;yi~um 

crdmkrrn 

chmmium 

l e d  

NO 

13.5 

ND 

W U L T  

NO 

3.02 

78.3 

ND 

0.030 

2S.5 

16,s 

mg/kg 

mglkg 

WnUI 

UNIT 

wb 
m@kg 

mQ(kO 

mdhl 

rn- 

rnglkg 

molka 

747aA 

W1OA 

W1OA 

METHO0 

7W1 

7WOA 

8Oq bA 

601 OA 

7131A 

601 OA 

0.70 

2.60 

1 25 

MQL 

2.50 

2.50 

2.50 

0.63 

0.02s 

08-2797rMS 

0625-07EOM 
I 

a 6 2 + 8 7 t ~ ~  

ANALmOmY 

08-25471MB 

08-2697M 

08-25-07fQM 

0&25-@7/OM 

08-2&0TMS 

601 OA I 12.0 06-2597lOM 

2% OS2COtIOM 



Page 3 
Allhnt Hercules, Inc. 
Jab * 0897-541 13 

ALLIANT SAMPLE I: A4 12" 
RElC SAMPLE t: W113-2 

DATE SAMPLED: 
MATRIX: 
MOISTURE: 

I TOTAL METALS ,- 

I SEMIVOLATILE ORQANIC COMPOUNDS I 

ehmmlum 

lead 

mercury 

nickel 

dlvrr 

th8lkm - 

30.0 

17.2 

NO 

1 5  

NO 

0.14 

ma/ko 
mg/kg 

molko 
mOlkg 

m d b  
mglkO 

$01 OA 

W1OA 

T I M  

601 OA 

W1OA 

7041 

2.50 

120 

0.10 

250 

115 

0.12 

Ob2SQ7tOM 

084507X;M 

0817971MB 

08-2547EOM 

08-2 59 7KW 

ObZS97IMS 



ALUANT SAMPLE Y: 62 12" 
RElC SAMPLE C: 641 13-3 

DATE SAMPLED: 
MATRix: 
MOISTURE: 

I TOTAL METALS .- I 
PARAMETER 

antlrnony 

ansnk 

barlum 

krylRum 

1 SEMIVOLATILE ORGANIC COMPOUNDS I 

wdrniurn 

o)lmmtom 

Ierd 

rnemury 

nickel 

l l w r  
L 

thallkrm 

RS8UlT 

ND 

3.62 

83.a 

NO 

0.640 

282 

19.1 

ND 

16.0 

ND 

0.18 

UNIT 

Ww 

mOlkg 

mgdq 

~~ 
mgAq 

rngtlq 

whl 
mg(kg 

m@g 

WJM 

m@lq 

METHOD 

7041 

7060A 

6OlQA 

WlOA 

MQL 

2.60 

2.60 

2.50 

0.63 
- - 

084847rM8 

08-26P7IOM 

0 ~ 6 8 7 1 ~ ~  

08-2797M 

08-2SP7KiM 
- 

08-2C07KiM 

08-2W7M 

7131A 

WlOA 

WlaA 

747aA 

maA 
601OA 

7847 

ANALYLEDIL)Y 

08-2bQIIMb 

08-26-07M 

08-2SP7IGM 

062697/0M 
- 

0.025 

2.60 

72.0 

0.10 

2.60 

1.26 

0.1 2 



ALUANT SAMPLE #: C2 lr 
RElC SAMPLE IY: 641 134 

DATE SAMPLED: 
MATRDC: 
MOISTURE: 

I TOTAL METAL8 .- I 
PAMMETER 

anthnony 

anenin 

barium 

bylliurn 

I SEMIVOLATILE ORGANIC COMPOUNDS I 

mercury . 
nldml 

RE8ULT 

NO 

4.M 

7 

NO 

NO 

14.0 

UNIT 

mum 
mglkg 

wnca 
W m  

WhI 

mghg 

METHOD 

7041 

7OdOA 

dO1oA 

W1OA 

747aA 

601aA 

MQL 

2.50 

2.60 

2.50 

ANALYZIDRV 

08-25971MB 

08-26-07M 

08-259710M 

0.10 

2.80 

0.63 08-2S-07EOM 

0847-07M 

W597X3M 



Page 6 
Allant Hercules, lnc. 
Job * 0807641 13 

ALLlANT W P L C  Y: D l  12" 
RElC SAMPLE llr: 541136 

DATE SAMPLED: 
MATRIX: 
MOISTURE: 

08-1 9-97 
SOUD 
19% 

TOTAL METALS .- I 

8EMNOLATILE ORGANIC COMPOUNDS I 

Irad 

mrrcury 

nickel 

dhr  

thdllum 

13,O 

M) 

785 

ND 

ND 

* 
PARAMETER 

2,Cdlnltrotoluana 

2,6dinlbdduono 

,ma/ka 

RESULT 

NO 

ND 

001 OA 

747OA 

dlothylphthalab ND 

dbhtylphthrlab NO 

rewrdnol ND 

12.0 

0.1 0 

mg/kg 

Wkl  

mdk9 

AW.YLEO/UY 

0&2&07M 

0&2&97mp 

UWT 

w h  
manr0 

084W7/rJ 

08-27471MS 

2.50 

1.a 

0.12 

W10A 

601 OA 

7841 

06-2647MIP 

Ob2&07W? 

08-2&07IWP 

morko 

lfwb 
n'wll 

08=;IbmmM 

OMWmM - 
08-25-07- 

MUTHO0 

02708 

Q?OB 

MQL 

0200 

oaw 
02706 

627OB 

82708 

0.200 

0200 

0.200 



P8ga 7 
AlWlnt Hercukr, Inc. 
Job * 0197441 13 

ALLIANT M P L E  #: 03 13" 
RUC SAMPLE R; 641 136  

DATE SAMPLED: 06-18-87 
MATRIX: 8OUO 
MOISTURE: 16% 

I 
-- 

TOTAL METALS .- 

I PMAMTER I RWULT 1 UNIT I MRTHOD I WL I ANALYZED/BY I 

I 8EMWOtAtlLE OROANIC COMPOUNDS J 



Page 8 
Allbnt H O W  y fnc, 
Job +: 0887441 13 

ALLlANT W P L C  I: D3 12" DUPL. 
RElC SAMPLE #: ' 541 13.7 

DATE SAMPLED: 08-18-81 
MATRIX: SOLID 
MOi8TURE: 1nC 

TOTAL METALS .- I 

I 9EMNOUTlLC ORGANIC COMPOUNDS I 

PARAMmR 

antimony 

rmnk 

tmrlurn 

krylllum 

adrnkrrn 

chmrnkrn 

lead 

CWUlT 

NO 

ND 

462 

NO 

NO ' 

11.3 

102 

PARAMRR 

2,4-dlnltmtoluew 

2,ldlnltmWu~e 

dkmyl~mhb 

dh-bulylpMhalab 

UNR 

m f w  

"WU 
mglkO 

m m  

mg(kg 

mgtkg 

mglkO 

MeTnW 

7011 

7omA. 

WlOA 

801 OA 

7131A 

001 OA 

7421 

MQL 

0200 

0200 

0.200 

0.200 

W 4  

m g h ~  

Whl 
WM 

747oA 

WloA 

W1oA 

7641 

rnercru y 

nkkel 
r 

dhnr 

thallurn 
J 

ANALYZEDIBY 

0&28-07IWP 

0&2&@7IWP 

00-2O-QIMIP 

08-2U-87WP 

W U L T  

NO 

ND 

NO 

ND 

W L  

2.60 

2.M 

2.50 

0.63 

0.016 

2.60 

0.26 

NO 

6.08 

NO 

NO 

ANKYLEDlllY 

ObZb07MS 

W 2 6 9 7 M  

08-2647&M 

OMS07K3M 
I 

08-26QllMS 

08-25-01IOM - 
0626071'TJ 

UNIT 

mglkg 

W J h  

tWlu 

, 0.10 

Yrrm)D 

62708 

62708 

82708 

82706 

06.2797M 

2.60 

126 

0.12 

O8-2W7M 

08-26mEGM 

W-28-07M 



ALLIANT $AMPLE C; El  12" 
REJG SAMPLE #: 641 13-0 

DATE SAMPLED: 08-1 8-97 
MATRIX: SOU0 
MOISNRE: 22% 

I TOTAL METALS-- I 

I SEMIVOLATILE ORdANlC COMPOUNDS I 



Page 10 
Alllant Hmulm, Inc. 
Job +: OIOI-S4113 

ALLlANT SAMPLE #: E2 12" 
RClC SAMPLE #: 541 139 

DATE SAMPLED: 08-1 9-91 
MATRIX: SOLID 
M 018TURE: 18% 

TOTAL METALS I 
- 

PARAMETER 

antlmony 

m o n k  
1 

barium 
v 

beryllium 

cadmium 

nickel I 7421 1 025 I 08-2S-07M 

REaULT 

ND 

chromium 

Ind  

mercury 

SEMIVOLATILE OROANIC COMPOUNDS 

NO 

382 

ND . 

NO 

PARAMETER RE8UI.T UNIT METHOD MQL 

2,44lnitrotoluens NO mg/kg 82708 0206 

2,64lnltrotoluono NO wlm 82708 0.200 

dlothylphthrleta ND m o m  82706 0200 
I 

UNIT 

mo/k0 

142 

8 

NO 

manco 
mg/kg 

mqlkq 

mcr/ko 

mi#& 

mgntg 

m W  

ANALYUOWY 

08-25-07MB 

- 

MPtHOD 

7041 

7WOA 

601OA 

dO1OA 

7131A 

- - 

MQL 

230 

601OA 

601OA 

7470.4 

2.50 

2.50 

0.63 

0.025 

08-26-071MB 

W2587tQM 

08-25-87IGM 

06-2W7AHS 

2.50 

12.0 

0.10 

08-2SO7EOM 

08-2W7KJ 

08-27-07M 



SEP 03 '97 09: 4EWl REIC LABORRTORY 

Pag. 11 
Alllrnt Herdom, Inc. 
Job * 0887441 13 

ALLlANT SAMPLE k EQUIPMENT BLANK DATE SAMPLED: 08-1 9-87 
RElC SAMPLE #: 641 1 3-1 0 MATRIX: UQUlD 

I TOTAL METALS- I 
PARAMETER 

rntlmany 
I 

rrunk 
* 
badurn 

MQL 

0.010 

MtTHOD 

7041 

RE8ULT 

ND 

ANALYZEWY 

062COllMS 

UNIT 

mln 
08-28-97MS 

08-2S-Q7/OM 

NO 

NO 

tfNM 

mdl 

7WaA 

801 OA 

0.010 

0.10 



SEP 03 '97 09: 48Fm REIC LABORRTORY 

Page 12 
Allbnt Hercules, Ino. 
Job +: 088764113 

ALUANT SAMPLE #: FIELD BLANK 
RE1C SAMPLE I; S4113-11 

DATE SAMPLED: 08-1 9-91 
MATRIX: LIQUID 

I TOTAL METALS. I 
PARAMOER 

rntlmorry 
I 

rtnnlc 

barium 

bryllium 

wdmlum 

chromium 

lard 

m a m y  

nkkol 

d h r  

thallium 

-- - - - - - - -- -- 

REbULT 

NO 

NO 

NO 

NO 

NO 

ND 

ND 

NO 

ND 

ND 

ND 

1 SEMNOLATlLE ORGANIC COMPOUNDS 1 

UNIT 

mgn 

m f l  

mgn 

man 
man 
man 
m@ 

mgn 

, mon 
WM 

m@ 

. 
PARAMETER RE8UI.T UNIT 

2,Cdlnltrotalueno ND mPl 

- 
a!dmaam lLEmmY 
nibobon2anacW 
24uorobl 
*h.ngw 121 ri 

METHOD 

82708 

02708 

02708 

02708 

82708 

2,Odinitroldumne 

dkthylpMhrlrts 

dl+-butylphthrlrte 

rnotdnol 

METHOD 

7041 

7060A 

0010A 

801 OA 

7131A 

7101 

7421 

7470A 

601 OA 

W1OA 

7841 

MQL ---- 
0.010 

0.010 

0.01 0 

0,010 

0.010 

NO 

NO 

NO 

I NO 

MQL 

0.010 

0.01 0 

0.10 

0.004 

ANMYZEDIIBY 

06-2607MIP 

OWW7MIP 
a 

Ob26-07W 

0 8 - 2 W 7 M  

062687M19 

fWJn 

m f l  
m@ 

m f l  

ANUYLPDlbY 

06-2S07rMS 

Ob28471MB 

08-25-97IGM 

08-25-07K;M 

0.001 

0.010 

0.010 

0.002 

0.10 

0.050 

0.005 

Oe-26-97MS 

08-28-07flJ 

0622-87mJ 
I 

0&2w7IM8 

00-25-O7m 

00-25-01lGM 

06.U-07MS 



SEP 03 '97 09:41AM REIC LGBORRTORY 

Page 13 
Alflant Hercula, hc. 
Job rr: 0697441 13 

ALLlANT SAMPLE R: TRlP BLANK 
RElC SAMPLE I: 841 1 3-1 2 

DATE SAMPLED: 08-1 9-97 
MATRIX: LIQUID 

I TOTAL METALS- 1 

I cadmium 1 NO 1 ITWA 1 7131A 1 0.001 1 06.26971MS 1 

PARAMETER 

a ntlmony 

I SEMlVOLATlLE ORGANIC COMPOUNDS I 

RESULT 

ND 

chromium 

had 

mrreury 

nickal 

rihrer 

PARAMETeR I RUULT I UNIT I MSZHOD 1 MQL 1 ANAlYZED/BY 

APPROVED 

uurr 
m o ~  

NO 

ND 

NO 

ND 

NO 

msn 
moll 

mgn 

mgn 

mdl 

ANALYZED~Y 

08-25-97M 

METHOD 

7041 

MQL 

0.010 

71 91 

7421 

7470A 

801 OA 

001 OA 

0.01 0 

0.010 

0.002 

083897tl'J 

08-Z-97rTJ 

Ob76071MS 

0.10 

0.060 

0845-97IOM 

08-25-Q7Ki M 



RElC labomtory 
225 lndwtrkrl Park Rd. 
P.O. Box 286, Beaver, WV 25813 
P h m :  304-2552500 or 8OMBM105 
FAX: 304-2552572 

CHAIN OF CUSTODY RECORD NO. 5 5 4 2 1 

CONTACT PERSON: d v  h. f u  
ADDRESS: 0 .  TELEPHONEIFAX: 

CITYISTATERIP: SITE ID 81 STATE: 

BILL TO: - 

CITYISTATMIP: 



RElC Laboratory 
225 Industrlnl Park Rd. 
P.O. Box 286, Beever, WV 25813 
Phone: 304-256-2500 or 800.9990105 
FAX: 304-255-2572 

CHAIN OF CUSTODY RECORD NO. 5 j .r 2 0 

CLIENT: CONTACT PERSON: 
I 

TELEPHONEIFAX: 

CmYISTATMIP: LIA 24131 SITE ID & STATE: -n . 



ALLIANT TECHSYSTEMS INC. 
P O B O X 1  

RADFORD VIRGINIA 24141 

RElC JOB #: 0997-54714 
SITE ID: M A P  - VA 

PROJECT ID: INCIN. SPRAY POND CLOSURE 
CUSTODY NO.: 53420 AND 53421 

P(Knu: 3M-266-2600 
8009894106 

Fu: 304-265-2672 



Page 2 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: A1 18" 
REiC SAMPLE #: 5471 4-1 

DATE SAMPLED: 
MATRIX: 
MOISTURE: 

09-08-97 
SOLID 
20% 

I- % Recovery 

- 

SEMIVOLATILE ORGANIC COMPOUNDS 

I tetrachloro-m-xylene 80 

PARAMETER 

2,4dinitrotoluene 

2,6dinitrotoluene 

1 TOTAL METALS 

RESULT 

ND 

ND 

1 I 

PARAMETER I RESULT 

PARAMETER 

diethylphthalate 

din-butyl phthalate 

resorcinol 

antimony 

arsenic 

barium 94800 

beryllium 1 800 

UNIT 

u g m  

W k i  

Surroaates % Recovery 

RESULT 

ND 

ND 

ND 

cadmium 

PQL 

130 

70 

METHOD 

8090 

8090 

mercury I ND 

ANALYZEDIBY 

09-2697NA 

09-2697NA 

nickel 13700 

silver 

thallium 

UNIT 

~ g k l  

ugfkg 

W&I 

UNIT 1 METHOD I PQL I ANALYZEDIBY 

PQL 

330 

330 

330 

METHOD 

82708 

82708 

82708 

ANALYZEDIBY 

09-20-97MIP 

09-20-97WP 

09-20-97WP 



Page 3 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: A1 24" 
RElC SAMPLE #: 54714-2 

DATE SAMPLED: 
MATRIX: 
MOISTURE: 

09-08-97 
SOLID 
19% 

L SEMIVOLATILE ORGANIC COMPOUNDS 

PARAMETER I RESULT I UNrr I METHOD 1 PQL I ANALYZEDIBY 

s!dDWQ % Recovery 

tetrachloro-m-xylene 8 8 

PARAMETER RESULT U N n  METHOD PQL ANALYZEDIBY 

I 1 

TOTAL METALS I 

diethylphthalate 

di-n-butyl phthalate 

ND 

ND 

- 

'Jm 
'-Jfl!J 

NO - N m  Ddrchd f PQL 
PQL - P n c t l a l Q u n t i b t k n W  - sw npoctrd to rwvx i  odoction umn 

ANALYZEDIBY 

09-16-97KJ 

09-23-97KJ 

09-1 6-97MS 

09-1 R97MS 

09-1 7-97KJ 

09-1 6971MS 

09-1 6-971MS 

09-1 7-97KJ 

09-1 0-97MS 

09-1 7-97lGM 

09-1 7-97KJ 

PARAMETER 

antimony 

arsenic 

barium 

beryllium - 
cadmium 

chromium 

lead 

mercury 

nickel 

hlver 

thallium 

82708 

82708 

RESULT 

NO 

2560 

1 16000 

800 

NO 

31 300 

ND 

ND 

201 00 

30 

ND 

330 

330 

09-20-97MIP 

09-20-97M 

UNIT 

~~ 
W&l 

'J& 

W%l 

Ug/kg 

u r n  
WhJ 

U f l S  

W%l 

'-J& 

METHOD 

7041 

7060A 

601 OA 

601 OA 

7131A 

601 OA 

6010A 

7471 

601 OA 

7761 

7841 

PQL 

1 OW 

200 

1000 

1 00 

50 

25000 

SO000 

200 

7500 

2 5  

500 



Page 4 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: A4 18" 
RElC SAMPLE #: 5471 4-3 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 17% 

I SEMIVOLATILE ORGANIC COMPOUNDS 

PARAMETER RESULT UNIT METHOD PQL ANALYZEDIBY 

Surroaate W Recovery 

2,6dinitrotoluene 

nitrobenzened5 
2-fluorobiphenyl 
pterphenyld 14 

NO I u m  ( 8090 

I I 

I TOTAL METALS 

- 
PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

70 09-24-97NA 

RESULT 

ND 

ND 

ND 

NO - N o n  0-d rt PQL 
PQL - Pnetkrl Qwntibtlan Umit . - Silwr repodd to Mothod Ddactbn Urn# 

- - -  - -  

PARAMETER 

antimony 

arsenic 

barium 

UNIT 

usn(9 

UgJkg 

uska 

RESULT 

ND 

2990 

101 000 
- - 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

ANALYZEDIBY 

09-1 6-97KJ 

09-23-97KJ 

09-1 6-97174s 

780 

NO 

36400 

NO 

NO 

20700 

50 

ND 

METHOD 

82708 

82708 

82708 

- - 

PQL 

1000 

200 

1000 

UNIT 

urn9 

urn9 

u f l 9  
- -- 

u f l 9  

UUM 

u f l g  

u f l g  

'JSm 
u f l g  

urn9 

u f l g  

- -- 
METHOD 

7041 

7060A 

601 0A 

1 00 

50 

25000 

50000 

200 

7500 

'25 

500 

-- 

601 0A 

7131A 

601 0A 

601 OA 

7471 

601 0A 

7761 

7841 

PQL 

330 

330 

330 

09-1 0-97MS 

091  7-97KJ 

091 6 - 9 7 M  

091 6-97MS 

09-1 7-97KJ 

091 8-97MS 

09-1 7-97lGM 

091  7-97KJ 

ANALYZEDIBY 

09-20-97MIP 

09-20-97MIP 

09-20-97MIP 



Page 5 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: A4 24" 
RElC SAMPLE #: 5471 4-4 

DATE SAMPLED: 
MATRIX: 
MOISTURE: 

09-08-97 
SOLID 
19% 

SEMIVOLATILE ORGANIC COMPOUNDS I 

Surroaate ery 

tetrachloro-m-xylene 94 

PARAMETER 

2,edinitrotoluene 

2,6dinitrotoluene 

PARAMETER I RESULT 1 UNIT I METHOD I PQL ( ANALYZEDIBY 
I I I I 1 

RESULT 

ND 

ND 

diethylphthalate 

di-n-butyl phthalate 

I SUrrWatep 
K Recovery 1 

UNIT 

lJg/kg 

Wkg  

resordnol ND 82708 I 330 

I 1 

TOTAL METALS 

ND 

ND 

09-20-97MP 

METHOD 

8090 

8090 

WkI 

u 9 m  

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

PQL 

130 

70 

- 

ANALYZEDIBY 

09-24-97lJA 

09-24-97lJA 

82708 

82708 

ND - Now Drtrctd at PQL 
PQL -PnctkslQuul(ibth Limit - S i h  raptd to hmlod Dabctbn Limit 

RESULT 

ND 

2400 

101 000 

720 

ND 

32600 

ND 

ND 

17600 

ND 

ND 

330 

330 

METHOD 

7041 

7060A 

601 0A 

601 0A 

7131A 

601 0A 

60 1 OA 

747 1 

601 OA 

7761 

7841 

UNIT 

w M  
'Jg/kg 

lJg/kg 

lW€l 

WJ&l 

Wkg 

4l&l 

lJg/kg 

 US^ 

lJgn<g 

Wfig 

09-20-97MIP 

09-20-97MP 

PQL 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

'25 

500 

ANALYZEDIBY 

09-1 6-97KJ 

09-23-97KJ 

09-1 6-97MS 

09-1 8-97MS 

09-1 7-97nJ 

09-1 6-97MS 

09-1 6-97MS 

09-1 7-97nJ 

09-1 &97MS 

09-1 7-971GM 

09-1 7-97nJ 



Page 6 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: B2 18" 
RElC SAMPLE #: 5471 4-5 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 18% 

I SEMIVOLATILE ORGANIC COMPOUNDS 

I PARAMETER I RESULT I UNIT I METHOD I PQL I ANALYZEDIBY 1 

I di-n-butyl phthalate I NO I uglkg 1 82708 1 330 1 09-20-Q7MIP I 

PARAMETER 

diethylphthalate 

Surroaate~ Oh Recovery 

RESULT 

NO 

resorcinol 

nitrobenzene45 
2-fluorobiphenyl 
pterphenyld 1 4 

I I 

I TOTAL METALS 

UNIT 

ugkg 

ND I ug&l I 82708 

NO - NOM 0et.ctd at PQL 
PQL -PrscticrlQ- 

. . Lirnit - S i  repodd to Method Dotdon Limit 

METHOD 

82708 

330 

~- - 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

'silver 

thallium 

09-20-97MIP 

PQL 

330 

RESULT 

ND 

261 0 

89600 

750 

ND 

34300 

ND 

ND 

16800 

ND 

ND 

ANALYZEDIBY 

09-20-97MIP 

UNIT 

uen<g 

uen<g 

ugh9 

ugkg 

ugkg 

u g m  

uen<g 

ug/kg 

u r n  

ug/kg 

, ug/kg 

METHOD 

7041 

7060A 

601 0A 

' 6010A 

7131A 

601 0A 

601 OA 

747 1 

601 0A 

7761 

, 7841 

PQL 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

2 5  

500 

ANALYZEDIBY 

09-1 6-97KJ 

09-23-97KJ 

09-1 6-97MS 

09-1 8-97MS 

09-1 7-97KJ 

09-1 6-97MS 

09-1 6-97MS 

09-1 7-97KJ 

09-1 8-97MS 

09-1 7-97lGM 

09-1 7-97KJ 



Page 7 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: 62 24" 
RElC SAMPLE #: 5471 4-6 

DATE SAMPLED: 
MATRIX: 
MOISTURE: 

09-08-97 
SOLID 
19% 

% Recovery I 

SEMIVOLATILE ORGANIC COMPOUNDS 

PARAMETER 

2,4dinitrotoluene 

2,bdinitrotoluene 

di-n-butyl phthalate I ND I ugkg 1 82708 1 330 ( 09-20-97MIP I 

I I 

I 

RESULT 

' ND 

ND 

PARAMETER 

diethylphthalate 

TOTAL METALS 

UNIT 

Wkg 

ugkg 

UNIT 

'-4Vhll 

RESULT 

ND 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

ANALYZEDIBY 

09-1 6-97KJ 

09-23-97KJ 

09-1 0-97MS 

PARAMETER 

antimony 

arsenic 

barium 

METHOD 

8090 

8090 

METHOD 

82708 

ND - None Detectad at PQL 
PQL - Practical Quantitatbn Liml 

- Silver nportd to Mathod Detection Liml 

820 

ND 

29700 

ND 

ND 

17400 

ND 

ND 

RESULT 

ND 

2450 

881 00 

PQL 

130 

70 

PQL 

330 

ug/kg 

u m g  

u@€! 

W&l 

U@€I 

W k J  

U@S 

ug/kg 

ANALYZEDIBY 

09-24-97lJA 

09-24-97lJA 

ANALYZEDIBY 

09-20-97MIP 

UNIT 

u@€l 

lJ@€I 

~€lJkg 

6010A 

7131A 

6010A 

601 OA 

7471 

601 0A 

7761 

7841 

METHOD 

704 1 

7060A 

601 OA 

PQL 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

*25 

500 

09-1 8-97MS 

09-1 7-97KJ 

09-1697MS 

09-1 6-971MS 

09-1 7-97KJ 

09-1 8 -97M 

09-1 7-97lGM 

09-17-97KJ 



Page 8 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: C2 18" 
RElC SAMPLE #: 5471 4-7 

DATE SAMPLED: 
MATRIX: 
MOISTURE: 

09-08-97 
SOLID 
23% 

- -- -- 

SEMIVOLATILE ORGANIC COMPOUNDS 

I I 

TOTAL METALS 

PARAMETER 

2,4dinitrotoluene 

2,6-dinitrotoluene 

I I 

I PARAMETER 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resoranol 

I RESULT I UNlT ( METHOD I PQL I ANALYZEDIBY I 

Surroaate I 

RESULT 

ND 

ND 

RESULT 

ND 

ND 

ND 

NO - Now De4ectad at PQL 
PQL - Pnctical Quantitation Limit 

- S l k  nported to M o d  Datadon Limit 

- - - 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

UNIT 

ugkg 

ugh l  

UNIT 

u g m  

~ g h l  

u!4kg 

PQL 

130 

70 

METHOD 

8090 

8090 

ANALYZEDIBY 

09-24-97NA 

09-24-97lJA 

METHOD 

82708 

82708 

82706 

- 

ND 

4580 

123000 

880 

50 

37900 

ND 

ND 

20800 

ND 

ND 

7041 

7060A 

601 OA 

601 0A 

7131A 

601 0A 

601 0A 

7471 

601 OA 

7761 

7841 

7 -  

ug/kg 

Wk3 

u@hl 

u f l g  

urns 

U S ~ S  

uan<s 

u f l g  

ug/kg 

u f l g  

u f l g  

PQL 

330 

330 

330 

ANALYZEDIBY 

09-20-97MP 

09-20-97M 

09-20-97M 

1000 

200 

1000 

100 

50 

25000 

SO000 

200 

7500 

'25 

500 

091 6-97KJ 

09-23-97KJ 

09-16-97MS 

09-1 &97MS 

09-1 7-97KJ 

09-1 6-97MS 

09-1 6-97MS 

09-1 7-97KJ 

091 8-97MS 

091 7-97lGM 

091 7-97KJ 



Page 9 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: C2 24" 
RElC SAMPLE #: 5471 4-8 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 20% 

I SEMlVOLATlLE ORGANIC COMPOUNDS 

1- % Recovery I 

- 
PARAMETER 

2,4dinitrotoluene 

I tetrachloro-m-xylene 89 I 

RESULT 

ND 

nitro benzene-d5 
2-fluorobiphenyl 
p-terphenyld14 

1 I 

TOTAL METALS 

h 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

UNIT 

4 n g  

PQL 

130 

METHOD 

8090 

RESULT 

ND 

ND 

ND 

A 

ANALYZEDIBY 

09-24-97lJA 

UNIT 

Wkg 

Wkg  

Wfig 

NO - N-  tact^^^ a PQL 
PQL - PrecUal Qwntlfation Limit 

- SUvrr nportd to Method D84utlon Limit 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

METHOD 

82708 

82708 

82708 

PQL 

330 

330 

330 

PQL 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

2 5  

500 

METHOD 

7041 

7060A 

601 OA 

601 OA 

7131A 

6010A 

601 OA 

747 1 

601 OA 

776 1 

7841 

r 

RESULT 

ND 

341 0 

102000 

800 

ND 

37500 

ND 

ND 

19400 

ND 

ND 

ANALYZEDBY 

09-20-97MIP 

09-20-97MIP 

09-20-97MIP 

ANALYZEDIBY 

09-1697KJ 

09-23-97KJ 

09-1 6-97MS 

09-1 8-97MS 

09-1 7-97KJ 

09-1 6-97MS 

09-1 6-97MS 

09-1 7-97KJ 

09-1 8-97MS 

09-1 7-97lGM 

09-1 7-97KJ 

UNIT 

'Jsn<s 
Wm 

u@€l 

ug/kg 

urn9 

w k 9  

W ~ S  

Wk9 

Wk€l 

w k 9  

@(a 



Page 10 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: D l  18" 
RElC SAMPLE #: 5471 4-9 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 20% 

I SEMIVOLATILE ORGANIC COMPOUNDS I 
I PARAMETER I RESULT I UNIT I METHOD I PQL I ANALYZEDIBY I 

uIQ!X& % Recovery 

1 tebachloro-m-xylene 96 
I. 1 

NO - N m  DaWctd at PQL 
PQL - Practial Quantitatkn Umit - Silver nportd to Method Oatadion Limit 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

- - 

TOTAL METALS 

Surroaates 0 R ery 

ANALYZEDIBY 

09-1 6-97KJ 

0923-97KJ 

09-1 6-97MS 

09-1 8-97MS 

09-1 7-97KJ 

09-1 6-97MS 

09-1 6-97MS 

09-1 7-97KJ 

091 8-97MS 

09-1 7-971GM 

09-1 7-97KJ 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

RESULT 

ND 

ND 

ND 

UNIT 

ugJk9 

WJkg 

WJkg 

METHOD 

82708 

82708 

82708 

RESULT 

ND 

2330 

103000 

650 

NO 

31 200 

ND 

ND 

11600 

40 

ND 

PQL 

330 

330 

330 

UNIT 

WJk9 

Wlka 

ug/kg 

ug/kg 

ug/kg 

WJk9 

usn<s 

4 m J  

u f l g  

ug/kg 

KIM 

I 

ANALYZEDIBY 

09-20-97MIP 

09-20-97M 

09-20-97MIP 

METHOD 

7041 

7060A 

601 OA 

601 0A 

7131A 

601 OA 

601 OA 

7471 

601 0A 

7761 

7841 

PQL 

1000 

200 

1000 

1 00 

50 

25000 

50000 

200 

7500 

2 5  

500 



Page 11 
Alliant Techsystems Inc. 
Job #: 0997-54714 

ALLIANT SAMPLE #: D l  24" 
REIC SAMPLE #: 547 1 4-1 0 

DATE SAMPLED: 
MATRIX: 
MOISTURE: 

09-08-97 
SOLID 
25% 

s!UQ5B& % Recovery 

tetrachloro-m-xylene 86 

1 SEMIVOLATILE ORGANIC COMPOUNDS 

PARAMETER 

2,4dinitrotoluene 

2,6dinitrotoluene 

PARAMETER 

di-n-butyl phthalate I ND 

RESULT 

ND 

ND 

RESULT 

diethylphthalate 

UNIT METHOD PQL ANALYZEDIBY 
I I I I 

ND 

ugkg 1 82708 1 330 I 09-21-97MIP 1 

UNIT 

u g m  

ugkg 

I 1 

I TOTAL METALS 

barium 1 98200 

METHOD 

8090 

8090 

-- -- - 

beryllium 

cadmium 

chromium 34300 

lead ND 

mercury ND 

nickel 11600 

silver 25 

thallium ND 

PQL 

130 

70 

NO - N o n  Oawtad at PQL 
PQL -PfacdtAQuantibtkn Umid 

-SihraportadtoMathod Detrctkn Umit 

ANALYZEDlBY 

09-24-97lJA 

09-24-97lJA 

UNIT I METHOD 1 PQL I ANALYZEDlBY 



Page 12 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: 03  18" 
RElC SAMPLE #: 5471 4-1 1 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 21 % 

% Recovery 

SEMIVOLATILE ORGANIC COMPOUNDS 

tetrachloro-m-xylene 84 I 

PARAMETER 

2,edinitrotoluene 

2,6dinitrotoluene 

PARAMETER I RESULT I UNIT I METHOD I PQL I ANALYZEDIBY I 
diethylphthalate I ND I ugkg 1 82708 1 330 ( 09-20-971WP I 

RESULT 

ND 

ND 

di-n-butyl phthalate ND 82706 330 09-20-971WP 
I I I I I 

TOTAL METALS 

UNIT 

ug/kg 

ugkg 

PARAMETER METHOD 

I antimony I ND 1 ugkg 1 7041 

METHOD 

8090 

8090 

arsenic I 3050 1 ugkg 1 7060A 

barium 128000 601 0A 

beryllium 6010A 

cadmium 7131A 

PQL 

130 

70 

chromium 1 39000 6010A 

ANALYZEDIBY 

09-24-97lJA 

09-24-97lJA 

I lead I ND I ugkg I 6010A 

mercury ND uWM 7471 

nickel 191 00 u m g  601 0A 

silver 45 u m g  776 1 

thallium ND ugkg 7841 

ND - NUW D M d  ol PQL 
PQL - P n d k r l  Quantlbtkn Umit 

- S i m d  10Mahod Ddcctkn Lbn# 

ANALYZEDIBY 

09-1 8-97KJ 



Page 13 
Alliant Techsystems Inc. 
Job #: 0997-54714 

ALLIANT SAMPLE #: 03  24" 
RElC SAMPLE #: 5471 4-1 2 

DATE SAMPLED: 
MATRIX: 
MOlSTU RE: 

09-08-97 
SOLID 
21 % 

Surrogate 

tetrachloro-m-xylene 

I SEMIVOLATILE ORGANIC COMPOUNDS 

PARAMETER 

2,4dinitrotoluene 

2,6dinitrotoluene 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

RESULT 

ND 

ND 

TOTAL METALS 

Surroaates 2 L k Z a x Y  

RESULT 

ND 

ND 

ND 

ANALYZEDIBY 

09-1 6-97KJ 

09-23-97KJ 

09-1697IMS 

09-1 8-97MS 

09-1 7-97KJ 

09-1 6-97MS 

09-1 6971MS 

09-1 7-97KJ 

09-1 &97/MS 

09-1 7-97lGM 

09-1 7-97KJ 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

UNIT 

u g m  

udkg 

UNIT 

~g/kg  

urns 

u g h  

METHOD 

8090 

8090 

PQL 

130 

70 

ANALYZEDIBY 

09-25-971JA 

09-25-97lJA 

METHOD 

82708 

82708 

82708 

RESULT 

ND 

3500 

1 12000 

1000 

ND 

38500 

ND 

ND 

16700 

ND 

ND 

METHOD 

7041 

7060A 

601 OA 

601 0A 

71 31A 

601 0A 

601 OA 

7471 

601 OA 

7761 
-- 

7841 

UNIT 

ugnc9 

ug/k€I 

ug/kg 

u@S 

ug/kg 

usn<€I 

U@S 

U@S 

ug/kg 

uwkg 

usn<g 

PQL 

330 

330 

330 

PQL 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

'25 

500 

ANALYZEDIBY 

09-20-97MIP 

09-20-97MIP 

09-20-97MIP 



Page 14 
Alliant Techsystems Inc. 
Job #: 0997-54714 

ALLIANT SAMPLE #: E l  18" 
RElC SAMPLE #: 54714-1 3 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 19% 

I SEMIVOLATILE ORGANIC COMPOUNDS I 
PARAMETER I RESULT I UNIT I METHOD I PQL I ANALYZEDIBY I 
2,4dinitrotoluene 1 ND I ugtkg 1 8090 1 130 1 09-25-97tJA I 

% Recovery 

114 

PARAMETER ( RESULT 1 UNIT I METHOD I PQL 1 ANALYZEDIBY 1 
diethylphthalate 1 ND I u@€l 1 82708 330 09-20-971WP 

TOTAL METALS I 

diin-butyl phthalate 

resorcinol 

ND 

ND 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

~gtkg  

ug/kg 

PQL 

1000 

200 

1000 

100 

50 

25000 

50000 

200 

7500 

'25 

500 

7 

ANALYZEDIBY 

09-1 6-97KJ 

09-23-97KJ 

09-1 6-971MS 

09-1 8-971MS 

09-1 7-97KJ 

09-1 6-971MS 

09-1 6-971MS 

09-1 7-97KJ 

09-1 8-971MS 

09-1 7-97lGM 

09-1 7-97KJ 

82708 

82708 

METHOD 

7041 

7060A 

601 0A 

601 OA 

7131A 

601 OA 

601 OA 

7471 

601 0A 

7761 

7841 

RESULT 

ND 

1740 

21 1000 

1000 

ND 

29800 

ND 

ND 

17500 

68 

ND 

UNIT 

usncg 

u f l s  

U ~ S  

urns 

u f l g  

u f l a  

u f l g  

u r n  

usncg 

lJm 
Wl&! 

330 

330 

09-20-971WP 

09-20-97MIP 



Page 15 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: E l  24" 
RElC SAMPLE #: 5471 4-1 4 

DATE SAMPLED: 
MATRIX: 
MOISTURE: 

09-08-97 
SOLID 
22% 

SEMIVOLATILE ORGANIC COMPOUNDS 1 

Surroaate 96 Recovery 

PARAMETER 

2,4-dinitrotoluene 

2,6dinitrotoluene 
1 

PARAMETER I RESULT I UNIT I METHOD I PQL ( ANALYZEDIBY 
I I I I I 

RESULT 

ND 

ND 

- 

I ND I ugkg 1 8 2 7 0 8 T  09-20-971WP I 

diethylphthalate 

di-n-butyl phthalate 

I- % Recovery 

UNIT 

ugkg 

ugkg 

I 1 

TOTAL METALS 

ND 

ND 

METHOD 

8090 

8090 

cadmium 

u g m  

Wkg 

I mercury 

PQL 

130 

70 

PARAMETER 

antimony 

arsenic 

barium 

beryllium 

nickel 

silver 

thallium ND 

ANALYZEDIBY 

09-25-97NA 

09-25-97NA 

82708 

82708 

METHOD 

7041 

7060A 

601 0A 

601 0A 

ugkg I 7131A 1 50 1 09-17-97KJ 

RESULT 

ND 

1080 

199000 

1 020 

NO - NOM Oatactad at PQL 
PQL -PtadicalQwrt iWionLimi l  - S l W  rcporkd to Method Datedim Limit 

330 

330 

PQL 

1000 

200 

1000 

100 

- 

UNIT 

u f l a  

u€lh! 

ugn<g 

ugntg 

09-20-97MIP 

09-20-971WP 

ANALYZEDIBY 

09-1 6-97KJ 

09-23-97KJ 

09-1 6-97MS 

09-1 8-97MS 



Page 16 
Alliant Techsystems Inc. 
Job #: 0997-54714 

ALLIANT SAMPLE #: E l  18" DUP. 
RElC SAMPLE #: 5471 4-1 5 

DATE SAMPLED: 09-08-97 
MATRIX: SOLID 
MOISTURE: 20% 

SEMIVOLATILE ORGANIC COMPOUNDS 1 
I PARAMETER I RESULT I UNIT I METHOD I PQL I ANALYZEDleY I 

Surroaate Recovery 

sua?a!S % Recovery 1 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

TOTAL METALS I 

RESULT 

ND 

ND 

ND 

PARAMETER 

antimony 

arsenic 

barium 

UNIT 

'-JwJ 

ugfl<g 

W&l 

METHOD 

82708 

82708 

82708 

RESULT 

ND 

1860 

1 13000 

NO - NOM D ~ D C W  a PQL 
PQL - Prac!kal Quantitstion Uml 

- Siiw reported to Method Ddrctian Liml 

601 OA 

71 31A 

601 OA 

601 OA 

7471 

601 OA 

7761 

7841 

- 

uW%I 

u@!3 

~ ~ € l  

u W M  

um€l 

ug/kg 

U ~ S  

W%l 

~ 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

UNIT 

u g m  

Wn<g 

ug/k€l 
- ---- 

1520 

ND 

261 00 

ND 

ND 

12700 

30 

ND 

PQL 

330 

330 

330 

ANALYZEDleY 

09-1 6-97KJ 

09-23-97KJ 

09-1 6-971MS 

METHOD 

704 1 

7060A 

601 0A 

100 

50 

25000 

50000 

200 

7500 

-25 

500 

ANALYZEDleY 

09-20-97MIP 

09-20-97MIP 

09-20-97MIP 

PQL 

1000 

200 

1000 

09-1 &97MS 

09-1 7-97KJ 

09-1 697MS 

091 6-97MS 

09-1 7-97KJ 

09-1 897MS 

09-1 7-97lGM 

09-1 7-97KJ 



Page 17 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: E l  24" DUP. 
REIC SAMPLE #: 5471 4-1 6 

DATE SAMPLED: 
MATRIX: 
MOISTURE: 

09-08-97 
SOLID 
21 % 

SEMIVOLATILE ORGANIC COMPOUNDS I 

I tetrachloro-m-xylene 114 

PARAMETER 

2,4dinitrotoluene 

2,6dinitrotoluene 

I diethylphthalate I ND I uaka 1 82708 1 330 1 09-20-97MIP I 

Surroaate OA R ery 

RESULT 

ND 

ND 

PARAMETER 

di-n-butyl phthalate 1 ND I ugn<!J ( 82708 330 I 09-20-97AW 

I rewrcinol I ND I ugkg 1 82708 1 330 1 09-20-97MIP I 

UNIT 

ugkg 

urns 

I I I I I 

RESULT 

TOTAL METALS 

I PARAMETER I RESULT I UNIT I METHOD 

METHOD 

8090 

8090 

UNIT 

PQL 1 ANALYZEDIBY I 

PQL 

130 

70 

METHOD 

I barium 

ANALYZEDIBY 

09-25-97lJA 

09-25-97lJA 

antimony 

arsenic 

beryllium 

cadmium 

chromium 

lead 

PQL 

uglkg I 6010A 

ANALYZEDIBY 

1 mercury 

- 

ND 

2940 

ugkg I 6010A 

1000 

200 

NO - N m  Detected at PQL 
PQL - Pndicd Quantltaion Limit - Sihnr reported to M o d  Ddectior~ Uml 

09-1 6-97KJ 

09-23-97KJ 

- - - - 

ug&l 

uglkg 

-- - 

7041 

7080A 



Page 18 
Alliant Techsystems Inc. 
Job #: 0997-54714 

ALLIANT SAMPLE #: E2 18" 
RElC SAMPLE #: 5471 4-17 

DATE SAMPLED: 
MATRIX: 
MOISTURE: 

09-08-97 
SOLID 
19% 

-- -- 

Surroaate 
tetrachloro-m-xylene 86 

I 

SEMIVOLATILE ORGANIC COMPOUNDS 

I PARAMETER I RESULT I UNIT I METHOD I PQL I ANALYZEDIBY 1 

PARAMETER 

2,ddinitrotoluene 

2,6dinitrotoluene 

I resordnol ND 1 U P ~ J  1 82708 I 330 1 09-21-97W I 
Surroaates % Recovery 

diethylphthalate 

di-n-butyl phthalate 

I TOTAL METALS I 

RESULT 

ND 

ND 

PARAMETER 

UNIT 

~g/kg 

W k l  

METHOD 

8090 

8090 

ND 

ND 

antimony 

arsenic 

PQL 

130 

70 

~ g k l  

ug&I 

barium 

ANALYZEDIBY 

09-25-97NA 

09-25-97NA 

I beryllium 

82708 

82708 

cadmium 

chromium 

330 

330 

lead 

09-21 -97MIP 

09-21 -97MIP 

mercury 

I nickel 

I thallium 

ND - N m  Ddacted at PQL 
PQL - Practical Quantitation Limit 

- S i h  raported to Method Daectlon Umit 



Page 19 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: E2 24" 
RElC SAMPLE #: 5471 4-1 8 

DATE SAMPLED: 
MATRIX: 
MOISTURE: 

09-08-97 
SOLID 
20°h 

I surroaa& % Recovery I 

-- 

SEMIVOLATILE ORGANIC COMPOUNDS 

I tetrachloro-m-xylene 88 I 

PARAMETER 

2,4dinitrotoluene 

2,6dinitrotoluene 

nitro benzened5 
2-fluorobiphenyl 
pterphenyldl4 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

I TOTAL METALS 

RESULT 

ND 

ND 

I PARAMETER 

UNIT 

'Jsn<g 

'Jgk i  

METHOD 

8090 

8090 

haf~~sw % Recovery I 

RESULT 

ND 

ND 

ND 

barium 

I cadmium 

PQL 

1 30 

70 

UNIT 

ugkg 

uwkg 

u g k l  

chromium 

lead 

ANALYZEDIBY 

09-25-97NA 

09-25-97lJA 

mercury 

nickel 

silver 

thallium 

METHOD 

82708 

82708 

82708 

RESULT 1 UNIT I METHOD I PQL 1 ANALYZEDIBY I 

ND - NOM DOMOCI a P ~ L  
PQL - Practical Quantitation Liml 

- S i k  reported to Mahad Detection Limit 

PQL 

330 

330 

330 

ANALYZEDIBY 

09-21 -97MIP 

09-21-97WP 

09-21 -97MIP 



Page 20 
Alliant Techsystems Inc. 
Job #: 0997-54714 

ALLIANT SAMPLE #: EQUIP. BLANK 
RElC SAMPLE #: 5471 4-1 9 

DATE SAMPLED: 09-08-97 
MATRIX: LIQUID 

SEMIVOLATILE ORGANIC COMPOUNDS 

PARAMETER I RESULT UNIT I METHOD I POL I ANALYZEDIBY 
I I 

I tebachloro-m-xylene 78 

I I 

I TOTAL METALS I 

1 1 

I PARAMETER 1 RESULT I UNIT I METHOD 1 PQL I ANALYZEDIBY 

PARAMETER 

diethylphthalate 

din-butyl phthalate 

resorcinol 

RESULT 

ND 

ND 

ND 

antimony 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

UNIT 

Ug/l 

ugA 

usA 

ND 

ND 

ND 

ND 

ND 

ugn 

uan 

'J@ 

uan 

uan 

ND 

ND 

ND 

ND 

ND 

ND 

ANALYZEDIBY 

09-21 -97MIP 

09-21 -97MIP 

09-21 -97MIP 

METHOD 

82708 

82708 

82708 

10 

10 

1 

100 

5 

5 

PQL 

25 

25 

25 

7041 

7060A 

601 0A 

601 0A 

7131A 

09-25-97MC 

09-24-97MC 

09-1 7-97KJ 

09-1 ~ 9 7 ~ s  

09-1 7-97lGM 

09-1 7-97KJ 

- 
u@ 

ug/l 

u@ 

u d  

uan 

'Jan 

r 

71 91 

7421 

7470A 

601 0A 

7781 

7841 

10 

10 

100 

4 

1 

09-1 6-97KJ 

09-23-97KJ 

09-1 6-97MS 

09-1 8-97MS 

09-1 7-97KJ 



Page 21 
Alliant Techsystems Inc. 
Job #I 0997-5471 4 

ALLIANT SAMPLE #: FIELD BLANK 
RElC SAMPLE #: 5471 4-20 

DATE SAMPLED: 09-08-97 
MATRIX: LIQUID 

I tetrachloro-m-xylene 82 I 

SEMIVOLATILE ORGANIC COMPOUNDS 

PARAMETER 

2,4-dinitrotoluene 

2,6dinitrotoluene 

nitrobenzene45 
2-fluorobiphenyl 
p-terphenyld 14 

I I 

I TOTAL METALS 

RESULT 

ND 

ND 

r 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

NO - N m  O d r c t d  at PQL 
PQL - Practlcd Umit - Silm repodd to Mahod Odcctlon Limit 

Surroaates % Recovery 

PARAMETER 

antimony 

arsenic 

barium 

UNIT 

ugfi 

usfi 

ANALYZEDIBY 

09-21 -97MIP 

09-2 1 -97MIP 

09-21 -97MIP 

RESULT 

ND 

ND 

ND 

METHOD 

8090 

8090 

PQL 

25 

15 

PQL 

10 

10 

100 

RESULT 

ND 

ND 

ND 

ANALYZEDIBY 

0925-97lJA 

09-25-97lJA 

UNIT 

ugn 

ug/l 

ugn 

ANALYZEDIBY 

0 9 1  6-97KJ 

0923-97KJ 

091  6-Q7MS 

4 091  8-97MS 

UNIT 

u d  

u d  

'Jan 

METHOD 

82708 

82708 

82708 

METHOD 

7041 

7060A 

601 0A 

PQL 

25 

25 

25 



Page 22 
Alliant Techsystems Inc. 
Job #: 0997-5471 4 

ALLIANT SAMPLE #: TRlP BLANK 
RElC SAMPLE #: 5471 4-21 

MATRIX: LlQUlD 

I SEMNOLATILE ORGANIC COMPOUNDS 

s4m2ab % Recovery 

tetrachloro-m-xylene 74 

PARAMETER 

2,4dinitrotoluene 

Surroaate j4 Recovery 

RESULT 

ND 

PARAMETER 

diethylphthalate 

di-n-butyl phthalate 

resorcinol 

TOTAL METALS I 
PARAMETER I RESULT I UNIT I METHOD I PQL I ANALYZEDlBY 

UNIT 

ugn 

RESULT 

ND 

ND 

ND . 

antimony 

METHOD 

8090 

UNIT 

ugn 

ugn 

la 

-- 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

nickel 

silver 

thallium 

PQL 

25 

METHOD 

82708 

82708 

82708 

ANALYZEDIBY 

09-25-97NA 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

1 

PQL 

25 

25 

25 

ANALYZEOlBY 

09-2 1 -97M)P 

09-21 -97M)P 

09-21 - 9 7 W  

la 
ug/l 

ug/l 

ug/l 

u d  

la 
u d  

la 
u d  

ugn 

7060A 

601 OA 

601 OA 

7131A 

71 91 

7421 

7470A 

601 OA 

776 1 

7841 

10 

100 

4 

1 

10 

10 

1 

100 

5 

5 

09-23-97KJ 

09-1 6-97MS 

09-1 b97MS 

09-1 7-97KJ 

09-25-97KC 

09-24-97KC 

091  7-97KJ 

09-1 8-971MS 

09-1 7-97IGM 

09-1 7-97KJ 
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Alliant Techsystems Inc. 
Job #: 0997-5471 4 

APPROVED ,FaAfb" 

lvin W. Leef 1 



Attachment 4 

Risk Tables for Exposure Pathways 



I Equations: Intake (rngflrg-day) = PEF x x ET x EF 
AT, 

I1 Risk = Intake x Slope Factor (SF-Chemical Spec&) 

R Hazard Quotient = IntakdReference Dose (RfD-Chemical Specific) 

U w ~  
Value 

I&j 

ET 

Res-Inhale Soil. 

REAMS 
Defw Vafae 
1.47E-09 

v;triablo 
Abbnviation 

PEF 

EF 

ATc 

Variable 
Particulate Emission 
Factor in Air (kgIm3) 

Inhalation Rate 
(unitless) 

Exposure Time 

11.66 

24 
(hourdday) 

Exposure Frequency 
( W e a r )  

Averaging Time 
(period over which 

exposure is averaged 

3 50 

25,550 



Owsite Resident Exposure - Carcinogen 
Ingestion of COPCs in Oasite SO& 

adfonb Amy Ammoaiteon mlat 
-, vh4hh 

Equations: Intake (mg~kgday) = CSx IRSddjCFxFI xEF 

AT, 

Risk = Intake x Slope Factor (SF-Chemical Specific) 

Hazard Quotient = Intake / Reference Dose (IUD-Chemical Specific) 

Variabie REAMS I U4u LMnd 
Abbnviatim Variable Default Vahm Vahre 

CS I Chemical Concentration - Chemical 
I in Soil (mglKg) Specific* 

mad, Ingestion Rate 1 14.29 
I (unitless) I I 

CF Conversion Factor 0.00000 1 
( 1 . O E a  kglmg) 

Fraction Ingested from 
FI Contaminated Source 1 .O 

Residential (unitless) 
EF Exposure Frequency 350 

(daydyear) 
Averaging Time 

ATc (period over which 25,550 
exposure is averaged 

I - days) I I 
b 

lotes: 
* Maximum Detected Concentration 

Res-Ingest Soil. 



i)wmrl Contact with COPCs in 

I Equations: Absorbed Dose (mglkg-day) = CS x CF x SASdi x AF x ABS x EF 
AT, 

I1 Risk = Intake x Slope Factor (SF-Chemical Spenfic) 

II Hazard Quotient = Intake / Reference Dose (RD-Chemical Specific) 

Factor for Soil 

Notes: 
* Maximum Soil Concentration 
** Value from "Assessing Dermal Exposure From Soil" (USEPA, 1995) 

Res-Dermal Soil. 



Oa-site Residential (Adult) Exposure - Non-carcinogen 

Equations: Intake (rnglkg-day) = PEFxIRA.xETxEFxED 
BW, x AT, 

I Risk = Intake x Slope Factor (SF-Chemical Specific) 

H Hazard Quotient = IntakeJReference Dose (R£D-Chemical Specific) 

PEF Particulate Emission 1.47E-09 
Factor in Air (kg/m3) I IR& Inhalation Rate 0.833 

I (rn3hour) I I 
Exposure Time 24 

1 ( h o d d a y )  
Exposure Frequency 350 

I (daysryear) I 1 
Exposure Duration 30 

(years) 
Bwa Adult Body 70 

Weight (kg) 
Averaging Time 

AT" (period over which 10,950 
exposure is averaged 

Res-Inhale Soil. 



b 

Onmuit* Rtsideatial (Child) Eqmurt - Nen-carcinogen 
Inhalation of COPCs from Soil Particles 

R&bd Army Amaroaltla+ FIrnt 
W o r d ,  Vbgbir 

I Equations: Intake (mglkgday) = PEFx IRA, xETx EFx ED 
B Wc x AT, 

A Risk = Intake x Slope Factor (SF-Chemical Specific) 

I Hazard Quotient = IntakdReference Dose (RfD-Chemical Specific) 

VariabIe REAMS User Defined 
Abbreviation Variable Ddadt Vdw Vatue 

PEF Particulate Emission 1.47E-09 
Factor in Air fJcg/m3) 

IRA, Inhalation Rate 0.5 
(m3/hour) 

ET Exposure Time 24 
(hodday) 

EF Exposure F r e r l ~ W  3 50 
(day slyear) 

ED Exposure Duration 6 
(years) 

B wc Child Body 15 
Weight @g) 

Averaging Time 
ATn (period over which 2,190 

exposure is averaged 

Res-Inhale Soil. 



Owsift Resident (Adult) Exmure - Wo~carcinoge~ I 

Equations: Intake (mgkgday) = CS xIRS,xCFxFI xEF XED, 
BW, x AT, 

I1 Risk = Intake x Slope Factor (SF-Chemical Specific) 

Hazard Quotient = Intake / Reference Dose (RfD-Chemical Specific) I 
> 
VariaMe I REAMS User lk&xd 

Abbmiation 1 v w  Dsfautt value v* 
CS Chemical Concentration I - I Chemical 

in Soil (mgKg) Specific* 
M a  Ingestion Rate - Adult 100 

(mg/soil/day) 
CF Conversion Factor 0.00000 1 

( 1 .OE-06 kg/mg) 
Fraction Ingested from 
Contaminated Source 1 .O 
Residential (unitless) 
Ex- F r e ~ u e n c ~  350 

(daystyear) 
Exposure Duration 30 

(years) 1 
Adult Body 70 
Weight (kg) 

Averaging Time 
(period aver which 10,950 

expome is averaged 
- davs) 

Notes: 
Maximum Detected Concentration 

Reslngest Soil. 



Equations: Intake (mgkgday) = CSxIRS,xCFxFIxEFxED, 
BW, x AT, 

I Risk = Intake x Slope Factor (SF-Chemical Specific) 

I1 Hazard Quotient = Intake 1 Reference Dose 0 - C h e m i c a l  Specitic) 

Variable REAMS 
Abbnviation V m  Daf& V a b  

CS Chemical Concentration - I Chemical 
in Soil (mg/Kg) I S@c* 

Ingestion Rate - Child 200 I 
(mgIsoiYday) 

CF Conversion Factor 0.00000 1 
(1 . O E a  kglmg) 

Fraction Ingested from 
FI Contaminated Source 1 .O 

Residential (unitless) 
EF Exposure Frequency 3 50 

(days/Yea) 
EDc Exposure Duration 6 

BWc 

Notes: 
Maximum Detected Concentration 

ATn 

Res-Ingest Soil. 

(years) 
Child Body 15 
Weight (kg) 

Averaag  Time 
(period over which 

exposure is averaged 
2,190 



I Equations: Absorbed Dose (mgbgday) = CS x CF x S G  x AF x ABS x EF x ED, 
BW, x AT, 

I1 Risk = Intake x Slope Factor (SF-Chemical Specific) 

I Hazard Quotient = Intake / Reference Dose 0 - C h e m i c a l  Specific) 

b 
Variable REAMS 

Variable DcdWtVh 
CS Chemical Concentration - Chemical 

in Soils ( m a g )  Specific* 
Volumetric Conversion 

CF Factor for Soil 0.00000 1 
(1 .OE-06 kglmg) 

sAm Skin Surface Area Available - 4,860 
for Contact (Adult - cm2tevent) (Given) 

AF Soil Adherence Factor - 1.45 
(m&m2) (Given) 

Chemical-specific Chemical 
ABS Absorption Factor - Specific* * 

(unitless) 
EF Exposure Frequency 3 50 

(day *ear) 
EDa Exposure Duration 30 

(years) 

BWa Adult Body 70 
Weight (kg) 

Averaging Time 
AT, (period aver which 10,950 

Notes: 
Maximum Soil Concentration 

** Value from "Assessing Dermal Exposure From Soiln (USEPA, 1995) 

Res-Dermal Soil. 



Equations: Absorbed Dose (mgkgday) = CS x CF x S k  x AF x ABS x EF x ED, 
BW, x AT, 

Il Risk = Intake x Slope Factor (SF-Chemical Specific) 

II Hazard Quotient = Intake I Reference Dose (RjD-Chemical Specific) 

V a r w t  . . I REAMS 
Abbrsvudron Variable h fad t~a iw  Vaiw 

I 

CS Chemical Concentration - Chemical 
in Soil ( m a g )  Specific* 

Volumetric Conversion 
CF Factor for Soil 0.00000 1 

(1 . O E a  kg/mg) 
S& Skin Surface Area Available 1.875 

for Contact (Child - cm2levent) 
AF Soil Adherence Factor - 1.45 

(mgfcm2) (Given) 
Chemical-specific Chemical 

ABS Absorption Factor - Specific** 
(unitless) 

EF Exposure Freqmnc~ 350 
(days/Ym 

ED, Exposure Duration 6 
(years) 

Notes: 
* Maximum Soil Concentration 
** Value from "Assessing Dermal Exposure From Soil" (USEPA, 1995) 

Res-Dermal Soil. 



Attachment 5 

Photographs 



Photograph 1: Incinerator Spray Pond (13') with metal piping removed. 



Photograph 3: Concrete remnval from the ISr 

Pkwl~yrapi:. 4 Isr f~>l l~-~i+ing crl~~c-rr'rr rieriiolihc~t~ and removal. Nutict b ~ r  i e ~ i  
flags J r ~ i ~ ~ m i u ~ g  g r d  sanlpl~ Iocahcms. 



~ . .  . . .  . - - - . . ::.: . .~ ;: .-- - .- .:.:>---~= 
Photograph .S: Decnntamination 01 excavation equipment. 



Phntograpl-r 7: Continued excavation of approximately 18 inches of soil from 
the ISP. 

Photograph 8: ISP following t i le completion oi excavation activities 

BRM 4 1 lliflo 117 111 - I? ' Ill '17 



Photograph 9: Staging excavated material on plastic. 

Phnlngraph 10 Covering excavated soil a t  staging area with piashc 

-- --- - - 
ERM 5 -0701, 07 U I  1~1~11197 




