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LLlANT TECHSYSTE 

December 6,2002 

Radford Army Ammunition Plant 
Route 114, P.O. Box 1 
Radford, VA 24141 
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Mr. Robert Thomson 
U. S. Environmental Protection Agency 
Region I11 
1650 Arch Street 
Philadelphia, PA 19 103-2029 

Subject: Work Plan Addendum 13 RCRA ~ a c i l i 6  Investigation at Solid Waste Management Unit 54, 
Final September 2002 
Radford Army Ammunition Plant 
EPA ID# VAl 2 10020730 

Dear Mr. Thomson: 

Based upon your October 10, 2002 approval letter for the subject work plan, enclosed are three report covers for "Work 
Plan Addendum 13 RCRA Facility Investigation at Solid Waste Management Unit 54, Final September 2002". Report 
covers will be sent under separate cover to the Virginia Department of Environmental Quality (VDEQ), U.S. Army 
Environmental Center, U.S. Army Center for Health Promotion and Preventive Medicine. 

Please coordinate with and provide any questions or comments to myself at (540) 639-8266, Jerry Redder of my staff 
(540) 639-7536 or Jim McKema, ACO Staff (540) 639-864 1. 

SFcerely, 

C. A. Jake, ~nbi;onrnental Manager 
Alliant Ammunition and Powder Company, LLC 
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W/O enclosure 

c: Russell Fish, P.E., EPA Region III 

Dunvood Willis 
Virginia Department of Environmental Quality 
P. 0 .  Box 10009 
Richniond, VA 23240-0009 

Mark Leeper 
Virginia Department of Enviroilmental Quality 
P. 0 .  Box 10009 
Richmond, VA 23240-0009 

E. A. Lohman 
Virginia Department of Environmental Quality 
West Central Regional Office 
30 19 Peters Creek Road 
Roanoke, VA 240 19 



Tony Perry 
U.S. Army Environmental Center 
5 179 Hoadley Road, Attn: SFIM-AEC-ERP 
Aberdeen Proving Ground, MD 2 10 10-540 1 

Katie Watson 
Engineering & Environment, Inc. 
4428 Northgate Drive 
Knoxville, TN 37938 

Dennis Druck ._ 1 

U.S. Army Center for Health Promotion and Preventive Medicine 
5 158 Blackhawk Road, Attn: MCHB-TS-HER 
Aberdeen Proving Ground, MD 2 10 10-5403 

John Tesner 
Corps of Engineers, Baltimore District 
ATTN: CENAB-EN-HM 
10 South Howard Street 
Baltimore, MD 2 1201 

bc: 

~ o b  Davie-ACO Staff 
C. A. Jake 
J. J. Redder 
Env. File 

? 
Coordination: \; , 

:%. McKema 
;'I 



Concerning: Work Plan Addendum 13 RCRA Facility Investigation at Solid Waste Management Unit 54, Final September 2002 

I certiG under penalty of law that this document and all attachments were prepared under my direction or supervision in accordance with a 
system designed to assure that qualified personnel properly gather and evaluate the information submitted. Based on my inquiry of the 
person or persons who manage the system, or those persons directly responsible for gathering the information, the information submitted is, 
to the best of my knowledge and belief, true, accurate, and complete. I am aware that there are significant penalties for submitting false 
information, including the possibility of fines and imprisonment for knowing violations. 

i 7  

SIGNATURE: 
PRINTED NAME: 'an A. Butler 
TITLE: : LTC, CM, Commanding 

Radford AAP 

$ l \/?fii'\ i/l ;I - ' 

SIGNATURE: 1 J r 1 c j ~  ir;fkG ", cv' 

PRINTED NAME: Anthony Miano 
TITLE: Vice President Operations 

Alliant Ammunition and Powder Company, LLC 



DEPARTMENT OF ENVIRONMENTAL QUALITY 
Street address: 629 East Main Street, Richmond, Virginia 232 19 

W. Tayloe Murphy, Jr. Mailing address: P.O. Box 10009, Richmond, Virginia 23240 
Secretary of Natural Resources Fax (804) 698-4500 TDD (804) 698-4021 

www.deq.state.va.us 

5 November 2002 
Mr. James McKenna 
Radford Army Ammunition Plant 
SIORF-SE-EQ 
P.O. Box 2 
Radford, VA 24141-0099 

RE: Addendum's 13 14 September 2002 

V 
Dear Mr. McKenna: 

This office has reviewed the referenced draft document and concurs with 
Addendum's 13 & 14. No revisions to the document are required. Please 
provide this office a copy of the final document when it is completed. 

If you have any questions, please call me at 804.698.4308. 

Sincerely 

f 4 & I t ! C  
Mark S. ~ e e ~ d r  

- 
RPM 

cc: Norman L. Auldridge - WCRO, DEQ 
Beth Lohrnan - WCRO, DEQ 
Durwood Willis - DEQ 
Robert Thompson, Region 111, U.S.EPA, 3HS13 

Robert G. Burnley 
Director 

(804) 698-4000 
1-800-592-5482 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION Ill 

1650 Arch Street 
Philadelphia, Pennsylvania 191 03-2029 

Date: October 10, 2002 

In reply 
Refer to 3HS13 

-CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 

Commander, 
Radford Army Ammunition Plant 
Attn: SIORF-SE-EQ (Jim McKenna) 
P.O. Box 2 
Radford, VA 24141-0099 

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

0 Re: Radford Army Ammunition Plant 
SWMU 54 
Work P l a n  A d d e n d u m  13 
Document submittal and review 

Dear Mr. McKenna and Ms. Jake: 

The U.S. Environmental Protection Agency (EPA) has reviewed 
the Army's September, 2002 Work P l a n  A d d e n d u m  13  for the 
investigation of SWMU 54, located at the Radford Army Ammunition 
Plant (RFAAP) . Based upon our review, Work P l a n  A d d e n d u m  13 is 
approved. In accordance with Part 11. (E)(5)of RFAAP's Corrective 
Action Permit, Work P l a n  A d d e n d u m  13 is now considered final. 

Celebrating 25 Years of Environmental Progress 



. . 
2. .,- 

I f  you  h a v e  a n y  q u e s t i o n s ,  p l e a s e  c a l l  me a t  215-814-3357. 

S i n c e r e l y ,  

R o b e r t  Thornson, PE 
F e d e r a l  F a c i l i t i e s  B r a n c h  - 

cc: R u s s e l l  F i s h ,  EPA 
L e s l i e  Romanchik ,  VDEQ-RCRA 
S h a r o n  W i l c o x ,  VDEQ-CERCLA 
Mark L e e p e r ,  VDEQ-CERCLA 

Celebrating 25 Years of Environmental Progress 



September 1 1,2002 

Radford Army Ammunition Plant 
Route 114, P.O. Box 1 
Radford, VA 24141 
USA 

Mr. Robert Thomson 
U. S. Environmental Protection Agency 
Region 111 
1650 Arch Street 
Philadelphia, PA 19 103-2029 

Subject: Work Plan Addendum 13 RCRA Facility Investigation at Solid Waste Management Unit 54, September 2002 
Work Plan Addendum 14 RCRA Facility Investigation at Solid Waste Management Unit 4017 1,  
September 2002 
Radford Army Ammunition Plant 
EPA ID# VAI 2 10020730 

Dear Mr. Thomson: 

Enclosed is a certified copy of "Work Plan Addendum 13 RCRA Facility Investigation at Solid Waste Management 
Unit 54, September 2002" and a certified copy of "Work Plan Addendum 14 RCRA Facility Investigation at Solid 
Waste Management Unit 40171, September 2002". Your two additional copies and copies to Virginia Department of 
Environmental Quality (VDEQ), U.S. Army Operations Support Command, U.S. Army Environmental Center, U.S. 
Army Center for Health Promotion and Preventive Medicine will be sent under separate cover. 

These work plans have been revised per our conference call of August 22, 2002 and are considered final. Upon your 
concurrence new report covers will be sent. Also enclosed are responses to EPA comments of July 22 and 25,2002 and 
VDEQ comments of June 3,2002. 

Please coordinate with and provide any questions or comments to myself at (540) 639-8266, Jeny Redder of my staff 
(540) 639-7536 or Jim McKenna, ACO Staff (540) 639-8641. 

Sincerely, ,, 

C. A. Jake, ~ n v u n m e n t a l  Manager 
Alliant Ammunition and ~ o w d e r ? o m ~ a n ~ ,  LLC 

Enclosure 

c : Dunvood Willis 
Virginia Department of Environmental Quality 
P. 0 .  Box 10009 
Richmond, VA 23240-0009 

Mark Leeper 
Virginia Department of Environmental Quality 
P. 0. Box 10009 
Richmond, VA 23240-0009 

E. A. Lohman 
Virginia Department of Environmental Quality 
West Central Regional Office 
30 19 Peters Creek Road 
Roanoke, VA 240 19 



Kenneth G. Barnes 
U.S. Army Operations Support Command 
Environmental Restoration Division 
1 Rock Island Arsenal, Attn: AMSOS-ISR 
Rock Island, IL 6 1299-5500 

Peter J. Rissell 
U.S. Army Environmental Center 
5 179 Hoadley Road, Attn: SFIM-AEC-ERP 
Aberdeen Proving Ground, MD 2 10 10-540 1 

Dennis Druck 
U.S. Army Center for Health Promotion and Preventive Medicine 
5 158 Blackhawk Road, Attn: MCHB-TS-HER 
Aberdeen Proving Ground, MD 2 10 10-5403 

W/O enclosure 
Russell Fish, P.E., EPA Region I11 

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

bc: Administrative File 

S. J. Barker-ACO Staff 
Rob Davie-ACO Staff 
C. A. Jake 
J. J. Redder 
Env. File 



u' 1 
Concerning: Work Plan Addendum 13 RCRA Facility Investigation at Solid Waste Management Unit 54, September 2002 and Work Plan 

Addendum 14 RCRA Facility Investigation at Solid Waste Management Unit 4017 1, September 2002 

rtify under penalty of law that this document and all attachments were prepared under my direction or supervision in accordance with a a system designed to assure that qualified personnel properly gather and evaluate the information submitted. Based on my inquiry of the 
person or persons who manage the system, or those persons directly responsible for gathering the information, the information submitted is, 
to the best of my knowledge and belief, true, accurate, and complete. I am aware that there are significant penalties for submitting false 
information, including the possibility of fines and imprisonment for knowing violations. 

SIGNATURE: 
PRINTED NAME: Brian A. Butler 
TITLE: LTC, CM, Commanding 

Radford AM 

SIGNATURE: -[>m b' 

PRINTED NAME: Anthony Miano 
TITLE: Vice President Operations 

Alliant Ammunition and Powder Company, LLC 



Response to Comments 
Draft RCRA Facility Investigation 

Work Plan Addendum 13, SWMU 54 
Radford Army Ammunition Plant 

Radford, Virginia 

Comments from USEPA correspondence dated 22 July 2002 

GENERAL COMMENTS 

1. Conceptual Site Models: The conceptual site model does not include a 
residential receptor for the risk assessment. Even though it is unlikely that a clean-up 
would be based upon a residential risk scenario at the Radford AAP, it is still necessary 
and proper to determine what risk would be  posed under such a scenario. This is 
especially true for a determination of "clean closure", where waste is not left in-place at a 
site. Without including the residential risk scenario, the Army will be defaulting to a non- 
clean closure scenario, leaving waste "in-place", which would require long-term 
monitoring, maintenance, and 5-year reviews. This automatic default is not acceptable to 
EPA. Therefore, the residential risk scenario should be included in the conceptual site 
model. 

RESPONSE: Text has been added to the fifth paragraph of Section 1.2.4, 
Conceptual Site Model, stating that, "Although current and future land-use 
scenarios are limited to industrial operations, both industrial and residential 
scenarios will be considered." 

SPECIFIC COMMENTS 

2. Section 1.2.3.4, Supplemental RFI Report, SWMU 54 - 1998, page 1-39: The 
third paragraph of this subsection states that data generated by Millennium Science and 
Engineering (MSE, 1998) "should not be relied upon as a definitive data." However, 
Table 1-3 indicates, under "Data Usability," that the soil data can be used as definitive 
data for constituents of potential concern (COPC) identification and for site 
characterization, and that the groundwater data can be used as definitive data for COPC 
identification. In addition, since the MSE report did not provide the depths of samples 
and the discussion of the surface and subsurface soil samples in Work Plan Addendum 13 
is based on assumptions, the usability of the MSE data for site characterization appears to 
be inappropriate. Please revise the Work Plan Addendum 13 (WPA) to resolve this 
discrepancy and discuss the usability of the MSE data for the RCRA Facility 
Investigation (RFI). 

RESPONSE: Section 1.2.3.4, 3rd Paragraph, Last Line was revised to: "Data 
generated by MSE (1998) can be used for site screening purposes (including 



identification of COPCs) and should not be relied upon as definitive data for 
characterization purposes." 

3. Section 1.2.3.5, Correspondence August 20, 1999, Subject SWMU 54 Interim 
Action, papes 1-46 through 1-79: The sixth paragraph on page 1-66 states that analytical 
results for two backfill material samples identified as 54BF1 and 54BF2 are summarized 
in Appendix B. Appendix B does not contain the referenced information. Please provide 
the referenced data in the WPA. 

RESPONSE: The referenced data has been provided in Appendix B, Soil 
Composite Data, Parallax (2000). 

3.a The seventh paragraph on page 1-66 indicates that for excavated and backfilled 
cells, data for 2,4,6-TNT were adjusted to zero. Please explain why the data for 2,4,6- 
TNT in the backfilled cells were adjusted to zero. 

RESPONSE: For values that were reported as non-detect, TNT has been 
adjusted to zero (as opposed to using the MDL or '/z of the MDL) for the 
presentation of the estimated post-excavation isoconcentration map of Area A. 

3.b The fourth paragraph on page 1-77 states that groundwater results are 
summarized in Table 1-5. Table 1-5 summarizes soil results. Please provide the 
referenced summary data in the WPA. 

RESPONSE: The paragraph should refer the reader to Table 1-4 not 1-5. This 
has been corrected in the report and other references have been checked for 
accuracy. 

4. Section 1.2.4, Conceptual Site Model, page 1-82: This section states that surface 
water and sediment are not considered in the conceptual site model (CSM) "because there 
are no surface water bodies in the SWMU 54 area." Surface water and sediment should 
not be ruled out from the CSM because the New River is located just 150 feet east of 
SWMU 54, and surface runoff and groundwater from SWMU 54 area discharge to the 
New River. In addition, the data presented in the WPA do not conclusively rule out that 
SWMU 54 had impacted the New River because the limits of constituent migration are 
currently unknown. Please revise the WPA to include surface water and sediment in the 
CSM. 

RESPONSE: A site-specific CSM has been developed for SWMU 54 to assess 
potential contaminant sources, exposure pathways, and human and ecological 
receptors (Figure 1-49). Potentially affected media include surface soil, 
subsurface soil, and groundwater. The SWMU 54 area is relatively level and 
precipitation is expected to infiltrate into the ground. A topographic high running 
parallel to the river and the roadbed on the southern perimeter of the site 
effectively capture surface runoff and eliminate the possibility of sheet flow 
reaching the New River. Sufficient data do not exist to establish the existence or 



absence of a complete pathway resulting from site groundwater discharge to the 
New River and the possible resultant pathway to surface water and sediment (via 
ingestion, inhalation, andlor dermal contact). The results of the investigative 
activities from the WPA are anticipated to facilitate the definition of the limits of 
constituent migration in groundwater. The completeness of the surface water and 
sediment migration pathways at SWMU 54 is considered unknown. Once the 
constituent migration limits have been assessed, the completeness of the surface 
water and sediment pathways will be examined 

5. Section 1.2.5, Data Gap Analysis, pages 1-82 through 1-86: Perchlorate should 
be identified as a data gap in this section. 

RESPONSE: Perchlorate has been identified in the SWMU 54 RFI Work Plan as 
a data gap. 

6. Section 1.2.5, Data Gap Analysis: A data gap that is not identified is that no 
ERA has been performed. Because no ERA has been performed, potential threats to 
ecological receptors have yet to be identified. This data gap should be discussed, and an 
ERA performed for the SWMU. The Planned Field Activities (Section 1.3) should state 
that to fulfill this data gap, an ecological risk assessment would be performed. 

RESPONSE: The results of a Baseline Risk Assessment (including an ecological 
risk screening) have been identified as a data gap in the WPA. 

7. Section 1.3, Planned Field Activities, page 1-86: The third bullet on this page 
states that the data will be used to evaluate the leaching of contaminants from soil to the 
groundwater and the fate and transport of contaminants in groundwater. This evaluation 
must also determine if the migration pathway to the New River from groundwater is 
complete. If the pathway is found to be complete, sediment sampling in the New River is 
recommended. 

RESPONSE: The RFI Work Plan Addendum has been modified to state that the 
collected data will also be utilized to assess whether the migration pathway to the 
New River from groundwater is complete. 

8. Section 2.0, Quality Assurance Plan Addendum, pages 2-1 through 2-28: 
Tables 2-5 tlu-ough 2-1 1 provide a summary of analyte method detection limits, reporting 
limits and screening criteria for all the analytes proposed but perchlorate. Please provide 
similar data for perchlorate as appropriate. 



RESPONSE: 

Similar data is provided for perchlorate in Table 2-1 1 including analyte method 
detection limits, reporting limits, and screening criteria. 

Draft Comments from VDEQ received via e-mail attachment 3 June 2002 

1. Page 1-4, MWP is not referenced. 

Response: The Master Work Plan i s  referenced at the end of paragraph 1 on 
page 1 - 1.  The acronym will be defined again on page 1-4. It is also included in 
the References section of the WPA (Section 4.0). 

2. Figure 1-3, is the thin lined section, near the ground water symbol and "New 
River", a different formation? 

Response: The incorrect fill was designated in the CADD drawing for this 
area of Figure 1-3. Figure 1-3 has been revised to include the correct fill in this 
location. 

3. Table 1-4, what does the dashed box represent? 

Response: The dashed box represents an exceedance of the lead informal 
action level. The symbol for thiswas omitted from the Table 1-4 legend. The 
legend has been corrected. 

4. Figures 1-8 - 1-11, there are some borings that have no values. 

Response: The samples collected from soil borings advanced during the 
Parson's 1996 study did not include shallow soil samples for 54SB9 and 54SB15. 
Therefore, no values are reported for these locations for shallow soils. 

5. Page 1-46, Ground water, 54MW4 was sampled along with 54MW1. The 
results from the sampling event indicate that there were hits in 54MW1 and 54MW4 
is not mentioned. Does this mean there were no hits in 54MW4? 

Response: Yes. 

6. Page 1-77, last paragraph, tetrachloroethene should not be excluded from the 
COPCs from area B. 

Response: The single detection of tetrachloroethene (2 ugll) was j-flagged as 
an estimated value between the Method Detection Limit and the Reporting Limit. 
The  Tap Water RBC for tetrachloroethene is currently 1 . I  ugll and the MCL is 5 



ugll. Previous sampling of groundwater with analysis for volatile organic 
compounds (VOCs) has not detected tetrachloroethene at concentrations above 
RBCs in Area B at SWMU 54. It is recommended that tetrachloroethene continue 
to be excluded as a COPC in Area B. 

7. Table 1-10 page 1, please explain the  rationale of why there will be no soil 
samples collected above the water table for 17A - 38B. 

Response: Previous analytical results for these locations have been assessed 
and were found to be usable for characterization purposes. Further sampling 
appears unnecessary in these locations. 

8. Figure 1-51, it may be advantageous to collect a soil sample in the northwest 
section near the SWMU boundary. 

Response: This area of the site was assessed and samples were allocated to 
grids to assure the Data Quality Objectives are met. The northern site boundary 
was conservatively approximated, but previous sampling and remedial activities 
strongly indicate that the impacted portion of Area A is along its southern 
boundary. This was the rationale for surrounding this area with samples. To 
ensure that impacted soil did not extend to the northern portion of Area A, 
54SB17, 54SB19, and 54SB22 are proposed and considered sufficient. It is 
recommended that the current sampling plan remain unchanged. 

@ 9.  Figure 1-54, it may be advantageous to collect additional soil samples in the - 

southwest areas where the lead levels are greater than 1000 ppm. 

Response: This area of the site was assessed and samples were allocated to 
grids to assure the Data Quality Objectives are met. The grid sizing is relatively 
small (40 feet by 40 feet) and hence the area of potential lead levels exceeding 
lOOOppm is small. This area appears to be well bounded both by the proposed 
sampling locations 54SB41, 54SB42, and 54SB51; and by areas of previous 
excavation (shown in green shading o n  the figure). It is recommended that the 
current sampling plan remain unchanged. 

10. Table 1.7: The RBC for pyrene can be used as a substitute for acenapthylene, 
benzo(ghi)perylene and phenanthrene. 

Response: The comment has been incorporated into the Final Work Plan 
Addendum. 

11. Page 1-77, last paragraph, last line. J-flagged values should not be disqualified as 
COPCs at this early stage of assessment. 

Response: Please see response to Comment 6. 



Response to Comments 
Draft RCRA Facility Investigation 

Work Plan Addendum 14 
SWMU 40171 

Radford Army Ammunition Plant 
Radford, Virginia 

Comments from USEPA correspondence dated 25 July 2002 
GENERAL COMMENTS 

1. Conceptual Site Models: The conceptual site model does not include a residential receptor 
for the risk assessment. Even though it is unlikely that a clean-up would be based upon a 
residential risk scenario at the Radford AAP, it is still necessary and proper to determine 
what risk would be posed under such a scenario. This is especially true for a determination of 
"clean closure", where waste is not left in-place at a site. Without including the residential 
risk scenario, the Army will be defaulting to a non-clean closure scenario, leaving waste "in- 
place", which would require long-term monitoring, maintenance, and 5-year reviews. This 
automatic default is not acceptable to EPA. Therefore, the residential risk scenario should be 
included in the conceptual site models for SWMUs 40 & 71. 

Response: Text has been added to Section 1.2.4, Conceptual Site Model, stating that, 
"Although current and future land-use scenarios are limited to industrial operations, both 
industrial and residential scenarios will be considered." 

SPECIFIC COMMENTS 

2. Section 1.2.4, Conceptual Site Model, states that "based on previous investigations, 
groundwater is not present in overburden soils in the immediate vicinity of SWMU 40171 to 
depths of at least 160 feet bgs [below ground surface] ... Groundwater is therefore, not 
considered a migration pathway at SWMU 4017 1 ." This conclusion is not supported by the 
current investigative data. Groundwater was found in Well 40MW3, which is located in the 
vicinity of SWMU 4017 1 and is screened from 97 to 1 17 feet bgs. All the other attempts in 
finding groundwater were abandoned at depths much less than the 160 feet bgs, except at 
borehole 40MWlA. Therefore, it is inaccurate to state that groundwater is not present to 
depths of at least 160 feet bgs. In addition, previous investigations (Dames & Moore, 1992; 
Engineering Science, 1994; Parsons 1996) have concluded that groundwater from the vicinity 
of SWMU 40171 may be drained by solution-enhanced epikarstic features in the bedrock. 
Thus, the potential leachate as depicted in Figure 1-13 (Site Conceptual Model) can be 
drained by the "bedding-parallel solution features" and "fracture-type solution features," 
thereby impacting the groundwater. Because of the complexity of the site hydrogeology, 
previous investigations do not appear to be sufficient grounds for the conclusions reached in 
the Work Plan Addendum 14 (WPA). Revise the WPA to propose further investigation of 
the groundwater and include groundwater in the Conceptual Site Model (CSM). 



Response: The WPA will be revised to indicate that it  is unknown whether the 
groundwater exposure pathway is complete. The current groundwater study in the 
"Horseshoe" area is scheduled for expansion into the Main Manufacturing Area (MMA) 
in fiscal year 2006. The expanded study area includes SWMU 4017 1. This study is a 
result of  discussions1decisions coordinated with the USEPA and VDEQ at the Installation 
Action Plan Workshop in May 200 1. 

3 .  Section 1.2.5, Data Gap Analvsis, presents information on data gaps that have been 
identified. A data gap that is not identified is that no ERA has been performed. Because no 
ERA has been performed, potential threats to ecological receptors have yet to be identified. 
This data gap should be discussed in this section. 

Response: The results of a Baseline Risk Assessment (including an ecologcal risk 
screening) have been identified as a data gap in the WPA. 

4. Although the WPA explains that 40MW2 and 40MW4 were constructed as groundwater 
monitoring wells, the depths at which these "wells" were completed makes them unlikely to 
intercept any possible high water table. For example, borehole 40MW4 was advanced to 90 
feet bgs and no water was encountered. However, a groundwater monitoring well was 
constructed to approximately 69 ft bgs to "intercept any possible high water table at a future 
date." This assumes that a water table rise of  over 21 feet is expected, since water was not 
encountered at 90 feet bgs. Revise the WPA to remove references to groundwater monitoring 
wells 40MW2 and 40MW4 and associated legends from all the figures, because 40MW2 and 
40MW4 are not groundwater monitoring wel1.s. 

Response: Figure 1 - 1 5, Proposed Sampling Locations, has been modified to remove 
the legend reference to "monitoring wells" and changed to "Dry Hole" and the symbol in 
the legend and on the figure have been changed to be different from those used for 
monitoring wells. The names of the Dry Holes have been retained as 40MW2 and 
40MW4. 

5 .  Section 1.2.4, Conceptual Site Model, page 1-21: The first paragraph of this section states 
that "based on current data available for the site, migration pathways of constituents from 
SWMU 4017 1 likely include surface water (limited however, to during rainfall events), 
leaching of  constituents into subsurface soils, and wind-borne dispersion of accumulated soil 
in the northern scarp area." However, subsequent discussions in paragraphs 1 and 2 dismiss 
the potential migration pathways for surface water and wind-born dispersion for both 
SWMUs 40 and 7 1. Revise the WPA to resolve these discrepancies. In addition, include the 
potential migration pathway for wind-borne dispersion in the CSM as the area proximal tb 
the northern scarp shows possible wind-borne dispersion of soil particulates. 

Response: The Conceptual Site Model developed as part of the Work Plan 
Addendum was modified to clearly state which migration and exposure pathways are 
complete, incomplete, or unknown. Current conditions at the site do not support the 
conclusion that wind-borne dispersion of accumulated soil occurs at SWMU 4017 1 and 
therefore, this pathway has been identified as incomplete. Storm water on the site does 



not appear to enter surface water bodies and therefore, the surface water migration 
pathway has also been identified as incomplete. 

6. Section 1.3.2, Soil Borings, pages 1-33 through 1-35: The fifth bullet on page 1-34 
indicates that Boring 7 1 SB 1 1 is proposed in the Flash-Burn Area. However, Figure 1 - 15 
identifies the boring as 7 1 SB 1 and 7 1 SB 1 1 as  a surficial soil sampling location. Please 
resolve this discrepancy between the text and the figure. 

Response: Figure 1 - 15 was corrected to show boring 7 1 SB 1 1 correctly. 

The second paragraph on page 1-35 references Section 6.4 of the Master Work Plan 
(MWP) for the analysis of physical and geotechnical properties of soils. This information is 
not provided in the referenced section of the MWP. Please provide the correct reference for 
the information. 

Response: The reference to Section 6.4 has been corrected to Section 5.8. 

7. Section 1.3.3.2, Cindered Area, page 1-36: This section identifies the two surface soil- 
sampling locations proposed for the Cindered Area as 40SS4 and 40SS5. However, Figure 1- 
15 identifies the surface soil sampling locations as 40554 and 40555. Please revise the text 
or the figure to use a consistent sample location designation. 

Response: The two surface soil-sampling locations have been corrected to refer to 
40SS4 and 40SS5. 

8. Table 1-6, Handling and Disposal of Non-hazardous Materials: This table does not 
appear to include soils to be stockpiled from the geophysical anomaly excavation (see 
Section 1.3.1). Please revise this table or the text of Section 1.3.1 to discuss how the soils 
stockpiled from the pit excavation will be managed and disposed. Also, correct the following 
in Table 1-6: 

e The title of the table should read "Handling and Disposal of Investigation-Derived 
Materials." Whether the materials are hazardous or non-hazardous will be determined 
after the actions specified in column six of the table are conducted. 

The last column, second row, should read "soil" instead of "sediment." 

Response: The table has been modified to discuss how the soils stockpiled from the 
test pit excavation will be managed. The title of the table has been modified and the word 
sediment has been changed to soil. 

9. Table 2-4, Summary: Proposed Sample Identification and Depths: The depths specified 
in this table for various sample locations do not match those discussed in Section 1.3 
(Planned Field Activities). For example, for the surficial soil sampling the table indicates 
that samples will be collected from 0-6 inches. However, the text in Section 1.3.3 indicates 
that a sample will be collected from 0-6 inches bgs and another sample will be collected from 



6-12 inches bgs. Revise table to reflect the discussions provided in Section 1.3. Also, define 
''intermediate depth" in Table 2-4. 

Response: Fourteen soil borings will be advanced and surface, intermediate, and base of 
overburden samples will be collected from these soil borings (three depths except where 
fill materials are encountered, and then 4 depths if encountered). Soil boring surface 
samples will be collected from 0-6 inches except for volatiles that will be sampled from 
6- 12 inches. The table has been revised to reflect the discussions provided in Section 1.3. 

10. APPENDIX A, STANDARD OPERATING PROCEDURES, Standard Operating 
Procedure 20.4, Test Pits: Section 4.0 of this standard operating procedure (SOP) references 
the site-specific health safety plan for precautions during test pit excavation and backfill. 
This referenced information is not provided in the site-specific health and safety plan 
(Section 2.0). Please provide the referenced information either in this SOP or the Health and 
Safety Plan Addendum. 

Response: Please note that WPA Section 3.0 contains the site-specific health and safety 
plan. WPA Section 3.2.2, Project-specific Hazard Analysis outlines site-specific hazards, 
including those that may be encountered during Test Pit excavation, such as falls, noise 
from heavy equipment, and overhead power lines. 

a Draft Comments from VDEQ received via e-mail attachment 3 June 2002 

1. Page 1-34, Section Soil Borings, second bullet, what if the boundaries of the landfill are not 
found with the projected three borings? 

Response: This will be further assessed i n  the field at the time of investigation but it 
appears that the boundaries of the fill material have been well characterized by the results 
of the geophysical investigation and an examination of aerial photographs. 

2. Page 1-36, Section 1.3.3.3, surficial soil sampling is collected from 0-6 inches, however, 
samples 7 1 ss 1 1,12,13 are proposed to be collected at 6 -  12 inches. Will surface soil be 
collected in the "surface material" sample? Moreover, Table 2-4 lists the three sample 
locations as 0-6 inches. 

Response: Surface soil samples will be collected from 0-6 inches for all analyte suites 
except for volatiles, which will be sampled from 6-12 inches. The text in Section 1.3.3, 
Surficial Soil Sampling, and Table 2-4 has been revised to clarify the specification of 
surface soil sampling depths. 

3. Tables 2.7 and 2.8. The RBC for pyrene may be used as a substitute for acenapthylene, 
benzo(ghi)perylene, and phenanthrene. 

Response: The comment will be incorporated into the revised WPA. 



4. Table 2-9. The RBC for Endrin may be used as a substitute for endrin sulfate, endrin ketone, 
and endrin aldehyde. The RBC for endosulfan I may be used for endosulfan 11, and the RBC for 
alpha BHC inay be used for delta BHC. 

Response: The comment will be incorporated into the revised WPA. 

5. Tables 2-1 1 and 2-12. RBCs for tap water are listed in these tables; however, there is no 
mention of groundwater samples in the planned field activities or proposed sampling locations 
(Section 1.0). According to Figure 1-1 3 and the text in section 1.0, leaching of contaminants into 
groundwater appears to be a possible route of exposure and should be investigated. Figure 1 - 14 
does not include groundwater as an exposure pathway. 

Response: The WPA will be revised to indicate that is unknown whether the 
groundwater exposure pathway is complete. The current groundwater study in the 
"Horseshoe" area is scheduled for expansion into the Main Manufacturing Area (MMA) 
in fiscal year 2006. The expanded study area includes SWMU 40171. This study is a 
result of discussionsldecisions coordinated with the USEPA and VDEQ at the Installation 
Action Plan Workshop in May 2001. Inclusion of the tap water RBCs in Tables 2- 1 1 and 
2- 12 is strictly for reference and document completeness. 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION-Ill 

1650 Arch Street 
Philadelphia, Pennsylvania 19103-2029 i ;', A',? . 1;: 

i-\>e. " -.- !., s L-LL .-. 

July 22, 2002 

In reply 
Refer to 3HS13 

CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 

Commander, 
Radford Army Ammunition Plant 
Attn: SIORF-SE-EQ (Jim McKenna) 
P.O. Box 2 
Radford, VA 24141-0099 

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

Re: Radford Army Ammunition Plant 
SWMU 54 
W o r k  P l a n  Addendum 13  
Document submittal and review 

Dear Mr. McKenna and Ms. Jake: 

The U. S.  Environmental Protection Agency (EPA) has reviewed 
the Armyf s draft W o r k  P l an  Addendum 1 3  for the investigation of 
SWMU 54, located at the Radford Army Ammunition Plant (RFAAP) . 
Outlined below, please find EPAfs comments based upon that 
review: 

GENERAL COMMENTS 

1. Conceptual Site Models: The conceptual site model does not 
include a residential receptor for the risk assessment. Even 



though it is unlikely that a clean-up would be based upon a 
resrdential risk scenario at the Radford AAP, it is still 
necessary and proper to determine what risk would be posed 
under such a scenario. This is especially true for a 
determination of "clean closure", where waste is not left 
in-place at a site. Without including the residential risk 
scenario, the Army will be defaulting to a non-clean closure . . scenario, leaving waste in-place", which would require 
long-term monitoring, maintenance, and 5-year reviews. This 
automatic default is not acceptable to EPA. Therefore, the 
residential risk scenario should be included in the 
conceptual site model. 

SPECIFIC COMMENTS 

2. Section 1.2.3.4, Supplemental RFI Report, SWMU 54 - 1998, page 
1-39: The third paragraph of this subsection states that data 
generated by Millennium Science and Engineering (MSE, 1998) 
"should not be relied upon as a definitive data." However, 
Table 1-3 indicates, under "Data Usability", that the soil 
data can be used as definitive data for constituents of 
potential concern (COPC) identification and for site 
characterization, and that the groundwater data can be used as 
definitive data for COPC identification. In addition, since 
the MSE report did not provide the depths of samples and the 
discussion of the surface and subsurface soil samples in Work 
P l a n  A d d e n d u m  13 is based on assumptions, the usability of the 
MSE data for site characterization appears to be 
inappropriate. Please revise the Work P l a n  A d d e n d u m  13 (WPA) 
to resolve this discrepancy and discuss the usability of the 
MSE data for the RCRA Facility Investigation (RFI) . 

3. Section 1.2.3.5, Correspondence August 20, 1999, Subject SWMU 
54 Interim Action, pages 1-46 through 1-79: The sixth 
paragraph on page 1-66 states that analytical results for two 
backfill material samples identified as 54BF1 and 54BF2 are 
summarized in Appendix B. Appendix B does not contain the 
referenced information. Please provide the referenced data in 
the WPA. 

,The seventh paragraph on page 1-66 indicates that for 
excavated and backfilled cells, data for 2,4,6-TNT were 
adjusted to zero. Please exp-lain why the data for 2,4,6-TNT 
in the backfilled cells were adjusted to zero. 

The fourth paragraph on page 1-77 states that groundwater 
results are summarized in Table 1-5. Table 1-5 summarizes 



soil results. Please provide the referenced summary data in 
the WPA. 

4. Section 1.2.4, Conceptual Site Model, page 1-82: This section 
states that surface water and sediment are not considered in 
the conceptual site model (CSM) "because there are no surface 
water bodies in the SWMU 54 area." Surface water and sediment 
should not be ruled out from the CSM because the New River is 
located just 150 feet east of SWMU 54, and surface runoff and 
groundwater from SWMU 54 area discharge to the New River. In 
addition, the data presented in the WPA do not conclusively 
rule out that SWMU 54 had impacted the New River because the 
limits of constituent migration are currently unknown. Please 
revise the WPA to include surface water and sediment in the 
CSM. 

5. Section 1.2.5, Data Gap Analysis, pages 1-82 through 1-86: ,- 

Perchlorate should be identified as a data gap in this 
section. 

6. Section 1.2.5, Data Gap Analysis: A data gap that is not 
identified is that no ERA has been performed. Because no ERA 
has been performed, potential threats to ecological receptors 
have yet to be identified. This data gap should be discussed, 
and an ERA performed for the SWMU. The Planned Field 
Activities (Section 1.3) should state that to fulfill this 
data gap, an ecological risk assessment will be performed. 

Section 1.3, Planned Field Activities, page 1-86: The third 
bullet on this page states that the data will be used to 
evaluate the leaching of contaminants from soil to the 
groundwater and the fate and transport of contaminants in 
groundwater. This evaluation must also determine if the 
migration pathway to the New River from groundwater is 
complete. If the pathway is found to be complete, sediment 
sampling in the New River is recommended. 

8. Section 2.0, Quality Assurance Plan Addendum, pages 2-1 
through 2-28: Tables 2-5 through 2-11 provide a summary of 
analyte method detection limits, reporting limits and 
screening criteria for all the analytes proposed but 
perchlorate. Please provide similar data for perchlorate as 
appropriate. 



This concludes EPArs review of the Army's draft Work P l a n  
Addendum 13 for the investigation of SWMU 54 located at the 
RFAAP. The referenced draft Work P l a n  Addendum 13 is disapproved 
by EPA in its current form, and it must be revised to reflect the 
comments above. Per Part 11, Section E.4 .e. of the EPA RCRA 
Corrective Action Permit, the Army is required to revise the 
above document and submit a revised copy tp EPA for review within 
60 days of the receipt of EPA comments. Part 11, Section E. 4. f . 
of the Permit allows for an additional 20 days for issuing the 
revised document to EPA, provided that timely notice is given, 
i.e. within 10 days. Additional time extensions can be requested 
under Part 11, Section F. of the permit. 

If you have any questions, please call me at 215-814-3357. 

Robert Thomson, PE 
Federal Facilities Branch 

cc: Russell Fish, EPA 
Mark Leeper, VDEQ 



McKenna, Jim 

Cc: 

Leeper,Mark [msleeper@deq.state.va.us] 
Monday, June 03,2002 12:27 PM 
McKenna, Jim 
Thomson. Bob (E-mail) 

d 

raft Comments for 
RI.doc 

Hey Jim, 

Enclosed are the comments for Addendum 13 & 14. Please let me know if you have any questions. 

Thanks, 

<<Draft Comments for RI.doc>> 

Mark S. Leeper 
Remedial Project Manager 
Federal Facilities Restoration Program 
Virginia Department of Environmental Quality 



Draft Comments for Addendum 14 

1. Page 1-34, Section Soil Borings, second bullet, what if the boundaries of the 
landfill are not found with the projected three borings? 

2. Page 1-36, Section 1.3.3.3, surficial soil sampling is collected from 0-6 inches, 
however, samples 71ss11,12,13 are proposed to be collected at 6-12 inches. 
Will surface soil be collected in the "surface material" sample? Moreover, 
Table 2-4 lists the three sample locations as 0-6 inches. 

3. Tables 2.7 and 2.8. The RBC for pyrene may be used as a substitute for 
acenapthylene, benzo(ghi)perylene, and phenanthrene. 

4. Table 2-9. The RBC for Endrin may be used as a substitute for endrin sulfate, 
endrin ketone, and endrin aldehyde. The RBC for endosulfan I may be used for 
endosulfan 11, and the RBC for alpha BHC may be used for delta BHC. 

5. Tables 2-11 and 2-12. RBCs for tap water are listed in these tables; however, 
there is no mention of groundwater samples in the planned field activities or 
proposed sampling locations (Section 1.0). According to Figure 1-13 and the text 
in section 1.0, leaching of contaminants into groundwater appears to be a 
possible route of exposure and should be investigated. Figure 1-14 does not 
include groundwater as an exposure pathway. 

Draft Comments for Addendum 13 

1. Page 1-4, MWP is not referenced. 

2. Figure 1-3, is the thin lined section, near the ground water symbol and "New 
River", a different formation? ' 

3. Table 1-4, what does the dashed- box represent? 

4. Figures 1-8 - 1-11, there are some borings that have no values. 

5. Page 1-46, Ground water, 54MW4 was sampled along with 54MW1. The 
results from the sampling event indicate that there were hits in 54MW1 and 
54MW4 is not mentioned. Does this mean there were no hits in 54MW4? 



6. Page 1-77, last paragraph, tetrachloroethene should not be excluded from the 
COPCs from area B. 

7. Table 1-10 page 1, please explain the rationale of why there will be no soil 
samples collected above the water table for 17A - 38B. 

8. Figure 1-51, it may be advantageous to collect a soil sample in the north west 
section near the SWMU boundary. 

9. Figure 1-54, it may be advantageous to collect additional soil samples in the 
southwest areas where the lead levels are greater than 1000 ppm. 

10. Table 1.7: The RBC for pyrene can be used as a substitute for acenapthylene, 
benzo(ghi)perylene and phenanthrene. 

11. Page 1-77, last paragraph, last line. J-flagged values should not be 
disqualified as COPCs at this early stage of assessment. 



DEPARTMENT OF THE ARMY 
U.S. ARMY CENTER FOR HEALTH PROMOTION AND PREVENTIVE MEDICINE 

51 58 BLACKHAWK ROAD 
ABERDEEN PROVING GROUND, MARYLAND 21010-5403 

ATTENTION OF 

MCHB-TS-REH (40) 6 MAY 2002 

MEMORANDUM FOR Radford Army Ammunition Plant (SMCRA-EN/Mr. Jim 
McKenna), P.O. Box 2, Route 114, Radford, VA 24141-0099 

SUBJECT: Work Plan Addendum 13 RCRA Facility Investigation at 
Solid Waste Management Unit 54, April 2002 

1. The TJS Army Center for Health Promotion and Preventive 
Medicine has reviewed the subject document on behalf of the 
Office of The Surgeon General pursuant to AR 200-1 
(Environmental Protection and Enhancement) without comment. 

2. The scientist reviewing this document and our point of 
contact is Mr. Keith Williams, Environmental Health Risk 
Assessment Program, at DSN 584-7722 or commercial (410) 
436-7722. 

FOR THE COMMANDER: 

@A- AVID L. DAUGHDRI 
Program Manager 
Environmental Health Risk 
Assessment 

CF: 
HQDA (DASG-HS-PE) 
USAMEDCOM (MCHO-CL-W) 
AMC (AMCIS-A) 
USACE (CENWO-HX-H) 
USAEC (SFIM-AEC-ERO) 

Readiness thru Health 



Sent:  ond day, April 22, 2002 753  AM 
To : McKenna, Jim 
Cc: Robert Davie 
Subject: RE: NHPA: Work Plan Addenda 13 and 14 

Jim, 

Reference our meeting this date. 

In accordance with 36 CFR Part 800 all RFAAP actions meet the definition of an 
undertaking ad are therefore subject to 106 review. However, this in itself doesn't 
warrant full initiation of the process. RFAAP can determine that a proposed action has 
"no potential to cause effect" on historic properties. If we determine that an action has 
"no potential to cause effect", then we have no fbrther obligations under 106. Ground 
disturbing activities in areas where there are no archeological sites and the activity would 
not compromise the setting or feel of any other historic site in the are examples of 
activities that would be determined to have "no potential to cause effect". 

The locations of the work identified in your request contain no archeological sites and 
will not compromise any other historic site. Therefore, a determination of "no potential 
to cause effect" is appropriate and work may proceed. 

Joanne Jenkins 
Industrial Specialist 
Operations Division 
DSN 931 -7480, COM 540-639-7480 

-----Original Message----- 
From: McKenna, Jim 
Sent: Friday, April 19, 2002 1: 11 PM 
To: Jenkins, Joanne 
Subject: NHPA: Work Plan Addenda 13 and 14 

Joanne: 

1. Work Plan Addendum 13 identifies sampling work that will occur at Solid Waste 
Management Unit (SWMU) 54 in the Horseshoe Area. The WPA has maps that show 
sampling locations. 

2. Work Plan Addendum 14 identifies sampling work that will occur at SWMUs 40 and 71 in 
the Main Manufacturing Area. The WPA has maps that show sampling locations. 

Need youlus to review for possible interference with historical sites. 

Thanks, 
Jim 



Radford Army Ammunition Plant 
Route 114, P.O. Box 1 
Radford, VA 241 41 
USA 

April 12,2002 

Mr. Robert Thomson 
U. S. Environmental Protection Agency 
Region 111 
1650 Arch Street 
Philadelphia, PA 19 103-2029 

Subject: Work Plan Addendum 13 RCRA Facility Investigation at Solid Waste Management 
Unit 54, April 2002 
Work Plan Addendum 14 RCRA Facility Investigation at Solid Waste Management 
Unit 40171, April 2002 - 
Radford Army Ammunition Plant 
EPA ID# VA 1 2 1 002073 0 

Dear Mr. Thomson: 

Enclosed is a certified copy of "Work Plan Addendum 13 RCRA Facility Investigation at Solid 
Waste Management Unit 54, April 2002" and a certified copy of "Work Plan Addendum 14 RCRA 
Facility Investigation at Solid Waste Management Unit 40171, April 2002". Your five additional 
copies and copies to Virginia Department of Environmental, U.S. Army Operations Support- 
Command, U.S. Army Environmental Center, U.S. Army Center for Health Promotion and 
Preventive Medicine will be sent under separate cover. 

These work plans have not been submitted previously. 

Please coordinate with and provide any questions or comments to Jerry Redder of my staff (540) 
639-7536 or Jim McKenna, ACO Staff (540) 639-8641. 

Sincerely, 

ll. A. 9~45- 
C. A. Jake, kkvironmental Manager 
Alliant Ammunition and Powder Company, LLC 

Enclosure 

c: Durwood Willis 
Virginia Department of Environmental Quality 
P. 6. Box 10009 
Richmond, VA 23240-0009 



Mark Leeper 
Virginia Department of Environmental Quality 
P. 0 .  Box 10009 
Richmond, VA 23240-0009 

E. A. Lohman 
Virginia Department of Environmental Quality 
West Central Regional Office 
30 19 Peters Creek Road 
Roanoke, VA 24019 

Kenneth G. Barnes 
U.S. Army Operations Support Command 
Environmental Restoration Division 
1 Rock Island Arsenal, Attn: AMSOS-ISR 
Rock Island, IL 61299-5500 
Peter J. Rissell 
U.S. Army Environmental Center - 

5 179 Hoadley Road, Attn: SFIM-AEC-ERP 
Aberdeen Proving Ground, MD 2 10 10-540 1 

Dennis Druck 
U.S. Army Center for Health Promotion and Preventive Medicine 

John Tesner 
Corps of Engineers, Baltimore District 
ATTN: CENAB-EN-HM 
10 South Howard Street 
Baltimore, MD 2 1201 

bc: Administrative File 
J. McKenna, ACO Staff 
Rob Davie-ACO StafY 
C. A. Jake 
J. J. Redder 
Env. File 

C\ 
Coordination: ' 4.- -, 

1 J. McKenna 

5 158 Blackhawk Road, Attn: MCHB-TS-HER 
Aberdeen Proving Ground, MD 2 10 10-5403 

w/o enclosure 
Russell Fish, P.E., EPA Region III 



Concerning the following: 

Work Plan Addendum 13 
RCRA Facility Investigation at Solid Waste Management Unit 54, 

April 2002 
and 

Work Plan Addendum 14 
RCRA Facility Investigation at Solid Waste Management Unit 40/71 

April 2002 

Radford Army Ammunition Plant 
I certify under penalty of law that this document and all attachments were prepared under my direction or 
supervision in accordance with a system designed to assure that qualified personnel properly gather and evaluate 
the information submitted. Based on my inquiry of the person or persons who manage the system, or those persons 
directly responsible for gathering the information, the information submitted is, to the best of my knowledge and 
belief, true, accurate, and complete. I am aware that there are significant penalties for submitting false information, 
including the possibility of fines and imprisonment for knowing violations. 

PRINTED NAME: ~ A a n  A. Butler - 
TITLE: LTC, CM, Commanding 

Radford AAP 

SIGNATURE: U 
PRINTED NAME: M. A. Miano 

V 

TITLE: Vice President Operations 
Alliant Ammunition and Powder Company, LLC 
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PREFACE 

A two-stage approach has been developed to facilitate and streamline Resource Conservation Recovery 
Act (RCRA) site investigations at Radford Army Ammunition Plant (RFAAP) pursuant to the Permit for 
Corrective Action and U'aste Minimization (October 2000). The approach consists of a single Facility- 
wide Master Work Plan and multiple site-specific Work Plan Addenda. 

The Master Work Plan provides comprehensive discussions of standard procedures, protocol, and 
methodologies that are to be followed during execution of field investigations at RCRA sites within the 
RFAAP. The Master Work Plan is a generic plan designed to streamline site-specific work plan addenda 
development, review, and approval. 

. . 

Each Work Plan Addendum describes the site-specific information for each RCRA site, providing 
detailed data on past site operations, potential constituents of concern, sampling strategy, etc. Each 
addendum, through reference to the Master Work Plan, is developed as a concise document, focused on 
site-specific investigations. 
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- 
In accordance with Contract Number DACA3 1 -00-D-0011, Delivery Order No. 0027, URS Group Inc. 
(URS) has been tasked by the United States Army Corps of Engineers (USACE), Baltimore District to 
perform a Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFr) and Corrective 
Measures Study (CMS) at Solid Waste Management Unit (SWMSJ) 54, Propellant Burning Ash Disposal 
Area, located in the easternmost portion of the Horseshoe Area (HSA) at the Radford Army Ammunition 
Plant (RFAAP), Radford, Virginia (Figure 1-1). This document is the RFI Work Plan for SWMU 54 and 
is presented as an addendum (Work Plan Addendum No. 13; WPA) to, and incorporates by reference the 
WAAP Master Work Plan (MWP; URS 2002). 

1.1 INTRODUCTION 

The Project Objectives of the RFI at SWMU 54 are: 

Generation of data needed to describe what risk exists toward human health and the environment; 

Characterization of the environmental hazards associated with SWMU 54, verify previous 
investigative results, assess potential impacts to groundwater within the overburden aquifer, and 
provide additional data to a follow+n CMS; and 

Following through on the 1999 Interim Action (IA) and reach a h a l  decision as to what future 
action, if any, is needed. 

SWMU 54 consists of two inactive areas formerly used for disposal of propellant ash (Figure 1-2). Area 0 A is an approximate 0.58-acre elongated, triangular grassy area in the southern portion of SWMU 54. 
Area B is an approximate 1 -09-acre irregularly shaped area in the northern portion of SWMU 54. 

The RFI program at SWMU 54 is designed to: 

Collect and chemically analyze surface and subsurface soil samples; 

Conduct a groundwater investigation including installation of additional monitoring wells and 
groundwater sampling. The SWMU 54 groundwater study is proceeding separately fiom the overall 
HSA Groundwater Study proposed in WPA 9 due to the site setting and proximity to the New River. 
In addition, groundwater flow at SWMU 54 likely occurs under localized diffUse-flow conditions, 
warranting a focused investigation. The groundwater investigation data and results will be shared 
and incorporated into the WPA 9 investigation; 

Conduct aquifer testing and specific soil sampling to assess site-specific chemical mobility and fate 
and transport of chemicals; and 

Provide data that can be used to evaluate residual risk through comparison.to United States 
Environmental Protecticm Agency (USEPA) Region III Risk-Based Concentrations (RBCs; USEPA 
2002), and the Facility-Wide Background Study (lT 2002). The data will be used to perfom a 
Baseline Risk Assessment (BRA) that is subdivided into Human Health Risk Assessment (HHRA) 
and Screening Level Ecological Risk Assessment (ERA). In addition, data will be used for a follow- 
on, site-specific CMS. 
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0 This site-specific WPA provides the rationale and methods for field activities at SWMU 54 in support of . 
-. 

the RFL Consistent with the Master Work Plan, this WPA is composed of the following sections: 

Section 1, WPA, 

Section 2, Quality Assurance Plan (QAP) Addendum (QAPA); and 

Section 3, Health and Safety Plan (HSP) Addendum (HSPA). 

This WPA specifically addresses sections and Standard Operating Procedures (SOPs) contained in the 
MWP. The MWP will be maintained on the site and referenced during field activities. The WPA 
provides site-specific activities for SWMU 54. 

Investigative activities that will be performed as specified in the MWP are listed in Table 1-1. The 
investigative activities performed as part of this effort will be conducted in accordance with the MWP 
and the SOPs contained therein. 

Changes to the approved WPA will be documented using the Work Plan Revision Form (Form 1-1). 
Revisions must be reviewed and approved by USACE and RFAAP prior to implementation. Project 
personnel will be required to read this WPA and to sign and date a Worker Acknowledgement Form 
(Form 1-2). The Site Health and Safety Officer (SHSO) will retain this form on the site during 
investigative activities. Appropriate health and safety precautions will be taken due to the potential 
handling of hazardous materials, energetics, andlor their degradation compounds. 

O The investigative program focuses on o b g  data to achieve the Project Objectives. The program 
articulates project objectives, assumptions, and data use specifications. Program elements include: 

Description of Current Conditions (Section 1.2): A site description of SWMU 54 is included in 
this document and a discussion of previous investigations at SWMU 54 is provided. A Conceptual 
Site Model (CSM) and Data Gap Analysis are presented in this section; 

Planned Field Activities (Section 13): A site investigation will be performed to collect 
representative samples from SWMU 54 and achieve project Data Quality Objectives w s ) .  The 
sampling program presented for this investigation has been structured to meet DQOs; 

Quality Assurance/Quality Control (QAiQC; Section 2.0): Independent quality control (QC) 
checks are used to demonstrate investigation and laboratory accuracy, precision, and integrity. The 
QAPA provides assurance that data of lcnown and documented quality is generated to accurately 
characterize and evaluate SWMU 54 in accordance with the Project Objectives; and 

Health and Safety (Section 3.0): Site-specific training., personal protective equipment and clothing 
(PPE), and applicable monitoring requirements are presented in Section 3.0 of this WPA. These 
procedures provide the requirements for protection of site personnel who are expected to be involved 
with site activities, including government employees, regulators, contractors, and visitors. 
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Table 1-1 
Applicable MWP Actlvitles and Related SOPS 

SWMU 54 RCRA Facility lnvestlgatlon 
Radford Army Amrnunltlon Plant, Radford, Virginla 

Qemml Elementr 

Introduction 

Description of Current Condiins (Installation Wlde for MWP and Slte Specitic for WPA) 

Field lnvestlgatlons (General for MWP and Slte Sperific for WPA) 
7 
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SpecWlc Elemntr of Field Investlgatlon 

Sampling -1.s 
Systematk Grid Sampling and Blased Sampling 

Drilling 
Field Logbook 
Borlng Logs 
Boring Abandonment 
Air Rotary Drllllng 
Direct Push 
Split-Barml Sampling 
Geoprobe Macro Core 
Rotosonic 
Rotosonk Coring 
Management of Investigation Derived Material 
Demntarninatlon 
Air Monitoring wW Photoionizatlon Detector 

Soil Sampling 
meld Logbook 
Sample Logbook 
ChainoCCustody 
Surface SOH Sampling 
Subsurfam Soil Sampllng 
Sample Labels 
Sample Packaging 
Managemant of Investigation Derived Material 
Demntaminlllion 
Soil Screening with a Photobnhatlon M o r  

MWP Sodon 

2.0 

2.0 

5.0 - 8.0 

Applkable Sodon In WPA 

1 .I 

1.2 

1.3 

mP Sodon 

NA 

N A 
5.2 
5.2 
5.2 
5.2 
N A 
N A 
5.2 
5.2 
1.13 
5.12 
N A 

N A 
N A 
N A 
5.2 
5.2 
5.1 
5.1 
5.13 
5.12 
N A 

Applicable SOP In MWP Appondlx A and Appendix 
A to WPA No. 13 

30.7 

10.1 
10.3 
20.3 
20.1 1 
20.1 1 
20.1 1 
20.1 1 

N A 
NA 

70.1 
80.1 
90.1 

10.1 
10.2 
10.4 
30.1 
30.1 
50.1 
50.2 
70.1 
80.1 
80.1 



Form 1-1 
Work Plan Revision Form 

Work Plan - Quality Assurance Plan - Health and Safety Plan Addendum 
SWMU 54 RCRA Facility Investigation 

Radford Army Ammunition Plant, Radford, V i a  

DESIGNATION/LOCATION: Section: 

Radford Army Ammunition 
Plant 

Radford, VA 

Addendum: 

Version: 

SUBJECT: 

Effective 
Date: 

Approved by: 

Field Operations Leader 

Date: 

Concurrence: 

Project Manager 

Date 

Sheet of 
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Form 1-2 
Worker Acknowledgement Form 

SWMU 54 RCRA Facility Investigation 
Radford Army Ammunition Plant, Radford, V i i i a  

Document: Master Work Plan/QAP/HSP and Addendum 0 13 

Version: Draft 

Project: Radford Army Ammunition Plant 

Location: Horseshoe Area, SWMU 54 

Prior to the initiation of field activities, I have been given an opportunity to read and question the 
contents of this Master Work Plan/QAP/HSP, this Site-Specific Addendum, and approved revisions 
through the number listed above. With my signature, I certifl that I have read, understood, and agree to 
comply with the information and directions set forth in these plans. I further certifl that I am in full 
compliance with 20 CFR 1910.120 concerning training and medical monitoring requirements. 

Site 
Personnel: 

Name (please print) Signature Date 
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1.2 DESCRIPTION OF CURRENT CONDITIONS 

0 1.2.1 Site Backgrould - Environmental Setting 

The environmental setting for the RFAAP is presented in Section 3.0 of the MWP. Project-specific 
information is presented below and in Section 1.2.3, Nature and Extent of Contamination. 

Phvsiorrra~hv - SWMU 54 is located within the easternmost portion of the HSA at RFAAP, adjacent to 
the New River (Figures 1-1 and 1-2). The SWMU 54 area slopes to the east, with ground surface 
elevations ranging h m  approximately 1,710 to 1,695 feet (ft) above mean sea level (msl). SWMU 54 is 
located upon a terrace of the New River flood plain, approximately 20 fi above the elevation of the New 
River, which is located approximately 150 fi east of SWMU 54. The RFAAP Installation perimeter 
fence separates SWMU 54 h m  the New River, and prevents access by trespassers attempting to enter 
RFAAP from the New River. The area in and around SWMU 54 is an open field with irregular surface 
topography. SWMU 54 is bordered on the west by an access mad and a steep incline to an upland area; 
to the east by woods; and to the south by a grassy area and an access mad. Area A and Area B 
boundaries for SWMU 54 have been established based on a review of aerial photographs (USEPA 1992) 
and figures presented by others, and the limits of constituent detection based on site d g  work of 
Parallax, Inc. (Parallax 1999; see Section 1.2.3.5). 

Surface Water - Site topography suggests that surface water runoff flows across SWMU 54 to the east, 
towards the New River (Figure 1-2). Approximately 150 fi due east of SWMU 54, the New River flows 
north before meandering west. Surface water bodies, drainage ditches, manholes, catch basins or other 
flow paths are not present in the immediate SWMU 54 area. Based on site observations, however, a low- 
lying area in the eastern-central portion of SWMU 54 may be the location of temporary ponding of 

0 surface water during rainfall events. 
- 

Geolom and Soils - A detailed description of the geology and soils of the RFAAP is presented in 
Sections 3.4 through 3.7 of the MWP (URS 2002), the Facility-Wide Background Study (IT 2002), and 
Current Conditions Report, Horseshoe Area (IT 2001). SWMU 54 is underlain by unconsolidated 
alluvial sediments (river terrace deposits) consisting of a generally upward-fining progression of basal 
sands and gravels overlain by clayey sands and silts. Stratigraphically below the terrace deposits, 
SWMU 54 is underlain by the Cambrian Elbrook Formation, described locally as weathered gray-green 
limestone interbedded with gray siltstone (Parsons 1996). Based on a review of boring logs, bedrock is 
highly weathered and fractured; evidence of solution enhanced features such as clay-filled seams or voids 
have not been reported. Depth to bedrock reportedly ranges fiom 18 to 24 fi below ground surface (bgs; 
Dames & Moore 1992a; Parsons 1996) at the site. Figure 1-3 presents a representative east-west 
geologic cross-section and indicates the presence of unconsolidated alluvial sediments overlying 
limestone and siltstone bedrock. 

Soils at SWMU 54 consist of the Wheeling Sandy Loam (IT 2002), which composes approximately 25 
percent (%) of the HSA soils and is described as level to nearly level (slopes ranging fiom zero to 2%). 
The seasonal high water table is not within six fi of the surface. Typicallj., the surface layer is a ten-inch 
thick, dark brown sandy loam underlain by a 42-inch thick subsoil. 

The upper part of the subsoil is dark bmwn gravely sandy loam to a depth of 60 inches or more. At 
greater than 60 inches in depth, the soil is predominantly a mixture of silt and sand, with minor amounts 
of clay. Permeability and available water capacity of Wheeling soils is moderate; surface runoff is slow. 
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Natural fertility is medium, organic mater content is moderately low, and soil is moderately to strongly 

0 acidic. Potential for erosion in this soil type is slight. 

Groundwater - Near SWMU 54, groundwater is present within a relatively shallow unconfined aquifer 
consisting of unconsolidated alluvial sediments and the underlying weathered siltstone and limestone of 
the Elbrook Formation. To date, five groundwater monitoring wells have been constructed in the SWMU 
54 area. Wells 54MW1 and 54MWlA are located upgradient of SWMU 54. Due to faulty construction, 
54MWlA is used solely for water-level gauging purposes (details in Section 1.2.3 below). Wells 
54MW2, 54MW3 and 54MW4 are downgradient of SWMU 54. Well construction information 
(elevations, screened intervals, etc.) is presented in Table 1-2. 

A representative water-table map using water-level data h m  April 2000 (TI' 2001) is presented on 
Figure 1-4. Water-table elevation contours indicate eastward groundwater flow across SWMU 54. Site- 
wide hydraulic gradient reportedly varies from approximately 0.026 to 0.017 ft/f€ (based on data h m  
Parsons 1996 and IT 2001). Based on a lack of observed springs or seeps, groundwater appears likely to 
discharge directly into the New River. Gauging of the New River surface elevation indicates that 
groundwater at SWMU 54 is present at elevations approximately 1.5 to 2.5 f€ above the elevation of the 
New River (TI' 200 1). 

Detailed hydrogeology data available for SWMU 13 (location shown on Figure 1-1) can be used to draw 
inferences about the hydrogeologic characteristics of SWMU 54. Dames & Moore completed an RFI of 
SWMU 13, Waste Propellant Burning Ground, in 1992. SWMU 13 is located approximately 2,000 f€ 
southwest of SWMU 54 in a topographically, geologically and hydrogeologically similar area of the 
Horseshoe. Boring logs presented in Dames & Moore (1992b) indicate a generally upward-fining 
progression consisting of basal sands and gravels overlain by clayey sands and silts (terrace deposits). 
As with SWMU 54, SWMU 13 is underlain by weathered gray-green limestone interbedded with gray 
siltstone stratigraphically below the terrace deposits (Dames & Moore 1992b). 

Dames & Moore (1992b) performed slug tests on each of seven wells installed at SWMU 13. Dames & 
Moore concluded that the basal sand and gravel layer transmitted the most water (average hydraulic 
conductivity value of 2.0 x 10'~ centimeters per second (cmlsec)), but that the mderlying weathered and 
hctured limestone and siltstone was also capable of transmitting large quantities of water (average 
hydraulic conductivity value of 1.0 x 10" cdsec; Dames & Moore 1992b). hundwater flow velocities 
were calculated to be 19 to 69 f€ per year (ft/yr) in the basal sand and gravel layer. Site-specific 
characterization of hydrogeology at SWMU 54 will be assessed during this RFI. 

Tanks/Structures - The lone structure present at SWMU 54 is the R F M  Installation perimeter fence, 
which was relocated in 1999 to enclose the SWMU 54 area. No other tanks or structures are located in 
or near SWMU 54. 

1.2.2 Site Background - History 

The Propellant Burning Ash Disposal Area was identified in the RCRA Facility Assessment (RFA) as 
SWMU 54 (USEPA 1987) for having potential for releasing contaminants into the environment. SWMU 
54 was included in the RCRA Permit for Corrective Action and Incinerator Operation (USEPA 2000) as 
warranting investigation (the latest Facility Pennit effective October 3 1,2000). 

Ash fiom propellant burning operations at the Waste Propellant Burning h u n d s  (SWMU 13) was 
reportedly disposed of at SWMU 54 during the late 1970s. Propellant ash is residue h m  the burning of 
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Table 1-2 
Existing Monitoring Well Construction Summary 

SWMU 54 RCRA Facility Investigation 
Radford Army Ammunition Plant, Radford, Virginia 

m 
TOC = Top of Casing fi = feet 

BTOC = Below Top of Casing msl = mean sea level 

DTW = Depth to Water bgs = below ground surface 

Well 
Identification 

54MW1 A 

54MW1 

54MW2 

54MW3 

54MW4 

September 2002 Radford Army Amrpunition' Plant 
MWP Addendum No. 13, SWMU 54 

Date 
Installed 

911 711 991 

1 1 1611 991 

911 711 991 

911 811 991 

1 21311 997 

Screened 
Zone 

Bedrock 

Bedrock 

Interface 

Interface 

Bedrock 

Water Elevation 
(ft msl) 
411 8/00 

1 685.65 

1686.50 

1678.61 

1678.55 

1677.55 

Elevation 
TOC 

(ft msl) 

1705.58 

1705.70 

1701.41 

1702.15 

1694.45 

Depth to 
Bedrock 
(ft bgs) 

20.9 

19.5 

20.7 

24 

19 

BOrlng 
(ft bgs) 

51 

60 

30 

35 

45 

Screened 
Interval 

(ft BTOC) 

36.0-51 .O 

32.0-52.0 

18.0-28.0 

20.0-30.0 

30.0-45.0 

DTW 
(ft BTOC) 
411 8/00 

1 9.93 

19.2 

22.8 

23.6 

16.9 
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waste explosives, propellants, and laboratory wastes (Parsons 1996). Historically, conflicting - 
information has been presented regarding the nature of disposal practices at SWMU 54. Information 
presented in the RFA (USEPA 1987) indicated that, according to plant personnel, disposal occurred on 
the surface, with no routine disposal in pits or trenches. Millennium Science and Engineering (MSE) 
reports that waste ash was buried up to 17 ft bgs in Area A of SWMU 54 and up to seven ft bgs in Area B 
of SWMU 54 (MSE 1998). The quantity of ash disposed of in SWMU 54 has been estimated to be ten 
tons (USEPA 1987; USATHAMA 1976). Prior to 1998, ash residue was visible in Area A where surface 
soils had been disturbed. 

During the course of the RFA, a sample of ash disposed of in the hazardous waste landfill (SWMU 16) 
was analyzed for Toxicity Characteristic Leaching Procedure (TCLP) lead. Results indicated that the 
TCLP lead concentration from the ash was 5 1 milligrams per liter (mgl'); the TCLP regulatory limit for 
lead is five mg/L. It has henceforth been assumed that the ash disposed of at SWMU 54 should exhibit 
similar characteristics to the ash h m  SWMU 16. To verify this assumption, a sample of ash was 
collected h m  SWMU 54 during an investigation by Parsons (1996; see below). Sample results 
indicated an exceedance of hazardous waste criteria for lead (TCLP limit of five mgL). Subsequently, 
Parallax (1999) analyzed approximately 217 soil composite samples h m  both Area A and Area B of 
SWMU 54 for TCLP Metals. Eleven samples were reported as exhibiting TCLP lead above regulatory 
criteria. 

1.23 Nature and Extent of Contamination 

The following section is intended to be a review of previous site investigations with emphasis placed on 
the usability of collected data and screening of historical data with respect to current criteria (i.e., April 
2002 RBCs and USEPA National Primary Drinking Water Standards Maximum Contaminant Levels 

0 ( M a s )  as identified in Title 40, Part 141 of the Code of Federal Regulations (CFR)) to identify 
constituents of potential concern (COPCs). Risk assessments conducted by others are addressed herein 
by sumxmrkhg results. As part of the current RFI effort, a BRA subdivided into a HHRA and a 
screening level ERA will be conducted utilizing selected portions of historical data and data generated 
from planned field activities. Table 1-3 presents a review and summary of information discussed herein. 

1.23.1 Installation Assessment (Air Photo Interpretation) - 1992 

The Environmental Photographic Interpretation Center (EPIC), under the direction of USEPA, perfomed 
an assessment of multiple SWMUs at RFAAP using selected aerial photographs from 1937 to 1986. The 
objective was to "concentrate upon tracking 42 known SWMUs located in the WAAP], and to identify 
other features which may represent potential groundwater or surface water wntamhtion sources" 
(USEPA 1992). 

Activity within the SWMU 54 area was h t  noted on a 1971 aerial photograph (Figure 1-5). The 1971 
photograph reportedly indicated "a pit, disturbed ground, and probable liquid" as present in SWMU 54. 
Based on the current review of the 1971 photograph, the area described by USEPA (1992) is Area B, 
located in the northern portion of SWMU 54. 

A 1975 photograph reportedly indicates the presence of a "probable excavation" (USEPA 1992). The 
Installation Assessment does not include the 1975 photograph, but provides an interpretation of the 1975 
photograph with the 1981 photograph. Based on the current review of the data, the area described by 
USEPA (1992) is Area A, located in the southern portion of SWMU 54. A 1981 photograph reportedly 
depicts Area B as re-vegetating, and a 1986 photograph reportedly shows both areas re-vegetated (Figure 
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Table 1-3 
Summary of Previous Investigations 

SWMU 54 RCRA Facility Investigation 
Radford Army Ammunition Plant, Radford, Virginia 

RCRA = Resource Consewation 8 Recovery Act TAL = Target Analyte List VOC = Volatile Organic Compounds WPA = Work Plan Addendum 1. Method of analysis from USEPA SW-846 Test Methods, unless otherwise noted TNT= Trinitrotoluene 
SWMU = Solid Waste Management Unlt GPR = Ground Penetrating Radar SVOC = Semi-vdatile Organic Compounds TOC = Tdal organic Carbon 2. Method of analysis fmm 'Methods of Chemical Analysis of Water and Wastes' DNT= Dinitrotduene 
TCLP = Toxicity Characteristic Leaching Procedure OW = Groundnrater Past/PCBs = Pesticides and Pdychbrinated Biphenyls EM = Electromagnetic 3. WPCs as determined by comparison of historical data to 2002 screening criteria TOX = Total Organic Halogens 
COPC = Constituent of Potential Concem TCL =Target Compound List RDX = Hexahydm-l,3,5-trinitro-l,3,5-triadne ATK = Alliant Techsystems, Inc. ft bgs = feet below ground surface CMS = Corrective Measures Study 

REPORT 

VerlficaUon 
Investigation, Dames & 

Moore (1 992): 

AREA A 

- 

RFI for SWMUI 17,31, 
48, and 54, Parsons 

(1 896): 

AREAA 

Supplemental RFI 
Report, SWMU 54, MSE 

(1 998): 

AREA B 

Department of the Army, 
Declsion Document 

Interim Action, (1999): 

AREA Aand 
AREA B 

September 2002 Radford Army Ammunition Plant 
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0 WECTlVES 

evaluate whether 
groundwater quality has 
been impacted by ash 
tiisposed of in the unit ..." 
Velineate the boundaries 
of the area [to] locate 
buried materials" and to 
"map possible locations of 
ash disposal" . #def~ne the extent of ash 
and the limits of soil 
contamination" 

. "to characterize the nafure 
and extent of 
contamination within 
SWMU 54 and to 
summarize potential risks 
to human hearth." 

. Mdefine the COPCs. 
determine the vertical and 
lateral extent of 
contamination, and effect 
the removal, and treatment 
of disposal of the COPCs 
thereby allowing closure of 
the SWMU" 

SAMPLING STRATEGY 

Installation of three 
groundwater monitoring wells 
Geophysical survey 

Biased sampling, based upon 
previous geophysical 
investigation 
Sediment and surface water 
samples cdlected 
Samples collected for 
geotechnical analysis 
Waste ash sampling 

. GPR to survey Area B 
Used geophysics results to 
locate borings - biased 
sampling 
Installed new well (54MW4), 
screened in bedrock 

Systematic grid sampling 
Field screening for explosives 
and metals 

DATA USEABILITY 

GROUNDWATER 
Definitive data for COPC identifition 

- SOIL 
Shallow soil . Definitive data for COPC identification 

Screening data for site characterization 
Deep soil . Definitive data for C O X  identification 

Definitive data for site characterization and 
risk assessment 

GROUNDWATER 
Definitive data for COPC identification 

- ASH 
Definitive data for waste charaderization 

Definitive data for COPC identification 
Screening data for site characterization 

GROUNDWATER . Definitive data for COPC identification 

SPa . Definitive data for COPC identification . Screening data for site characterization . Not suitable for risk assessment 

GROUNDWATER 
Definitive data for C O X  identification 
Definitive data for risk assessment 

DATA COLLECTED 
MEDIA AND 

NO. OF SAMPLES 

GROUNDWATER . 1 round of 3 samples 
(54MW1,54MW2 and 
54MW3) 

a 
16 shallow (0-2 ft bgs) 
samples . 15 deep (1 0-22 ft bgs) 
samples 

GROUNDWATER 
1 round of 3 samples 
(54MW1,54MW2 and 
54MW3) 

ASH 
2 samples for TCLP 
analysis 

- SOIL 
6 shallow depth samples 
5 intermediate depth 
samples 

GROUNDWATER 
1 round of 2 samples 
(54MW1 and 54MW4) 

Approx 1600 samples field 
screened based on 
systematic grid 
>200 composite samples 
submitted for lab analysis 
(one per grid) 
217 samples submitted for 
TCLP metals 

GROUNDWATER 
1 round of 4 samples 
(54MW1,54MW2,54MW3 
and 54MW4) 

WPA 13 CONCLUSIONS 

CONSTITUENTS OF POTENTIAL 
CONCERNS 

GROUNDWATER -AREA A 
2,4,6-TM 

SOIL - AREA A GROUNDWATER - AREA A 
Arsenic Beryllium 
Barium 
Cadmium 
Chromium 
Lead . Mercury 
2,4,6-TNT 
2,4-DM 
2,6-DM 

SOIL - AREA B 
Aluminum 2,4,6-TNT . Antimony 2,4-DNT 
Arsenic 2,6-DM 
Chromium Bem[a]anthracene 
Copper Benzo[b]fluoranthene 
Iron Indeno[l,2,3od]pyrene 
Lead 2-amiW,6-DM 
Manganese Dibenz[a,h]anthracene 
Mercury Benzo[a]pyrene 

- 
SOIL - AREA A SOIL - AREA B GROUNDWATER - 

Aluminum Aluminum AREA A 
Arsenic Antimony 2,4,6-TM 

Arsenic 2-amino-4,6-DNT Chromium 
Iron Cadmium Iron 
Lead Chromium . Manganese Copper 
Mercury Iron 
2,4,6-TNT Lead . 4-amim2.6-DM . Manganese 
2,6-DM Thallium 
2,4-OM 2,4,6-TNT 
RDX 4-amine2,bDM . 2-amiW,6-DM . 2-amino-46-DM 

2,4-DM 

LABORATORY ANALYnCAL PARAMETERS' 

GROUND WATER^ 
TAL dissolved metals (200) 
Explosives (609) 
VOCs (624) 
SVOCs (625) 
TOC (415.2) 
TOX (9020) 

SOlL - ASH 
MetaJs (601 0/700) TCLP Metals 
Explosives (8330) (121 116010/7000) 
Select for TOC lgn'kabilii 
(41 5.1)' (7.1.2.2) 

Corrosivity (9045) 
GROUNDWATER Reactivity 

Total 8 dissolved (7190301901 2) 
metals (601 0/70W) Paint Filter Test 
Explosives (8330) (9095) 
TOC (415.1) 2 
TOX (9020) 

SOlL GROUNDWATER . TCL VOCs (82606) TCL Organics 
Explosives (8330) (826018270) 
TAL Inorganics TAL Inorganics 
(6010/7471) (60 1 0/7470) 
TCLP SVOC Explosives (8330) 
(1 31 1 18270) 
TCLP VOC 
(1 31 1 18260) 
TCLP Metals 
(1 31 1 1601 0/70) . TOC (9060 
TOX (9020) 

s0lL GROUNDWATEq 
VOCs (82608) VOCs (82606) 
Explosives (8330) SVOCs (8270C) 
Metals (6010) PestIPCBs (8082) 
TCLP Metals Explosives (8330) 
(601 OT) Metals (6010) 
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Additionally, a photogeologic interpretation was performed to identify solution features, such as fractures * 

0 and sinkholes, potentially present beyond and upgradient of the site. Sinkholes or fracture traces were 
not identified in +he SWMU 54 area and no visible geologic features were interpreted to influence this 
SWMU. 

1.23.2 Verification Investigation - 1992 

The results of a (VI) were reported by Dames & Moore in 1992 (Dames & Moore 1992a). The VI was 
performed after the RFA in 1987 (USEPA 1987) and the original issuance of a RCRA permit in 1989. 
Note that the VI addressed Area A of SWMU 54 and that soil samples were not submitted for chemical 
analysis as part of the VI (Dames & Moore 199%). Analytical results for groundwater from the VI were 
validated and entered into the Installation Restoration Data Management Information System O M I S )  
at Level XU. 

Dames & Moore (1992a) identified two "mounds" of soil and ash, two to four ft high, and two "pits," 
three to five ft deep, within Area A. The mounds were referred to as the north and south mounds within 
Area A. Dames & Moore concluded that the pits appeared to be borrow areas for soilaver used for 
each mound. 

Groundwater - VI investigations at Area A were designed to "evaluate whether groundwater quality has 
been impacted by ash disposed of in the unit" (Dames & Moore 19921). Three groundwater monitoring 
wells were installed including well 54MW1 (upgradient) and wells 54MW2 and 54MW3 (downgradient; 
Figure 1-2). Well 54MWlA was also constructed during the VI; however, unusually high pH and the 
presence of lightcolored sediment were noted during well development (Dames & Moore 1992a). 
Dames & Moore (1992a) concluded that faulty well construction led to the presence of grout in the well. 
Subsequently, well 54MWlA has been used for water-level gauging purposes (historically referred to as 0 a piezometeq however, not semu st ico:  cf. Freeze and Cheny 1979). 

The upgradient well, 54MW1 was screened in bedrock and the downgradient wells, 54MW2 and 
54MW3, were screened across the bedrocwoverburden interface (Table 1-2). Static groundwater levels 
in the unconfined aquifer were reported at between 18.5 to 22.5 ft bgs (Dames & Moore, 199%). 

Groundwater samples were collected from wells 54MW1,54MW2, and 54MW3 and were submitted for 
analysis of Target Analyte List (TAL) Dissolved Metals, TCL Semivolatile Organic Compounds 
(SVOG), TCL Volatile Organic Compounds (VOCs), total organic carbon (TOC), total organic halogens 
(TOX), and explosives. Table 1-4 presents a summary of detected constituents in groundwater. 

At the time, analytical data were compared to health-based numbers (HBNs) included in the thencurrent 
Facility Permit. For the purposes of this WPA, and because HBNs are no longer promulgated within the 
current Facility Permit (USEPA 2000), historical data are compared herein to current RBCs for tap water 
ingestion and to MCLs far drinking water (Table 1-4). At the request of USEPA Region III, a Hazard 
Quotient (HQ) of 0.1 or lifetime cancer risk of lxlo4 (whichever occurs at a lower concentration) is used 
for risk screening with RBCs. 

A review of the data also indicates that the explosive 2,4,6-trinitrotoluene (2,4,6-TNT) was reported in 
the sample from down@ent well 54MW2 at 2.81 micrograms per liter (pg/L); the 2002 Tap Water 
RBC for this constituent is 2.2 pg/L. No other explosives were reported above their respective 2002 Tap 
Water RBCs. Note that MCLs have not been promulgated for explosives at this time. 

Radford Army Ammunition Plant 
MWP Addendum No. 13, SWMU 54 



Table 1-4 
Hlmtorlcal Groundwater Analytical Resub 
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~ 2 . 8  
e2.8 

<3.0 
127MI) 
~ 5 . 0  
~ 5 . 0  
~ 5 . 0  
im 
~ 3 . 0  
B3XD 

5.7 
<0.0002 

5.4 
2480 
e5.0 
~ 3 . 0  
37m 
<10.0 
~ 5 . 0  
10.6 

4 . 2  
4 . 2  
q1.2 
e1.2 
~ 1 . 2  
4 . 2  
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4 . 2  
4 . 8  
~ 2 . 8  
<1.2 
4 . 8  
e2.8 

~ 3 . 0  
954W 
~ 5 . 0  
~ 5 . 0  
e5.0 
1840 
~ 3 . 0  
408oO 
51.8 

<0.20 
~ 5 . 0  
1540 
<5.0 
~ 3 . 0  
3110 
q10.0 
~ 5 . 0  
32.3 

110 
' 0.37 

2.2 
7.3 
3.7 
0.22 
8.1 
12 

0.22 
8.1 
180 
0.35 
0.81 
37 

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

A 

1.8 
- 

11' 

73 
154 
iim 
- 
- 
73 
1.1' 
73 
- 
18 
18 - 

0.28 
26 

1100 

5.0' 
- 

lod 
- 

1300(AL) - 
1 5 ~ )  - 
- 

2.0 
- 
- 
50 
- 
- 

2.0 
- 
- 



Table 1-4 (Contlnurd) 
Hlrtorlul Groundwater Analytlul Rosub 

SWMU 54 RCRA Facility Investl~atlon 
Radford Amy Ammunltlon Plant, Radford, Vlrglnla 

MQm 
TAL- T m A n a l y t s U s l  
D 6 M - D u n s s 6 M o o n  
ATK - ARlrrt T a h y r t m s .  Im 
TOC-Tob lorgdcCvbon 
TOX - Tobl0rgm-d~ H . l l d r  
J I W - S r r p k r m r & d v s d b y U m l - a t u k l a r 8 d q r e e s m r d r  R ~ w d ~  
J - R r r l l r m q u a l l l l e d ~ ~ d w b a Q C p m b l a n  
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1 5 0 -  15pakbUmUSEPAAcUon W f o r ~ v d u .  AnRBCdornoladstforM 
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R f f i = R l a W ~ . U S E P A m h I I I . ~ 2 4 2 0 ( 3 1  ( N o m a d ~ ~ h m b a n . d j W f a a h u r d q ~ d 0 . 1 . )  
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T h e c o p p r m d M ~ ~ , m n a b w d I n 4 0 C F R  1 4 1 . 8 0 S & p u t I - ~ d C o p p r m d L 4 d ,  bmnridasdbboddWbuconan(n(ion 
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W - M l a o e a r p r b  
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,- I 45 I 1 410 1 45 I I <5 I 1 45 1 1  45 I I <S I 1 <10 1 45 I I 0.15 1 - 
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~ ( - W = Y O P ~  
Di-n-bu(ylphmdato 
2 . 4 ~ ~  
OTHER 
puchkda 
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0 

<lo 
<I0 
<10 

10 5 
158 
7.29 

1170 
10.8 

6 J 
<I1 
411 

<s.m 

1 J 
1 JB 
<I1 

<I0 
< lo  
<10 

3.67 
117 
7.m 

<I1 
1 

<I1 

e5.m 
<lmOJ7 
<I057 

<lo 
<lo 
<lo 

5.45 
138 
6.99 

<1Q)OJ7 
13 57 

4 J 
<lo 
8 J 
. ..--- 
10.- 
i, ---- ' 

7J 
27 8 
<10 

3 JB 
1 JB 
<10 

<5.0 

4.80 
370 
7.3 

- 
- 
- 
- 

- 
- 
- 

- 
- 
- 
- 



A review of the data indicates that the TAL D i d v e d  Metal arsenic was reported in the sample from ' 

0 upgradient well 54MWlas present at 5.44 pgL, above its 2002 Tap Water RBC of 0.045 pgL. No other 
TAL Dissolved Metals were reported as present in concentrations above their respective 2002 Tap Water 
RBCs or MCLs. 

No other detected constituent. fiom the analyses for TAL Dissolved Metals, SVOCs, VOCs, or 
explosives were present at levels above their respective 2002 Tap Water RBCs or MCLs. 

Geophvsical Investigation - A geophysical investigation using electromagnetic (EM) and magnetic 
techniques was performed by Dames & Moore to "delineate the boundaries of the area [to] locate buried 
materials" and to "map possible locations of ash disposal" (Dames & Moore 1992a). Results from this 
survey were interpreted by Dames & Moore (1992a) to indicate burial of non-metallic debris near the 
north mound of Area A and burial of both conductive materials and metallic debris near the south mound 
of Area A. The VI interpretation of the geophysical results is presented in Figure 1-6. Additional 
infixmation to define metallic and conductive materials versus non-metallic debris, and the reasons for 
the apparent disparity in buried materials between the northem and southem mounds of Area A in 
SWMU 54, are not clear. Subsequent investigations have not yielded specific infomation identifying 
macroscopic metallic debris at SWMU 54. 

Risk Assessment - A BRA was not completed because "contaminants of concern" were not identified 
based on screening using HBNs. Dames & Moore concluded, "there is the potential for significant soil 
contamination [at SWMU 541'' and "potential exposure to human and environmental receptors is high" 
(Dames & Moore 1992a). Potential routes of exposure were identified as incidental ingestion, inhalation, 
and dermal absorption. Surfue runoff was also considered a potential migration pathway, possibly 

0 
resulting in migration of constituents to surface water andfor sediment of the New River. 

Conclusions - Based on the current review of chemical data for groundwater collected during the 1992 
VI, one explosive, 2,4,6-TNT, is identified as a COPC (Table 1-3). While arsenic was reported as 
present above its Tap Water RBC, the detection is limited to the upgrad~ent well 54MW1, which is 
screened wholly within bedrock. Downgradient wells 54MW2 and 54MW3 are not constructed in a 
similar manner, potentially leading to erroneous comparisons. In addition, more recent gromdwater 
sampling results indicate that arsenic is not present at detectable levels (see below). Data presented by 
Dames & Moore are considered definitive for identification of COPCs. 

1.233 RFI for Solid Waste Management Units 17,31,48, and 54 - 1996 

Parsons Engineering Science, Inc. (Parsons) submitted an RFI that included SWMU 54 in 1996. The 
objectives of RFI activities at SWMU 54 were to "define the extent of ash and the limits of soil 
contamination" (Parsons 1996). The RFI addressed Area A of SWMU 54 and included groundwater 
monitoring well sampling and chemical analysis; shallow and deep soil sampling, chemical analysis, and 
geotechnical analysis; and waste ash sampling and chemical analysis. Analytical results h m  the RFI 
were validated and entered into IRDMIS at Level III. 

Groundwater - Parsons sampled groundwater monitoring wells 54MW1, 54MW2, and 54MW3 in July 
1995 for laboratory analysis of total and dissolved metals, explosives, TOX, and TOC (Table 1-3). 

A review of the data indicates that total and dissolved barium and chromium were reported in the sample 
h m  upgradient well 54MW1 as present above their respective 2002 Tap Water RBCs (Table 1-4). Total 
lead was reported as present at 16.6 pg/L in upgradIent well 54MW1, above its 2001 inforrnal Action 

Radford Army Ammunition h t  
MWP Addendum No. 13, SWMU 54 
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Level (AL) of 15 p a .  Total and dissolved arsenic, antimony and beryllium were reported as present in 
upgradient well 54MW1 above their 2002 MCLs and Tap Water RBCs. Total and dissolved beryllium 0 was also reported as present above its 2002 MCL of 4.0 p a  in downgradient well 54MW3 (4.09 p a ) .  
No other total or dissolved metals were reported as present in concentrations above their respective 2002 
Tap Water RBCs or MCLs. 

Soil - Parsons advanced 16 soil borings using hollow-stem augers and split spoon sampling within Area 
A (Figure 1-7) bedrock refusal was reportedly encountered between 20 and 23 ft bgs, and groundwater 
was reported as shallow as 17 ft bgs. Note that one boring (54SB 15), located in the central portion of the 
north mound in Area A, was a hand-auger boring. Two borings (54SB6 and 54SB14) were sampled 
continuously, whereas the remaining brings were sampled at five-ft intervals. Two samples were 
collected from each boring, one "shallow" (i.e., zero to two ft bgs) and one "deep" (i.e., fiom ten to 22 ft 
bgs). Parsons (1996) indicates that shallow samples were collected fiom below visual evidence of 
propellant ash, or h m  six to 12 inches if no ash was visible, and deep samples were collected from other 
areas of visible contamhation, or above the water table if contamination was not evident (Parsons 1996). 

A review of Parsons (1996) boring logs indicates that, of 14 borings that were advanced below seven ft 
bgs, seven samples for chemical analysis were collected within two ft, or immediately above, the water 
table. lkrty+ne samples were submitted for laboratory analysis of VOCs, SVOCs, metals, and 
explosives (Table 1-5). 

Shallow Soil - A review of the data indicates that arsenic, barium, cadmium, chromium, lead, mercury, 
2,4,6-TNT and 2,4dinitrotoluene (2,4-DNT) were present above their respective 2002 Residential Soil 
RBCs in at least one sample collected h m  zero to two ft bgs (Table 1-5). 

0 A review of the data indicates that arsenic, lead, mawry and 2,4,6-TNT were also present above their 
respective 2002 Industrial Soil RBCs (Industrial AL for lead) in at least one sample collected from zero 
to &o ft bgs (Table 1-5). Figure 1-8 *&resents the distribution of arsenic detections and detection limits 
in shallow soil. Due to the limited number of detections and the lack of spread in the values, an 
isoconcentration map has not been prepared. Arsenic concentrations above the 2002 Industrial Soil RBC 
of 3.8 milligrams per kilogram ( m a )  were limited to two areas centered on borings 54SB6 and 
54SB10. Arsenic concentrations above the 2002 Residential Soil RBC of 0.43 mgkg were limited to one 
area centered on boring 54SB2. Figures 1-9 through 1-1 1 represent isoconcentration maps for lead, 
mercury and 2,4,6-TNT in shallow soil samples. As indicated by the Figures, concentrations of these 
constituents were generally limited to the central and southem portions of Area A. 

Lead concentrations above 1,000 m a ,  the 2001 Industrial AL, were centered on borings 54SB2 and 
54SB6 in the southern portion of Area A. Lead was present in one sample in the southem portion of 
Area A fiom boring 54SB1 at a concentration above 400 mg/kg, the 2001 Residential AL. Mercury 
concentrations above 61 mgkg, the 2002 Industrial Soil RBC, were limited to one area centered on 
boring 54SB6. 2,4,6-TNT concentrations above 190 mg/kg, the 2002 Industrial Soil RBC, were limited 
to one area centered on boring 54SB3, the westernmost boring in the Parsons (1996) field program 

Deep Soil - A review of the data indicates that chromium, lead, 2,4,6-TNT, 2,4-DNT, and 2,6- 
dinitrotoluene (2,6-DNT) were present above their respective 2002 Residential Soil RBCs (Industrial AL 
for lead) in at least one sample collected h . m  deep soil fiom brings in Area A of SWMU 54. 

September 2002 1-22 Redford Amy Anmunition Plant 
MWP Addendum No. 13, SWMU 54 
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Table 1-5 
Surnmry of Soll Analytlcsl Results -Area A 

SWMU 54 RCRA Faclllty lnvestlgatlon 
Radford Army ArnunlUon Plant, Radford, Vlrglnla 

Radford Army Ammunition Plant 
MWP Addendum No. 13, SWMU 54 

Expl=m (mslkg) 
21 
18 

7.8 

380 
5.8 
78 

180 
410 
200 

1MX)O 
52 

. 2000 

2.4,5T1lnibotd~ene 
2,4-Mnlbotduem, 
2,SDi- 

HMX 
RDX 
Tebyl 

<2.35 J4 2.85 JB <2.42 54 <2.42 J4 <2.43 54 <2.6 J4 <2.45 54 <2.38 54 <2.45 J4 

<2.35 <2.24 <2.3 <2 .a  <2.@ <2.44 <2.28 e2.42 <2.42 e2.43 <26 <2.45 <2.38 <245 

<2.35 e2.24 <4.88 <2.48 <2.@ e2.44 <2.29 e2.42 e2.42 <2.43 <2.5 <2.45 e2.38 <2.45 
<1.5 J4 <1.43 J4 1.88 ~4 e1.59 54 <1.8 54 <1.S 54 <1.49 54 <1.55 J4 <I.= J4 <I.= J4 <1.6 54 <1.W J4 e1.51 J4 e1.57 54 

<248 , <2.37 , <243 <281 , <2.W , <2.S , <2.41 , < 2 S  , <2.55 . e2.W . <2.W . e2.59 , <2.@ , < 2 S  



Tabla 1 3  (Contlnud) 
Summary of Soll AnalyUul R r u l b  - Ana A 

SWMU 54 RCRA Fadllty Invostlgatlon 
Radford A m y  Amunltlon Plant, Radford. Vlrglnla 

Radford Anny Ammunition Plant 
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Sunple M. 
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TAL M U .  (mgRp) 
Antknony 
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J M - O ~  
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A review of the data indicates that 2,4,6-TNT also was present above its 2002 Industrial Soil RT3C (190 - 
mgfkg) in a single sample collected from ten to 15 ft bgs (54SB6). Due to the limited number of 0 detections, isoconcentration maps of the constituents detected above the Industrial andlor Residential 
RT3Cs have not been prepared. Arsenic, lead and mercury were not detected at concentrations above their 
respective Industrial Soil RBCs (or Industrial AL for lead) in the deep samples collected by Parsons 
(1996). 

Geotechnical - During drilling, one sample per borehole (excluding the hand-augered boring) was 
collected and submitted for geotechnical analysis (particle size distribution, Atterberg limits, and Unified 
Soil Classification System [USCS] categorization). Geotechnical data are summarized in Table 1-6. The 
majority of site soils (approximately 73%) were classified as silty sand (SM). Two samples were 
classified as sandy silt (ML) and two m l e s  were classified as sandy lean clay to sandy silt (CL-ML). 
A review indicates that the geotechnical data is limited to selected depth intervals and locations, but can 
be interpreted to represent an upward-fining soil profile from silty sand to sandy silt and sandy lean clay. 

Waste Ash Sam~linq - Parsons (1996) collected two samples of ash from Area A (one sample h m  the 
northern mound and one sample h m  the southern mound) that were submitted for laboratory analysis of 
TCLP Metals, corrosivity, reactivity, ignitability, and paint filter liquids. The text of Parsons (1996) 
indicates that the TCLP lead concentration in the sample collected h m  the southern mound of Area A in 
SWMU 54 exceeded the regulatory limit. No additional data were available regarding the concentration 
of TCLP lead in the samples. 

Risk Assessment - A BRA was conducted by Parsons (1996). Mercury and 2,4,6-TNT were concluded to 
be the risk drivers for subsurface soils based upon exceedance of calculated hazard indices. Antimony, 
arsenic, and beryllium were identified as the risk drivers for groundwater. The risk assessment results 
indicated that potential adverse health effects were possible because of dermal contact and ingestion 0 exposure scenarios for groundwater and subsurface soils for construction worker and site worker 
receptors. Parsons also concluded that surface and groundwater were potential migration pathways to the 
New River. 

Conclusions - Data regarding shallow soils in Area A are suitable for site-screening purposes and for 
identification of COPCs due to excavation activities that have occurred at the site. 

Data regarding deep (i.e., above bedrock) soils in Area A within SWMU 54 are suitable for identification 
of COPCs and for definitive site characterization. Multiple samples collected immediately above, or 
within three to five ft of groundwater will be used as definitive data and will be carried fmard  into the 
RFI and subsequent CMS as defining the lateral and vertical extent of deep contamination within Area A 
of SWMU 54. 

Based on the current review of information presented in Parsons (1996), arsenic, barium, cadmium, 
chromium, lead, mercury and 2,4,6-TNT, 2,4-DNT, and 2,6-DNT are identified as COPCs in shallow and 
deep soils at the site (Table 1-3). The western- and southern-most soil samples collected at Area A of 
SWMU 54 indicate that constituents are present at relatively high concentrations near the then-presumed 
limits of the SWMU area. 

Groundwater data presented by Parsons (1996) are considered definitive for identification of COPCs. 
Beryllium is identified as a COPC in groundwater at the site. While antimony, arsenic, barium, 
chromium and lead were reported as present above screening criteria, the detections are limited to the 
upgradient well 54MW1. Well 54MW1 is screened wholly within bedrock. Downgrad~ent wells 

0 5 4 m 2  and 54MW3 are not constructed in a similar manner, potentially leading to erroneous 
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Table 1-6 
Geotechnlcal Data 

SWMU 54 RCRA Facility Investigation 
Radford Army Ammunltlon Plant, Radford, Virginia 

Notes: 
Modified from Parsons (1 W6) (3) Atterbeg Limits: 

Sorted by sample depths. LL Liquid Umlt 

R bgs = feet below ground surfew PL: PlastMy Umlt 

(1) USCS: Unified Sol Clasrtkatlon System PI: PlasWclty index (PI = LL - PL) 

CL = Clay SM = Sandy silt NP: Nonplastic 

ML = Silty sand 

(2) Grain Size Distribution: 

Sample ID 

54SB4 
54SB12 
54SB13 
54SB14 
5-82 
54SB3 
54SB7 
54SB9 
64SB10 
54SB16 
54SB1 
54SB5 
54SB8 
54SBll 
54SB6 

Gravel: Partldes of rodc that are retained on a 4.75 millimeter (No. 
4) sieve 

Sand: Partldes that will pass a 4.75 millimeter sieve, but are 
retained on a 0.075 millimeter (No. 200) sieve 

Sample Depth 
(ft bgs) 

5-7 
5-7 
5-7 
7-9 

10-12 
10-1 2 
10-1 2 
10-12 
10-12 
10-12 
15-17 
15-1 7 
1 5-1 7 
15-1 7 
15-20 

Fines: Includes silt and sand. Partldes that will pass a 0.075 
millimeter (No. 200) sieve 

September 2002 

Descrlptlon 

Brown sandy silt 
Brown sandy lean clay 

Brown silty sand 
Brown silty sand 
Brown sandy silt 
Brown silty sand 
Brown silty sand 
Brown sandy silt 
Brown silty sand 
Brown silty sand 
Brown silty sand 
Brown silty sand 
Brown silty sand 
Brown silty sand 
Brown silty sand 

Radford Army Ammunition Plant 
MWP Addendum No. 13, SWMU 54 

UsCs' 

CL-ML 
CL-ML 

SM 
SM 
ML 
SM 
SM 
MI- 
SM 
SM 
SM 
SM 
SM 
SM 
SM 

Graln Size ~lstrlbutlon~ 

percent percent percent 
Gravel Sand Flnes 

0 40 60 
0 42 58 
0 48 52 
0 75 25 
0 47 53 
0 68 32 
0 82 18 
0 46 54 
0 63 37 
0 71 29 
0 68 32 
0 52 48 
0 59 41 
0 63 37 
0 52 48 

Atterberg ~lrnlts' 

LL PL PI 
26 21 5 

23.2 18 5.2 
NP NP N P 
NP NP NP 
NP NP NP 
NP NP NP 
NP NP NP 

24.1 21.2 2.9 
NP NP NP 
NP NP NP 
NP NP NP 
NP NP NP 
NP NP N P 
NP NP NP 
NP NP NP 



comparisons. In addition, more recent groundwater sampling results indicate that these constituents are 
' 

0 not present at concentrations exceeding screening criteria (see Section 1.2.3.5). 

1.23.4 Supplemental RFI Report, SWMU 54 - 1998 

In 1998, a Supplemental RFI Report was submitted by MSE. During analysis of aerial photographs of 
SWMU 54 by the USEPA, and coincident with field observations, a flat grassy area ringed by mature 
pine trees was identified northwest of Area A. This area was defined as Area B within SWMU 54. The 
purpose of the supplemental RFI was 'Yo characterize the nature and extent of contamination within 
SWMU 54 and to summarize potential risks to human health." 

MSEYs field program included a geophysical investigation to assess limits of the fill materiaVdisposa1 
area, followed by a biased soil-sampling program. In addition, one new groundwater monitoring well 
was installed downgradient of Area B to further characterize potential groundwater impact. MSEYs 
investigation was limited to Area B of SWMU 54. 

A detailed analysis of historical site photographs and figures was conducted for the development of this 
WPA. The analysis (based on six data sets including two aerial photographs; figures presented in Dames 
& Moore (1992a), Parsons (1996), MSE (1998), and Parallax (1999); and Installation-wide flown 
topography) indicates that the figures prepared by MSE (1998) present an inaccurate representation of 
sampling locations. The figures presented herein are representative of MSEYs data and should be 
considered a best-fit approximation of the MSE spatial data. Data generated by MSE (1998) can be used 
for site screening purposes (including identification of COPCs) and should not be relied upon as 
definitive data for characterization purposes. 

Gemhvsical Investigation - A ground penetrating radar (GPR) investigation was conducted in Area B of 0 SWMU 54 to "indicate potential burial ussn (disturbed areas) where finher testing by drilling and soil 
sampling should be done" (MSE 1998). The results were interpreted to indicate four areas of "potential 
burial" at depths of less than one ft bgs to less than seven ft bgs (Figure 1-12). MSE estimated 1,600 
cubic yards of disturbed soil was present at the site. 

Soil - MSE advanced twelve borings in the disturbed areas identified during the GPR survey; seven - 
bcnings were completed using hand-auger methods and five borings were completed using hollow-stem 
auger and split-spoon sampling methods (Figure 1-13; MSE 1998). According to MSE, soil samples 
were collected from the "surface" (hand auger) or "subsurface" (split spoon); however, sample depths 
were not included in the report (MSE 1998). 

Soil samples were selected for laboratory analysis based upon "visual properties and/or depth of sample." 
Soil samples were analyzed for Target Compound List (TCL) VOCs (listed as TCL organics in MSE 
1998), TAL Metals (listed as TAL inorganics in MSE 1998), SVOCs (analyte list unclear), explosives, 
TOC and TOX. In addition, "surface" samples were composited and analyzed for TCLP VOCs, SVOCs, 
and RCRA Metals, as well as ignitability and reactivity. 

Based on the lack of sample depth information presented in MSE (1998) and on a review of MSEYs 
boring logs, it is assumed herein that the "surface" samples collected by MSE represent zero to two ft 
bgs; thus they will henceforth be referred to as shallow soil. MSEYs "subsurface" samples are herein 
assumed to represent eight to ten ft bgs (54BSB3 is assumed to represent ten to 12 ft bgs). Based on the 
presence of bedrock at 19 ft bgs in well 54MW4 near Area B of SWMU 54, and on the presence of 
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bedrock h m  20 to 23 ft bgs in Area A of SWMU 54 (Parsons 1996), the "subsurface" samples collected 

0 by MSE are referred to herein as intermediate depth samples. 

Soil types described by MSE (1998) in Area B of SWMU 54 are consistent with those described by 
Parsons (1996) in Area A of SWMU 54 (i.e., a generally upward-fining soil profile fiom silty sand to 
sandy silt and clay). 

Shallow Soil - A review of the data indicates that aluminum, antimony, arsenic, chromium, iron, lead, 
manganese, mercury, 2,4,6-TNT, 2-amino4,6-dini&otoluene, 2,6-DNT, 2,4-DNT, benzo[a]anthracene, 
benzo[a]pyrene (BAP), benzo[b]fluoranthene, dibenz[a]anthracene and indeno[l,2,3cd]pyrene were 
detected at concentrations above their respective 2002 Residential Soil RBCs (Residential AL for lead) 
in samples assumed to have been collected h m  zero to two ft bgs (Table 1-7). 

In addition, a review of the data indicates that arsenic, lead, 2,4,6-TNT and BAP were also reported as 
present above their respective 2002 Industrial Soil RBCs (Jndustrial AL for lead) in samples assumed to 
have been collected fiom zero to two ft bgs (Table 1-7). Figures 1-14 through 1-17 reqresent 
isoconcentration maps for arsenic, lead, 2,4,6-TNT and BAP in shallow samples. Arsenic concentrations 
above 3.8 mgkg, the 2002 Industrial Soil RBC, were reported in the southernmost (54BSS4), the 
westernmost (54BSSl) and northernmost (54BSS6) sample locations. Lead concentrations above 1,000 
mgkg, the 2002 Mustrial AL, were reported in three samples (54BSS3, 54BSS5 and 54BSS6). 2,4,6- 
TNT concentrations above 190 mg/kg, the 2002 Industrial Soil RBC, were limited to one sample 
(54BSS3). BAP concentrations above 0.78 mgkg, the 2002 Industrial Soil RBC, were limited to one 
sample (54BSS6) with detections below 0.78 mgkg reported in two additional samples. 

Graphical representations of the distribution of constituents are based on a spatially limited data set. As 
such, the areas data depicted should be considered as preliminary, and for site screening purposes. 

Intennediute Depth Soil - A review of the data indicates that aluminum, antimony, arsenic, chromium, 
copper, iron, lead, manganese, 2,4,6-TNT, 2-amino4,6dinitrotoluene, 2,4- DNT, benzo[a]anthracene, 
benzo[b]fluoranthene, indeno[l,2,3cd]pyrene, and BAP were detected at concentrations above their 
respective 2002 Residential Soil RBCs (Residential AL for lead) in samples assumed to have been 
collected h m  eight to 12 ft bgs (Table 1-7). 

In addition, a review of the data indicates that arsenic, lead, and BAP were also reported as present above 
their respective 2002 Industrial Soil RBCs (Jndustrial AL for lead) in samples assumed to have been 
collected from eight to 12 ft bgs (Table 1-7). Figure 1-18 represents the distribution of arsenic detections 
and detection limits in intermediate depth soil. Due to the limited number of detezticms and the lack of 
spread in the values, an isoconcentration map has not been prepared. Arsenic concentrations above 3.8 
mgkg, the 2002 Industrial Soil RBC, were reported in borings 54BSB4 and 54BSB5. Figure 1-19 
represents an isoconcentration map for lead in intermediate depth samples. Lead concentrations above 
1,000 mgkg, the 2002 Industrial AL, were reported in borings 54BSB2 and 54BSB5. Figure 1-20 
represents the distribution of BAP detections and detection limits in intermediate depth soil. Due to the 
limited number of detections and the lack of spread in the values, an isoconcentration map has not been 
prepared. BAP concentrations above 0.78 mg/kg, the 2002 Industrial Soil RBC, were limited to one 
sample (54BSB5) with detections below 0.78 mglkg reported in the sample from 54BSB1. 

Graphical representations of the distribution of constituents are based on a spatially limited data set. As 
such, the areas data depicted should be cansidered as preliminary, and for site screening purposes. 
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0 
Table 1-7 

Summary of Soll Analytical Results -Area B 
SWMU 54 RCRA Faclllty Investlgatlon 

Radford Army Ammunltlon Plant, Radford, Wrglnia 

Rdlord Amy Ammunition Plan! 
MWPAddcndm No. 13. SWMU 54 

Cadmium 
Calcium 

Chromium 
Cobak 

Copper 
Iron 

Lead 
Magnesium 
Manganese 

Mercury 
Nickel 
Potclsslum 
Vanadium 
Zinc 
Explosives mg/kg 
2,4,STrinitrotoluene 
2,4-Dlnitrotoluene 

2-Amino-4,SDinMoluene 
HMX 
VOCs (mg/kg) 
Acetone 
Carbon Disuliide 
Carbon Tetrachlorkle 
Methylene Chlorkle 
Trichloroethene 
Toluene 

1.18 
2320 

23.41 
10.3 
43.3 

36800 

582 . 
2980 
I l80l  

0.178 
14.8 

1810 
29.5 
582 

<0.250 
<0.250 

<0.250 
<0.500 

c0.012 
<0.008 
<0.008 

0.034 
<O.m 
<O.m 

<0.679 
1500 

27.81 
11 

16.4 
301001 

14 
4560 

4401 
<0.042 

18.3 
2830 
51.3 
70.3 

<0.250 
< O . a  

~0 .250  

2.55 
13000 

38.1 1 
8.03 
138 

343001 

2340) 
6280 

83Ql 
2.07 
18.7 

1010 
28.1 
744 

4991 
<25.0 

J 

125 
2880 

38.4 
11.1 
53.8 

298001 

6001 
4410 
0531 

0.103 
17.4 
2000 
38.8 
368 

<0.250 
<0.250 

<0.250 
<0.500 

<0.012 
<0.008 
<O.m 

0.01 
<O.m 
<O.m 

<0.500 

0 . m  J 
< o . m  
<O.m 

0.041 
< o . m  
<O.m 

<50.0 

c0.012 
< O . m  
<O.m 

0.067 
<O.m 
<O.m 

1 .M 1.88 
8220 25400 

22.6 

0.828 
2220 

20 
8.34 
14.4 

293001 

l W  
2610 
8551 

0.332 
11.8 
1420 
23.6 
371 

<0.250 
<0.250 

e0.250 

8.W 
54 

28500 

1080 
0670 
81 4 

3.73 
14.8 
1780 
28.4 
438 

<0.250 
0.392 

0.881 

<0.012 
<O.m 
<O.m 

0.033 
<O.m 
~0.008 

<0.500 

<0.011 
<0.008 
<0.008 

0.017 
<O.m 
<O.m 

10.2 
155 

35700 

2860 
13500 

6521 
1.18 
18.7 
1320 
43.3 
81 8 

83.31 
8.02 

123 

<0.012 
<O.m 
<0.008 

0.08 
<O.m 
<O.m 

1.47 
10300 

23.11 
7.33 
609 

28100 

sseo 
4880 

7881 
1.17 
18.7 
1870 
21.8 
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0.454 
4 .250 

<0.250 <0.250 
2.88 

0.006 J 
<O.W 
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0.061 
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16.4 

278001 

11.8 
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381 1 

<0.038 
18 
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44.1 
62.3 
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<0.250 
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1.21 
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<0.008 

0.003J 
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11 
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IOW 
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28.3 
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22.71 
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3.27 
83.4 

0.008 J 
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el3 

41 00 - 
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81 000 
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Table 1-7 (ConUnued) 
Summary d Soil Analytical Results -Area B 

SWMU 54 RCRA Facllity Investlgatlon 
Radford Anny Ammunition Plant, Radford, Viglnia 
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Cornposited Soil - A review of the data for sample SC1, noted by MSE (1998) to represent a composite of 

0 54BSS1 through 54BSS6, indicates that TCLP regulatory levels were not exceeded in the sample; 
however, it should be noted that the lack of detections in the analysis for TCLP VOCs is called into 
question. Samples for TCLP VOC analysis should be collected as discrete, non-composited samples to 
avoid the potential for volatilization of constituents during the compositing. Sample results from MSE 
(1998) for TCLP VOCs are biased low. 

Groundwater - As part of the field investigation, MSE installed groundwater monitoring well 54IKW4 
down&ent of Area B within SWMU 54 (Figure 1-2). Bedrock was encountered at 19 ft bgs and the 
boring for well 54MW4 was advanced to 45 ft bgs. The well screen was set from 30 to 45 ft bgs, wholly 
within bedrock, and the well seal was placed across the bedrocwsoil contact. The stabilized water level 
was reported as 17 ft bgs. MSE sampled groundwater monitoring wells 54MW1 and 54IKW4 for 
laboratory analysis of TAL Metals (listed as TAL inorganics in MSE 1998), TCL VOCs and SVOCs 
(listed as TCL organics in MSE 1998), and explosives. 

A review of the data indicates that total and dissolved aluminum, barium, chromium, iron and manganese 
were reported in the sample h m  upgrad~ent well 54MW1 above their respective 2002 Tap Water RBCs 
(Table 14). No other total metals were reported as present in concentrations above their respective 2002 
Tap Water RBCs or MCLs. 

Risk Assessment - MSE conducted a conservative evaluation of baseline risk by comparing the maximum 
concentration of the COPCs identified by MSE (arsenic, lead, mercury, ten SVOCs and six explosives) to 
their then-current USEPA Region IU RBCs and evaluating Residential and Industrial exposure potential. 
The risk analysis indicated ''trespassers and recreational users of the site may be significantly exposed to 
lead in surface soil" (MSE 1998). In addition, MSE concluded that arsenic, lead, 2,4-DNT, 2,6-DNT, 0 2,4,6-TNT, and 2-amino-4,6-dinihotolusnc may pose risk to fubm residential receptors. MSE 
recommended that a CMS be conducted and that restrictions to site access be implemented to reduce 
exposure to potential receptors. 

Conclusions - Based on information presented in MSE (1998) aluminum, antimony, arsenic, chromium, 
copper, iron, lead, manganese, mercury, 2,4,6-TNT, 2-amino-4,6-dinitrotoluene, 2,6-DNT, 2,4-DNT, 
benzo[a]anthracene, BAP, benzo[b]fluoranthene, dibenz[a,h]anthcene and indeno[l,2,3cd]pyrene are 
identified as COPCs in Area B of SWMU 54. Lack of information regarding sampling methodologies 
and more importantly, sample depths and locations, does not allow for adequate characterization of soils 
in Area B within SWMU 54. Data generated by MSE and presented in MSE (1998) will be used as site- 
screening data. 

COPCs in groundwater at Area B of SWMU 54 are not identified based on information presented in 
MSE (1998). While several constituents were reported as present above screening criteria, the detections 
are limited to the upgradient well 54MW1. Well 54IKW1 is located up&ent of Area A in SWMU 54 
and is located approximately 300 ft south of Area B. This distance could potentially lead to erroneous 
comparisons. In addition, more recent groundwater sampling results indicate that constituents are not 
present at concentrations exceeding screening criteria (see Section 1.2.3.5). 

1.235 Correspondence August 20,1999, Subject SWMU 54 Interim Action 

On August 20, 1999, a letter report was sent to the USEPA that discussed actions to be taken by Parallax, 
Inc. The IA objectives were to eliminate the trespasser pathway and to mitigate source area impact 
consistent with any final remedy (Parallax 1999). IA activities conducted by Parallax included both 

0 Areas A and B of SWMU 54. IA activities included an initial phase of site screening and laboratory 
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analysis of soils and groundwater followed by a subsequent phase of excavation and removal of 
approximately 1,827 tons of soil. IA activities took place within systematic grids established for both 
Areas A and B of SWMU 54. Further evaluation and reporting was to occur subsequent to this action. 
These follow-on actions were programmed in the later editions of the R F M  Installation Action Plan 
( R F M  2002) that was discussed with the USEPA and the Virginia Department of Environmental 
Quality (VDEQ). 

Prior to initiation of IA activities, Areas A and B of SWMU 54 were cleared of vegetation and a gravel 
road was constructed to facilitate access to Area B. Parallax then repositioned the Installation perimeter 
fence; the SWMU 54 area is located on W M  property but was previously located outside of the 
Installation perimeter fence. Old fencing was removed and new fencing was installed along the eastern 
and northern boundaries of the SWMU 54 area, thereby enclosing the area. Following site preparation, a 
surveyed grid was established. The grid was designed to extend beyond the presumed limits of both Area 
A and Area B of SWMU 54. Grid spacing for Area A was established as 40 ft by 40 ft, and grid spacing 
for Area B was established as 20 ft  by 20 ft  (Figures 1-21 and 1-22). 

Site - Sampling was initiated in the cell considered closest to an identified source area with 
subsequent samples collected h m  additional cells in a clockwise manner. Soil samples were collected 
h m  the approximate center of each grid cell using a small backhoe. Discrete samples were collected at 
0.5 ft, 3.0 ft, 6.0 ft, etc. to the bottom sample depth. These discrete samples were field-screened using D- 
Tech irmnunoassay test kits @-Tech kits) for explosives and portable x-ray fluorescence o for 
metals. Aliquots of each discrete sample h m  various elevations within each grid were then composited 
into a single sample that was submitted for laboratory analysis. Laboratory analysis on each of over 200 
composite samples (not including QAIQC samples) included TAL Metals, explosives, VOCs and TCLP 
Metals. In some cases, Parallax considered lateral and vertical characterization to be complete in an area 
and a series of grid cells were skipped. Approximately 1,600 samples were screened in the field h m  
231 grid cells. Site screening in Area A extended to depths of 15.0 to 22.0 ft  bgs. Site screening in Area 
B extended to depths of 7.0 to 12.0 ft bgs. 

Parallax field screening and composite sampling data are presented herein as isoconcentration maps. 
Due to the large number of samples, the uncertainty with respect to exact sample locations (within 40 by 
40 ft grids), and the screening level nature of the data, isoconcentration maps for lead were generated 
using default geostatistical procedures in the contouring program Surfer 7.02 by Golden Software, Inc. 
(i.e., laiging and variogram algorithms). As such, several assumptions were made in order to generate 
the maps including: 

Samples are assumed to come h m  the center of each grid; 

When computing interpolation weights, the algorithm considers the spacing between the point and 
the data locations; 

The algorithm considers the inherent length scale of the data; 

The algorithm considers the inherent trustworthiness of the data; and 

The algorithm incorporates natural anisotropy. 

Septemba2002 1-47 Radford Anny Anmanition Pbnt 
MWP Addcndum No. 13, SWMU 54 





mix 
M I S  DRAWING 6 IN WRGlNlA STATE PLANE COORDINATE !?SIEM WHICH HAS 

x 

BY A COMBINED SCW AND ELEVATION FACTOR OF 1.00013. DMSION OF COORDlNAlE 
VALUES FROM THIS D M N C  81 MAT FACTOR MU WELD WRClNlA STATE PLANE COORDINAlE. NbD 83 
VALUES. M E  U.S. S U W  FOOT WAS USED IN THE CONKRSION FROM METRIC TO ENCUSH UNITS. 
TOPOGRAPHIC SURVEY MTA PROVlDED 81 ANDERSON & A5!SOCIATES. BLACKSBURG. VA M Y  2001. 

AXIS s z = ~ s ~ ~ s ~ s s n ~ a a a s ~  
N I0 

8 4 3 2  8 4 3 3  8 4 3 4  8 4 3 5  8 4 3 6  8 4 5 7  8 4 3 8  

N9 
Y I\ Y * V- 

1 8 2 6 2  -B2_665 8 2 6 4  8 2 6 5  8 2 6 6  v " 
N8 , V n - .- - " .. 

n 
n 

# - . . 
0 6  8 2 0 7  8 2 0 6  8 2 0 9  8 2 1 0  

EXISTING GROUNDWATER MONlTORlNG WELL 

- AF'PROX. UMlTS OF SWMU 

-x-X- EXISTING FENCEUNE 

GRlD CELL NUMBER SURVEYED SAMPLING GRID 
AND CELLS, AREA B, 

PARALLAX, 1999 



Because these data are henceforth used to focus futher investigation, which are intended to produce ' 

definitive data, these assumptions are herein considered valid for screening purposes. Analytical data 
tables for Parallax soil composite samples are presented in Appendix B of this document. 

Area A Site Screening - Figures 1-23 through 1-30 present isoconcentration maps developed based on the 
results of field screening for lead in Area A of SWMU 54 using portable XRF technology. Screening 
results are presented for samples collected from 0.5, three, six, nine, 12, 15, 18, and 22 ft  bgs. As 
indicated by the isoconcentration maps, concentrations of lead were highest in the southern portion of 
Area A in SWMU 54 (i.e., near the previously defined southern mound in Area A of SWMU 54). Lead 
concentrations above 1,000 mg/kg, the lead AL for Industrial soils, were not recorded at depths greater 
than three ft bgs. Quantification of lead concentrations using the portable XRF was intended for site 
screening and does not allow for definitive identification of COPCs. 

A review of the data for laboratory.analytica1 results of the composite samples indicates that aluminum, 
arsenic, chromium, iron, lead, manganese and mercury were reported above their respective 2002 
Residential Soil RBCs in at least one sample from Area A. In addition, the explosives 2,4,6-TNT, 4- 
amino-2,6-dinitrotoluene, 2,6-DNT, cyclotrimethylenetrinitramine (RDX), 2-amino-4,6dinitrotoluene, 
and 2,4-DNT were detected at concentrations above their respective 2002 Residential Soil RBCs in at 
least one sample collected from Area A. 

Data for laboratory analytical results indicates that lead was reported as equal to its 2002 Industrial AL of 
1,000 mgkg in one composite soil sample. Figure 1-3 1 presents isoconcentration contours in Area A of 
SWMU 54 for lead in composite samples (analytical laboratory data). As indicated, concentrations of 
lead reported from composite samples were also highest in the southern portion of Area A in S\;VMU 54, 
thus, the field-screening data are corroborated by composite laboratory analytical data. 

2.4.6-TNT was reported above its 2002 hdwtrial Soil RBC of 190 mgkg in three composite soil samples 
collected from Area A of SWMU 54. Figure 1-32 presents isoconcentration lines in Area A of SWMU 
54 for 2,4,6-TNT in composite samples (analytical laboratory data). 

A review of the laboratory data for TCLP Metals analysis on composite samples indicates that TCLP 
lead was reported above its regulatory limit of 5.0 mg/L in one sample from Area A of SWMU 54. 

Area B Site Screening - Figures 1-33 through 1-37 present the isoconcentration maps developed based on 
the results of the field screening for lead in Area B of SWMU 54 using portable XRF technology. 
Screening results are presented for samples collected from 0.5, three, six, nine, and 12 ft bgs. As 
indicated by the field-screening analysis data, concentrations of lead were highest in two distinct areas in 
the western and northwestern portions of Area B in SWMU54. Lead concentrations above 1,000 mgkg, 
the Industrial Soil AL, were not recorded at depths greater than nine ft  bgs. Quantification of lead 
concentrations using the portable XRF was intended for site screening and does not allow for definitive 
identification of COPCs. 

A review of the data for laboratory analytical results of the composite samples indicates that aluminum, 
antimony, arsenic, cadmium, chromium, copper, iron, lead, manganese, and thallium were reported above 
their respective 2002 Residential Soil RBCs (Residential AL for lead) in at least one sample collected 
from Area B. In addition, the explosives 2,4,6-TNT, 4-amino-2,6dinitrotoluene, 2-amino-46- 
dinitrotoluene, and 2,4-DNT were detected at concentrations above their respective 2002 Residential Soil 
RBCs in at least one Area B sample. 
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A review of the data for laboratory analyhcal results of the composite samples indicates that-lead was 
reported above its 2002 Industrial AL of 1,000 mgkg in 22 composite soil samples and arsenic was 
reported above its 2002 Industrial Soil RBC of 3.8 mgkg in 28 composite soil samples. Figure 1-38 
presents isoconcentration lines in Area B of SWMU 54 far lead in composite samples (analytical 
laboratory data). Figure 1-39 presents isoconcentration lines in Area B of SWMU 54 for arsenic in 
composite samples (analytical laboratory data). As indicated, concentrations of lead and arsenic reported 
from composite samples are highest in the western and northwestern portions of Area B in SWMU54, 
thus field-screening data results for lead are corroborated by composite laboratory analyhcal data for 
lead. 

2,4,6-TNT was reported above its 2002 Industrial Soil RBC of 190 mgkg in one composite soil sample. 
Figure 1-40 presents isoconcentration lines in Area A of SWMU 54 for 2,4,6-TNT in composite samples. 
2-amino-4,6-dinitrotoluene and 4-amino-2,6-dinitrotoluene were both reported as present above their 
2002 Industrial Soil RBCs of 12.0 mgkg in a single sample from Area B of SWMU 54. 

A review of the laboratory data for TCLP Metals analysis on composite samples indicates that TCLP 
lead was reported above its regulatory limit of 5.0 mgL in ten samples from Area B of SWMU 54. The 
data are presented in Appendix B of this W A .  

Limited detections of the common laboratory contaminants acetone and methylene chloride were also 
reported. These compounds are not considered site-related, based on their presence in blank samples, 
their status as common laboratory artifacts and a lack of sigrrificant historical detections. 

Excavation and Removal - Following completion of the site-screening program, Parallax re-mobilized to 
the site to conduct source removal. Three grid cells were excavated from Area A and ten grid cells were 
excavated from Area B (Figures 1-41 and 1-42). The decision for grid excavation was based upon 
exceedance of then-current Industrial a d o r  Residential Soil ALs for lead and 2,4,6-TNT as well as 
exceedance of TCLP lead regulatory criteria. Excavated soils were disposed of at the Pinewood South 
Carolina Landfill. 

Following excavation, the cells were backfilled with clean fill from a borrow area within RFAAP. 
Analytical results for two backfill material samples identified as 54BF1 and 54BF2 are summarized in 
Appendix B. Prior to backfilling, discrete soil samples were collected from the sidewalls and the bottom 
of selected excavations. These results (results exceeding sample detection limits) are summarized in 
Appendix B. 

Figure 1-43 presents an estimated, postexcavation isoconcentraticm map of Area A of SWMU 54 for 
laboratory analysis of lead in composite samples. A lead concentration of 17.2 mgkg, the average for 
backfill sample analysis, has been used for excavated and backfilled cells. Figure 1-44 presents an 
estimated postexcavation isoconcentration map of Area A of SWMU 54 for laboratory analysis of 
arsenic in composite samples. An arsenic concentration of 3.1 mglkg, the average for backfill sample 
analysis, has been used for excavated and backfilled cells. Figure 1-45 presents an estimated post- 
excavation isoconcentration map of Area A of SWMU 54 for laboratory analysis of 2,4,6-TNT in 
composite samples. Data for 2,4,6-TNT have been adjusted to zero for excavated and backfilled cells. 

Figure 1-46 presents an estimated post-excavation isoconcentration map of Area B of SWMU 54 for 
laboratory analysis of lead in composite samples. A lead concentration of 17.2 mg/kg, the average for 
backfill sample analysis, has been used for excavated and backfilled cells. Figure 1-47 presents an 
estimated postexcavation isoconcentration map of Area B of SWMU 54 for laboratory analysis of 
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arsenic in composite samples. An arsenic concentration of 3.1 mg/kg, the average for backfill sample 
analysis, has been used for excavated and backfilled cells. Figure 148  presents an estimated post- 
excavation isoconcentration maps of Area B of S W  54 for laboratory analysis of 2,4,6-TNT in 
composite samples. Data for 2,4,6-TNT have been adjusted to zero for excavated and backfilled cells. 

A review of the figures indicates that IA excavation and removal in Area A and B of SWMU 54 by 
Parallax (1999) resulted in an overall reduction of COPCs in soil at the SWMU; however, there was 
inadequate post-excavation characterization of soils adjacent to most excavated cells. Further site 
investigation and collection of discrete samples is necessary to assess the concentrations of COPCs 
remaining in soils at the site. 

Groundwater - Parallax collected groundwater samples from each groundwater monitoring well on site 
(54MW1, 54MW2,54MW3, and 54MW4). The Parallax groundwater sampling event represents the first 
time that the four groundwater monitoring wells at the site were sampled during the same event. A 
review of site photographs taken during the Parallax investigations indicates that a low-flow purge and 
sample method was likely used. 

Groundwater samples were analyzed for TAL Metals, SVOCs, VOCs, perchlorate, pesticides, and 
explosives. Groundwater results are summarized in Table '14. Iron was detected above its 2002 Tap 
Water RE3C of 1100 pg/L in wells 54MW3 and 54MW4 (1440 and 1640 pg/L, respectively). Two 
explosives, 2,4,6-TNT and 2-arnino4,6-dinitrotoluene, were detected above their respective 2002 Tap 
Water RBCs of 2.2 and 0.22 pg/L in well 54MW3 (7.4 and 5.3 pg/L, respectively). It should be noted 
that perchlorate, a component in solid rocket propellant, was present in well 54MW3 at 10.7 pg/L. 
Screening criteria for perchlorates are currently under development by the USEPA (2002). The VOC 
tetrachloroethene was reported at a concentration above its 2002 Tap Water RE3C; however, the detection 
is a very low, estimated value, below the laboratory limit of quantitation and is flagged as a J-value 
(indicating that the results are estimated due to a laboratory quality control problem). In addition, 
methylene chloride was present at significant concentrations in bl* samples and should be considered 
an artifact of sampling and analysis. No other VOCs were reported as present above screening criteria. 

Conclusions - Data regarding soils generated by Parallax (1999) was limited to field-screening and 
composite sampling and was intended for site-screening purposes. As such, the data does not allow for 
definitive characterization of soil constituent concentrations in Areas A and B within SWMU 54. Data 
generated by Parallax and presented in Parallax (1999) will be used as site-screening data. 

Based on information presented in Parallax (1999) aluminum, arsenic, chromium, iron, lead, manganese, 
mercury, 2,4,6-TNT, 2-arnino4,6dinitrotoluene, 4-amino-2,6dinitrotoluene, 2,6-DNT, RDX, 2,4-DNT 
are identified as COPCs in soil at Area A of SWMU 54. 

The fonowing constituents are identified as COPCs in the Area B soil: aluminum, antimony, arsenic, 
cadmium, chromium, copper, iron, lead, manganese, thallium, 2,4,6-TNT, 4-amino-2,6dinitrotoluene, 2- 
amino4,6dinitrotoluene, and 2,4-DNT. Iron, 2,4,6-TNT and 2-amino4,6-dinitrotoluene are identified 
as a COPCs in groundwater at the site. Note that beryllium, previously identified as a COPC in 
groundwater, was not reported in concentrations greater than 3.0 pg/L. Due to uncertainty of the actual 
concentration in groundwater (i.e., J-flagged values), tetrachloroethene is not considered a COPC in 
groundwater. 
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1.2.3.6 Summary 

Dames & Moore (1992a) - Data presented are for groundwater in Area A of SWMU 54. Screening of the 
data against 2002 Tap Water RBCs indicates that 2,4,6-TNT is identified as a COPC in groundwater. 
Due to the age of the data, they are not suitable for risk assessment use (Table 1-3; Table 1-8). 

Parsons (1996) - Data presented are for soil and groundwater in Area A of SWMU 54. The data for 
shallow soils are adequate for site-screening purposes and for identification of COPCs. Data for deep 
soils are adequate for both COPC identification and as definitive data for use in a risk assessment (Table 
1-3; Table 1-8). 

Screening of the data against 2002 Tap Water RBCs and MCLs indicates that arsenic, barium, cadmium, 
chromium, lead, mercury, 2,4,6-TNT, 2,4-DNT, and 2,6- DNT are identified as COPCs in soil; beryllium 
is identified as a COPC in groundwater (Table 1-3; Table 1-8). 

MSE (1 998) - Data presented are for soil and groundwater in Area B of SWMU 54. Due to uncertainties 
of sample locations and sample depths, they are not deemed suitable for use in a risk assessment (Table 
1-3; Table 1-8). 

Screening of the data against 2002 Soil RBCs (AL for lead) and MCLs indicates that aluminum, 
antimony, arsenic, chromium, copper, iron, lead, manganese, mercury, 2,4,6-TNT, 2-amino-4,6- 
dinitrotoluene, 2,6-DNT, 2,4-DNT, benzo[a]anthracene, BAP, benzo[b]fluoranthene, 
dibenz[a,h]anthracene, and indeno[l,2,3-cdlpyrene are identified as COPCs in soil. 

Parallax (1999) - Data presented are for soil and groundwater in Areas A and B of SWMU 54. Data 
usability fiom Parallax (1 999) is limited to site screening. 

Screening of the data against 2002 Soil RBCs, (AL for lead) and MCLs indicates that, for Area A, 
aluminum, arsenic, iron, manganese, chromium, lead, mercury, 2,4,6-TNT, 4-amino-2,6dinitrotoluene, 
2,6-DNT, RDX, 2-amin0-4~6-dinitrotoluene, and 2,4-DNT are identified as COPCs in soil. Iron, 2,4,6- 
TNT and 2-amino-4,6-dinitrotoluene are identified as COPCs in groundwater (Table 1-3; Table 1-8; 
Appendix B). 

For Area B, aluminum, antimony, arsenic, barium, cadmium, chromium, copper, iron, lead, manganese, 
thallium, 2,4,6-TNT, 4-amino-2,6-dinitrotoluene, 2-amino4,6-dinitrotoluene, and 2,4-DNT identified as 
COPCs in soil. 

1.2.4 Conceptual Site Model 

Based on current data available for the site, complete migration pathways of constituents away fiom 
SWMU 54 likely include leaching of contaminants through site soils to groundwater and direct contact to 
potential receptors via ingestion a d o r  dermal contact. 

A site-specific CSM has been developed for SWMU 54 to assess potential contaminant sources, exposure 
pathways, and human and ecological receptors (Figure 149). Potentially affected media include surface 
soil, subsurface soil, and groundwater. The SWMU 54 area is relatively level and precipitation is 
expected to infiltrate into the ground. Sufficient data do not exist to establish the existence or absence of 
a complete pathway resulting fiom site groundwater discharge to the New River and the possible 
resultant pathway to surface water and sediment (via ingestion, inhalation, and/or dermal contact). The 
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Table 1-8 
Summary of COPCs 

S W U  54 RCRA Facility Investigation 
Radford Army Ammunition Plant, Radford, Virginia 

Notes: 
TAL = Target Analyte List 

SVOCs = Semi-volatile Organic Compounds 

COPC = Constituent of Potential Concern 

RBC = USEPA Region Ill Risk-based Concentration 

MCL = USEPA National Primary Drinking Water Standards, Maximum Contaminant Level 
YES = Exceeds Screening Criteria 
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results of the investigative activities fiorn the WPA are anticipated to facilitate the definition of the limits 
* 

of constituent migration in groundwater. The completeness of the surface water and sediment migration 0 pathways at SWMU 54 is considered unknown. Once the constituent migration limits have been 
assessed, the completeness of the s d c e  water and sediment pathways will be examined. 

SWMU 54 is enclosed within a fence, inhibiting entrance by trespassers. Historical ash disposal is 
indicated on the figure, with subsequent leaching of constituents through site soils and into groundwater. 
Depth to bedrock is indicated as relatively equal across the site. Subsurface geology is shown as an 
upper layer of clayey sands and silts underlain by a relatively thin layer of sand and gravel. The Elbrook 
Formation is shown below the unconsolidated, alluvial deposits. Epikarstic features such as pinnacled 
bedrock, sinkholes, solutionenhanced conduits or clay-filled voids have not been reported during 
bedrock drilling (Dames & Moore 1992a; MSE 1998). A lack of nearby macroscopic lineament features 
on aerial photographs (UESPA 1992) indicates that groundwater flow in the SWMU 54 area likely 
occurs under diffuse rather than conduit flow conditions. This has been illustrated via constituent plume 
migration in the upper portions of the Elbrook Formation and in the overlying sand and gravel layer. A 
higher rate of diffuse flow likely occurs within the sand and gravel, relative to bedrock. The limits of 
constitpmt migration are currently mhown. 

Constituents have not been detected above screening criteria in well 54MW4, downgradient of Area B in 
SWMU 54. Consequently, leaching of constituents fiom Area B has been shown as not reaching 
groundwater. 

Although current and future land-use scenarios are limited to industrial operations, and the SWMU is 
enclosed by a fence, both industrial and residential scenarios will be considered. Figure 1-50 presents the 
potential exposure pathways for each receptor. Direct deposition via surfha dumping and burial of 

0 materials is considered a release mechanism to surfme soil at this site. Site workers, construction 
workers, hypothetical residents, and terrestrial biota could contact surface soil via incidental ingestion of 
soil, inhalation of fugitive dust and dermal absorption through direct contact with soil. Direct deposition 
is also a release mechanism to subsurface soil, potentially leading to exposure by construction workers 
via incidental ingestion of soil, inhalation of fugtive dust and dermal absorption through direct contact 
with soil. 

Leaching of constituents through site soils is considered a release mechanism to subsurfixe soil and 
groundwater at the site. In turn, subsurface soil and groundwater may be received by construction 
workers via incidental ingestion of soil or groundwater, inhalation of fugitive dust (soil) and dermal 
absorption through direct contact with soil or groundwater. 

1.25 Data Gap Analysis 

Data are incomplete at SWMU 54 for both physical and chemical infimnation (Table 1-9). In Area A of 
SWMU 54, useable, definitive data regarding surface and intermediate depth soils do not exist. In 
addition, relatively high concentrations of constituents in western and southern bonngs and screening 
samples indicate a data gap for lateral delineation of constituent concentrations. In Ana B of SWMU 54, 
useable, definitive data regarding soil at surface, intermediate and deep depths do not exist. 

The existing upgradient groundwater monitoring well 54MW1 is not adequate for evaluation of site 
background conditions. It is far fhm Areas A and B of S W M U  54 and is screened wholly within 
bedrock, whereas wells downgradient of Area A are screened across the bedrocMoverburden interface. 

Septmd# 2002 1-82 Mad Army Anmamition h t  
MWP Addadurn No. 13, SWMU 54 



PRIMARY RELEASE EXPOSURE 
SOURCES MECHANISMS PATHWAY ROUTE 

- 
RECEPTORS 

HUMAN BIOTA 

SITE CONSTRUCTION 
WORKERS WORKERS TERRFSTRIAL 

-- DIRECT 
DEPOSITION -FkFl Dermal Contact mEl 
LEACHING 

PRIOR 
DISPOSAL 
ACTMTES 

- rl W I  
c lnhalatlon 

Dermal Contact 

/ 
SUBSURFACE 
SOILS 

GROUNDWATER -m mrl Dermal Contact 

FIGURE 1-50 

CONCEPTUAL SlTE 
MODEL DIAGRAM 

RFAAP 
RFI WORK PLAN ADDENDUM: SWMU 54 

Date: 

SEPTEMBER 2002 

Scale: 
NO SCALE 

Prepared By: 
URS Cotp./KDC 

Flle Name: 
P:l ... logSO4-263. WPA 7-50 



Table 1-9 
Data Gap Analysls 

SWMU 54 RCRA Faclllty lnvestlgatlon 
Radford Army Ammunltlon Plant, Radford, Vlrglnla 

September 2002 

SWMU 54 

Radford Army Ammunition Plant 
MWP Addendum No. 13, SWMU 54 
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Sam les 
Deep Soil Samples 
Adequate Background Well 
Adequate Downgradient Wells 

Physical I Geotechnical 
Properties 

Fate and Transport Parameters 

Physical/ Geotechnical 
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No well monitors upgradient groundwater quality in Area B of SWMU 54. There is one downgradient 

0 well in Area B of SWMU 54. Constituent detections in wells 54MW2 and 54MW3 indicate a release to 
groundwater; however, the downgradient extent of constituents in groundwater is not known. 

TCL VOCs - Groundwater samples were collected h m  Area A (54MW1, 54MW2, and 54MW3) at 
SWMU 54 during the VI (Dames & Moore 1992a) and analyzed for TCL VOCs. Soil and groundwater 
samples were collected from Area A at SWMU 54 during the previous RFI (Parsons 1996) and analyzed 
for TCL VOCs. Additionally, soil and groundwater samples were collected h m  Area B at SWMU 54 
during the Supplemental RFI (MSE 1998) and analyzed for TCL VOCs. In 1999, Parallax analyzed 
composite soil samples and groundwater samplesefor TCL VOCs. A review of the data indicates that, 
with the exception of common laboratory contaminants, TCL VOCs were not reported in soil or 
groundwater above 2002 Residential Soil, Industrial Soil, or Tap Water RBCs, or MCLs. Therefore, 
TCL VOCs do not represent a data gap for surface soil, substxibe soil, or groundwater. 

TCL SVOCs/PAHs - Groundwater samples were collected h m  Area A at SWMU 54 during the VI 
(Dames & Moore 1992a) and analyzed for TCL SVOCs. Soil and groundwater samples were collected 
fiom Area A at SWMU 54 during the previous RFI (Parsom 1996) and analyzed for TCL SVOCs. 
Additionally, soil and groundwater samples were collected h n  Area B at SWMU 54 during the 
Supplemental RFI (MSE 1998) and analyzed for TCL SVOCs. A review of the data indicates that select 
TCL SVOC I polynuclear aromatic hydrocarbons (PAH) are identified as COPCs at the site. Samples 
were not collected for PAH analysis during the previous investigations. Therefore, adequate 
characterization of TCL SVOCs I PAHs represents a data gap for surface soil, subsurface soil, and 
groundwater. 

TCL Polychlorinated Biphenyls s) - Samples were not collected for TCL PCB analysis during the 

0 previous investigations. ThereforeyCL PCBs represent a data gap for surface soil and subs* soil. 

TCL Pesticides - Samples were not collected for TCL Pesticide analysis during the previous 
investigations. Therefore, TCL Pesticides represent a data gap for surface soil and subsurface soil 
(subsurfie soil repments a data gap for TCL Pesticides due to excavation and backfilling associated 
with previous remedial activities). 

Ex~losives - Groundwater samples were collected h m  Area A at SWMU 54 during the VI (Dames & 
Moore 199%) and analyzed for explosives. Soil and groundwater samples were collected fiom Area A at 
SWMU 54 during the previous RFI (Parsons 1996) and analyzed for explosives. Additionally, soil and 
groundwater samples were collected h m  Area B at SWMU 54 during the Supplemental RFI (MSE 
1998) and analyzed for explosives. In 1999, Parallax analyzed composite soil samples and groundwater 
samples for explosives. A review of the data identified explosives COPCs in soil and groundwater. 
Therefore, adequate characterization of explosives represents a data gap for surface, subsurface soil, and 
groundwater. 

TAL Metals - Groundwater samples were collected h m  Area A at SWMU 54 during the VI (Dames & 
MOO& 199%) and analyzed for TAL Metals. Soil and groundwater samples were collected fiom Area A 
at SWMU 54 during the previous RFI (Parsons 1996) and analyzed for TAL Metals. Additionally, soil 
and groundwater samples were collected f?om Area B at SWMU 54 during the Supplemental RFI (MSE 
1998) and analyzed for TAL Metals. In 1999, Parallax analyzed composite soil samples and groundwater 
samples for TAL Metals. A review of the data identified TAL Metal COPCs in soil and groundwater. 
Therefore, adequate characmtion of TAL Metals repments a data gap for surface soil, subsurfiice 

0 soil, and groundwater. 
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Dioxins/Furans - Dioxinlfiuans may be formed during combustion of a variety of chlorinated organic - 
compounds. Previous activities documented at the site include disposal of ash from propellant burning 
operations at the Waste Propellant Burning Grounds. Samples were not collected for dioxin/furans 
analysis during the previous investigations. Therefore, dioxinlfurans represent a data gap for surface and 
subsurface soil. 

Perchlorate - A review of the Parallax (1999) data indicated perchlorate as a potential COPC, pending 
USEPA detemnhation of d g  criteria (USEPA 2002). Therefore, adequate characterization of 
perchlorate represents a data gap for groundwater. 

Other - An analysis of the physical properties of subsurface soil to aid m assessing the nature of possible 
constituent mobility has not been p e r f d  during previous investigations. Site-wide soil 
physicaVgeotechnical and chemical properties affecting constituent mobility are unknown. Therefore, 
the characterization of the physical properties of subslaface soil repments a data gap. Because no BRA 
has been performed, potential threats to human health and ecological receptors have yet to be identified 
and therefore, the results of a BRA (including an ecological risk screening) represent a data gap. 

Planned activities in support of this RFI Work Plan Addendum, as presented in Section 1.3, are designed 
to address the data gaps presented above. 

13 PLANNED FIELD ACTMllES 

The SWMU 54 field program is designed to fill in the data gaps presented in Section 1.2.5. In designing 
the field program for SWMU 54, the following has been considered: 

The size and shape of Areas A and B of SWMU 54 and their non-contiguous nature; 

Previous investigative data for SWMU 54; 

Generation of data that can be used to evaluate the leaching potential of constituents from soil to 
groundwater and the fate and transport of constituents in groundwater; 

Generation of data that can be used to characterize groundwater conditions at SWMU 54 and assess 
if the migration pathway to the New River from groundwater is complete; and 

Collection of data that can be used to complete a BRA and an evaluation of appropriate con-ective 
measures. 

The major components of the field program at SWMU 54 will include the following: 

Collection of surface and subsurface soil samples from Areas A and B for chemical, physical, and 
geochemical analysis; 

Installation of additional monitoring wells at SWMU 54 and collection of groundwater samples fkm 
the newly installed wells and selected existing wells; 

Collection of direct push groundwater samples downgradient of Area A; 

Collection of data for fate-and-transport modeling; and 

- 
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Completion of slug testing and aquifer pump testing. 

0 Investigative activities at SWMU 54 will be conducted consistent with the requirements of the MWP, 
this WPA, and related SOPs included in Appendix A. Table 1-1 identifies the applicable SOPs that will 
be followed for each element of the field investigation discussed in the following-Actions. 

13.1 Soil Borings - Direct Push 

The following sections discuss proposed soil investigations to be conducted at Areas A and B of SWMU 
54 using the direct push method of drilling, a s  described in SOP 20.1 1 in Appendix A. A four-ft, 
Geoprobe Macro-CoreQ sampling device will be used to collect soil samples continuously from each of 
the borings, as described in SOP 20.11 in Appendix A. The location of each soil borings will be 
established to the nearest meter using Global Positioning System (GPS) equipment. 

Table 1-10 summarizes the proposed soil investigative program for Areas A and B of SWMU 54. 

13.1.1 Area A 

As discussed in Section 1.2, sufficient definitive data exist fhrn Parsons (1996) to charac- 
constituent concentrations in dtcp soils at Area A that are present at depths immediately above the water 
table or bedrock Deep soil samples collected by Parsons (1996) fhrn immediately above the water table 
are generally in the depth range of 15 to 20 !I bgs. Based on the data gaps identified in Section 1.2 and 
this infixmation, the objectives of this portion of the investigation will be to accomplish the following: 

Delineate the lateral and vertical extent of constituents that remain in soil at shallow and intermediate 

0 
depths after IA; 

Further evaluate the physical and geochemical characteristics of surface and intermediate depth soils 
at Area A and the poktial for c d t u e n t  leaching to deeper soils and groundwater; and 

Provide an appropriate set of definitive data for completion of a BRA. 

With consideration of the above objectives, the strategy for selecting boring locations at Area A is based 
on the: 

Size and shape of Area A; 

Number, locations, and depth of existing boring/sample locations at Area A where definitive 
chemical data have beenicollected; 

L a W  and vertical limits of soil excavated during the IA complekd by Parallax (1999); 

Inferred distribution of explosives, lead, and mercury in shallow soil and subsurface soil fhrn 
definitive data collected by Parsons (1 996), as shown on Figures 1-9 through 1 - 1 1 ; and 

Inferred distriiution of lead and 2,4,6-TNT in soil from screening level data collected by Parallax 
(1 999), as shown on Figures 143 and 1-45. 
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Svstematic Grid Sam~linp: - Area A 

0 Systematic grid sampling has been selected to minimize sample bias and generally provide for complete 
coverage of the area within and at the periphery of Area A. 

One subsurface sample for chemical analysis will be collected h m  each boring fiom a depth of nine 
to ten ft bgs, which is generally at an intermediate depth between the surface and the water table; and 

In Chapter 9 of SW-846, USEPA outlines a method that can be used to estimate the minimum number of 
samples that should be collected when chemically characterking a solid waste unit using random grid 
sampling. The method is a statistical approach (confidence level) that considers the expected distribution 
of sample observations (number, mean, and variance) and an applicable threshold (RBC, risk-based AL, 
etc.). Estimates of the sample mean and variance are typically made using existing site data. The goal of 
this sample estimation method is to provide for a set of sufficiently accurate and precise measurements, 
which can be used to appropriately characterize the solid waste with respect to regulatory thresholds. 

The USEPA method referenced above has been used to provide an initial estimate of the minimum 
number of samples that should be collected from Area A using the grid sampling strategy. Appendix C 
of this WPA presents the calculations used to arrive at this estimate. Existing shallow soil data h m  14 
samples collected by Parsons (1996) for lead were used in the calculations because they: 

Provide adequate coverage across Area A including locations within and m u n d i n g  identified 
waste disposal areas; 

Comprise the largest p u p  of defmitive data h m  a given sample interval; 

O Rcprrsent the most hquently detected constituent; and 

Exhibit the widest range of concentrations relative to Industrial Soil RBCs. 

The resultant calculations in Appendix C indicate that the minimum number of samples that should be 
collected b m  surface soil at Area A is 13. Assigning the same minimum number of samples for the 
intermediate depth is cpidered appropriate, given that the expected mean and variation of samples 
likely decreases with depth based on the existing data h m  Area A. 

Upon consideration of the size of Area A and the areal distribution of historical detections, the proposed 
number of boring locations has been increased h m  13 to 18. This will provide for a 40-ft sampling grid 
covering most of the area within and at the periphery of Area A. The sampling grid for this investigation 
is composed of a 12043 by 280-ft section of the 40-ft sample grid used by Parallax during the 1999 IA. 
Based on existing sample data firom Parsons boring 54SB16, which indicated lead concentrations of less 
than 32 mgkg and no detected explosive compounds, the northernmost tip of Area A is not covered by 
the grid of 18 boring. 

Appendix C of this WPA includes a figure showing the 475-unit grid (64 square ft per unit) used to 
randomly select the first boring location at Area A. Seventeen subsequent boring locations selected at 
fixed intervals of 40 ft from the initial location are also shown on this grid. 
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The 18 boring locations proposed for the 4 0 4  sampling grid at Area A are shown on Figure 1-5 1 as 

0 brings 54SB17 through 54SB34. The following are proposed to meet the objectives of the soil 
investigation at Area A above and fill the data gaps discussed in Section 1.2: 

The 18 borings will be completed to a depth of ten ft bgs; 

One surface sample for chemical analysis will be collected from each boring h m  a depth of zero to 
six inches bgs, below gravel, vegetative, or organic layers; 

Each of the soil samples will be analyzed for TCL SVOCs, PAHs, explosives (including 
nitroglycerin), and TAL Metals (including mercury) and four of the soil samples will be analyzed for 
dioxin/fimms, TCL Pesticides, and TCL PCBs consistent with the requirements outlined in the 
Master Quality Assurance Plan (MQAP) and Section 2.0 of this WPA. Method specifications are 
included in Section 2.5 of this W A .  

The samples for dioxin/fhns, TCL Pesticides, and TCL PCBs analysis will be collected in pairs 
(surface and subsurface) from boring locatians whcre evidence of residual waste material (including 
burned material) is observed or where there is historical evidence of residual waste material having been 
present. If evidence of residual waste material is not observed, then the sample pair(s) having the highest 
potential to contain organic umstituents will be selected for analysis. Physical inspation of the samples 
and a review of historical site data will be used to make this assessment. Soil sampling will be conducted 
consistent with the procedures outlined in SOP 30.1 in Appendix A. Table 1-1 identifies other SOPS that 
will be followed for drilling and soil sampling. 

Focused Sampling - Area A 

O In addition to the 18 borings discussed above, four borings (54SB35 through 54SB38) are proposed at 
Area A as part of the sampling grid. The locations of the additional borings are shown on Figure 1-5 1. 
The four direct push borings will be completed to a depth of ten ft bgs at the following locations: 

Boring 54SB35 is proposed at a location 40 ft southwest of boring 54SB30. This boring is designed 
to provide additional information on the potential presence of lead, mercury, and explosives in soil at 
levels of concern; both southwest of Area A and the southwestem limit of the area excavated during 
the IA, thus filling an identified data gap associated with lateral delineation of these constituents 
outside the southwestern limit of Area A. 

Boring 54SB36 is proposed at a location 40 ft west of borings 54SB3 (Parsons) and 54SB27 outside 
of the limits of Area A. This boring is designed to provide additional information on the potential 
presence of lead, mercury, and explosives in soil west of boring 54SB3 at levels of concern, thus 
filling an identified data gap associated with lateral delineation of these constituents in the area west 
of boring 54SB3. 

Boring 54SB37 is proposed at a location 40 ft southwest of boring 54SB33. This boring is designed 
to provide additional information on the potential presence of lead, mercury, and explosives in soil at 
levels of concern; both south of Area A and the southemmost area excavated during the IA, thus, 
filling an identified data gap associated with lateral delineation of these constituents outside the 
southern limit of Area A. 
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Boring 543B38 is proposed at a location 40 ft south of borings 54SB1 (Parsons) and 54SB34, and at - 
a location 80 ft east of boring 54SB37. This boring is designed to provide additional infinmation on 
the presence of lead, mercury, and explosives in soil at levels of concern, both south of Area A and 
the southemmost area excavated during the I& thus filling an identified data gap associated with 
lateral delineation of these constituents outside the southern limit of Area A. 

The following is proposed to meet the objectives of the soil investigation at Area A outlined above and to 
fill the data gaps identified in Section 1.2: 

One smhce sample for chemical analysis will be collected from each boring from a depth of zero to 
six inches bgs, below gravel, vegetative, or organic layers; 

One subsurface sample for chemical analysis will be collected from each boring h m  a depth of nine 
to ten ft bgs, which is generally at an intermediate depth between the surface and the water table; and 

Each of the soil samples will be analyzed for TAL Metals (including mercury) and explosives 
(including nitroglycerin) because these borings are intended to delineate the extent of metals and 
explosives in soil within specific areas outside of Area A. 

The soil investigation at Area B will focus on the approximate 1.09-acre area identified on Figures 1-52 
and 1-53. In general, this area represents the portion of the Parallax grid and certain areas outside of the 
grid, where, based on screening level data, concentrations of lead and explosives in soil are of potential 
concern. For lead, the area to be investigated includes locations where screening level samples indicated 
soil concentrations in the minimum range of ten mg/kg to 100 mgfkg, as shown on Figures 1-52 and 1-53. 
For explosives, the area to be investigated generally includes locations where screening level samples 
indicated detectable levels of explosives (see Figure 1-40). 

0 
Based on the data gaps identified in Section 1.2, the objectives of this portion of the investigation will be 
to accomplish the following: 

Delineate the lateral and vertical extent of constituents in soil after the IA; 

Further evaluate the physical and geochemical characteristics of soils at Area B and the potential for 
constituent leaching to groundwater, and 

Provide an appropriate set of definitive data for completion of a BRA. 

With consideration of the above objectives, the strategy for selecting baring locations at Area B is based 
on the: 

Size and shape of Area B; 

Lack of definitive data for soil; 

Lateral and vertical limits of soil excavated during the IA completed in 1999; and 

I n f d  current distribution of explosives and lead in surfhe soil and subsurface soil from existing 
screening level data as shown on Figures 1-33 through 1-42, and 1-46 and 1-47. 
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Two sampling strategies have been used to select the number and location of borings at Area B. 
Systematic grid sampling will used to provide for complete coverage within the area of interest. 
Focused sampling (biased) will be used at specific locations to provide lateral and vertical 
delineation of constituents in soil where data gaps still exist after overlaying the boring grid. SOP 
30.7 in Appendix A provides general information on these two sampling strategies. The following 
sections discuss the proposed boring locations and sampling plan associated with each sampling 
strategy. 

Systematic Grid Sarn~ling; - Area B 

Systematic grid sampling has been selected to minimize sample bias and generally provide for complete 
coverage within the area to be investigated at Area B. Complete coverage using a grid approach is 
appropriate because existing data for Area B are screening level data rather than definitive data. 

The USEPA method discussed in Section 1.3.1.1 has been used to provide an initial estimate of the 
minimum number of samples that should be collected from Area B using the grid sampling strategy. 
Appendix C of this WPA presents the calculations used to arrive at this estimate. Existing shallow soil 
data fiom MSE (1998) for lead concentrations equal to or greater than 100 mgflrg were used in the 
calculations because the eight associated samples: 

Compose the largest group of discrete data submitted for laboratory analysis; 

Represent the most fkequently detected constituent; and 

Exhibit the widest range of concentrations relative to Industrial Soil RBCs. 

O The resultant calculations in Appendix C indicate that the minimum number of samples that should be 
collected from surface soil at Area B is 11. Assigning the same minimum number of samples for the 
intermediate depth is considered appropriate given that the expected mean and variation of samples likely 
decreases with depth based on existing data h m  Area B. 

Considering the size of Area B, the proposed number of boring locations has been increased fiom 11 to 
12. This will provide for complete coverage of the investigation area shown on Figure 1-54 with a 6 0 4  
spacing between boring. 

Appendix C of this WPA includes a figure showing the 100-unit grid used to randomly select the first 
boring location at Area B. Eleven subsequent boring locations selected at fixed intervals of 60 ft from 
the initial location are also shown on this grid. 

Figure 1-54 shows the 12 proposed boring locations at Area B, identified as 54SB39 through 54SB50. 
The 12 direct push soil borings will be advanced to the following depths: 

Borings 54SB39 through 54BSB42,54BSB45,54SB47,54SB48, and 54SB50 will be advanced to a 
depth of ten ft  bgs. A 10-ft depth is proposed for these borings because screening level data at these 
locations generally indicated lead concentrations in soil less than 100 mglkg at a depth of nine ft  bgs. 
In the case of boring 54SB42, the area has been excavated as part of the IA. 

Boring 54SB43,54SB44,54BSB46, and 54SB49 will be advanced to bedrock, which is expected to be 

0 
at 18 to 22 ft bgs. These boring will be advanced to bedrock because screening level data at these 
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locations generally indicated lead concentrations in soil greater than 100 m g k g  at a depth of nine ft 
bgs. 

To meet the objectives of the soil investigation at Area B, the following samples will be collected 
h m  the 12 brings for chemical ana1ysis:One surface soil sample for chemical analysis will be 
collected from each boring £i-om a depth of zero to six inches bgs, below gravel, vegetative, or 
organic layers; 

One intermediate depth soil sample for chemical analysis will be collected h m  each boring at a 
depth of nine to ten ft bgs; 

One deep soil sample for chemical analysis will be collected h m  borings 54BSB43, 54BSB44, 
54BSB45, and 54BSB46 at a depth immediately above the water table or bedrock, whichever is 
encountered frrst in a boring; and 

Each of the soil samples will be analyzed for TCL SVOCs, PAHs, explosives (including 
nitroglycerin), and TAL Metals (including mercury) and four of the soil samples will be analyzed for 
dioxinlfurans, TCL Pesticides, and TCL PCBs consistent with the requirements outlined in the 
MQAP and Section 2.0 of this WPA; methods of analysis to be used are specified in Section 2.5 of 
this WPA. 

The samples for dioxin/fimms, TCL Pesticides, and TCL PCBs analysis will be collected in pairs 
(surf'e and subsurface) h m  boring locations where evidence of residual waste material (including 
burned material) is observed. If evidence of residual waste material is not observed, then the sample 
pair(s) having the highest potential to contain organic canstituents will be selected for analysis. Physical 

0 inspection of the samples and a review of historical site data will be used to make this assessment. 

Focused SarnDlina - Area B 

Five additional borings locations (54SB51 through 54SB55) are proposed at Area B as shown on Figure 
1-54. These proposed borings will be completed to a depth of ten ft bgs, with the exception of 54SB5 1, 
which will be advanced to bedrock refusal. As with the grid borings, the focused borings proposed to be 
completed to a depth of ten ft bgs are at locations where screening level data indicated lead 
concentrations in soil less than 100 mgkg at a depth of nine ft bgs. The five direct push borings will be 
completed at the following locations: 

Boring 54SB51 is proposed at a location 20 ft west of the southwestern most area excavated during 
the IA. This boring is designed to fill a data gap in lateral and vertical delineation of lead and other 
constituents in soil west of this excavation area not addressed by surrounding grid borings 54BSB7, 
54BSB9, and 54BSB 10. 

Boring 54SB52 is proposed at a location 60 ft west of the westernmost area excavated during the IA. 
This boring is designed to fill a data gap in lateral delineation of lead and 0 t h  constituents in soil 
west of this excavation area not addressed by surrounding grid borings 54BSB9 and 54BSB12. 

Boring 54SB53 is proposed at a location'20 ft east of the easternmost area excavated during the IA. 
This boring is designed to fill a data gap in lateral delineation of lead and other constituents in soil 
east of this excavation area not addressed by surrounding grid borings 54SB43, 54SB46, and 
54sB47. 
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Table 1-11 
Summary: Proposed Groundwater Investlgatlon Program 

SWMU 54 RCRA Faclllty Investlgatlon 
Radford Army Ammunition Plant, Radford, Virginla 

Proposed Monltorlng Wells 

Proposed Groundwater Samples 

Proposed Well 
IdentlRcatlon 

54MW5 

54MWB 

54MW7 

M&s 
TCL = Target Canpound Ust 
SVOC = Sernl-vdallle Otgank Cm&cund 
PAH = Pdyatunsnc Hydrocarbon 
TAL = Target Analylr Lkl 

t7 bgs = fest below qwnd  surface 
n = f d  

Radford Army Ammunition Plant 
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Locatlon 

Area A 

Area B 

Area B 

Analytes 

TCL SVOCs, PAHs, TAL Metals (including 
mercury), Explosives (Including nitroglycerin), 

Perchlorate 

TAL Metals, Explosives (Including nitroglycerin), 
Perchlorate 

TCL SVOCs, PAHs, TAL Metals (including 
mercury). Explosives (Including nitroglycerin). 

Perchlorate 

Sample Locatlon 

Area A 

Area B 

Estlmated Depth to 
Bedrock (ft bgr) 

20 

20 

20 

Proposed Screened 
Intenral (ft bgs) 

18-28 

18-28 

18-28 

Posltlon Relathre 
to SWMU 

Upgradlent 

Upgradient 

Downgradlent 

Sample Deslgnatlon 

54MW2 

54MW3 

54MW5 

54DPWl 

5 4 D M  

54DPW3 

54MW4 

54MW6 

54MW7 

Proposed Screened 
Zone 

SoiVBedrock 

SoiVBedrock 

SoiVBedrock 

Type 

Monitoring Well 

Monitoring Well 

Monitoring Well 

Direct Push 

Direct Push 

Direct Push 

Monitoring Well 

Monitoring Well 

Monitoring Well 

Estlmated Proposed 
Depth (ft bes) 

28 

28 

28 

Posltlon 

Downgradient 

Downgradlent 

Upgradlent 

Downgradient 

Downgradlent 

Downgradlent 

Downgradient 

Downgradlent 

Downgradlent 

Sampllng Zone 

SoiVBedrock 

SoiVsedrock 

SoiVBedrock 

Soil 

Soil 

Sdl 

Bedrock 

SolVBedrock 

SolVBedrock 
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monitoring well will be located at the minimum distance upgradient from A .  that is expected to yield 
samples repmentative of background water quality. Monitoring well 54MW6 will be installed to 0 monitor the uppermost portion of the shallow aquifer at Area B, which occurs in the sand and gravel 
layer immediately overlying bedrock and in weathered rock 

Downgmhent monitoring well 54MW7 is proposed immediately east of Area B and south of existing 
downgradient well 54MW4. This well will function as the second downgradient well for Area B and 
thereby fill the data gap identified above. Monitoring well 54MW7 will be installed to monitor the same 
interval of aquifer to be monitored by the proposed upgmhent well at Area B. 

The direct air rotary method of drilling will be used for completion of the monitoring well borings at 
SWMU 54, as described in Section 5.2 of the MWP and SOP 20.1 1 in Appendix A. At a minimum, an 
eight-inch diameter drill bit will be used. Soil samples will be collected from each boring using a split- 
barrel sampler as described in SOP 20.1 1, with the modification that the method of advancing the 
sampler will be hydraulic push rather the standard penetration test. Samples will be collected 
continuously from each well boring for the depth interval zero to ten fi bgs and at five-fi intervals 
thereafter. 

Monitoring well installation procedures and material specifications will follow SOP 20.1 in Appendix A 
with the following site-specific clarifications: 

Four-inch diameter, Schedule 40 polyvinyl chloride (PVC) well riser and screen will be used for well 
construction; 

Well screens will be continuously slotted with a 0.02-inch slot size; 

0 Granular filter pack will consist of Global #7, quark silica filter pack (effective size 90% retained 
0.0188 inch) or equivalent; a n d .  well screen will be positioned across the water table interface so 
that the top of the screen is approximately two fi above expected seasonally high groundwater levels. 

Based on existing subsurface data at SWMU 54, the depth of the proposed monitoring wells at SWMU 
54 is expected to be 30 ft bgs or less. This depth assumes that stabilized groundwater levels at the well 
location will be in the range of 15 to 22 fi bgs, as measured at existing well locations (see Table 1-2). 
Each monitoring well will be constructed with its screened interval across the soil/bedrock interface so 
that the uppermost portion of the water table is monitored; thereby, functioning as a detection monitoring 
well. The type of construction to be used for the proposed monitoring wells is shown on Figure 1-56. 
Actual depths and thickness of the well elements shown on Figure 1-56 will be dependent on the 
conditions encountered at each proposed location. 

Each monitoring well will be developed after instdlation consistent with the procedures outlined in SOP 
20.2 in Appendix A. Development at a monitoring well will be initiated no sooner than 48 hours after 
final grouting of the well has been completed. DeveloS,ment will be completed no later than seven days 
after final grouting of the well has been completed. Other appropriate SOPS that will be followed for 
drilling, monitoring well installation and well development activities are identified in Table 1-1. 

Each newly installed monitoring will be surveyed after completion to establish location coordinates and 
vertical elevation. Surveying activities will be conducted as outlined in Section 5.10 of the MWP. 
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13.2.2 Groundwater Sampling - Monitoring Wells 

The following monitoring wells at SWMU 54 will be sampled as part of this investigation: 

Existing downgradient monitoring wells 54MW2 and 54MW3 at Area A, and 54MW4 at Area B; 

New upgnhent monitoring wells 54MW5 at Area A and 54MW6 at Area B; and 

New downgradient monitoring well 54MW7 at Area B. 

Existing monitoring well 54MW1 will not be sampled as part of this investigation because the new 
upgradient monitoring well 54MW5 at Area A will replace this well in the monitaring well network. 

Static water levels will be measured at the monitoring wells at SWMU 54 (including existing monitoring 
wells 54MW1 and 54MWlA, which will not be sampled) prior to purging and sampling. Monitoring 
wells will be purged and sampled using either the Type I sampling technique (low-flow purging and 
sampling) or Type 11 sampling technique (high-flow purge and low-flow sampling), as d e s c r i i  in SOP 
30.2 in Appendix A. The method to be used at a given well will depend on its recharge characteristics, as 
the uppermost portion of the surface aquifer does not have a single discrete flow zone. Existing 
monitoring wells at Area A were noted to have low recharge rates during sampling conducted for the VI 
at SWMU 54 (Dames & Moore 1992a). In general, if the yield of a well is less than 0.5 liters per minute 
then the Type I sampling technique will be used to collect groundwater samples; otherwise, the Type 11 
sampling technique will be used. Monitoring well purging will continue until panuneters have stabilized 
as described in SOP 30.2. Other appropriate SOPS that will be followed for well sampling activities are 
identified in Table 1-1. 

Groundwater samples collected h m  SWMU 54 will be analyzed for TCL SVOCs, PAHs, explosives 
(including nitroglycerin), total and dissolved TAL Metals (including mercury), and perchlorate consistent 
with the requirements outlined in the MQAP and Section 2.0 of this WPA. Section 2.5 of this WPA 
specifies the analytical test methods to be used for this investigation. 

13.23 In Situ Water Quality Testing 

Approximately 24 hours after groundwater sampling is complete, each well tbat is sampled will be 
logged using a downhole, water quality instrument to obtain in situ values for temperature, coxpmted  
pH, oxidation-reduction potential (OR.), specific conductance, turbidity, and dissolved oxygen. SOP 
40.1 in Appendix A descnis the type of instrument that will be used. 

Well logs will be prepared presenting the profiled results. This information will be used to evaluate 
water quality changes with respect to location (upgradient, downgradient, and SWMU area) and depth 
and will be used along with other data for fate-and-transport analysis. 

13.2.4 Groundwater Sampling - Direct Push 

As indicated in Section 1.2, explosives and iron have been detected in samples that have been collected 
f h m  monitoring wells 54MW2 and 54MW3, which are located at the downgradient edge of Area A. The 
highest concentrations of explosives have been detected in samples collected from well 54MW3. In 
addition, perchlorate has been detected in the latest sample collected from w ~ t o r i n g  well 54MW3. 
Therefore, a data gap exists concerning the downgradient extent of these constituents in groundwater. 
The collection of three direct push groundwater samples is proposed downgnuhent (east) of Area A to 
address this data gap. The area of possible investigation downgradient of Area A is limited by the 

September 2002 1-104 R a d f d  Army Amnunition Plont 
MWP Mdardum No. 13. SWMU 54 



presence of the New River, which is located approximately 150 ft east of monitoring well 54MW3. - 
Thus, groundwater samples will be located to assess the extent to which these constituents may have 
migrated from Area A toward the New River via groundwater. 0 
Figure 1-55 shows the proposed locations of the three direct push groundwater samples: 

Groundwater sample 54DPW1 is proposed at a location approximately 75 ft east of monitoring well 
54MW3. This sample location is approximately one-half the distance between monitoring well 
54MW3 and the New River. 

Groundwater sample 54DPW2 is proposed at a location approximately 100 ft east of monitoring well 
54MW2. This sample location is approximately one-half the distance between monitoring well 
54MW2 and the New River. 

Groundwater sample 54DPW3 is proposed at a location approximately 50 ft east of sample 54DPW 1. 
This boring will be located as close to the rise overlooking the New River as is practical. 

The method to be used for collecting the direct push groundwater sample will be dependent on the 
conditions encountered at each boring location. Groundwater sampling methods used will follow SOP 
20.12 in Appendix A. A four-ft, Geoprobe ~acrd=ore@ sampling device will be used to collect soil 
samples continuously fiom each of the barings to the depth of encountered groundwater, as described in 
SOP 20.1 1 in Appendix A. Other appropriate SOPS that will be followed for drilling and the collection 
of groundwater samples are identified in Table 1-1. 

Groundwater samples collected from each of the direct push borings will be analyzed for explosives 
(including nitroglycerin), perchlorate, and TAL Metals (including mercury) consistent with the 
requirements outlined in the MQAP and Section 2.0 of this WPA. Section 2.4 of this WPA specifies the 
analytical methods to be used for this investigation. 

0 
1 3 3  Aquifer Testing 

133.1 Slug Testing 

Slug tests are proposed at SWMU 54 to assess the hydraulic conductivity of the screened unconfined 
aquifer at selected monitoring well locations. Slug tests will be conducted at existing monitoring well 
54MW3 and at newly installed monitoring wells 54MW5, 54MW6, and 54MW7 following the 
procedures outlined in Section 5.9.1 of the MWP and SOP 40.3 in Appendix A. Rising head tests will be 
conducted at locations where the well screen extends above the top of the water table. Falling head tests 
will be conducted at locations where the measured level of water in a well is above the top of the well 
screen. 

Slug test data will be analyzed using a computer-based, model solution appropriate for the type of 
un-ed aquifer present at SWMU 54. The specific model to be used for analysis will be selected 
after completion of the tests and a review of monitoring well data, geologic data, and test data. Hydraulic 
conductivity data generated from the slug tests will be used: 

To evaluate whether an aquifer pumping test is feasible at SWMU 54, and the type of test that should 
be conducted; and 

As input data for modeling groundwater flow and potential constituent migration at SWMU 54. 
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133.2 Aquifer Pumping Test 

Existing data fiom the VI conducted at SWMU 54 indicated apparent low well yields at Area A. This 
suggests that an aquifer-pumping test may not be an appropriate methad of aquifer characterhtion for 
the uppermost zone of groundwater flow currently being monitored, which includes the alluvial aquifer. 
Slug test data and data collected during well development and purging will be used to further evaluate 
whether an aquifer-pumping test is appropriate, specifically, whether a test can be conducted at one of 
the existing or newly proposed four-inch diameter monitoring wells located downgradient. In addition to 
the presence of a sufficient water column for pumping, the main criteria for deciding whether an aquifer- 
pumping test is appropriate will be the identification of potential zones of high conductivity in bedrock as 
revealed by: 

Calculation of a relatively high hydraulic conductivity value on the order of 1 x lo5 d s e c  or higher 
h m  the slug tests; 

A review of existing and new boring logs (lithology, fluid loss, etc.); and 

Well development and purging data that indicate sustainable pumping rates equal to or more than two 
gallons per minute. 

If it is established that a pump test is appropriate, then the test will be conducted with: 

A single pumping well consisting of one of the four-inch diameter monitoring wells located 
downgradient of Area A or B; and 

A series of observation points for monitoring changes in water levels during the test, which generally 
comprise the remaining monitoring wells. 

I n f i t i o n  fiom the slug test data, well development data, and purge data will be used to design the 
aquifer pumping test in terms of type! of test (step or constant rate), pumping rate, and duration. As 
appropriate, computer simulations will be used in the design of the test. The maximum duration of the 
test is expected to be 12 hours. If a step test is conducted, the maximum duration of a given step will be 
two hours; each step will be of equal duration. 

An electrical submersible pump with an electronic control box will be used to conduct the aquifer- 
pumping test. This pump will be placed into the pumping well a sufficient time prior to the test to allow 
for the water in the well to equilihte. Prior to beginning the aquifer-pumping test, pressure transducers 
will be used to collect baseline water-level measurements h m  each well to be monitored in the test 
(including the pumping well). These iraducers will be connected to a multichannel data logger 
capable of storing suflicient measurements for the required test. Additional baseline rmxsurements will 
be collected with an electronic water-level indicator. Water-level measurements will be collected h m  
the pumping well and observations at a logarithmically based m-t kquency, which will 
generally consist of the following: 
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Supplemental water-level measurements will be collected with an electronic water-level indicator during 
the test. An inline flow meter will be used to measure the discharge rate and volume of water pumped. 
The discharge rate will be periodically verified by the timing the discharge into a fixed volume container. 
Groundwater quality ptimmeters, including temperature, specific conductivity, oxidatidreduction 
potential, and dissolved oxygen will also be measured. Water fiom the pumping test will be discharged 
into an appropriate sized container or containers and managed as Investigation-Derived Material (DIM) 
consistent with the requirements outlined in Section 1.3.6. 

Pump Test Start 
(minutes) 

0-0.4 

0.4-1 

1-10 

10-100 
100-720 

A laptop computer will be used to view time and drawdown data during the test to evaluate the data 
curve and potential anomalies with the test. At the completion of the drawdown test, the pump will be 
shut off. Recovery measurements will be made with the pressure transducers at the same fkquency 
measured during the drawdown portion of the test. Verification measurements will also be collected with 
an electronic water-level meter. Recovery monitoring will continue for 60 minutes or less if 90 % 
recovery to the initial static water level in the pumping well is observed within 60 minutes. 

Measurement 
Frequency 

Every 0.083 minutes 

Every 0.1 66 minutes 

Every 0.2 minutes 

Every 2 minutes 
Every 5 minutes 

Downhole equipment used for the pumping test will be decontaminated prior to and PACr use following 0 the procedures outlined in SOP 80.1 in Appendix A. Field activities and data associated with the 
pumping test will be documented in the field notebook consistent with SOP 10.1 in Appendix A. Field 
data sheets will also be completed for each well monitored during the pumping test. These data sheets 
will include time and water-level measurement data obtained using the electronic water-level indicator. 

The data generated fiom the pumping test will be used to calculate: 

Estimated values for aquifer hydraulic conductivity, transmissivity, and storage; and 

Specific capacity and well yield of the pumping well. 

In addition, the degree of interconnection of monitoring wells at SWMU 54 to fractures in the bedrock 
aquifer will be evaluated. This evaluation will be conducted by analyzing the water-level responses to 
pumping at various points of observation both in space and in time. 

13.4 Fate and Transport Data Collection 

Based on data collected during the RFI, fate-and-transport analysis will be conducted at SWMU 54 to 
evaluate potential: 

Constituent-specific mobility in the subsurface; 

Leaching of constituents from soil to groundwater; and 
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Migration of dissolved phase constituents in groundwater. 

Field data will be collected at SWMU 54 to support development of model(s) for fate and transport of 
organic constituents and metals. The major elements of the field program are: 

Collection of soil samples from Areas A and B for testing of physical and geochemical parameters; 

Completion of slug tests at Areas A and B to provide estimates of hydraulic conductivity; 

The collection of relatively undisturbed soil cores from selected locations at Areas A and B for 
physical testing, column testing, and batch testing; and 

Completion of an aquifer-pumping test, if appropriate. 

Table 1-12 summarizes the proposed laboratory and field-testing programs for fate and transport data 
collection at SWMU 54. 

13.4.1 Physical Testing and Geochemical Testing of Soil Samples 

Ten soil samples collected during the soil investigation at SWMU 54 that are representative of soil types 
encountered will be tested for the following parameters by the methods in Section 2.5.4 of this WPA: 

Grain-size analysis (ASTM D-422) 

Atterberg limits (ASTM D-43 18); 

0 Soil moisture content (ASTM-22 16); 

Total organic content (ASTM D-2974); 

Soil bulk density (ASTM D-4253); 

M~~~uremen t  of hydraulic conductivity (ASTM D-5084 and D-5856); 

Soil porosity (ASTM D-854 and D-2973); 

pH (ASTM D-4972); 

Particle-size distribution (ASTM D-422); 

Cation exchange capacity (various methods). 

Three of the ten soil samples submitted far testing will be relatively undisturbed core samples to be 
collected from Areas A and B, as described in Section 1.3.4.2. Data genmted from the above tests will 
beusedto: 

Describe the physical and geochemical properties of soil types present at SWMU 54; 

Evaluate various physical and geochemical processes that govern constituent mobility and transport 
such as adsorption, absorption, ion exchange, &sorption, and dispersion; 
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Table 1 -1 2 
Summary: Proposed Fate and Transport Data Collection 

Physical/Geochemlcal Testing and Slug Testing 
SWMU 54 RCRA Facility Investlgatlorl 

Radford Army Ammunition Plant, Radford, Vlrglnla 

As 5 Arsenk 
Cr = Chromium 
Hg = Mercury 
Pb = Lead 

Description 

September 2002 

Seven Representative Sdl Samples from Soil BorlngsMlells 

Three Representative Sol1 Core Samples (Rotosonic) 

One Representative Set of Soil C m  Samples (Rotosonlc) 

Monitoring Wells 54MW2, 54MW3. MMW5,54MW6,54MW7 
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Evaluate the potential for constituent leaching h m  soil to groundwater; and 

Select appropriate input parameters for modeling of constituent leaching to groundwater and 
migration of dissolved phase constituent in groundwater. 

In addition to the testing described above, the three relatively undisturbed soil core samples will be 
submitted for additional physical and geochemical testing. The proposed testing program is described in 
the following section. 

13.4.2 Collection of Soid Cores for Laboratory Testing 

Relatively undisturbed core samples of soil will be collected at three proposed boring locations in the 
SWMU 54 area; these core samples will be collected using the rotosonic drilling technique discussed in 
Section 5.2 of the MWP (sonic drilling). This method of drilling simultaneously uses a combination of 
high-fixquency vibration and low rotational and downward forces to advance a dual-line casing in the 
boring. The dual-line casing consists of a large diameter-sampling barrel and override casing. The core 
barrel is advanced ahead of the outer casing. When the core barrel is ready to be retrieved, the outer 
casing is driven over the sample barrel to maintain hole stability. Consistent, highquality core samples 
of soil, which are relatively undisturbed, can be obtained using this method. 

Four- to eight-inch diameter core samples will be collected continuously fiom the three preliminary 
locations shown on Figure 1-55: 

Boring 54SC1 is proposed at a location within the defined limits of Area A and will be advanced to 
-k; 

O Boring 54SC2 is proposed at a location within the defined limits of Area B and wil l  be advanced to - - 
bedrock; and 

Boring 54SC3 is proposed at an intermediate point between Areas A and B and will be advanced to 
bedrock 

The final boring locations will be selected based on the results of the proposed soil sampling at Areas A 
and B. Borings will be located within areas where constituent concentrations are generally at 
background levels, but where mpresentative soil samples can be collected h m  the types of soil where 
potential leaching of constituents may be of concern. Appropriate SOPS that will be followed for drilling 
and soil core sampling are identified in Table 1-1. Core samples will be collected and handled consistent 
with the procedures descri'bed in Section 3.3 of SOP 20.1 1 in Appendix A, with reference to ASTM 
Standard Practice 4220-95 (Standard Practice for Preserving and Transporting Soil Samples). 

Representative core samples fivm the borings will be submitted for laboratory testing as described in the 
following sections. 

Column Testing - Column testing is proposed on two care samples to evaluate the sorption of lead, 
arsenic, chromium, and mercury in soil at SWMU 54. Lead is proposed for column testing based on its 
kquency of detection and obswed concentrations relative to Industrial Soil ALs. Arsenic, chromium, 
and mercury are proposed for column testing based on their fixquency of detection in soil samples. One 
column test will be conducted for lead and a second column test will be conducted for lead, arsenic, 

0 
chromium, and mercury to evaluate the potential effects of competing sites for sorption. 
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The method of column testing to be used is described in the USEPA document Understanding Variation . 
in Partition CoGcient, &, Values (1999) and will generally consist of the following steps: 

A prepared sample of soil will be packed into a column; 

Reagent h e  water will slowly be added to the column until effluent fiom the column is observed; 

At least five pore volumes of water will be added to the column and allowed to pass before the 
introduction of a solution of non-adsorbing tracer compound and target constituents; 

A pulse or step input of a solution of known concentration containing a non-adsorbing tracer and the 
target constituents will be introduced into the colurrm; 

Column effluent containing tracer and constituents will be collected into an appropriate container at 
fixed time intervals; 

Each sample of liquids recovered h m  the column effluent will be analyzed for the tracer and target 
constituents by the methods identified in Section 2.5 of this WPA; 

The tracer and constituent pulse will then be followed with a clean water flush; 

Column effluent fiom the clean water flush will be collected into appropriate containers at fixed time 
intervals; and 

Each sample of recovered liquid for the clean water flush will be analyzed by the methods identified 
in Section 2.5 of this WPA. 

The tracer data h m  the column tests will be used to calculate the velocity of pore-water and an 
estimated dispersion coefficient for the packed column. Data fiom the column tests will be used to 
calculate sorption parameters (retardation factors, distribution coefficients, etc.) for lead, arsenic, 
chromium, and mercury following the methods outlined by USEPA (1999) and Knox et al. (1993). 
Column testing results along with other RFI data (cation excbange capacity, batch testing, etc.) will be 
used to evaluate the appqniateness of using the & approach or the surface complexion approach to 
modeling transport of metals in the subsurface, based on the comparison of these two approaches in the 
context of laboratory column testing presented in Bethke and Brady (2000) 

Laboratom Batch Testing - Laboratory batch testing will be conducted on one representative core sample 
to compare with the results of column testing for lead and provide additional data on lead sorption in soil 
and confirm the results of the column testing. The batch testing will generally follow the method 
described by the USEPA (1999) and will consist of the following steps: 

Reparation of soil samples of equal mass for testing and placement of ,the samples into containers; 

Each sample will be mixed with a solution of known lead concentration; 

Samples will then be shaken and allowed'to equilibrate; 

Soil will be separated fiom the solution by centrifuging; 

Aliquots of the recovered liquids will be obtained; and 
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The aliquots of recovered liquids will be analyzed for lead. 

0 A series of f w  batch tests will be run with varying concentrations of dissolved lead to evaluate the 
effect of the constituent concentration an adsorption. ~ a t a  fiom the batch tests will be used to calculate 
sorption parameters far lead including an equilibrium partition coefficient following the methods 
outlined by USEPA (1999) and Knox et al. (1993). 

Other Testing of Core Samples - Hydraulic conductivity tests will be performed on three core samples 
using the test method(s) specified in Section 2.5.4 of this WPA. In addition to these tests, three core 
samples will be tested for the parameters listed in Section 1.3.4.1 as discussed previously. 

13.5 Topographic Survey 

A topographic field survey will be conducted at SWMU 54 to generate a topographic map with one-ft 
contours. The survey data will be referenced to RFAAP coordinate system and vertical datum and 
Virginia State Plane Coordinate System. The topographic map to be prepared far SWMU 54 will include 
the accurate placement of physical features including: 

SWMU boundaries; 

Buildings, roads, and utilities; 

Monitoring well locations and boring locations; and 

Other information that is appropriate to properly represent the RFI findings. 

0 The existing digital mapping of the Parallax (1999) studies conducted at Areas A and B of SWMU 54 
will be overlain on the topographic map on appropriate f i w s .  

13.6 Investigation-Derived Material Handling and Disposal 

Activities conducted during this investigation will comply with the relevant Occupational Safety and 
Health Administration (OSHA) and Federal regulations regarding the identification, handling, and 
disposal of hazardous and non-hazardous DM. D M  related activities at SWMU 54 will be perfirmed in 
accordance with RFAAP safety rules, protocols, and the guidelines presented in SOP 70.1 included in 
Appendix A. Specific information on D M  expected to be generated during the field activities at SWMU 
54 is presented in Table 1-13; this table includes a description of the DM, estimated quantities, proposed 
testing, and expected nature of the IDM. 
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Table 1-13 
Handling, Characterlzatlon, and D l s p a l  of Investlgatlon-Derived Materlal (IDM) 

SWMU 54 RCRA Faclllty Investlgatlon 
Radford Army Ammunltlon Plant, Radford, Vlrglnla 

M!Q& 
COPC = CarsWuent d Pc&r&l Caneern &P==Apprnxin'@~ 
IDM = ~matba~m M ~ s t a t s ~  el=eh 
TCLP = Toxldiy ChwactaMlC Leaching Rocedure 
wD=ChemicslOxypenDempnd 
SVOC = Seml+dntlk, Ogank Cfmpomd 
PPE = pasonal PmkUw Equlpmnl 

Phase 

Soll lnvestigatlon 

Groundwater Irwestigatlon 
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Matrk 

SdM 

Aq- 

Solld 

Solid 

A q m  

Aqueous 

W i d  

Aqueous 

Expected Nature of Materlal 

Non-hazardous. 
Concentram In soil cuttings 
are not expected to exceed 

regulatory llmlts. 
Non-hazardous. 

Concentrations are not 
expected to exceed regulatory 

limits. 

Same as associated Soil and 
Decontamination Water. 

Nmhazardws. 
Concentrations in cunings 
are not expo*d to 

regulatory Ilmlts. 

Non-hazardous. 
Concentratbs are not 

expected to exceed TCLP 
limits. 

Non-hazardous. 

~ ~ ~ , " ~ ~ , " ~ ~ ~ ~  
TCLP, COD. or pH limits. 

Same as assoclated Soil. 
Decontamination Water, and 

Well Deve!opmenWurge 
Water. 

Non-hazardous. 
Concentrations are not 

expected to exceed TCW 
limits. 

Materlal 

Soil Cuwngs 

Decontamination Water 

PPE, Plastic Sheetl~, 
DLsposable Sampling 

Equlpment 

Cuwngs 

Water 

-mmntand 
Purge Water 

PPE, Plastic Sheeting, 
Disposable Sampling 

Equlpment 

Pumping Test Water (id 
conducted) 

Description 

From 41 Geoprobe 
w n g s  

From Soil Drilllng 
Program 

FRxn Drilling and 
Sampling ActMUes 

From Wells 54MW5, 
54MW6' YMW8 and 

b e  ~orings 54SC1. 
54SC2, and 54SC3 

From Groundwater 
~rl l l lng program 

From 54MW2 
through MMWl 

From Groundwater 
lrwestigatlon and 

Sampling 

From Pumping Test (id 
conducted) 

Quantity 

Approx, three 55-gal 
drums 

Approx. two 55gal drums 

Approx. three 55gal 
drum 

A p p m  ten 55gaI drum 

Approx, two 55gal dms 

Approx. ltve 55gal drums 

Approx. three 55gal 
drums 

Approx. 1OOO Gallons 
(Beker Tank) 

Concern 

COPCs 

COPCs 

IDM 

COPCs 

COPCs 

COPCs 

IDM 

COpCs 

Action 

Cdlect IDM Sample for TCLP SVOCs, 
TCLP Metals. Ignitabllity, CorrosMty, 

Reactivity and Paint Filter Liquids 

Collect IDM Samples fw TCLP SVOCs, 
TCLP Metals, COD, and pH 

COnRrm Results of Assodated Tests for 
Soll and Liquid IDM 

Cdlect IDM Sample for TCW SVOCs, 
lgnltabiilly. ChosivHy, ReaaMty and 

Palnt Filter Liquids 

Cdlect IDM Samples for TCLP SVOCs. 
TCW Metals, COD, and pH 

Cdled IDM Sample for TCLP VOCs. 
TCLP SWar. TCW Metals, COD, and 

PH 

Conhn Results of Associated Tests for 
Wl and LiquM IDM 

Collect IDM Samples for TCW SVOCs, 
TCW Metals. COD, and pH 



2.0 QUALITY ASSURANCE PLAN ADDENDUM I 
2.1 INTRODUCTION 

This QAF'A establishes function-specific responsibilities and authorities to ensure data quality for 
investigative activities at R F W .  The project objectives will be met through the execution of the SOPS 
included in the MWP and appended to this document. The applicable SOPS are referenced below. 
Specific QC requirements include data DQOs, internal QC checks, and analytical procedures during 
investigative activities. This QAPA is designed to be used in conjunction with the MQAF'. Table 2-1 
provides a list of general quality assurance (QA) measures that will be implemented as specified in the 
MQAF'. 

Table 2-1 
Quality Assurance Measures Discussed in the MQAP 

SWMU 54 RCRA Facility Investigation 
Radford Army Ammunition Plant, Radford, Virginia 

Quality Assurance Measure 
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The distribution list for submittals associated with the RFI Programs at SWMU 54 is defined in the . 
current Facility Permit (USEPA 2000) and is as follows: 

At least six copies of draft documents and three copies of final plans, reports, notifications or 
other documents submitted as part of the SWMU 54 RFI are to be submitted to the Regional 
WSEPA] Administrator, and shall be sent Certified Mail, Return Receipt Requested, overnight 
mail, or handcarried to: 

Federal Facilities Branch (3HS 13) 
USEPA Region III 
1650 Arch Street 
Philadelphia, Pennsylvania 1 9 103 

In addition, one copy each of such submissions shall be sent to both: 

Commonwealth of Virginia 
Department of Environmental Quality 
Waste Division 
P.O. Box 10009 
Richmond, Virginia 23240 

And 

Commonwealth of Virginia 
Department of Environmental Quality 
West Central Regional Office 
Executive Office park, Suite D 
5338 Peters Creek Road 
Roanoke, Virginia 241 09 

2.2 PROJECT ORGANIZATION AND RESPONSIBILITIES 

2.2.1 Contractor and Subcontractor Responsibilities 

Contractor and subcontractor personnel requirements for implementing the technical, quality and health 
and safety programs are described in Section 2.1 of the MQAP. Figure 2-1 presents the identification 
and the organization of project management personnel. 
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Figure 2-1 
Project Organizational Chart 

SWMU 54 RCRA Facility Investigation 
Radford Army Ammunition Plant, Radford, Virginia 

I lames McKenna I 

John B.Tesner, P.E. , 

To be Determined m, 

I 
I I I I 

2.2.2 Key Points of Contact 

John Kearns, C.Q.A. 

Table 2-2 presents the names and points of contact for URS personnel and subcontractors. 

The Project Manager (PM) is responsible for ensuring that activities are conducted in accordance with 
contractual specifications, the Statement of Work (SOW), and approved work plans. The PM will also 
provide technical coordination with the Installation's designated counterpart. The PM is responsible for 
management of operations conducted for this project. In addition, the PM will ensure that personnel 
assigned the project, including subcontractors, will review the technical plans prior to intiation each task 
associated with the project. The PM will monitor the project budget and schedule and will ensure 
availability of necessary personnel, equipment, subcontractors, and services. The PM will participate in 
the development of the field program, evaluation of data, reporting, and the development of conclusions 
and recommendations. 

Rick W. Cole, C.E.I., C.E.M 

The QA Manager is responsible for ensuring that the QA procedures and objectives in the project- 
specific work plans are met, reviewing field and analytical data to ensure adherence to QAIQC 
procedures, and approving the quality of data prior to inclusion in associated reports. This may include 
the performance of field and laboratory audits during the investigation. In addition, the QA Manager will 
be responsible for the review, evaluation, and validation of analytical data for the project and will 
participate in interpreting and presenting analytical data. The QC Coordinator is under the technical 
guidance of the QA Manager to direct the task leaders on a day-to-day or as-needed basis to ensure the 
application of required QAIQC procedures. 

- 

' Scott McClelland, P.G. 
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Table 2-2 
Contractor and Subcontractor Key Points of Contact 

SWMU 54 RCRA Facility Investigation 
Radford Army Ammunition Plant, Radford, Virginia 

Project Manager, Rick Cole 
5540 Falrnouth Street, Suite 201 

Health and Safety Manager, Phillip Jones 
1400 Union Meeting Road, Suite 202 
Blue Bell, Pennsylvania 19422-1 972 

Quality Assurance Manager, Darren Renne 

5 0 1 Madison Avenue 

The Contract Specialist is responsible for tracking funds for labor and materials procurement and 
oversight of the financial status of the project. Responsibilities include: 

Preparation of monthly cost reports and invoices; 

Administration of equipment rental, material purchases, and inventory of supplies; 

Administration and negotiation of subcontracts and interaction with the Administrative Contracting 
Officer and Procurement Contracting Officer on contract and subcontract issues; 
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Preparation of project manpower estimates; 

a Administration of contract documents. 

The Health and Safety Manager will review and internally approve the HSPA, which will be tailored to 
the specific needs of the project in the task specific addendum. In consultation with the PM, the Health 
and Safety Manager will ensure that an adequate level of personal protection exists for anticipated 
potential hazards for field personnel. On-site health and safety will be the responsibility of the SHSO 
who will work in coordination with the PM and the project Health and Safety Manager. 

The Field Operations Leader will provide management of the field activities during the fieldwork. The 
Field Operations Leader is responsible for ensuring that technical matters pertaining to the field program 
are addressed. They will participate extensively in data interpretation, report writing, and preparation of 
deliverables, and will ensure that work is being conducted as specified in the technical plans. In addition, 
the Field Operations Leader is responsible for field QAIQC procedures, and for safety-related issues. 
Prior to initiation of field activities, the Field Operations Leader will conduct a field staff orientation and 
briefing to acquaint project personnel with the sites and assign field responsibilities 

2 3  QUALITY ASSURANCE OBJECTIVES 

QA is defined as the overall system of activities for assuring the reliability of data produced. QA 
objectives are specified for investigation, chemical, and regulatory issues associated with this project and 
are referenced in Section 2.3. QA objectives will be met through the conformance with appended SOPS. 
The system integrates the quality planning, assessment, and corrective actions of various groups in the 
organization to provide the independent QA program necessary to establish and maintain an effective 
system for collection and analysis of environmental samples and related activities. The program 
encompasses the generation of complete data with its subsequent review, validation and documentation. 

The overall QA objective is to develop and implement procedures for sample and data collection, 
shipment, evaluation, and reporting that will allow reviewers to assess whether the field and laboratory 
procedures meet the criteria and endpoints established in the DQOs. DQOs are qualitative and 
quantitative statements that outline the decision-making process and specify the data required to support 
corrective actions. DQOs specify the level of uncertainty that will be accepted in results derived from 
environmental data. The DQO process used for developing RFAAP data quality criteria and performance 
specifications for decision-making is presented in Guidance For the Data Quality Objectives Process 
(USEPA 1994) and Data Quality Objective Process for Hazardous Waste Sites (USEPA 2000). 

The DQO process is a strategic planning approach to ensure environmental data is of the appropriate 
type, quantity, and quality for decision-making. Project-specific DQOs are included in Table 2-3 for 
investigative activities. 

The DQO process consists of the seven steps specified below. 

1. State the Problem: Define the problem to focus the study. Specific activities conducted during 
this process step include (1) the identification of the planning team, (2) primary decision-maker, 
and (3) statement of the problem. 

1) The planning team consists of RFAAP, USACE, USEPA, VDEQ, the RFAAP operating 
contractor, and URS. 
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Table 2-3 
Summary of Project Data Quality Objectives 

SWMU 54 RCRA Facility Investigation 
Radford Army Ammunition Plant, Radford, Virginia 

The nature and extent of soil contamination in Area A and Area B is 
not fully understood. 
The nature and extent of groundwater contamination in SWMU 54 is 

Problem Statement not fully understood. 
Risks to Human Health and the Environment are uncertain. 

Collect soil samples for analysis of physical properties to aid in 
assessing the nature of possible routes of migration. 

Identify DecisionIStudy Evaluate nature and extent of groundwater contamination by 
collection of groundwater samples and by conducting in situ testing 
and laboratory testing to obtain site-specific values for input into 
groundwater md fate-and-transport models. 

Chemical Mobility Analysis: Soil cores for testing site-specific 
physical properties to approved off-site geotechnical laboratory. 

ent of geologic and hydrologic parameters and 

Optimize Data Design 
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2) Relative to the implementation of this Work Plan, the primary decision-maker is WAAP, in . 
consultation with USACE, USEPA, VDEQ, and URS. 

3) Assist WAAP in a) completing an evaluation of the nature and extent of former disposal 
areas at SWMU 54, including soil and groundwater, b) assessing what risk to human health 
and the environment exists at SWMU 54, and c) completing a CMS at SWMU 54 and 
obtaining regulatory closure. 

2. Identify the Decision: Define the decision statement that the study will attempt to resolve. 
Activities conducted during this step of the process involve (1) identification of the principal 
study question(s) and (2) definition of resultant alternative actions. 

1) Principal study questions include: 

Has the constituent release in Area A and Area B of SWMU 54 been fully characterized 
(nature and extent)? 

Does site contamination pose an unacceptable risk to human health or the environment? 

Have the routes of migration been l l l y  evaluated? 

Where do the constituent concentrations exceed applicable regulatory thresholds? 

Were previous IA activities successful in reducing overall risk by source removal? 

Are additional corrective measures necessary? 

2) The resultant alternative actions include: 

Recommend that the site requires no further evaluation; 

Recommend that the site warrants a possible response action; 

Recommend that additional remedial alternatives be considered. 

Identify Inputs to the Decision: Identify information inputs required to resolve the decision 
statement and which inputs require environmental measures. This step of the process includes 
identification of the data that will be required to make the decision, information source 
determination, identification of data required for study ALs, and confirmation of appropriate 
field sampling and analytical methods. 

1) Collection of soil data from SWMU 54: 

Collect discrete soil samples from continuous undisturbed cores from soil borings. 19 
systematic grid borings and three focused borings will be advanced in and around Area 
A; 12 systematic grid borings and five focused borings will be advanced in and around 
Area B. 
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Advance borings to an approximate depth of ten ft bgs in Area A. In Area B, advance 12 - 
borings to ten ft bgs and advance five borings to bedrock surface to assess stratigraphy 
and depth to bedrock. 

Collect soil samples fiom the surface and subsurface and submit for analytical laboratory 
analysis. 

Prepare boring logs fiom information gathered during core collection. 

2) Collection of groundwater data fiom SWMU 54: 

Install two monitoring wells upgradient of Area A and Area B. Construct an upgradient 
well for Area A that is closer to Area A than the existing upgradient well at Area A and 
that is appropriate for monitoring upgradient conditions. This well will be screened 
across the soilhedrock interface to monitor the uppermost portion of the water table, 
similar to the downgradient wells at Area A. Construct an upgradient well for Area B 
that is appropriate for monitoring background conditions. This well will be screened 
across the soilhedrock interface to monitor the uppermost portion of the water table 
similar to the new downgradient well for Area B. 

Install one monitoring well downgradient of Area B to provide for a second well 
downgradient of Area B. Construct well as a detection well with a screened interval 
across the soilhedrock interface similar to wells downgradient of Area A and the new 
upgradient well for Area B. This well will be located downgradient of Area B and allow 
for comparison to background and to Area A. 

Develop wells and prepare well construction diagrams for each new monitoring well. 

Collect and analyze six groundwater samples. Collect in situ water quality data. 

3) Collection of in situ field and geotechnical data from SWMU 54 to support fate and transport 
modeling: 

Collect three undisturbed, largediameter soil cores using rotosonic drilling techniques. 
Analyze cores for parameters needed to assess site-specific chemical mobility. 

Conduct slug testing on the three new monitoring wells and selected existing wells to 
evaluate aquifer characteristics. 

Submit ten soil samples for analytical and geochemical parameters needed to assess soil 
characteristics and site-specific chemical mobility. 

4) Conduct field sampling in accordance with the MWP, attached SOPS, and approved 
deviation presented herein. Following proper sample collection and handling defined herein, 
submit samples to an USACE-approved analfical laboratory for evaluation of analytes 
defined herein using USEPA SW-846 methodologies. Selected laboratory is within the CLP 
network 
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4. Define the Boundaries: Define decision statement spatial and thporal  boundaries. This step - 
specifies (1) the spatial boundary, (2) population characteristics, applicable geographic areas and 
associated homogeneous characteristics, and (3) constraints on sample collection. 

1) Physical lateral boundary of SWMU 54 has been estimated using results fiom previous 
investigations. The area estimate of Area A is 0.58 acres and Area B is 1.06 acres. These 
estimates will be firther refined within the scope of the RFI. The estimated vertical 
boundary of SWMU 54 is 20 ft in Area A and ten ft in Area B. 

2) Soil and groundwater COPCs have been identified fiom previous investigations and sample 
points are placed to collect samples representative of each SWMU area and adjacent to 
SWMU areas. Sample depths have been selected to represent surface and subsurface 
characteristics. 

3) Collection of in situ field data poses constraints. Collection of large diameter undisturbed 
core samples poses a constraint. Should the soil cores be disturbed during sample collection 
then a field decision will be made to collect additional cores. Collection of direct push 
groundwater samples may be constrained by the presence of gravel layers above bedrock 
and/or potential limited quantities of water present above bedrock. 

5. Develop a Decision Rule: Define the (1) parameters of interest, (2) action levels, and (3) 
develop a decision rule. 

1) Parameters of interest include: 

TAL Metals, Mercury, TCL SVOCs, PAHs, Explosives (including nitroglycerin), and 
DioxinfFurans. Perchlorate will be analyzed in water samples. 

Hydraulic conductivity, soil pH, moisture content, cation exchange capacity, bulk 
density, organic content, effective porosity, and grain size analysis for soil and/or 
groundwater. 

I n  situ water quality: pH-Eh, conductivity, oxidation-reduction potential, and dissolved 
oxygen. 

Depth to bedrock for soil borings in Area B. 

2) Action levels include: 

ALs for risk screening will be compared against current Soil RBCs and soil screening 
levels (SSLs) as well as the Facility-Wide Background Study. Method Detection Limits 
(MDLs) and Reporting Limits (RLs), as defined herein, will ensure that data quality is 
sufficient for intended data use. selected laboratory i s  within the CLP network and 
therefore it is assumed that sources of analytical errors are small and known. 

Bedrock is anticipated to be approximately 20 ft bgs. 

Industry standards will be applied to geotechnical laboratory test results. 
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3) Decision rules include: 

The discrete sample analytical results will be compared to cunent Soil RBCs, ALs, SSLs 
and the Facility-Wide Background Study. This will provide an indication of the 

a 
potential risk of exposure to human health or the environment. 

In situ estimates of site-specific parameters will be compared to geotechnical laboratory 
generated values. Chemical mobility estimates and fate and transport modeling will be 
calibrated to field and laboratory results, a sensitivity analysis will be conducted, and the 
assumptions will be evaluated for applicability to site-specific conditions. 

The assessment of chemical mobility and fate and transport will provide an indication of 
the potential risk that may be associated with leaching of metals fi-om soil to 
groundwater and groundwater flow from the SWMU area. 

Results of site activities will be used to update the CSM and will be used in remedial 
alternative decisions. 

6 .  Specify Acceptable Limits on Decision Errors: Specify the decision-maker's tolerable limits 
on decision errors. This step of the process includes (I) parameter range of interest, (2) decision 
errors, (3) potential parameter values and the probability tolerance for decision errors are 
identified during this phase. 

1) Quantitation Limits are established for each analyte within the suites of parameter sought. 
This will ensure that data quality is appropriate. The Contract Laboratory will provide a 
CLP-like raw data package (Level IV). Data validation will be conducted based on the MWP 
QAP, the USACE Shell Document (USACE 2001) and USEPA Region III guidance. 
Professional judgment for other geologic and hydrologic data will be used. 

a 
2) Decision errors include: 

Deciding that human health or environmental impacts exist when they do not and 
deciding that human health or environmental impacts do not exist when they actually do. 
The consequences of deciding that human health or environmental impacts do not exist 
when they do will result in liabilities associated with future damages and environmental 
clean-up costs. 

The true state when the most severe decision error occurs (human health or 
environmental impacts do not exist when they actually do) is that human health or 
environmental impacts do exist. The true state when the less severe decision error 
occurs (human health or environmental impacts exist when they do not) is that human 
health or environmental impacts do not exist. 

The null hypothesis (H,,) is: human health or environmental impacts do exist. The 
alternative hypothesis (Ha) is human health or environmental impacts do not exist. 

3) The outcome and effect of decision errors and acceptable probability will be assessed 
throughout the data collection and analysis process and will be presented in the final report. 
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7. Optimize Data Design: Identify data c~llection activities commensurate with data quality - 
specifications. This final step in the process consists of (1) reviewig DQO outputs and existing 
environmental data, (2) developing data collection design alternatives, and (3) documentation of 
operational details and estimated assumptions. 

1) DQO outputs will be reviewed based on the data collection activities; the validity of the data 
could be verified if necessary based on the review. 

2) Statistical and non-statistical sampling strategies are proposed. Biased sampling will be 
performed to verify previous results and complete site characterization. Simple grid 
sampling will be performed to assess constituent distribution and homogeneity. 

3) This WPA contains the proposed sampling program. A focused approach has been adopted to 
complete data gaps, optimize resource utilization, and minimize decision errors. Project 
documentation will be implemented in accordance with the MWP. 

2.4 SAMPLE MANAGEMENT 

Sample management objectives will be met through adherence to the sample identification procedures 
(identification convention) documentation requirements, and chain-of-custody procedures defined in the 
MWP. 

2.4.1 Number and Type 

The planned number and types of environmental samples proposed during this investigation are included 
in Tables 1-1 0 through 1-1 2. 

2.4.2 Sample Containers, Preservation, and Holding Times 

Parameter, container and preservation requirements, and holding times are identified in Table 2 4 .  

2.4.3 Sample Identification 

The sample identification number will be similar in manner with past nomenclature at SWMU 54 at 
RFAAP. The sample identification will consist of an alphanumeric designation related to the sampling 
location, media type, and sequential order according to the sampling event. The sample identification 
number will not exceed thrty-two characters for subsequent entry into Environmental Restoration 
Information System (ERE). Samples will be coded in the following order to ensure a unique 
identification. 

. . 

Site Location Code: The first character will be the site SWMU number (i.e., 54 for SWMU 54); 

SampleMedia Type: The second set of characters (two or three) will be the sample/media types. In 
this case, the characters will be DPW for direct push water, SB for soil boring, SC for soil core, and 
MW for monitoring well; 

Sampling Location Number: The next set of characters (one or two) will be the number of the 
sampling location (e.g., 3,4,5); 
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Table 2 4  
Summary of Sample Containment and Sample Presetvation Requirements 

SWMU 54 RCRA Facility Investigation 
Radford Army Ammunition Plant, Radford, Virginia 

Notes: 
= Metals and mercury sample for soil will be combined into one 500 mL bottle 

mL = milliliter 
g = gram 
HN03 = Nitric Acid 
"C = Degrees Celsius 

,, 

PARAMETER 

September 2002 
Radford Army Ammunition Plant 

MWP Addendum No. 13. SWMU 54 

SAMPLE CONTAINER 

SOLID SAMPLES 

PRESERVATION METHODS 
Quantlty 

Semivolatile Organic Compounds 

Explosives 

Metals* 

Mercury* 

Dioxinffurans 

Total Organic Carbon 

Reactivity (percent explosive material) 

HOLDING TIMES 
Type 

1 

1 

1 

SOUD WASTE CHARACTERIZATION 

TCLP SVOCs 

TCLP Metals 

Corrosivity, Paint Filter 

Reactivity (percent explosive material) 

Extraction: 7 days 
Analysis: 40 days 

Extraction: 7 days 
Analysis: 40 days 

6 months 

28 days 

Extraction: 30 days 
Analysis: 45 days 

28 days 

- 
- 

250-mL wide-mouth glass 
container, TeflonB-lined cap 

250-mL wide-mouth glass 
container, TeflonB-lined cap 

2009 polyethylene or glass 
container, Teflon@-lined cap 

500-mL polyethylene or glass 
container. Teflone-lined cap 

. . 

250-mL wide-mouth glass 
container, Teflone-lined cap 

100-mL glass container, TeflonPD- 
lined cap 
250-mL wide-mouth glass 
container, TeflonB-lined cap 

Cool to 4 r 2 "C 

Cool to 4 * 2 "C 

Coolto4 2 2 ° C  

Cool to 4 r 2 "C 

Cool to 4 2 2 "C, Dark 

C o o l t o 4 r 2 ' ~  

- 

1 

1 

AQUEOUS SAMPLES 

Leaching: 14 days 
Extraction: 7 days 

Analysis: 40 days 
Leaching: 14 days 
Analysis: 6 months 

Mercury analysis: 28 days 
Corrosivity: 7 days 
Reactivity: 7 days 

- 

250-mL wide-mouth glass 
container, Teflone-lined cap 

250-mL wide-mouth glass 
container, TeflonB-lined cap 

250-mL wide-mouth glass 
container, TeflonQ-lined cap 

250-mL wide-mouth glass 
container, TeflonB-lined cap 

Coo l to4 r2 "C  

Cool to 4 2 2 "C 

Coolto4*2"C 

- 

Cool to 4 r 2 "C 

Coo l to4 r  2°C 

HNO, to pHc2, Cool to 4 2 2 "C 

Cool to 4 2 2 "C 

Coo l to4 r2 "C  

HNO, to pH<2, Cool to 4 2 2 "C 

l - l i r ,  narrow-mouth amber 
glass, TeflonClined cap 
l-liter, namw-mouth amber 
glass, ~eflonclined cap 

l-liter, polyethylene container 

500-ml polyethylene bottle 
1 -liter, narrow-mouth amber 
glass, TeflonQ-lined cap 

l-liter, polyethylene container 

Semivolatile Organic Compounds 

Explosives 

Metals 

Perchlorate 

Dioxinffurans 

Mercury 

Extraction: 7 days 
Analysis: 40 days 

Extraction: 7 days 
Analysis: 40 days 

6 months 

28 days 

Extraction: 30 days 
Analysis: 45 days 

28 days 

1 

1 

1 



Sample Depth: Sample that represent zero to six inches bgs will be designated with an "A" after the 
boring number. Samples collected fiom intermediate depths of the boring, will be designated with a 
"B" following the boring number. Samples collected fiom above the water table or bedrock, at the 
base of the boring, will be designated with a "C"; and 

Duplicate: Duplicate samples will be identified with a " D  designation followed by a numeric 
designation corresponding to the sequence of duplicates collected (e.g., D-1). A record of the sample 
that corresponds to the duplicate will be kept in the field !ogbook. In this manner, duplicates will be 
submitted as blind duplicates, eliminating the potential for laboratory bias in analysis. 

. . Sample Identification Examples: 

1. A subsurface soil sample that collected above the termination depth of boring location four at 
SWMU 54 would be identified as sample 54SB4C (for SWMU 54, soil boring four, and "C," for 
the soils above the water table or bedrock at that location). 

2. QC samples will be identified by date (month, day, year), followed by QC sample type, and 
sequential order number at one digit. The QC sample types include: 

R = Rinse 

B=Blank; 

T=TripBlank; 

MSD = Matrix Spike; and 

MS = Matrix Spike Duplicate. 

2.4.4 Documentation 

Documentation will follow SOPS 10.1 and 10.2 in Appendix A and Section 9.8 of the MQAP. 

2.5 ANALYTICAL PROCEDURES 

~ o m ~ u ~ h e r n  Laboratory, Inc., will perform off-site analyhcal activities. Anzlytical methods to be used 
and associated MDLs and RLs are identified in Table 2-5 through 2-1 1. Laboratory analysis will be in 
accordance with USEPA SW 846 approved methods for the analysis of the following: 

TAL Metals (including mercury); 

TCLSVOCs; 

TCL Pesticides; 

TCLPCBs; 
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Table 2-6 
Summary of Analyte Method Detection Llmlts, Reportlng Llmlts, and Rlsk Screenlng Cllterla for 

TAL Metals (USEPA Method 7000 Series) Soil and Water Samples 
SWMU 54 RCRA Facility Investigation 

Radford Army Ammunltlon Plant, Radford, Virginia 

Notes: 
CAS = Chemical Abstract Service 
Method Detection and Reporting Umits provided by CompuChem 
MDL = Method Detection Umlt 
mgkg = milltgram per kilogram 
pg/L = microgram per liter 
USEPA = U.S. Environmental Protedlon Agency 
USEPA Region Ill Risk-Based Concentration (RBC) values from the April 4,2002 RBC Table 
C/N = Carcinogenic or Noncarcinogenic status 
MCL = Maxlmum Contaminant Level 

C = Carcinogenic 
CI = Carclncgen with a hazard quotient of 0.1; see USEPA Region Ill guidance 
N = Noncarcincgenlc 
Adjusted RBCs = a Hazard Quotient (HQ) of 0.1 applied to noncarcinogens 
TAL = Target Analyte Ust 
(1) = Chromium MCL Is for totel 
(2) = Lead criteria are Action Levels: see USEPA Region ill guidance 
(3) = Mercurlc chloride soil RBC value used 
- = No Criteria available 

September 2002 
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Summary by Analyte Method Detection Limits, Reporting Limits, and Risk Screening Criteria for 
TCL SVOCs (USEPA Method 82708) Soil and Water Samples 

SWMU 54 RCRA Facility Investigation 
Radford Army Ammunition Plant, Radford, Virginia 

September 2002 
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Table 2-6 (Continued) 
Summary by Analyte Method Detection Limits, Reporting Limits, and Risk Screening Criteria for 

TCL SVOCs (USEPA Method 82708) Soil and Water Samples 
SWMU 54 RCRA Facility Investigation 

Radford Army Ammunition Plant, Radford, Virginia 

Notes: 
CAS = Chemical Abstrad Servlce 
Method Defection and Reporting Umlts provided by CompuChem 
MDL = Method Detedlon Umlt 
mg/kg = milligram per Miogram 
pg/L = miaogram per liter 
USEPA = U.S. Environmental Proledion Agency 
USEPA Region Ill Rlsk-Based Concentratlon (RBC) values from the Aprl14.2002 RBC Table 
- = No RBC available 

TCLSMCs = Target Compound List Semlvolatile Compounds 
CIN = Carclnogenlc or Norrcarcinogenlc status 
C = Cardnogenic 
CI = Cardnogen with a hazard quotlent of 0.1; see USEPA Region Ill guldance 
N = Noncardnogenlo 
Adjusted RBCa = a Hazard Quotlent (HQ) of 0.1 applied to non-carcinogens 
MCL = Maxlmum Contamlnent Level 
(1) = the RBC for pyrene was used for these wmpounds 

Radford Army Animunition Plant 
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Table 2-7 
Summary of Method Detection Limits, Reporting LimAs, and Risk-Screening Criteria for 

PAHa (USEPA Method 8310) Soil and Water Samples 
SWMU 54 RCRA Facllity Investigation 

Radford Anny Ammunition Plant, Radford, VA 

Notes: 
CAS = Chemical Abstract Selvlce 
Method Detection and Reporting L i d s  proyided by CornpuChem 
MDL = Method Detection L i d  
mglkg = milligram per kilogram 
pgR = microgram per liter 
USEPA = U.S. Environmental Protection Agency 
USEPA Region Ill Risk-Based Concentration (RBC) values from the April 4,2002 RBC Table 
Cfl: Carcinogenic or Non-carcinogenic status 

C = Carcinogenic 
CI = Carcinogen with a hazard quotient of 0.1; see USEPA Region Ill guidance 
N = Noncarcinogenic 
Adjusted RBCs = a Hazard Quotient (HQ) of 0.1 applied to non-carcinogens 
-- = No Criteria available 
MCL = Maximum Contaminant Level 
PAH = Polynuclear aromatic hydrmarbon 
(1) = the RBC for pyrene was used for these compounds 

Radford Army Ammuni t ion  Plant 
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Table 2-8 
Summary of Analyte Method Detectlon Llmlts, Repofling Limits, and Risk Screening Crlterla for 

~ 1 0 s i v e S  (by USEPA Methods 8330 and 8332) Soll and Water Samples 
SWMU 54 RCRA Facility lnvestlgatlon 

Radford Army Ammunltlon Plant 

Compounda by Method 8330 

1,3,5Trinitrobenzene 

1,SDinitrobenzene 

Notes: 
CAS = Chemlcal Abstract Service 
Method Detectlon and Reportlng Limns provided by CompuChem 
MDL = Method Detectlon Umii 
mgmg = milligram per kilogram 
pg/L = mlcrogram per liter 
USEPA = U.S. Environmental Protectlon Agency 
USEPA Region Ill Rik-Based Concentratlon (RBC) values from the April 4, 2002 RBC Table 
C/N = Carclnogenlc or Noncarcinogenic status 

Compound by Method 8332 

Nitroglycerin 

C = Carclnogenic 
CI = Carcinogen wiih a hazard quotient of 0.1; see USEPA Region I11 guidance 
N = Noncarclnogenlc 
Adjusted RBCs = a Hazard Quotient (HQ) of 0.1 applied to noncarclnogens 
- = No RBC available 
MCL = Maxlmum Contaminant Level 

CAS 
Number 

99-35-4 

99-65-0 

55830 1 1.99 1 10 1 20.0 1 80 - I C I 4.8E+00 1 4.8E+00 4.1E+02 I 4.1E+02 I 4.6E+01 I 4.6E+01 
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Laboratory-SpecHlc Method Detectlon and 
ReportlngUmRa 

USEPA MCLa 

pglL 
- 
- 

Sol1 

USEPA Reglon Ill Rlak-Based Concentratlons 

MDL 

mgkg 

0.18 

0.13 

Water 

C/N 

N 

N 

deporting 
Umit 

mgkg 

1 .O 

1 .O 

MDL 

P ~ / L  

1.03 

1.04 

Reporting 
Umlt 

PglL 

3.0 

3.0 

Tap water 
RBC 

pglL 

1.1E+03 

3.7E+00 

Adjusted 
Tap Water 

RBC 

pg/L 

l.lE+02 

3.7E-01 

Soll RBC 
(Industrial) 

mglkg 

6.1€+04 

2.OE+M 

Adjusted 
Sol1 RBC 

(Industrial) 

mglkg 

6.1E+03 

2.OE+01 

Sol1 RBC 
(Resldentlal) 

~ / k g  

2.3E+03 

7.8E+00 

Adjusted Sol1 
RBC 

(Resldentlal) 

mglkg 

2.3E+02 

7.8E-01 



Table 2-9 
Summary of Analyte Method Detection Limits, Reporting Limits, and Risk Screening Criteria for 

DioxinsIFurans (USEPA Method 8290) Soil and Water Samples 
SWMU 54 RCRA Facility Investigation 

Radford Army Ammunition Plant, Radford, Virginia 

Notes: 
CAS = Chemical Absbact Service pg/g = picogram per gram 
Method Detection and Reporting Limb provided by Triangle Laboratolies ppq = parts per quadrillion 

MDL = Method Detection Limit pg/L = picogram per liter 

USEPA = US. Environmental Protection Agency C/N = Carcinogenic or Non-carcinogenic status 
USEPA Region Ill Risk-Based Concentratlon (RBC) values from the April 4,2002 RBC Table C = Cancinogenlc 
MCL = Maximum Contaminant Level - = No Criteria Available 

September 2002 
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Summaw of Analyte Method Detection Limits, Reporting Limits, and Risk Screening Criteria for 
TCL Pesticides (by EPA Method 8081A) Soil and Water Samples 

SWMU 54 RCRA Facility Investigation 
Radford Army Ammuniton Plant, Radford, Virginia 

Notes: 
CAS = Chemlcal Abstract Senrlce C/N = Carclnogenic or Noncarclnogenlc status 
Method Detection and Reporting Urnits provlded by CompuChem C = Carclnogenlc 
MDL = Method Detection Umit C1 = Carcinogen with a hazard quotient of 0.1; see USEPA Region Ill guldance 

mghg = milligram per kilogram N = Non-carcinogenic 
pgA = microgram per liter Adjusted RBCs = a Hazard Quotient (HQ) of 0.1 applied to noncarclnogens 
-- = RBC not available (1) = Chlordane value Is for sum of Isomers 
USEPA = U.S. Environmental Protection Agency TCL = Target Compound Ust 
USEPA Reglon Ill Risk-Based Concentration (RBC) values from the April 4,2002 RBC Table 

Compound 

4,4'-DDD 
4,4'-DDE 
4,4'-DDT 

September 2002 
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gammaChlordane 

CAS Number 

72-54-8 
72-55-9 
50-29-3 

Laboratory-Specific Method Detection and USEPA Region Ill Risk Based Concentrations 

C/N 
C 
C 
C 

Soil 

MDL 
mglkg 
1.2E-03 
7.8E-04 
1.1E-03 

Water 
Soil RBC 

(Industrial) 
mglkg 
2.4E+01 
1.7E+01 
1.7E+01 

Reporting 
Limit 

mgFg 
3.3E-03 
1.7E-03 
5.OE-03 

, 
MDL 
pgR 
0.025 
0.014 
0.017 

Reporting 
Limit 

pgIL 
0.10 
0.050 
0.15 

Adjusted Soil 
RBC 

(Industrial) 
mglkg 

2.4E+01 
1.7E+01 
1.7E+01 

Soil RBC 
(Residential) 

mglkg 
2.7E+00 
1.9E+00 
1.9E+00 

Adjusted Soil 
RBC 

(Residential) 
mglkg 

2.7E+00 
1.9E+00 
1.9E+00 



a 
Table 2-1 1 

Summary of Analyte Method Detection Limits, Reporting Limits, and Risk Screening Criteria for 
PCBs (USEPA Method 8082) and Perchlorate (USEPA Method 314.0) 

Soil and Water Samples 
SWMU 54 RCRA Facility Investigation 

Radford Army Ammuniton Plant, Radford, Virginia 

Compound 

Aroclor 101 6 

Notes: 
CAS = Chemical Abstract Service C/N = Carcinogenic or Noncarcinogenic status 
Method Detection and Reporting Limits provided by CompuChem C = Carcinogenic 
MDL = Method Detection Limit N = Non-carcinogenic 
mgkg = milligram per kilogram CI = Carcinogen with a hazard quotient of 0.1; see USEPA Region Ill guidance 
pg/L = microgram per liter Adjusted RBCs = a Hazard Quotient (HQ) of 0.1 applied to non-carcinogens 

USEPA = U.S. Environmental Protection Agency n/a = Not applicable 
USEPA Region Ill Risk-Based Concentration (RBC) values from the April 4,2002 RBC Table 

Perchlorate 

September 2002 
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Laboratory-Specific Method Detection and 
Reporting Limits USEPA Region Ill Risk Based Concentrations 

C/N 
CI 

Soil 

MDL 

mglkg 
1.4E-02 

Water 
Soil RBC 

(Industrial) 
mglkg 

8.2E+01 

Reporting 
Limit 

mg/kg 
6.3E-02 

MDL 
pg/L 
0.51 0 

Reporting 
Limit 

pglL 
2.0 

Adjusted Soil 
RBC 

(Industrial) 
mglkg 

8.2E+01 
C/N 
N 

Soil RBC 
(Residential) 

mg/kg 
5.5E+00 

Adjusted Soil 
RBC 

(Residential) 

mglkg 
5.5E-01 



Perchlorate (aqueous); 

Explosives (including nitroglycerin); and 

Note that Triangle Laboratories will perform analysis of dioxin/furans. 

Samples of IDM (decontamination water and soil) will be characterized for disposal purposes by 
analyzing for, the following: 

TCLP SVOCs; 

Ignitability; 

Corrosivity; 

Reactivity; and 

Paint Filter Test (solids). 

2.5.1 Organics 

The following techniques will be used for determination of organic constituents. 

2.5.1.1 Semivolatiles by SW8270C 

The samples are prepared for analysis by gas chromatography/mass spectrometry (GCMS) using SW846 
Test Method 3520C for aqueous media and Test Method 3540C for solid media, or other appropriate 
methods. If necessary, sample cleanup procedures will be used (refer to Method 3600 series). The 
semivolatile compounds are introduced into the GCMS by injecting the_ sample extract into a gas 
chromatograph with a narrow-bore fused-silica capillary column. 

The GC column is temperature-programmed to separate the analytes, which are then identified with a 
mass spectrometer, connected to the gas chromatograph. Analytes eluted from the capillary column are 
introduced into the mass spectrometer via a jet separator or a direct connection. Identification of target 
analytes is accomplished by comparing their mass spectra with the electron impact (or electron impact- 
like) spectra of authentic standards. Quantitation is accomplished by comparing the response of a major 
(quantitation) ion relative to an internal standard using a five-point calibration curve. 

2.5.1.2 Dioxin and Furans by SW8290 

Method 8290 provides procedures for the identification and quantitative measurement of polychlorinated 
dibenzo-pdioxins (tetra- though octa-chlorinated homologues; PCDDs) and polychlorinated 
dibenzofurans (tetra- though octa-chlorinated homologues; PCDFs) in a variety of environmental 
matrices and at part-per-trillion (ppt) to part-perquadrillion (ppq) concentrations. A specified amount of 
sample is spiked with a solution containing specified amounts of each of the nine isotopically (13c13 
labeled PCDDsPCDFs. The sample is then extracted according to a matrix-specific extraction 
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The samples are prepared for anaiysis by high-resolution gas chromatography/high-resolution mass . 

spectrometry @RGC/HRMS) using the matri specific extraction (refer to Method 8290) and analyte 
specific cleanup procedures (refer to Method 8290). A high-resolution capillary column (60 m DB-5, 
J&W Scientific, or equivalent) is used in this method. However, no single column is known to resolve 
isomers. In order to establish the concentration of the 2,3,7,8-TCDF (if detected on the DB-5 column), 
the sample extract must be reanalyzed on a column capable of 2,3,7,8-TCDF isomer specificity (e.g., DB- 
225, SP-2330, SP-233 1, or equivalent). Quantitation of the individual congeners, total PCDDs and total 
PCDFs is achieved in conjunction with the establishment of a multipoint (five points) calibration curve 
for each homologue, during which each calibration solution is analyzed once. The identification of 
OCDD and nine of the fifteen 2,3,7,8- substituted congeners, for which a 13C-labeled standard is 
available in the sample fortification and recovery standard solutions, is based on their elution at their 
exact retention time (within 0.005 retention time units measured in the routine calibration) and 
simultaneous detection of the two most abundant ions in the molecular ion region. The remaining six 
2,3,7,8-substituted congeners ( e .  2,3,4,7,8-PeCDF; 1,2,3,4,7,8-HxCDD; 1,2,3,6,7,8-HxCDF; 
1,2,3,7,8,9-HxCDF; 2,3,4,6,7,8-HxCDF, and 1,2,3,4,7,8,9-HpCDF), for which no carbon-labeled internal 
standards are available in the sample fortification solution, and other identified PCDDPCDF congeners 
are identified by their relative retention times fkom the routine calibration data, and the simultaneous 
detection of the two most abundant ions in the molecular ion region. The identification of OCDF is 
based on its retention time relative to "C~~-OCDD and the simultaneous detection of the two most 
abundant ions in the molecular ion region. Confirmation is based on a comparison of the ratios of the 
integrated ion abundance of the molecular ion species to their theoretical abundance ratios. A calculation 
of the toxicity equivalent concentration (TEQ) of each sample is made using international consensus 
toxicity equivalence factors (TEFs), and the TEQ is used to establish if the concentrations of target 
compounds in the sample are high enough to warrant confmtion of the results on a second GC column. 

2.5.1.3 Polynuclear Aromatic Hydrocarbons by SW8310 

Method 83 10 provides high performance liquid chromatographic (HPLC) conditions for the detection of 
part per billion (ppb) levels of certain polynuclear aromatic hydrocarbons (PAHs) in water, soil and 
sediment matrix. Aqueous samples are extracted at neutral pH with methylene chloride using Method 
3520C (continuous liquid-liquid extractor), or other appropriate method. Solid samples are extracted 
using Method 3540C (Soxhlet), or other appropriate technique. Prior to HPLC analysis, the extraction 
solvent must be exchanged to acetonitrile. To achieve maximum sensitivity with this method, the extract 
must be concentrated to one milliliter. If interferences prevent proper detection of the analytes of 
interest, the method may also be performed on extracts that have undergone cleanup using silica gel 
column cleanup (Method 3630). A five to 25-pL aliquot of the extract is injected into an HPLC, and 
compounds in the effluent are detected by ultraviolet (UV) and fluorescence detectors. 

2.5.1.4 Pesticides by SW808lA 

A measured volume or weight of sample (approximately one liter for liquids, two grams to 30 grams for 
solids) is extracted using the appropriate matrix-specific sample extraction technique. Liquid samples 
are extracted at neutral pH with methylene chloride using Method 3520C (continuous liquid-liquid 
extractor), or other appropriate technique. Solid samples are using Method 3540C (Soxhlet) or other 
appropriate technique. A variety of cleanup steps may be applied to the extract, depending on the nature 
of the matrix interferences and the target analytes. Suggested cleanups include alumina (Method 3610), 
Florisil (Method 3620), silica gel (Method 3630), gel permeation chromatography (Method 3640), and 
sulfur (Method 3660). After cleanup, the extract is analyzed by injecting a one pL sample into a gas 
chromatograph with a narrow- or wide-bore fbsed silica capillary column and electron capture detector 
(GCECD) or an electrolytic conductivity detector (GCIELCD). 
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2.5.1.5 PCBs by SW8082 

A measured volume or weight of sample (approximately one liter for liquids, two grams to 30 grams for 
solids) is extracted using the appropriate matrix-specific sample extraction technique. Aqueous samples 
are extracted at neutral pH Method 3520C (continuous liquid-liquid extractor), or other appropriate 
technique. Solid samples are extracted Method 3540C (Soxhlet) or other appropriate technique. Extracts 
for PCB analysis may be subjected to a sulfuric acidlpotassiurn perrnanganate cleanup (Method 3665) 
designed specifically for these analytes. This cleanup technique will remove (destroy) many single 
component organochlorine or organophosphate pesticides. Therefore, Method 8082 is not applicable to 
the analysis of those compounds. Instead, use Method 8081. After cleanup, the extract is analyzed by 
injecting a two pL aliquot into a gas chromatograph with a narrow- or wide-bore fbsed silica capillary 
column and ECD. The chromatographic data may be used to identify the seven Aroclors in Table 2.11, 
individual PCB congeners, or total PCBs. 

2.5.1.6 Explosives by SW8330 and SW8332 

Method 8330 and 8332 provide HPLC conditions for the detection of ppb levels of certain explosives 
residues in water, soil and sediment matrix. Prior to use of these methods, appropriate sample 
preparation techniques must be used. Two sample preparation techniques are available. 

(1) Low-Level, Salting+ut Method with No Evaporation: Aqueous samples of low concentration are 
extracted by a salting+ut extraction procedure with acetonitrile and sodium chloride. The small 
volume of acetonitrile that remains un-dissolved above the salt water is drawn off and transferred to a 
smaller volumetric flask. It is backextracted by vigorous stimng with a specific volume of salt 
water. After equilibration, the phases are allowed to separate and the small volume of acetonitrile 

a residing in the narrow neck of the volumetric flask is removed using a Pasteur pipette. The 
concentrated extract is diluted 1:l with reagent grade water. An aliquot is separated on a C-18 
reverse phase column, identified at 254 nanometer (nm), and confirmed on a CN reverse phase 
column. 

(2) High-level Direct Injection Method: Aqueous samples of higher concentration can be diluted 111 
(vlv) with methanol or acetonitrile, filtered, separated on a C-18 reverse phase column, identified at 
254 nm, and confirmed on a CN reverse phase column. If HMX is an important target analyte, 
methanol is preferred. Soil and sediment samples are extracted using acetonitrile in an ultrasonic 
bath, filtered and~hromatographed as described above. 

2.5.2 Inorganics 

The following techniques will be used for determination of inorganic constituents. 

2.5.2.1 Metals by Inductively Coupled Plasma 

Prior to analysis, samples are prepared by Method 3010A for aqueous media and Method 3050B for solid 
media, or other appropriate methods. When analyzing groundwater samples for dissolved constituents, 
acid digestion is not necessary if the samples are filtered and acid preserved prior to analysis. This 
method describes multielemental determinations by Inductively Coupled Plasma (ICP)-Atomic Emission 
Spectroscopy (AES) using sequential or simultaneous optical systems and axial or radial viewing of the 
plasma. The instrument measures characteristic emission spectra by optical spectrometry. Samples are 
nebulized and the resulting aerosol is transported to the plasma torch. Element-specific emission spectra 
are produced by radio frequency inductively coupled plasma. The spectra are dispersed by a grating 
spectrometer, and photosensitive devices monitor the intensities of the emission lines. 
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Background correction is required for trace dement determination. Background must be measured . 

adjacent to analyte lines on samples during analysis. The position selected for the background-intensity 
measurement, on either or both sides of the analyhcal line, will be selected by the complexity of the 
spectrum adjacent to the analyte line. In one mode of analysis the position used should be as free as 
possible from spectral interference and should reflect the same change in background intensity as occurs 
at the analyte wavelength measured. Background correction is not required in cases of line broadening 
where a background correction measurement would actually degrade the analyhcal result. The 
possibility of additional interferences should also be recognized and appropriate corrections made; tests 
for their presence are described in Section 8.5 of the test method. Alternatively, users may choose 
multivariate calibration methods. In this case, point selections for background correction are superfluous 
since whole spectral regions are processed. 

2.5.2.2 Mercury by SW7470 (aqueous samples) and SW7471 (soiYsolid samples) 

Prior to analysis, the liquid, solid, or semi-solid samples must be prepared according to the procedure 
discussed in the method. Methods 7470 and 7471, cold-vapor atomic absorption techniques are based on 
the absorption of radiation at 253.7 nrn, by mercury vapor. The mercury is reduced to the elemental state 
and aerated from solution in a closed system. The mercury vapor passes through a cell positioned in the 
light path of a n  atomic absorption spectrophotometer. Absorbance (peak height) is measured as a 
function of mercury concentration. 

2.5.23 Perchlorate by USEPA 314.0 

This method covers the identification of perchlorate in reagent water, surface water, ground water, and 
finished drinking water using ion chromatograph. A one-milliliter volume of sample is introduced into 
an ion chromatograph. The exact volume is not critical since standard and samples will be used the same 
sample loop. However, the volume should be verified to be within 5% of this volume be weighing the 
sample loop empty, filling the loop with deionized water and re-weighing the loop. Perchlorate is 
separated and measured, using a system composed of an ion chromatographic pump, sample injection 
valve, guard column, analytical column, suppressor device, and conductivity detector. Reagent solutions, 
samples, and laboratory blanks must be filtered through no larger than a 0.45-micrometer nominal pore 
size membrane to remove particulate and prevent damage to the instrument, columns, and flow systems. 

Sample matrices with high concentrations of common anions such as chloride, sulfate, and carbonate can 
make the analysis problematic by destabilizing the baseline in the retention time window for perchlorate. 
This is evidenced by observing a protracted tailing following the initial elution of the more weakly 
retained anion (chloride, sulfate, and carbonate) that extends into the perchlorate retention. time window. 
These common anion levels can be indirectly assessed by monitoring the conductivity of the matrix. 
Consequently, sample matrices must be monitored for conductivity prior to analysis. When the 
laboratory Matrix Conductivity Threshold (MCT) is exceeded, procedures incorporating sample dilution 
andor pretreatment must be performed. 

2.5.3 Waste Samples 

2.53.1 TCLP Extraction 

For liquid wastes (i.e., those containing less than 0.5% dry solid material), the waste, after filtration 
through a 0.6 to 0.8 micrometer glass fiber filter, is defined as the TCLP extract. For wastes containing 
greater than or equal to 0.5% solids, the liquid is separated from the solid phase and stored for later 
analysis; the particle size of the solid phase is reduced, if necessary. The solid phase is extracted with an 
amount of extraction fluid equal to 20 times the weight of the solid phase. The extraction fluid employed 
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is a function of the alkalinity of the solid phase of the waste. A special extractor vessel is used when - 
testing for volatile analytes. Following extraction, the liquid extract is separated from the solid phase by 
filtration through a 0.6 to 0.8 micrometer glass fiber filter. If compatible (i.e., multiple phases will not 
form on combination), the initial liquid phase of the waste is added to the liquid extract, and these are 
analyzed together. If incompatible, the liquids are analyzed separately and the results are mathematically 
combined to yield a volume-weighted average concentration. Extracts are analyzed using the analytical 
methods described above. 

2.53.2 Ignitability 

For liquid wastes, the sample is heated at a slow, constant rate with continual stirring. A small flame is 
directed into the cup at regular intervals with simultaneous interruption of stirring. The flash point is the 
lowest temperature at which application of the test flame ignites the vapor above the sample. For solid 
wastes, in a preliminary test, the test material is formed into an unbroken strip or powder train 250 
millimeters in length. An ignition source is applied to one end of the test material to learn whether 
combustion will propagate along 200 millimeters of the strip within a specified time. Materials that 
propagate burning along a 200-millimeter strip within the specified time are then subjected to a burning 
rate test. Materials that do not ignite or propagate combustion as described above do not require M e r  
testing. In the burning rate test, the burning time is measured over a distance of 100 millimeters and the 
rate of burning is calculated. The test method described here is based on the test procedure adopted by 
the U.S. Department of Transportation fiom the United Nations regulations for the international 
transportation of dangerous goods and is contained in Appendix E to 49 CFR 173. 

2.533 Corrosivity 

The corrosivity of a sample will be based on its pH. The pH of a liquid sample is either ascertained 
electrometrically using a glass electrode in combination with a reference potential or a combination 
electrode. The measuring device is calibrated using a series of standard solutions of known pH. For 
soil/solid waste samples, the sample is mixed with reagent water, and the pH of the resulting aqueous 
solution is measured. The same procedure is used for pH determination of water and sol samples. 

2.53.4 Reactivity . . 

An aliquot of acid is added to a fmed weight of waste in a closed system. The generated gas is swept into 
a scrubber. The analyte is quantitated for cyanide and sulfide as follows. (1) In the colorimetric 
measurement, the cyanide is converted to cyanogen chloride CNCI) by reaction of cyanide with 
chloramine-T at a pH less than eight. After the reaction is complete, color is formed on the addition of 
pyridine-barbituric acid reagent. The absorbence is read at 578 rn for the complex formed with 
pyridine-barbituric acid reagent and CNCI. To obtain colors of comparable intensity, it is essential to 
have the same salt content in both the sample and the standards. The titration measurement uses a 
standard solution of silver nitrate to titrate cyanide in the presence of a silver sensitive indicator. (2) 
Sulfide is extracted from the sample by a preliminary distillation procedure and precipitated in a zinc 
acetate scrubber as zinc sulfide. The sulfide is oxidized to sulfur by adding a known excess amount of 
iodine. The excess iodine is quantified by titration with a standard solution of phenyl arsine oxide (PAO) 
or sodium thiosulfate until the blue iodine starch complex disappears. As the use of standard sulfide 
solutions is not possible because of oxidative degradation, quantitation is based on the PA0 or sodium 
thiosulfate. 
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2.5.4 PhysicdGeotechnical Analysis 

As discussed in Section 1.3.4.1, four soil samples will be collected for analysis of physicaVgeotechnica1 
parameters. A USACE or other approved laboratory will conduct analysis. Analysis will be conducted 
for: 

Grain-size analysis (ASTM D422) 

Atterberg limits (ASTM D 4 3  18); 

Soil moisture content (ASTM-22 16); 

Total organic content (ASTM D-2974); 

Soil bulk density (ASTM D4253); 

Measurement of hydraulic conductivity (ASTM D-5084 and D-5856); 

Soil porosity (ASTM D-854 and D-2973); 

pH (ASTM D4972); 

Particle-size distribution (ASTM D422); 

Cation exchange capacity (various methods) 

2.6 INTERNAL QUALITY CONTROL CHECK 

Internal QC components that will be used by URS during operations at RFAAP are presented in Section 
8.0 of the MQAP. The internal quality components include the field QC samples and the laboratory QC 
elements to be followed. 

'2.7 DATA COLLECTION AND VALIDATION 

A USACE-approved analytical laboratory will conduct analyses. Level IV CLP-like raw data will be 
provided along with the Form 1. Data validation will be conducted based on the MQAP (Section 9.5), 
the USACE Shell Document, and USEPA Region ID guidance. 

URS will direct the overall data management. Data activity for the sampling program will be divided 
between URS and CompuChem Laboratories. Each firm has the equipment needed to perform the 
required data management functions. The laboratory will perform data entry and manipulation 
operations associated with the analysis of raw analytrcal data and provisions of chemical analysis results 
by sampling location. These data will be transmitted to URS for evaluation and interpretation. URS will 
also code and review boring logs and sample location maps. 
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3.1 INTRODUCTION 

This site-specific HSPA was developed to provide the requirements for protection of site personnel, 
including government employees, URS, regulators, subcontractors, and visitors expected to be involved 
with soil boring advancement and sampling. 

This HSPA addresses project-specific hazards identified in Section 3.2.2 including physical hazards, 
biological hazards, and chemical hazards. This HSPA addresses site-specific training, PPE, and air 
monitoring requirements. General health and safety issues that are also applicable to this scope of work 
are addressed in Volume III of the MWP, as shown in Table 3-1. 

Table 3-1 
Health and Safety Issues Discussed in the MIPSP 

SWMU 54 RCRA Facility Investigation 
Radford Army Ammunition Plant, Radford, Virginia 

URS and subcontractor personnel performing field activities and site visitors will read this HSPA and 
will be required to follow its protocols as minimum standards. This HSPA is written for the site-specific 
conditions at SWMU 54 and must be amended if conditions change. A copy of this HSPA will be 
available at each work site. 

The contractor will provide a safe work environment for personnel involved in RFAAP investigative 
activities. The contractor will emphasize the importance of prevention of personnel injury and illness at 
the work site. 

3.2 TRAINING PLAN 

Training will be used to review topics outlined in this HSPA and to inform URS and subcontractor 
personnel of the hazards and control techniques associated with work locations. 
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Site personnel will be informed of the specific personal protective equipment that will be worn during - 
field activities. This includes at a minimum steel-toed boots, safety glasses with side shields, gloves, and 
hardhat. Each field person will also have a respirator at the site, in the event that an emergency occurs 
and a respirator is necessary for site evacuation, or if the use of a respirator is necessary based on air 
monitoring results. Prior to beginning fieldwork, staff will be required to review the manual, Safety, 
Security and Environmental Rules for Contractors and Subcontractors (ATK 2000). Additional training, 
which will be conducted during daily safety "tailgate" meetings, will include emergency and evacuation 
procedures, general safety rules, and use of automobiles. Written documentation of safety briefings will 
be kept at the site. 

3.2.1 Hazard Information Training 

Hazard information training will be presented to URS and subcontractor that will include, as a minimum, 
a description of the Hazardous, Toxic, Radioactive Waste (HTRW) that may be found at SWMU 54. 
Training will also be provided on the potential biological, chemical, and physical hazards to be found at 
the Installation. This training will be conducted by the URS SSHO based on information provided by the 
operating contractor. 

3.2.2 Project-Specific Hazard Analysis 

The following hazards must be recognized and controlled during applicable investigative activities: 

(1) Physical Hazards 

• Cold stress - refer to Section 3.2.2 of the MHSP; 

• Manual lifting - refer to Section 3.2.4of the MHSP; 
.. - 

• Slips, trips and falls associated with walking through heavily vegetated areas - refer to 
Section 6.1.1 of the MHSP; 

• Heavy equipment - refer to Section 6.1.2.1 of the MHSP; and 

a Manufacturing Area - overhead power lines. 

Biological Hazards (refer to Section 3.3 of the MHSP) 

• Insect bites and stings; 

• Tick bites; 

• Snake bites; and 

• Plants. 

Chemical Hazards 

a Potential exposure to carcinogenic chemicals; and 
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e Potential exposure to dangerous fumes in case of a nearby release or spill of acids, . 
resulting in the creation of a fume cloud. 

3.2.3 Hearing Conservation 

Site personnel involved in heavy equipment operation in addition to other operations involving exposure 
to noise levels exceeding 85 decibels on the A-weighted scale (&A) eight-hour time-weighted average 
(TWA) shall be trained according to 29 CFR 1910.95. This training shall address the effects of noise on 
hearing, the purpose, advantages, disadvantages, and selection of hearing protection devices, and the 
purpose and explanation of Audiometric test procedures. 

During site field work involving drilling, geoprobing, or other work where the potential exists to 
encounter noise at levels exceeding 85 dI3A eight-hour TWA, field personnel will be required to wear 
either ear plugs or ear muff hearing protection. 

3.2.4 Hazard Communication Training 

In order to comply with the requirements of the OSHA Hazard Communication (HAZCOM) Standard, 29 
CFR 1910.1200, URS will have a written HAZCOM Program in place. The written hazard 
communication program addresses training (including potential safety and health effects from exposure), 
labeling, current inventory of hazardous chemicals on site, and the location and use of Material Safety 
Data Sheets (MSDSs). The SHSO will arrange HAZCOM training for site personnel at the time of initial 
site assignment. Whenever a new hazardous substance is introduced into the work area or an employee 
changes job locations where new chemicals are encountered, supplemental HAZCOM training shall be 
scheduled and presented. HAZCOM training shall be documented by the SHSO using a HAZCOM 
Employee Training Record. This documentation and URS' HAZCOM program will be maintained on 
the site for the duration of the project, and later incorporated in the employees' personal training file. 

3.2.5 Confined Space Entry Training 

Confined space entry training will not be required for fieldwork, as there will be no confined spaces 
encountered during this investigation. 

3.3 PERSONAL PROTECTIVE EQUIPMENT AND CLOTEUNG 

The minimum and initial level of PPE for these activities will be Level D. The initial selection of PPE is 
based on a hazard assessment, including the review of existing analyticzl data and related toxicological 
information with respect to the proposed field activities. PPE assignments are subject to change based 
upon site conditions and task variation. The SHSO will review the required level of protection and safety 
equipment for each task with the sampling crew. The decisions on which protective level is most 
appropriate will be made by the SHSO. 

In accordance with 29 CFR 1910.134, URS personnel working on site will be required to participate in 
URS' written respiratory protection program. Personnel slated for fieldwork will have a qualitative fit 
test performed at least once per year or more frequently as required by law. Site personnel will be 
trained on the use, limitations, maintenance, inspection, and cleaning of respirators. 

September 2002 Radford Army Ammunition Plant 
MWP Addendum No. 13, SWMU 54 



3.4 MONITORING PLAN 

During sampling activities,' the SHSO will monitor the site initially and periodically for potentially 
hazardous airborne constituents or physical hazards. A photoionization detector (PID) will be used to 
detect organic vapors. The PID will be calibrated on a daily basis in accordance with SOP 90.1. The 
ALs for volatile organic compounds at sustained concentrations in the general area are identified in Table 
3-2. 

Table 3-2 
Air Monitoring Action Levels 

SWMU 54 RCRA Facility Investigation 
Radford Army Ammunition Plant, Radford, Virginia 

3.5 EMERGENCY RESPONSE PLAN 

PID Readings 
Background plus five parts per 
million (pprn) 

Five ppm to 25 ppm 

Greater than 25 ppm 

Emergency response will follow the protocols set forth in MHSP, Section 10.0. Table 3-3 presents 

Action 

Investigate 

Upgrade to Level C (full face air-purifymg 
respirator with organic vaporlacid gas 
cartridge), investigate 
Suspend work, depart area, investigate 

Emergency ~ e l k h o n e  Numbers for activities performed at RFAAP. 
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Table 3-3 
Emergency Telephone Numbers 

SWMU 54 RCRA Facility Investigation 
Radford Army Ammunition Plant, Radford, Virginia 

Turn left after crossing the bridge and go to Virginia Route 177 South and turn right. Proceed on VA 177 
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APPENDIX A 

STANDARD OPERATING PROCEDURES 



STANDARD OPERATING PROCEDURE 10.1 
FIELD LOGBOOK 

2 

1.0 SCOPE AND APPLICATION 

The purpose of this standard operating procedure (SOP) is to delineate protocols for recording daily site 
investigation activities. 

Records should contain sufficient informaticn so that anyone cm reconstruct the sampling activity without 
relying on the collector's memory. 

2.0 MATERIALS 1 
Field Logbook; 

Indelible ink pen; and 

Clear tape. 

13.0 PROCEDURE U 
Information pertinent to site investigations will be recorded in a bound logbook. Each pagelform will be 
consecutively numbered, dated, and signed. All entries will be made in indelible ink, and all corrections will 
consist of line out deletions that are initialed and dated. If only part of a page is used, the remainder of the 
page should have an "X" drawn across it. At a minimum, entries in the logbook will include but not be 
limited to the following: 

Project name (cover); 

Name and affiliation of personnel on site; 

Weatherconditions; 

General description of the field activity; 

Sample location; 

Sample identification number; 

Time and date of sample collection; 

Specific sample attributes (e.g., sample collection depth flow conditions or matrix); 

Sampling methodology (grab or composite sample); 

Sample preservation, as applicable; 

AnalDcal request/methods; 

Associated quality assurancelquality control (QNQC) samples; 
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Field measurements/observations, as applicable; and 

Signature and date of personnel responsible for documentation. 

4.0 MAINTENANCE I 
Not applicable. 

5.0 PRECAUTIONS I 
None. 

6.0 REFERENCES 

USEPA. 1990. Sampler's Guide to the Contract Laboratory Program. EPAl540P-901006, Directive 
9240.0-06, Office of Emergency and Remedial Response, Washington, DC., 

USEPA. 199 1. User's Guide to the Contract Laboratory Program. EPAl54010-9 11002, Directive 9240.0- 
OlD, Office of Emergency and Remedial Response, January. 

USEPA. 1998. EPA Requirements for Quality Assurance Project Plans. EPAl600R-981018, QAIR5, 
Final, Office of Research and Development, Washington, D.C. 
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STANDARD OPERATING PROCEDURE 10.2 
SURFACE WATER, GROUNDWATER, AND SOILISEDIMENT FIELD 

LOGBOOKS 

111.0 SCOPE AND APPLICATION 11 

The purpose of this standard operating procedure (SOP) is to delineate protocols for recording surface wter, 
groundwater, and soillsediment sampling information, as well as instrument calibration data in field 
logbooks. 

2.0 MATERIAL U 
Applicable field logbook (see attached forms); and 

Indelible ink pen. 

3.0 PROCEDURE I 
All information pertinent to surface water, groundwater, or soillsediment sampling will be recorded in the 
appropriate logbook. Each pagelform of the logbook will be consecutively numbered. All entries will be 
made with an indelible ink pen. All corrections will consist of line out deletions that are initialed and dated. 

3.1 SOILISEDIMENT 

3.1.1 Field Parameters/Logbook (Form 10.2-a) 

1. HIGH CONCENTRATION EXPECTED?: Answer "Yes" or "No."; 

2. HIGH HAZARD?: Answer 'Yes" or 'No."; 

3. INSTALLATIONISIE: Record the complete name of the installation or site; 

4. AREA: Record the area designation of the sample site; 

5. INST. NAME: Record the two-letter installation name for Radford Army Ammunition Plant - "FW'; 

6 .  SAMPLE MATRIX CODE: Record the appropriate sample matrix code. Common codes are " S D  
for solid - sediment, "SI" for soil - gas, "SL for solid sludge, "SO" for surface other, "SS" for solid - 
soil, " S W  for surface wipe, "WD" for water - potable, " W G  for water - ground, "WS" water - 
surface, "WT" - water treated and " W W  water -waste; 

7. SITE ID: Record a code up to 20 characters or numbers that is unique to the site; 

8. ENV. FIELD SAMPLE IDENTIFIER: Record a code up to 20 characters specific for the sample; 

9. DATE: Enter the date the sample was taken; 

10. TIME: Enter the time (12-hour or 24-hour clock acceptable as long as internally consistent) the 
sample was taken; 
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1 1. AM PM: Circle " A M  or " P M  to designate morning or afternoon (12-hour clock); 

12. SAMPLE PROG: Record "RFI" (RCRA Facility Investigation) or othcr appropriate sample program; 

13. DEPTH (TOP): Record the total depth sampled; 

14. DEPTH INTERVAL: Record the intervals at which the plug will be sampled; 

15. UNITS: Record the units of depth (feet, meters); 

16. SAMPLE MEASUREMENTS: Check the appropriate sampling method; 

17. CHK: Check off each container released to a laboratory; 

18. ANALYSIS: Record the type of analysis to be performed on each sample container; 

19. SAMPLE CONTAINER: Record the sample container type and size; 

20. NO.: Record the number of containers; 

2 1. REMARKS: Record any remarks about the sample; 

22. TOTAL NUMBER OF CONTAINERS FOR SAMPLE: Record the total number of containers; 

23. SITE DESCRIPTION: Describe the location where the sample was collected; 

24. SAMPLE FORM: Record the form of the sample (i.e., clay, loam, etc.) using The Unified Soil 
Classification System (USCS); 

. . 

25. COLOR: Record the color of the sample as determined from standard Munsell Color Charts; 

26. ODOR: Record the odor of the sample or "none"; 

27. PID: Record the measured PID values or other similar measurement instrument value; 

28. UNUSUAL FEATURES: Record anything unusual about the site or sample; 

29. WEATHERITEMPERATURE: Record the weather and temperature; and 

30. SAMPLER: Record your name. 

3.1.2 Map File Form (refer to form 10.2-c) 

1. SITE ID: Record the Site ID fiom the field parameter form; 

2. POINTER: Record the field sample number for the sample being pointed to; 

3. DESCRIPTION/MEASUREMENTS: Describe the location where the sample was taken, along with 
distances to landmarks; 

4. SKETCWDIMENSIONS: Diagram the surroundings and record the distances to landmarks; 

5. MAP REFERENCE: Record which U.S.G.S. Quad Map references the site; 

6. COORDINATE DEFINITION: Write the compass directions and the X- and Y-coordinates of the 
map run; 

7. COORDINATE SYSTEM: Write "UTM" (Universal Transverse Mercator); 

8. SOURCE: Record the 1-digit code representing the Map Reference; 

9. ACCUR4CY: Giveunits (e.g., write"1-Mfor 1 meter); 

10. X-COORDINATE: Record the X-coordinate of the sample site location; 
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1 1. Y-COORDINATE: Record the Y-coordinate of the sample site location; 

12. UNITS: Record the units used to measure the map sections; 

13. ELEVATION REFERENCE: Record whether topography was determined from a map or a 
topographical survey; 

14. ELEVATION SOURCE: Record the 1 -digit code representing the elevation reference; 

15. ACCURACY: Record the accuracy of the map or survey providing the topographical information; 

16. ELEVATION: Record the elevation of the sampling site; 

17. UNITS: Write the units in which the elevation is recorded; and 

1 8. SAMPLER: Write your name. 

3.2 SURFACE WATER 

3.2.1 Field Parameter Logbook (Forms 10.2-b and 10.2-c) 

1. CAL REF: Record the calibration reference for the pH meter; 

2. pH: Record the pH of the sample; 

3. TEMP: Record the temperature of the sample in degrees Celsius; 

4. C O W :  Record the conductivity of the water; 

5. Description of site and sample conditions (refer to 10.2-b); 

6.  Map File Form (refer to Section 3.1.2). 

3.3 GROUNDWATER (FORMS 10.2- D) 

3.3.1 Field Parameter Logbook (Form 10.2.b) 

Refq to Section 3.2.1. 

3.3.2 Map File and Purging Forms 

1. WELL NO. OR ID: Record the abbreviation appropriate for where the sample was taken. Correct 
abbreviations can be found on pages 18-21 of the IRDMIS User's Guide for chemical data entry; 

2. SAMPLE NO.: Record the reference number of the sample; 

3. WELLJSITE DESCRIPTION: Describe the location where the sample was taken, along with 
distances to landmarks; 

4. X-COORD AND Y-COORD: Record the survey coordinates for the sampling site; 

5. ELEV: Record the elevation where the sample was taken; 

6. UNITS: Record the units the elevation was recorded in; 

7. DATE: Record the date in the form MMlDDTYY; 

8. TIME: Record the time, including a designation of AM or PM; 

9. AIR TEMP.: Record the air temperature, including a designation of C or F (Celsius or Fahrenheit); 

10. WELL DEPTH: Record the depth of the well in feet and inches; 
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1 1. CASING HEIGHT: Record the height of the casing in feet and inches; 

12. WATER DEPTH: Record the depth (underground) of the water in feet and inches; 

13. WELL DIAMETER: Record the diameter of the well in inches; 

14. WATER COLUMN HEIGHT: Record the height of the water column in feet and inches; 

15. SANDPACK DIAM.: Record the diameter cf the sandpack. Generally, this will be the same as the 
bore diameter; 

16. EQUIVALENT VOLUME OF STANDING WATER: Use one of the following equations to 
determine one equivalent volume (EV); 

1 EV = volume in casing +volume in saturated sandpack. Or: 

Where: 

Rs = radius of sandpack in inches 
Rw = radius of well casing in inches 
hs = height of sandpack in inches 
hw = water depth in inches 

0.0043 = gal/in3 
and filter pack porosity is assumed as 30%, or 

Volume in casing = 
(0.0043 ga~in3)(p)(12 in/ft)(k2)(wh) 

Where: 

& = radius of casing in inches, and 
Wh = water column height in feet 

Vol. in sandpack = 
(0.0043 gaVin3)(p)(l2 in/fi)(Rb2 - Rc2)(Wh)(0.30) 

(if Wh is less than the length of the sandpack), or 

Vol. in sandpack = 

(0.0043 gaVin3)(p)(l2 in/ft)(Rb2 - Rc2)(Sh)(0.30) 

(if Wh is greater than the length of the sandpack). 

where: 

Rb = radius of the borehole, and 
Sh = length of the sandpack. 

Show this calculation in the comments section. 

September 2002 4 Radford Amy Ammunition Plant 
MWP ~ddendum No. 13, SWMU 54 

Appendix A - SOP 10.2 



1. PUMP RATE: Record pwnp rate; 

2. TOTAL PUMP TIME: Record total purge time and volume; . 

3. WELL WENT DRY? Write "YES" or "NO"; 

4. PUMP TIME: Record pump time that made the well go dry; 

5. VOLUME REMOVED: Record the volume of water (gal) removed before the well went dry; 

6. RECOVERY TIME: Record the time required for the well to refill; 

7. PURGE AGAIN?: Answer "YES" or "NO"; 

8. TOTAL VOL. REMOVED: Record the total volume of water (in gallons) removed from the well; 

9. CAL REF.: Record the calibration reference for the pH meter; 

10. TIME: Record time started (INITIAL T(O)), 2 times DURING the sampling and the time sampling 
ended (FINAL); 

11. pH: Record the pH at start of sampling (INITIAL), twice DURING the sampling, and at the end of 
sampling (FINAL); 

12. TEMP: Record the water temperature (Celsius) at the start of sampling, twice DURING the sampling, 
and at the end of sampling (FINAL); 

13. COND: Record the conductivity of the water at the start of sampling, twice DURING the sampling, 
and at the end of sampling (FINAL); 

14. D.O.: Record the dissolved oxygen level in the water at the start of sampling, twice DURING the 
sampling, and at the end of sampling (FINAL); 

15. TURBIDITY: Record the readings from the turbidity meter (nephelometer) and units at the start of 
sampling, twice DURING the sampling, and at the end of sampling (FINAL); 

16. ORD: Record the oxidatiodreduction (RedOx) potential of the water sample at the start of sampling, 
twice DURING the sampling, and at the end of sampling (FINAL); 

17. HEAD SPACE: Record any positive readings from organic vapor meter reading taken in well 
headspace before sampling; 

18. NAPL: Record the presence and thickness of any non-aqueous phase liquids (LNAPL and DNAPL) 

19. COMMENTS: Record any pertinent information not already covered in the form; and 

20. SIGNATURE: Sign the form. 

3.4 FIELD CALIBRATION FORMS (REFER TO FORM 10.2-E) 

1. Record time and date of calibration; 

2. Record calibration standard reference number; 

3. Record meter ID number; 

4. Record initial instrument reading, recalibration reading (if necessary), and final calibration reading on 
appropriate line; 

5. Record value of reference standard (as required); 
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6 .  COMMENTS: Record any pertinent information not already covered on form; and 

7. SIGNATURE: Sign form. 

Not applicable. 

11 5.0 PRECAUTIONS 11 

None. 

11 6.0 REFERENCE 11 

C 

USEPA. 1991. User's Guide to the Contract Laboratory Program. EPA/540/0-911002, Directive 9240.0- 
OlD, Office of Emergency and Remedial Response, January. 
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FIELD PARAMETEIULOGBOOK FORM 10.2-a 
SOIL AND SEDIMENT SAMPLES 

HIGH CONCENTRATION EXPECTED? HIGH HAZARD? 

INSTALLATIONISITE AREA 

INST NAME FILE NAME 

SAMPLE MATRIX CODE SITE ID 
ENV. FIELD SAMPLE IDENTIFIER 

DATE(MM/DDlYY) I I TIME AM PM SAMPLE PROGRAM 

DEPTH (TOP) DEPTH INTERVAL UNIT 

SAMPLING METHOD: 

SPLIT SPOON AUGER - SHELBY TUBE - SCOOP - OTHER 

CHK ANALYSIS SAMPLE CONTAINER NO. REMARKS 

TOTAL NUMBER OF CONTAINERS FOR SAMPLE 

DESCRIPTION OF SITE AND SAMPLE CONDITIONS 

SITE DESCRIPTION: 

SAMPLE FORM COLOR ODOR 

PID (HNu) UNUSUAL FEATURES 

WEATHER/TEMPERATIJRE 

SAMPLER 



FIELD PARAMETERLOGBOOK FORM 10.2-b 
GROUNDWATER .4ND SURFACE WATER SAMPLES 

HIGH CONCENTRATION EXPECTED? HIGH HAZARD? 

MSTALLATION/SITE AREA 

INST CODE FILE NAME SITE TYPE 

SITE ID FIELD SAMPLE NUMBER 

DATE (MMIDDIYY) / / TIME AM PM SAMPLE PROG. 

DEPTH (TOP) DEPTH INTERVAL UNITS 

SAMPLING MEASUREMENTS 

CALREF. pH TEMPERATURE OC CONDUCTIVITY REDOX 

DISSOLVED OXYGEN - TURl3IDlTY OTHER 

CHK ANALYSIS SAMPLE CONTAINER NO. REMARKS 

TOTAL NUMBER OF CONTAINERS FOR SAWLE 

DESCRIPTION OF SITE AND SAMPLE CONDITIONS 

SITE DESCRIPTION 

SAMPLING METHOD 

SAMPLE FORM COLOR ODOR 

PID ( m u )  

UNUSUAL FEATURES 

WEATHER/TEMPERATTJRE SAMPLER 



EXAMPLE MAP FILE LOGBOOK FORM 10.2-c 
SURFACE WATER, SOIL, AND SEDIMENT SAMPLES 

SITE ID POINTER 

DESCRIPTION/MEASUREMENTS 

MAP REFERENCE 

COORDINATE DEFINITION (X is Yis ) 

COORDINATE SYSTEM SOURCE ACCURACY 

X-COORDINATE Y-COORDINATE UNITS 

ELEVATION REFERENCE 

ELEVATION SOURCE ACCURACY ELEVATION 

UNITS 

SAMPLER 



EXAMPLE MAP FILE AND PURGING LOGBOOK FORM 10.2-d 
GROUNDWATER SAMPLES 

WELL COORD. OR ID SAMPLE NO. 

WELLISITE DESCRIPTION 

X-COORD. Y-COORD. ELEV. UNITS 

DATE I I TIME AIR TEMP. 

WELL DEPTH FT. IN. CASINGHT. FT. - IN. 

WATER DEPTH FT. IN. WELL DIAMETER IN. 

WATER COLUMN HEIGHT FT. - IN. SANDPACK DIAM. IN. 

EQUIVALENT VOLUME OF STANDING WATER (GAL) (L) 

VOLUME OF BAILER (GAL) (L) or PUMP RATE (GPM) (LPM) 

TOTAL NO. OF BAILERS (5 EV) or PUMPTIME MM. 

WELL WENT DRY? v e s ]  [No] NUM. OF BAILERS or PUMP TIME 

VOL. REMOVED (GAL) (L) RECOVERY TlME 

PURGE AGAIN? v e s ]  [No] TOTAL VOL. REMOVED (GAL) (L) 

COMMENTS 

SIGNATURE 

DATE & TIME 

(before) 

(during) 

(during) 

(during 

( a e r )  

QUANTITY 
REMOVED 

Cond DO Character ofwater 
(color / clarity / 
odor / partic.) 

TIME 
REQ'D 

Temp pH ORD Turb 



EXAMPLE FIELD CALIBRATION FORM 10.2-e 
FOR pH, CONDUCTIVITY, TEMPERATURE, TURBIDITY, 

ORD, AND DISSOLVED OXYGEN METERS 

pH METER CALIBRATION 

CALIBRATION STANDARD REFERENCE NO: 

INITIAL CALIBRATION 

DATE: 

TIME: 

METER ID 

FINAL CALIBRATION 

DATE: 

TIME: 

CONDUCTIVITY METER CALIBRATION 

CALIBRATION STANDARD REFERENCE NO: 

METER ID 

pH STANDARD 

7.0 

10.0 

4.0 

RECALIB. READING INITIAL READING 

TEMPERATURE METER CALIBRATION 

FINAL READING 

METER ID 

FINAL READING COND. STANDARD 

ICE WATER 

BOILING WATER 

INITIAL READING RECALIB. READING 

TEMP. STANDARD RECALIB. READING INITIAL READING FINAL READING 



EXAMPLE FIELD CALIBRATION FORM 10.2-e 
FOR pH, CONDUCTIVITY, TEMPERATURE, TURBIDITY, 

ORD, AND DISSOLVED OXYGEN METERS 

TURBIDITY METER CALIBRATION 

CALIBRATION STANDARD REFERENCE NO: 

METER ID 

ORD METER CALIBRATION 

CALIBRATION STANDARD REFERENCE NO: 

METER ID 

FINAL READING STANDARD 

DISSOLVED OXYGEN METER CALIBRATION 

CALIBRATION STANDARD REFERENCE NO: 

METER ID 

STANDARD 

INITIAL READING 

COMMENTS 

SIGNATURE 

RECALIB. READING 

INITIAL READING 

FINAL READING STANDARD 

RECALIB. READING FINAL READING 

XNITIAL READING RECALIB. READING 



STANDARD OPERATING PROCEDURE 10.3 
BORING L W S  

1.0 INTRODUCTION I 
The purpose of this standard operating procedure (SOP) is to describe the methods to be followed for 
classifymg soil and rock, as well as preparing borehole logs and other types of soil reports. 

2.0 MATERIALS 

The following equipment is required for borehole logging: 

HTRW ENG Form 5056-R and 5056A-R boring log forms; - - 

Daily inspection report forms; 

Chain-of-custody forms; 

Request for analysis forms; 

ASTM D 2488 classification flow chart; 

Soil andlor Rock color chart (i.e., MunsellB); 

Grain size and roundness chart; 

Graph paper; 

Engineer's scale; 

Previous reports and boring logs; 

Pocketknife or putty knife; 

Hand lens; 

Dilute hydrochloric acid (10% volume); 

Gloves; 

Personal protective clothing and equipment, as described in work plan addenda health and safety 
plan; 

Photoionization detector or other appropriate monitoring equipment per site-specific health and safety 
plan; and 

Decontamination supplies (SOP 80.1). 
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3.0 PROCEDURE I 
Each boring log should hlly describe 'the subsurface environment and the procedures used to obtain this 
description. 

Boring logs should be prepared in the field on USACE Engineer Form 5056R and 5056-R. Logs should be 
recorded in the field directly on the boring log form and not transcribed fiom a field book. 

A "site geologist" should conduct borehole logging and soiVrock identification and description or other 
professional trained in the identification and description of soivrock. 

3.1 BORING LOG INFORMATION 

As appropriate, the following information should be recorded on the boring log during the course of drilling 
and sampling activities: 

Project information including name, location, and project number; 

Each boring and well should be uniquely numbered and located on a sketch map as part of the log; 

Type of exploration; 

Weather conditions including events that could affect subsurface conditions; 

Dates and times for the start and completion of borings, with notations by depth for crew shifts and 
individual days; 

Depthslheights in feet and in decimal fractions of feet; 

Descriptions of the drilling equipment including rod size, bit type, pump type, rig manufacturer and 
model, and drilling personnel; 

Drilling sequence and descriptions of casing and method of installation; 

Description and identification of soils in accordance with ASTM Standard D 2488; 

Descriptions of each intact soil sample for the parameters identified in Section 3.2; 

Descriptions and classification of each non-intact sample (e.g., wash samples, cuttings, auger flight 
samples) to the extent practicable; 

' Description and identification of rock; 

Description of rock (core(s)) for the parameters identified in Section 3.7; 

Scaled graphic sketch of the rock core (included or attached to log) according to the requirements 
identified in Section 3.7; 

Lithologic boundaries, with notations for estimated boundaries; 

Depth of water first encountered in drilling, with the method of first determination (any distinct water 
level(s) below the first zone will also be noted); 

Interval by depth for each sample taken, classified, andlor retained, with length of sample recovery 
and sample type and size (diameter and length); 

Blow counts, hammer weight, and length of fall for driven samplers; 
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Rate of rock coring and associated rock quality designation (RQD) for intervals cored; 

Dri!!ing fluid pressures, with driller's comments; 

Total depth of drilling and sampling; 

Drilling fluid losses and gains should berecorded; 

Significant color changes in the drilling fluid returned; 

Soil gas or vapor readings with the interval sampied, with information on instrument used and 
calibration; 

Depth and description of any in-situ test performed; and 

Description of other field tests conducted on soil and rock samples. 

3.2 SOIL PARAMETERS FOR LOGGING 

In general, the following soil parameters should be included on the boring log when appropriate: 

Identification per ASTM D 2488 with group symbol; 

Secondary components with estimated percentages per ASTM D 2488; 

Color; 

Plasticity per ASTM D 2488; 

Density of non-cohesive soil or consistency of cohesive soil; 

Moisture condition per ASTM D 2488 (dry, moist, or wet); 

Presence of organic material; 

Cementation and HCL reaction testing per ASTM D 2488; 

Coarse-grained particle description per ASTM D 2488 including angularity, shapes, and color; 

Structure per ASTM D 2488 and orientation; 

Odor; and 

Depositional environment and formation, if known. 

ASTM D 2488 categorizes soils into 13 basic groups with distinct geologic and engineering properties based 
on visual-manual identification procedures. The following steps are required to classify a soil sample: 

1. Observe basic properties and characteristics of the soil. These include grain size grading and dis- 
tribution, and influence of moisture on fine-grained soil. 

2. Assign the soil an ASTM D 2488 classification and denote it by the standard group name and symbol. 

3. Provide a written description to differentiate between soils in the same group if necessary. 

Many soils have characteristics that are not clearly associated with a specific soil group. These soils might 
be near the borderline between groups, based on particle distribution or plasticity characteristics. In such a 
case, assigning dual group names and symbols (e.g., GWfGC or W C L )  might be an appropriate method of 
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describing the soil. The two general types of soils, for which classification is performed, coarse- and fine- 
grained soils, are discussed in the fonowing sections. 

3.3 COURSE-GRAINED SOIL IDENTIFICATION 

For soils in the coarse-grained soils group, more than half of the material in the soil matrix will be retained 
by a No. 200 sieve (75-pm). 

1. Coarse-grained soils are identified on the basis of the following: 

a) Grain size and distribution; 

b) Quantity of fine-grained material (i.e., silt and clay as a percentage); and 

c) Character of fine-grained material. 

2. The following symbols are used for classification: 

Basic Symbols Modifjmg Symbols 

G = gravel W =well graded 
S = sand P = poorly graded 

M = with silty fines 
C = with clayey fines 

3. The following basic facts apply to coarse-grained soil classification. 

The basic s b b o l  G is used if the estimated percentage of gravel is greater than that for sand. In con- 
trast, the symbol S is used when the estimated percentage of sand is greater than the percentage of 
gravel. 

Gravel ranges in size fiom 3-inch to 114-inch (No. 4 sieve) diameter. Sand ranges in size fiom the 
No. 4 sieve to No. 200 sieve. The Grain Size Scale used by Engineers (ASTM Standards D 422-63 
and D 643-78) is the appropriate method to fbrther classify grain size as specified by ASTM D 2488. 

Modifying symbol W indicates good representation of all particle sizes. 

Modifying symbol P indicates that there is an excess or absence of particular sizes. 

The symbol W or P is used only when there are less than 15% fines in a sample. 

Modifying symbol M is used if fines have little or no plasticity (silty). 

Modifying symbol C is used if fines have low to high plasticity (clayey). 

Figure 10.03a is a flowchart for identifying coarse-grained soils by ASTM D 2488. 

3.4 FINED-GRAINED SOIL IDENTIFICATON 

If one-half or more of the material will pass a No. 200 sieve (75 p), the soil is identified as finegrained. 

1. Fine-grained soils are classified based on dry strength, dilatancy, toughness, and plasticity. 

2. Classification of fm-grained soils uses the following symbols: 

- 
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Basic Symbols Modifyrng Symbols 

• M = silt (non plastic) L = low liquidlimit (lean) 
C = clay (plastic) H = high liquid limit (fat) 
0 = organic 
Pt = peat 

3. The following basic facts apply to finegrained soil classification: 

The basic symbol M is used if the soil is mostly silt, while the symbol C applies if it consists 
mostly of clay. 

4. Use of symbol 0 (group name OLIOH) indicates that organic matter is present in an amount 
sufficient to influence soil properties. The symbol Pt indicates soil that consists mostly of organic 
material. . . 

Modifying symbols (L and H) are based on the following hand tests conducted on a soil sample: 

- Dry strength (crushing resistance). 

- Dilatancy (reaction to shaking). 

- Toughness (consistency near plastic limit). 

Soil designated ML has little or no plasticity and can be recognized by slight dj strength, quick 
dilatency, and slight toughness. 

CL indicates soil with slight to medium plasticity, which can be recognized by medium to high dry 
strength, very slow dilatancy, and medium toughness. 

Criteria for describing dry strength per ASTM D 2488 are as follows: 

Description Criteria 

None Dry sample crumbles into powder with pressure of handling 

Low Dry specimen crumbles into powder with some finger pressure 

Medium Dry specimen breaks into pieces or crumbles with considerable finger pressure 

High Dry specimen cannot be broken with finger pressure but will break into pieces between 
thumb and a hard surface 

Very high Dry specimen cannot be broken between the thumb and a hard surface stiffness 

Criteria for describing dilatancy per ASTM D 2488 are as follows: 

None No visible change in the sample 

Slow Water appears slow on the surface of the sample during shaking and does not disappear 
or disappears slowly upon squeezing 

Rapid Water appears quickly on the surface of the sample during shaking and disappears 
quickly upon squeezing 

Criteria for describing toughness per ASTM D 2488 are as follows: 
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Description Criteria 

Low Only slight pressure is required to roll the thread near the plastic limit and the thread and 
lump are weak and soft 

Medium Medium pressure is required to roll the thread to near the plastic limit and the thread and 
lump have medium stiffness 

High Considerable pressure is required to roll the thread to near the plastic limit and the thread 
and lump have very high stiffness 

Figure 10.03b is a flowchart for identifying fine-grained soils by ASTM D 2488. 

3.5 DENSITY AND CONSISTENCY 

Relative density for coarsegrained soils and consistency for fine-grained soils can be estimated using 
standard penetration test blow count data (ASTM D 1586). The number of blows required for each 6 inches 
of penetration or hction thereof is recorded. If the sampler is driven less than 18 inches, the number of 
blows per each complete 6-inch interval and per partial interval is recorded. 

For partial increment., the depth of penetration should be recorded to the nearest 1 inch. If the sampler 
advances below the bottom of the boring under the weight of rods (static) andlor hammer, then this 
information should be recorded on the log. 

The following are some "ruleof-thumb" guidelines for describing the relative density of coarsegrained 
soils: 

Blow Count Relative Density for Sand 

0-4 Very loose 
4-1 0 Loose 

10-30 Medium dense 
30-50 Dense 

>50 Very Dense 

The following are some "ruleof-thumb" guidelines for describing the consistency of fine-grained soils: 

Blow Consistency 
Count for Clays Description 

0-2 Very Soft Sample sags or slumps under its own weight 

2 4  Soft Sample can be pinched in two between the thumb and forefinger 

4-8 ' Medium Stiff Sample can beeasily imprinted with fingers 

8-1 6 Stiff Sample can be imprinted only with considerable pressure of fingers 

16-32 Very Stiff Sample can be imprinted very slightly with fingers 

>32 Hard Sample cannot be imprinted with fingers; can be pierced with pmcil 
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3.6 OTHER DESCRIPTIVE INFORMATION 

, The approximate percentage of gravel, sand, and fines (use a percentage estimation chart) should be 
recorded per ASTM D 2488 as follows: 

Modifiers Descriptions 
Trace Less than 5% 
Few 5%10% 
Little 15%-25% 
Some 30%-45% 
Mostly 50%100% 

ColorlCiscoloration should be recorded and described using a soil color chart, such as the MunsellEO Soil 
Color Charts. A narrative and numerical description should be given from the color chart, such as Brown 10 
YR, 513 (MunsellEO). Odor should be described if organic or unusual. 

Plasticity should be described as follows: 

Description Criteria 
Non-plastic A 118-inch thread cannot be rolled at any water content 
Low Thread can barely be rolled and lump cannot be formed when drier than plastic limit. 
Medium Thread is easy to roll; plastic limit can be reached with little effort and lump crumbles when 

drier than plastic limit. 
High Considerable time is required to reach the plastic limit and lump can be formed without 

crumbling when drier than plastic limit 

Moisture condition should be recorded as dry (absence of moisture), moist (damp but no visible water) or 
wet (visible free water). 

Cementation should be recorded (carbonates or silicates) along with the results of HCL reaction testing. The 
reaction with HCL should be described as none (no visible reaction), weak (some reaction with slowly 
forming bubbles) or strong (violent reaction with bubbles forming immediately). 

Particle description information for coarsegrained soil should be recorded where appropriate per ASTM D 
2488 including maximum particle size, angularity (angular, subangular, subrounded, or rounded), shape 
(flat, elongated or flat and elongated), and color. 

Structure (along with orientation) should be reported using the following ASTM D 2488 des-tions: 

Description Criteria 
Stratified Alternating layers of varying material or color with layers greater than 6 millmeters thick 
Laminated Alternating layers of varying material or color with layers less than 6 millimeters thick 
Fissured Breaks along definite planes of fracture with little resistance 
Slickensided Fracture planes that appear polished or glossy, can be striated 
Blocky Inclusion of small pockets of different soils 
Homogeneous Same color and appearance throughout 
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3.7 ROCK CORE PARAMETERS FOR LOGGING 

In general, the following parameters should be included on the boring log when rock coring is conducted: 

Rock type; 

Formation; 

Modifier denoting variety; 

Beddinghanding characteristics; 

Color; 

Hardness; 

Degree of cementation; 

Texture; 

Structure and orientation; 

Degree of weathering; 

Solution or void conditions; 

Primary and secondary permeability including estimates and rationale; and 

Lost core interval and reason for loss. 

A scaled graphic sketch of the core should provided on or attached to the log, denoting by depth, location, 
orientation, and nature (natural, coringinduced, or for fitting into core box) of all core breaks. Where 
fractures are too numerous to be shown individually, their location may be drawn as a zone. 

The RQD values for each core interval (run) should be calculated and included on the boring log. The 
method of calculating the RQD is as follows per ASTM D 6032: 

RQD = [C length of intact core pieces > 100 mm (4inches)l x 100%/total core length. 

3.8 PROCEDURES FOR ROCK CLASSIFICATION 

For rock classification record mineralogy, texture, and structural features (e.g., biotite and quartz fine grains, 
foliated parallel to relict bedding oriented 15 to 20 degrees to core axis, joints coated with iron oxide). 
Describe the physical characteristics of the rock that are important for engineering considerations such as 
hcturing (including minimum, maximum, and most common and degree of spacing), hardness, and 
weathering. 

1. The following is to be used as a guide for assessing fracturing: 

AEG Fracturing Spacing 

Crushed up to 0.1 foot 
Intense 0.14.5 foot 
Moderate 0.5 foot-10 feet 
Slight 1 .O foot-3 .O feet 
Massive >3.0 feet 
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2. Record hardness using the following guidelines: 

Hardness .. Criteria 

Soft Reserved for plastic material 

Friable Easily crumbled by finger 
pressure 

Low Deeply gouged or carved with pocketknife 

Moderate Readily scratched with knife; scratch leaves heavy trace of dust 

Hard Difficult to scratch with knife; scratch produces little powder and 
is often faintly visible 

Very Hard Cannot be scratched with knife 

3. Describe weathering using the following guidelines: 

3.9 PROCEDURE FOR LOGGING REFUSE 

Weathering 

Deep 

Moderate 

Weak 

Fresh 

The following procedure applies to the logging of subsurface samples composed of various materials in 
addition to soil as may be collected from a landfill or other waste disposal site. 

1. Observe refuse as it is brought up by the hollow stem auger, bucket auger, or backhoe. 

Decomposition 

Moderate to complete alteration of minerals 
feldspars altered to clay, etc. 

Slight alteration of minerals, cleavage 
surface lusterless and stained 

No megascopic alteration of minerals 

Unaltered, cleavage, surface glistening 

2. If necessary, place the refuse in a plastic bag to examine the sample. 

3. Record observations according to the following criteria: 

Discoloration 

Deep and thorough 

Moderate or localized and 
intense 

Slight and intermittent and 
localized 

Composition (by relative volume), e.g., paper, wood, plastic, cloth, canent, or co~struction debris. 
Use such terms as "mostly" or "at least half." Do not use percentages; 

Fracture Condition 

All fractures extensively 
coated with oxides, carbonates, 
or clay 

Thin coatings or stains 

Few strains on fracture 
surfaces 

Moisture condition: dry, moist, or wet; 

State of decomposition: highly decomposed, moderately decomposed, slightly decomposed, etc.; 

Color: obvious mottling andlor degree of mottling; 

Texture: spongy, plastic (cohesive), friable; 
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Well-graded 
- 

G W <I 5% sond - G R O U m  

< Well-graded grovel - 215% sond - Well-groded grovel with sand 

' ~ o o r l ~  graded GP -- <15% sand - Poorly groded grovel 
2 15% sand - Poorly groded grovel with sand 

< Well-graded fines = ML or MH - GW-GM <15% sond - Well-graded grovel with silt 
GRAVEL 215% sond - Well-graded grovel with silt and sond 
% grovel > 10% fines fines = CL or CH - <15% sand - Well-graded grovel with cloy 

X sand 
GW-GC - 

15% sond - Well-groded grovel with cloy ond sond 

Poorly groded fines = ML or MH - GP-GM 1- < 15% sond - Poorly groded grovel with silt 
215% sand - Poorly groded grovel with silt ond sond 

fines = CL or CH - <I 5% sond - Poorly groded grovel with cloy 
GP-GC - 2 15% sond - Poorly groded grovel with cloy ond sond 

fines = ML or MH GM . d:: :;;: - Silty grovel \ 2 15% fines Silty grovel with sand 
fines = CL or CH GC <I 5% sand - Clayey grovel 

2 15% sond - Clayey grovel with sond 

Well-graded SW - <15% grovel - Well-graded sond 
<5% fines 2 15% grovel - Well-groded sond with gravel 

Poorly groded SP - < 15% grovel - Poorly groded sond 
2 15% gravel - Poorly graded sand with gravel 

< fines = ML or MH - <I 5% grovel - Well-groded sond with silt 
Well-groded SW-SW- 215% grovel - Well-groded sand with silt and grovel 

fines = CL or CH - SW-SC <I 5% grovel - Well-groded sond with cloy 
% sand > 215% grovel - Well-groded sond with clay ond grovel 

% gravel fines = ML or MH - < 15% grovel - Poorly groded sond with silt 
Poorly groded SP-sM - 2 15% grovel - Poorly groded sond with silt ond grovel 

fines = CL or CH - SP-SC - <I 5% grovel - Poorly groded sond with cloy 
215% grovel - Poorly groded sond with cloy ond grovel 

fines = ML or MH SM -,- < 15% grovel - Silty sand 
215% grovel - Silty sand with grovel 

fines = CL or CH SC - <15% grovel - Cloyey sond 
21 5% grovel - Cloyey sand with grovel 

NOTE: PERCENTAGES ARE BASED ON ESTIMATING AMOUNTS OF FINES, 
SAND. AND GRAVEL TO THE NEAREST 5%. 
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<30% plus No. 200 <I556 plus No. 200 

cL < - 15 Leon cloy 
- 25% plus No. 200 % sand 2 56 grovel-Leon cloy with sond - 56 sand < % grovel-Leon cloy with grovel 

< % sand 2 % of grovel - Sondy lean cloy 
230% plus No. 200 - Sondy lean cloy with grovel 

% sand < 56 of grovel -Gravelly lean cloy 
Grovelly leon cloy with sond 

<30% plus No. 200 <15% plus No. 200 -< -15 
Silt 

- 2556 plus NO. 200 % sond 2 56 grovel-Silt with sand - % sond < % grovel-Silt with grovel 
% sond 2 % of grovel < 15% grovel 

2 15% grovel 
Sondy silt 

230% plus No. 200 -Sondy silt with grovel 
% sand < % of grovel Grovelly silt 

Grovelly silt with sond 

<30% plus No. 200 < 15% plus No. 200 Fot cloy 

cH < - 15 - 25% plus No. 200 - % sand > % grovel-Fot cloy with sand 
% sond < % grovel- Fot cloy with grovel 

< 56 sand > % of grovel Sandy fat cloy 
230% plus No. 200 Sondy fat cloy with grovel 

% sond < % of grovel F <15% sand Gravelly fat cloy 
215% sand - Grovelly fot cloy with sand 

MH < <30% plus No. 200 <15% plus No. 200 - 15 ' Elostic silt 
- 2556 plus No. 200 % sond 2 % grovel-Elastic silt with sand - % sand < 56 grovel-Elostic silt with grovel 

< % sond > % of grovel <15% grovel -Sandy elostic silt 
230% plus No. 200 - 215% grovel -Sondy elastic silt with grovel 

% sond < % of grovel Gravelly elostic silt 
-Gravelly elostic silt with sond 

< <30% plus No. 200 <15% plus NO. 200 ' Organic soil - 15 - 25% plus No. 200 % sand 2 % grovel-Orgonic soil with sond 
OL/OH - X sond < X grovel-organic soil with grovel 

< % sond > % of grovel <15% grovel Sondy organic soil 
230% plus No. 200 - >l5% grovel Sandy organic soil with grovel 

% sond < % of grovel - <15% sond Grovelly organic soil 
>15% sond -Gravelly orgonic soil with sond 

NOTE: PERCENTAGES ARE BASED ON ESTIMATING AMOUNTS OF FINES, 
SAND, AND GRAVEL TO THE NEAREST 5%. 
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STANDARD OPERATING PROCEDURE 10.4 
I CHAIN-OF-CUSTODY FORM 

The purpose of this stzndard operating procedure (SOP) is to delineate protocols for use of the chainof- 
custody form. An example is provided as part of this SOP. Other formats with similar levels of detail are 
acceptable. 

2.0 MATERIALS 1 
Chain-of-custody form; and 

Indelible ink pen. 

3.0 PROCEDURE 1 
1. Record the project name and number. 

2. Record the project contact's name and phone number. 

3. Print sampler's names in "Samplers" block. , 

4. Enter the Field Sample No. 

5. Record the sampling dates for all samples. 

6. List the sampling times (military format) for all samples. 

7. Indicate, "grab" or "composite" sample with an "X." 

8. Record matrix (e-g., aqueous, soil). 

9. List the analyseslcontainer volume across top. 

10. Enter the total number of containers per Field Sample No. in the "Subtotal" column. 

1 1. Enter total number of containers submitted per analysis requested. 

12. State the carrier service and airbill number, analytical laboratory, and custody seal numbers. 

13. List any comments or special requests in the "Remarks" section. 

14. Sign, date, and time the "Relinquished By" section when the cooler is relinquished to the next party. 

15. Upon completion of the form, retain the shipper copy and place the forms and the other copies in a 
zip seal bag to protect from moisture. Affix the zip seal bag to the inside lid of the sample cooler to 
be sent to the designated laboratory. 
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/ 4.0 MAINTENANCE 

I. 
Not applicable. 

15.0 PRECAUTIONS 1 

None. 

11.0 REFERENCES 1 

USEPA. 1990. Sampler's Guide to the Contract Laboratory Program. EPN540lP-901006, Directive 
9240.0-06, Office of Emergency and Remedial Response, Washington, DC, December 1990. 

USEPA. 199 1.  User's Guide to the Contract Laboratory Program.. EP.4154010-911002, Directive 
9240.0-0 1 D, Office of Emergency and Remedial Response, January 199 1 .  

USEPA. 1998. EPA Requirements for Quality Assurance Project Plans. EPN600R-9810 18, QA/RS, 
Final, Office of Research and Development, Washington, D.C. 
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FIGURE 10.4-a 
EXAMPLE CHAIN-OF-CUSTODY FORM 



STANDARD OPERATING PPIBCEEURE 20.1 
MONITORING WELL INSTALLATION 

1.0 SCOPE AND APPLICATION 

The installation of monitoring v~ells is contingent upon the existing conditions at the project site. The 
purpose of this standard operating procedure (SOP) is to delineate the quality control measures required to 
ensure the accurate installation of monitoring wells. For a particular site investigation, he  associated work 
plan addenda should be consulted for specific installaticn instructions. The term "monitoring welld', as used 
herein is defined to denote any environmental sampling well. 

2.0 MATERIALS I 
2.1 DRILLING EQUIPMENT 

Appropriately sized drill rig adequately equipped with augers, bits, drill stem, etc; 

Steam cleaner and approved source water for decontamination of drilling equipment, etc.; 

Source of approved water; 

Photoionization detector or other appropriate monitoring instrument per the site-specific Health and 
Safety plan; 

Water level indicator (electrical); 

Weighted steel tape measure; 

Steel drums and other appropriate containers for investigation-derived materials (drill cuttings, 
contaminated PPE, decontamination solutions, etc.); 

Absorbent pads andlor logs; 

Personal protective equipment and clothing (PPE) per site-specific health and safety plan; and 

Decontamination supplies, pad with heavy plastic sheeting (SOP 80.1). 

2.2 WELL INSTALLATION MATERIALS 

Technical information on all installed materials (screens, riser pipe, filter pack, bentonite, cement, etc.) and 
representative samples of the proposed filter pack will be supplied to the Contracting Offiax's 
Representative (COR) before initiating well installation. 

Well screen slot size and filter pack gradation will be determined based on existing site geology before 
initiating site-specific investigations. 

Well screen : 

Polyvinyl Chloride (WC): JOHNSON (or equivalent); PVC commercially slotted continuous slot, wire 
wrapped screen; 4-in. diameter.; SCH 40; SCH 80; flush-threaded (leak-proof) joints; PVC should 
conform to National Sanitation Foundation (NSF) Standard 14 for potable water usage or ASTM 
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Standard Specification F 480 and bear the appropriate rating logo. PVC should be free of ink markings, 
cleaned, and prepackaged by manufacturer; 

Stainless Steel: JOHNSON (or equivalent); stainless steel VeeWire continuous slot, wire wrapped 
screen; 304 stainless steel (unless the sum concentration of Ck, F-, and BI- is < 1000 ppm, case type 3 16 
should be used); ASTM F 480 flush threads; cleaned, wrapped, and heat-sealed by manufacturer, 

Riser pipe: 

- PVC: JOHNSON (or equivalent); STD. PVC; 4-in. diameter.; SCH 40; SCH 80; flush-threaded 
(leak-proof) joints; PVC should conform to NSF Standard 14 or F 480; free of ink markings; 
cleaned and prepackaged by manufacturer; 

- Stainless Steel: JOHNSON (or equivalent); SCH 5; 304 stainless steel; ASTM type A312 
material; 4-in. diameter.; cleaned, wrapped and heat-sealed by manufacturer; 

PlugsICaps: JOHNSON (or equivalent); standard PVC or stainless steel; 

Filter pack: MORIE, clean sorted gravel (or equivalent); 

Bentonite seal: BAROID, bentonite pellets (318-in. diameter.); 

Cement: Type LI Portland Cement; if sulfate concentrations are higher than 1500 ppm, Type N 
Portland Cement will be used; 

Bentonite powder: BAROID, Aquagel Gold Seal; 

Steel Protective Casing: BRAINARD-KILMAN (or equivalent) zinc-plated steel, lockable, painted; 

Containers for purged water, as required; 

Submersible pump or bailer of appropriate capacity, and surge block sized to fit well; 

Hach DREL 2000 portable laboratory (or equivalent); 

Multiprobe Electronic Water Quality Recorder (Hydrolab); 

Electric well sounder and measuring tape; 

Portland Type 11 cement (see footnote); and 

Steel Posts (pickets), painted (see footnote). 

2.3 DOCUMENTATION 

Copy of work plans and health and safety plan; 

Copy of USACE EM 110-1-4000 Monitoring Well Requirements.; 

Copies of permits (area entry, hot work, well, and utility clearance); 

Boring log forms; 

Well completion diagram form; and 

Field logbook. 
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2.4 GEOLOGIST'S PERSONAL EQUIPMENT 

Boring log materials per SOP 10.3; and 

Personal protective equipment and clothing (PPE) as required by the site-specific health and safety 
plan. 

3.0 PROCEDURE Y 
3.1 MATERIALS APPROVAL 

3.1.1 Source Water 

Water sources for drilling, grouting, sealing, filter pack placement, well installation, and 'equipment 
decontamination must be approved by the COR before arrival of the drilling equipment. Information 
required for the water source includes: 

Water source; 

Manufacturer/owner and their address and telephone number; 

Type of treatment and filtration prior to tap; 

Time of access; 

Cost per gallon (if applicable); and 

Dates and results associated with all available chemical analyses over the past 2 years, and the name 
and address of the analytical laboratory (if applicable). 

3.1.2 Bentonite 

Pure sodium bentonite with no additives (bentonite) will be the only drilling fluid additive allowed, and its- 
use must be approved by the COR before the arrival of the drillirg equipment. The information required for 
evaluation includes brand name, manufacturer, manufacturer's address and telephone number, product 
description, and intended use for the product, and potential effects on chemical analysis of water samples. 

3.1.3 Granular Filter Pack 

Granular filter pack material must be approved by the COR before drilling. A onepint representative 
sample must be supplied to the COR. Information required includes lithology, grain size distribution, brand 
name, source, processing method, and size ofintended screen. 

3.1.4 Cement 

Portland Type I1 cement will be used for grout (or Type IV, as noted in Section 2.2). 

3.2 DRILLING 

The objective of the selected drilling technique used at given site is to ensure that the drilling method 
provides representative data while m i n i m k g  subsurface contamination, cross contamination, and drilling 
costs. 

Drilling methods that are appropriate for boring or monitoring well installation will depend on the 
subsurface geology most likely to be encountered in the boring. The geology for each site should be 
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determined by reviewing previous investigation data (boring data, geophysics, etc.) fiom the site or nearby - 
areas. Specific diilling methods that will be used to support site activities will be incorporated into work 
plan addenda. 

Section 5.2.2 of the Master Work Plan discusses the different drilling methods that may be appropriate for 
installation of monitoring wells at the Radford Army Ammunition Plant (RFAAP) based on the different 
types of conditions encountered. The different drilling methods discussed in this section of the Master Work 
Plan including: 

Hollow Stem Auger (for soil); 

Air Rotary (soil and rock); 

Water Rotary and wire-line casing advancement (soil and rock); 

Drill-Through-Casing Driver (soil and rock); and 

Sonic (soil and rock). 

3.2.1 Responsibilities of the Site Geologist 

A Site Geologist will be present during all well drilling and installation activities and will hlly characterize 
all tasks performed in support of these activities inthe monitoring well logbook. The Site Geologist will be 
responsible for the logging samples, monitoring drilling operations, recording water losseslgains and 
groundwater data, preparing the boring logs and well diagrams, and recording the well installaticn 
procedures for one operating rig. The Site Geologist will have sufficient equipment in operable condition 
on-site to perform efficiently hisher duties. 

3.2.2 Additives 

No lubricants will be used on down hole drilling equipment. Additives containing either lead or copper will - - -  - - 

not be allowed. In addition, polychlorinated b i w y l s  will not be permitted in hydraulic fluids or other 
fluids used in the drilling rig, pumps, or other field equipment and vehicles. 

Surface runoff or other fluids will not be allowed to enter any boring or well during or after 
drilling/construction. 

Antikeze used to keep equipment fiom fieezing will not contain rust inhibitors and sealants. Antifieeze is 
prohibited in any areas in contact with drilling fluid. Absorbent pillows will be placed to catch any obvious 
leaks fiom the drill rig. 

3.2.3 Boring Logs and Field Notes 

Borings for monitoring wells will be logged by a geologist as described in SOP 10.3. Logs will be recorded 
on USACE HTRW ENG Form 5056-R and 5056A-R boring log forms. 

Daily investigation activities at the site related to drilling should be recorded in field logbooks as described 
in SOPS 10.1 and 10.2. 

3.3 WELL CONSTRUCTION AND INSTALLATION 

Specifications for monitoring well construction and installation fora given site being investigated are to be 
included in work plan addenda. In case the previously defined criteria have not been met before the depth 
range for a given hole is reached, the geologist will stop the drilling and confer with the supervisor. The 
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current boring conditions (depth, nature of the stratigraphic unit, and water-table depth) will be compared to 
those of other wells nearby to decide whether to continue drilling or to terminate and complete the well. 

. 33.1 Overburden Wells 

Overburden wells at the RFAAP are typically designed as a 4-inch diameter, single cased well (see Figure 
20-la) installed into a surficial aquifer, which is present above bedrock. For this type of well, the well 
boring would be terminated before penetrating ky underlying confining unit and/or bedrock. 

Section 5.2.2 of the Master Work Plan discusses the different drilling methods that may be appropriate for 
installation of overburden wells. 

If dense, non-aqueous liquid (DNAPL) is encountered during drilling, the well boringwill be terminated and 
completed at the base of theoverburden aquifer being monitored. 

3.3.2 Bedrock Wells 

Multi-cased wells or wells with an outer casing installed into competent bedrock should be specified for 
wells that are designed to monitor groundwater within bedrock (see Figure 20-lc). The installation of a 
multi-cased well or outer casing will isolate the zone(s) monitored fiom overburden and will minimize the 
potential for cross-contamination during and after drilling 

The general procedure to be followed for installation of a multi-cased well is as follows. This procedure 
assumes the installation of a 4inch diameter monitoring well. Specific procedures, drilling techniques and 
design of monitoring wells will be presented in work plan addenda for site-specific investigations 

1. If soil sampling is required within overburden, use appropriate drilling techniques to advance the boring 
and collect the soil samples. 

2. A minimum 10-inch drill bit should be advanced h m  the surface into competent bedrock a distance not . ' 

. , 
less than 2 feet. A drilling technique appropriate for penetrating overburden and bedrock should be used 
such as air rotary. 

3. After the borehole has been advanced to the target depth within competent bedrock, a 6-inch diameter 
steel or Schedule 80 PVC outer casing should be lowered to the bottom of the boring. 

4. Once the outer casing has been lowered to the bottom of the boring, the casing should be grouted in- 
place using a decontaminated tremie pipe equipped with a side discharge. The annulus between the 
outer casing and borehole wall will be injected with grout until undiluted grout reaches the surface. 

5. The grouting mixture, specification, and placement should be consistent with the requirements identified 
in Section 3.3.8. 

6. The grout should be allowed to cure a minimum of 24 hours before further drilling. 

7. After adequate curing time for outer casing, drilling with a 5-518-inch bit until the desired total depth is 
reached should complete the well boring. 

8. Once the well boring is completed, an appropriate bedrock well will be constructed based on site- 
specific conditions. The types of wells that may be installed may include a constructed well with screen, 
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casing, filter pack, seal, and grou~ an open-bedrock well; or a lined open bedrock well (see Section 
3.3.3). 

3.3.3 Well Screen Usage 

Well screen usage for a given site should be specified in work plan addenda based on expected site 
conditions. 

In general, wells installed within overburden will be installed with a screen as per Figure 20.01-a or 20.01-b. 
Bedrock wells may be installed with or without a screen depending on site specific conditions such as the 
depth of water bearing zones, stability of bedrock, occurrence of karst zones, and construction of existing 
wells at the site being investigated. 

In general, bedrock wells installed within karst zones will be completed as openhole construction (see 
Figure 20.01~). If evidence of potential or severe borehole collapse (unstable bedrock) is indicated during 
drilling, casing and screen will be installed in the borehole as a removable lining. If desired, multiple flow 
zones may be monitored in an open bedrock well by installing a multiport well, uhich has 
monitoring/sampling intervals sealed off from the rest of the boring and fiom each other by packers. 

3.3.4 Beginning Well Installation 

Schedule 

Monitoring well installation should begin within 12 hours of boring completion for holes that are uncased or 
partially cased with temporary drill casing. In the case where a partially cased hole into bedrock is to be 
partially developed prior to well insertion, the well installation should begin within 12 hours of this initial 
development. For holes that are l l l y  cased, installation should begin within 48 hours. Once begun, well 
installation shouldnot be interrupted. 

Placement of Materials 

Temporary casing and hollow stem augers may be removed fiom the boring prior to well installation if the 
potential for cross contamination is low and if the borehole will remain stable during the time required for 
installation. 

Where borehole conditions are unstable, some or all of the well materials may need to be installedprior to 
removal of the temporary casing or hollow stem augers. The casing or hollow stem augers should have an 
inside diameter sufficient to allow the installation of the screen and casing plus annular space for a pipe 
through which to place filter pack and grout. 

Any materials blocking the bottomof the drill casing or hollow stem auger should be dislodged and removed 
fiom the casing prior to well insertion. 

3.3.5 Screens, Casing, and Fittings 

Borehole Specifications 

The borehole for each well should be of sufficient diameter to provide for at least 2 inches of annular space 
between the borehole wall and all sides of the casing. 

Well Screens 
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Screen bottoms should be securely fitted with a threaded cap or plug of the same composition as the screen. . 
The caplplug should be within 0.5 feet of the open portion of the screen. A sediment traplsump will not be 
used. 

Screen slot size will be appropriately sized to retain 90%100% of the filter pack material, the size of which 
will be determined by sieve analysis of formation material. 

Well screen lengths should be specified in work plan addenda and will be based on various sitsspecific 
factors such as environmental setting, subsurface .conditions, analytes of concern, regulatory considerations, 
etc. 

A s s e m b ~ a c e m e n t  of Well Screen and Casing 

Personnel should take precautions to assure that grease, oil, or other contaminants do not contactany portion 
of the well screen and casing assembly. Clean latex or nitrile gloves should be worn when handling the 
screen and casing assembly. Flush, threaded joints usually can be tightened by hand. If necessary, steam 
cleaned wrenches may be used to tighten joints 

In general, each section of the well assembly is lowered into the borehole, one section at a time, screwing 
each section securely into the section below it. No grease, lubricant, polytetrafluoroethylene (PTFE) tape, or 
glue may be used in joining the sections of screen and casing. 

The assembly should be lowered to its predetermined level and held in position for placement of the filter 
pack. It is essential that the assembly be installed straight (withcentralizers as appropriate) to allow for 
appropriate sampling. Buoyant forces associated with fluids in the borehole may require that the assembly 
be installed with the aid of hydraulic rams of the drill rig. When the well assembly is placed to 
predetermined level, a temporary cap should be place on the well to prevent foreign material from entering 
the well. 

The bottoms of well screens should be placed no more than 3 feet above the bottom of the drilled borehole. 
If significant overdrilling is required, a pilot boring should be used. Sufficient filter pck should be placed at 
the bottom of the borehole 

The well casing should be pre-cut (square) to extend 2 to 2.5 feet above the ground surface. Before 
placement of the last piece of well casing, a notch or other permanent reference point will be ca, filed, or 
scribed into the top edge of the casing. 

The tops of all well casing will be capped with covers composed of materials compatible with the products 
used in the well installation. Caps will be loose fitting, constructed to preclude binding b the well casing 
caused by tightness of fit, unclean surfaces, or weather conditions. In either case, it should be secure enough 
to preclude the introduction of foreign material into the well, yet allow pressure equalization $tween the 
well and the atmasphere. 

The top of each well casing should be level so that the maximum difference in elevation between the highest 
and lowest points of the casing is less than or equal to 0.02 fi. 

3.3.6 Filter Pack 

The volume of filter pack that is required to fill the m u l a r  between the well screen.casing and borehole 
should be computed, measured, and recorded. 
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Granular filter packs will be chemically and texturally clean, inert, and siliceous. The gradation of filter - 
packs will be selected based on the screen size used and will be specified in the work plan addenda for the 
site being investigated. 

Primary Filter Pack 

Filter pack material should be placed in the borehole using a decontaminated tremie pipe An appropriate 
amount of primary filter pack should be placed in the borehole prior to final positioning of the well screen to 
provide an appropriate barrier between the bottom of the borehole and tte bottom of the screen. Once the 
initial filter pack has been placed and the well assembly is appropriately positioned and centered in the 
borehole, the remaining primary filter pack should be placed in increments (and tamped) as the tremie pipe 
is gradually raised. 

As the primary filter pack is placed, approved source water may need to be added to help move the filter 
pack. A weighted tape should be used to measure the top of the filter pack as it is being placed. If bridging 
of the filter pack occurs, then this bridging should be broken mechanically prior to adding additional filter 
pack. 

When temporary casing or hollow stem augers are used, the casing or augers should be removed in 
increments such that lifting of the well assembly is minimal. After removal of each increment, it should be 
confirmed by direct measurement that the primary filter pack has not been displaced duing the removal. 
The primary filter pack should extend fi-om the bottom of the borehole to 3 to 5 ft  above the top of the 
screen. 

Secondary Filter Pack 

The primary filter pack may be capped with 1 to 2 feet of feet of secondary filter pack to prevent the 
intrusion of the bentonite seal into the primary filter pack The need for this filter pack (and specifications) 
should be addressed in work plan addenda for the site being investigated Such factors as the gradation of 
the primary filter pack, the potential for grout extrusioq and site hydrogeology should be considered when 
evaluating the need for this filter pack 

3.3.7 Bentonite Seal 

A bentonite seal, consisting of hydrated 3/%inch diameter. bentonite pellets, will -be installed immediately 
above the filter pack. The seal may be installed with a tremie pipe, which is lowed to the top of the filter 
pack and slowly raised as the pellets fill the annular space. In deep wells, the pellets may bridge and block 
the trernie pipe; in this case, pellets may be placed by fi-ee fall into the borehole. A weighted tape should be 
used to measure the top of seal as it is installed. 

When cement grout is to be used above the bentonite seal, a minimum of 3 to 4 hours should be allowed for 
hydration of the pellets. 

When installing a seal above the water table, water should be added to the bentonite for proper hydration In 
this case, the seal should be placed in lifts of 0.5 to 1 foot with each lift hydrated for a period of 30 minutes. 
If the bentonite seal is to be installed far below the water table, a bentonite slurry seal will be installed 
Cement-bentonite grout will not be used below the water table. The sluny will be mechanically blended 
aboveground to ensure a lumpfi-ee mixture. The slurry will consist of bentonite powder and approved miter 
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mixed to a minimum 20 percent solids by weight of pumpable slurry with a density of 9.4 pounds per gallon 
or greater. The slurry will be pumped into place through a tremie pipe and measured as installed. 
Bentonite seals should be 3 to 5 ft thick as measured immediately after placement. The final depth to the top 
of the bentonite seal will be measured and recorded before grouting. 

3.3.8 Grout 

Cement grout used in construction will be composed of the following: 

Type I1 Portland Cement (or Type N as noted in Section 2.2); 

Bentonite (2 to 5% dry bentonite per 94-lb sack of dry cement); and 

A maximum of 6 to 7-gallons of approved water per 94lb sack of cement 

Neither additives nor borehole cuttings will be mixed with the grout. Bentonite will be added after the 
required amount of cement is mixed with the water. 

All grout material will be combined in an abovegound container and mechanically blended to produce a 
thick, lumpfiee mixture. The mixed grout will be recirculated through the grout pump before placement. 
Grout placement should be performed as follows: 

1. Grout should be placed from a rigid tremie pipe located just over the top of the bentonite seal. The 
tremie pipe should be decontaminated prior to use. 

2. - The tremie pipe should be kept full of grout from start to finish with the discharge end of the pipe 
completely submerged as it is slowly and cmtinuously lifted. 

3. The annulus between the drill casing and wen casing should be filled with sufficient grout to allow for 
the planned drill casing removal. Grout should not penetrate the well screen or filter pack. 

For incremental removal of drill casing, grout should be pumped to maintain at least 10 ft of grout in the 
drill casing remaining in the borehole after removing the selected length of casing. After each section of 
casing is removed, the tremie pipe may be reinserted to the base ofthe casing not yet removed. 

In the case where drill casing will be removed all at once, grout should be pumped from the tremie pipe 
until undiluted grout flows fiom the annulus at the ground surface. 

4. If the un-grouted portion of a borehole is less than 15 feet and without fluids after drill casing removal, 
then the un-grouted portion may be filled by pouring grout from the surface. 

5. If drill casing was not used for well installation, grouting should proceed to the surface in one 
continuous operation. 

6. For grout placement in a dry and open hole less than 15 ft d e q  grout may be manually mixed and 
poured in fiom the surface providing that integrity of the bentonite seal is maintained. 

7. Protective casing should be installed immediately after completion of grmting. 

8. Grout settlement should be checked within 24 hours of the initial grout placement. Additional grout 
should be added grout should be added to fill any observed depressions. 

The following will be noted in the boring logs: (1) exact amounts of cement, bentonite, and water used in 
mixing grout and (2) actual volume of grout placed in the hole. 
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3.3.9 Well Protection 

The major elements of well protection will include: 

A protective casing; 

Protective concrete pad around the well; and 

Protective steel posts set around the well outside of the concrete pad. 

Well Protective Casing 

Well protective casings will be installed around all monitoring wells immediately after grouting The 
protective casing should consist of a minimum 5-ft long, steel pipe (protective casing) installed over the well 
casing and into the grout. The protective casing should be installed to a depth of approximately 2.5-feet 
below ground surface (extending approximately 2.5 feet above ground surface). The internal well casing 
(riser) and protective casing will not be separated by more than 0.2 feet of height 

An internal mortar collar will be placed within the protective steel casing and outside the well casing to a 
height of 0.5 above ground surface. 

After placement and curing of the mortar collar, an internal drainage hole will be drilled through the 
protective casing, which is centered no more 118 inch above the grout filled annulus between the well riser 
and the protective casing. 

Any annulus formed between the outside of the protective casing and the borehole will be filled to ground 
surface with cement. 

Concrete Pad 

After the grout has thoroughly set and the well protective casing has been installed, a protective concrete pad 
will be installed around the well. This pad will be at least 4 inches thick and 4 feet square and sloped away 
fiom the well to provide for adequate drainage 

Protective Posts 

Additional protection will be provided at each well location by the installation of four steel posts outside of 
each comer of the concrete pad. The installation of protective posts should occur before the well is sanpled. 
The posts should have a minimum diameter of 3 inches, be placed 2 to 3 feet below ground surface, and 
extend at least 3 feet above ground surface. Posts should be painted orange using a brush. 

Posts should be set in post holes, which are backfilled with concrete. For additional protection, the posts can 
be filled with concrete. 

3.3.10 Well Construction Diagram and Field Notes 

The construction of each well will be depicted as built in a well construction diagram(see Figure 20.la). 
The diagram will be attached to the boring log and the following will be graphically denoted: 

Bottom of boring; 

Screen location, length, and size; 

Coupling locations; 
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Granular filter pack; 

Seal; 

Grout; 

Cave-in; 

Centralizers; 

Height of riser; 

Protective casing detail; 

Water level 24 hours after completion with date and time of measurement; 

Quantity and composition of materials used; and 

Material between bottom of boring and bottom of screen. 

Daily activities at the site related to monitoring well installationshould be recorded in the field logbooks as 
described in SOPS 10.1 and 10.2. 

3.4 GENERAL SEQUENCE OF MONITORING WELL COMPLETION 

The following is a general sequence of monitoring well completion with reference tothe specific details 
included in Section 3.3. 

1. Completion of borehole; 

2. Assembly and placement of well assembly as described in Section 3.3.5; 

3. Placement of the appropriate filter pack(s) as discussed in Section 3.3.6; 

4. Installation of an appropriate bentonite seal as discussed in Section 3.3.7; 

5. Grouting the remaining annular space of the borehole as discussed in Section 3.3.8; 

6. Set the protective casing for the well as discussed in Section 3.3.9; 

7. Complete the protective concrete pad as discussed in Section 3.3.9; and 

8. Install the protective posts as discussed in Section 3.3.9. 

3.5 INVESTIGATION-DERIVED MATERIAL 

Investigation-derived material will be managed in accordance with procedures defined in the work plan 
addenda for the site being investigated and SOP 70.1. 

4.0 MAINTENANCE I 
Not applicable. 

5.0 PRECAUTIONS 

a Refer to the site-specific health and safety plan. 
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16.0 REFERENCES I 
ASTM Standard D 5092-90. 1990. Standard Practice for Design and Installation of Ground Water 

Monitoring Wells in Aquifers. 

ASTM Standard D 57 1 7-95. 1 995. Standard Guide for Design of Ground- Water Monitoring Systems in 
Karst and Fractured Rock Aquifers. 

USACE. 1998. Monitoring Well Design, Installation, and Documentation at Hazardous, Toxic, and 
Radioactive Waste Sites. EM 1 1 1 0- 1-4000, ' 1, November. 
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EXAMPLE WELL DEVELOPMENT FORM 

WELL DESIGNATION: DATE(S) OF INSTALLATION: I I 

SITE GEOLOGIST: DEVELOPMENT DATE(S): I I 

STATIC WATER LEVELS BEFORE AND AFTER DEVELOPMENT * : 

BEFORE DATE 24 HR. AFTER DATE 

DEPTH TO SEDIhENT BEFORE AND AFTER DEVELOPMENT * : 

BEFORE DATE 24 HR. AFTER DATE 

DEPTH TO WELL BOTTOM *: SCREEN LENGTH 

HEIGHT OF WELL CASING ABOVE GROUND SURFACE: 

QUANTITY OF MUD/WATER: 

LOST DURING DRILLING 

REMOVED PRIOR TO WELL INSERTION 

LOST DURING THICK FLUID DISPLACEMENT 

ADDED DURING FILTER PACK PLACEMENT 

TOTAL LOSSES 

(+I gallons 

(-1 gallons 

( + ) g a l l o n s  

(+I gallons 

gallons 

(a) Water column ht. (ft.) @) Well radius (in.) 

(c) Screen length (ft.) (d) Borehole radius (in.) 

(e) QUANTITY OF FLUID STANDING IN WELL 
Install Equation Editor and double- 
click here to view equation. 1 gallons 

(Show Calculation) 

Install Equation Editor and double- 
(0 QUANTITY OF FLUID IN ANNULUS click here t~ view equation. l g a l l o n s  

(Show Calculation) 

DEVELOPMENT VOLUME = (5 * TOTAL LOSSES) + [5 * (e + f ) ]  = gallons 
(Show Calculation) 

* ALL DEPTHS MEASURED FROM TOP OF WELL CASING 



EXAMPLE WELL DEVELOPMENT RECORD 

WELL DESIGNATION DATE(S) OF DEVELOPMENT: I I 

TYPE AND SIZE OF PUMP: 

TYPE AND SIZE OF BAILER: 

DESCRIPTION OF SURGE TECHNIQUE: 

RECORD OF DEVELOPMENT 

TYPICAL PUMPING RATE GAL./HR. 

TOTAL QUANTITY OF WATER REMOVED 

EST. RECHARGE RATE 

TIME REQUIRED 

REMARKS 

S I G N A W  OF SITE GEOLOGIST 



16. USCS cbnificolmn of sail noor screen: 
GPO -0 CCO CllO Swo SPO 
SYO sco YL o YHO a o  uto 
Bsdrock 0 

17. Smrs o m l p h  otlochodl 0 Ye3 0 No 

18. Drilling method used: R o t q  0 
Hollw Stem Auger 0 

Other0 

19. Drilling nuid used Wobr 0 k'r 0 
Dritliq mud o None 0 

20. Dritling o d d i h  usad? 0 Yss 0 No 
Dsrcriba 

21. b u m  of r o b r  (oltoch onolph): 

Focilily/Pmject Nome Loco1 Grid Location of b*. OE. Well ~umbor 

Facility Lieenso. Porrnit or Yoniloring Number 
L o t .  L o n g  or 

m. N. Tym of Pmtaclirs Corsr: st. t . 10~  m. E. Dab Well Inslolled (Completed) 
Section LaeDtnn of Wosle/Soum 

0 E. 
Well lnatolled W (h-n'e Nome Firm) 

Yoximum Depth of FrmL Penelmlimn (estirnobd) u 0 Upqrodiint s OSidoqmdiint 
d q Dornpmdient n ONot Knom 

Note: Use top of eming (NX) for 011 depth maosurmenb. 

A Protsct'i casing, top elaalion m .  USL 

0. Wall casing. Top elaalion m. YSL O Yes ONo 

C. Land surfom elsrolimn m .  YSL 
m m .  
m .  

D. Surfom wal. b o t t o m m .  TOC o r m .  LOL 
4. Drainage port(.) 0 Yss ON0 

C;rovsl MM 0 
Bentonite 0 
CDnCrnb 0 

Other 0 

b. Annulor epom seal: Bentonite 0 
Caent  0 

Mher 0 

Bantonib q 
C a n t  q 
Other q 

7. Annubr apace wal: A Cmnulor Bentonib 0 
b. &/gal mud weigh1 ........ 8.ntmite-sond eluwy 0 
c. I k m / g o l  mud wighl .................. Bentonila eluwy 0 
d. 4 Banto ~b .................. Bsntonite-cnnat gmut 0 
e. -J volume oddsd for ony of the obac 
f. Hor imtolsd: T r a b  0 

Tmmie pumpod 0 
-tr 0 

L Sacondory filter. -. TOC or-. YSL 8. Csnlmti in 0 Yss 0 No 

8. Sscondary filter 

F. Eontonib seal, top m .  TOC w-. YSL 
0. Vdum added 

10. 8enlonile srol: a. Bentonite gmnulss 0 
6. Sacondory filler. lo-. TOC wpm. YSL b. 1/4im. 3/6in. 1/2in. Bentonite pellets 0 

Other 0 

K Rimory filter, top m .  TOC or-. YSL 
11 Sacondory mler q Yss 0 No 
a. v o ~ u m  o d ~  m' Bogs/Size 

1. Semen joint m .  TOC or-. YSL 

J. W ~ I  bottom m .  TOC or-. 

K Flter pack. b t t a n .  TOG-n WSL 

L B o W e .  b o l l o m m .  TOC o r m .  LOL 14. Scnn maWol: 
o. Sam tym: Focbfy cut 0 

Y. M e .  Q o m e t e r m m .  

c Slot .in: 
N. O.D. dl cosing m m .  d. Slatted length: 

0. I.D. d l  coainp - mm. 15. Bockfill molariol (below filler pock): Nme 0 

P. 24-hr roter lsrsl ofler completion m .  TOC o r m .  YSL 
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STANDARD OPERATING PROCEDURE 2 0 2  
MONITORING WELL DEVELOPMENT 

1.0 SCOPE AND APPLICATION I 
Well development is the process by which drilling fluids, solids, and other mobile particulates within the 
vicinity of the newly installed monitoring well are removd, while ensuring proper hydraulic connection to 
the aquifer. Development stabilizes the formation and filter pack sands around the well screen to ensure 
aquifer water moves freely to the well. 

Well development will be initiated not less than 48 consecuCve hours but no longer than 7 calendar days 
following grouting andlor placement of surface protection. 

) 2.0 MATERIALS 1 

WorkPlans; 

Well Development Form; 

Field Logbook; 

Boring Log and Well Completion Diagram for the well; 

Submersible pump, control box, associated equipment, etc; 

Photoionization detector or other appropriate monitoring instrument as specified in site-specific 
health and safety plan; 

Personal protective equipment and clothing (PPE) as specified in site-specific health and safety plan; 

Flow-through-cell and probes measuring specific conductance, pH, temperature, oxidationlreduction 
potential, dissolved oxygen, and turbidity; 

Decontamination supplies (SOP 80.1); 

Electric well level indicator and measuring tape; 

Appropriate containers for purged water and other investigation-derived material, as required; and 

Drilling tools for reverse-air circulation development, as appropriate. 

11 3.0 PROCEDURE 11 

3.1 SELECTING METHOD OF DEVELOPMENT 

The type of subsurface conditions encountered should determine the method ofwell development used at a 
parhcular site at the Radford Army Ammunition Plant (RFAAF'). 

When monitoring wells are installed within overburden material, hctured bedrock or karst aquifers 
producing little sediment, a combination of mechanical surging md pumping (over pumping) or bailing is 

- 
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generally appropriate for well development. In general, over-pumping is the method of pumping the well at 
a rate higher than recharge occurs. Moving a tight-fitting surge block along the inside of the well screen b 
create a vacuum completes surging. 

When monitoring wells are installed with solution features containing excessive amounts of sediment, 
reverse-circulation airlifting should be used as the initial step of development. Because reversscirculation 
tools airlift methods avoid forcibly exposing the annular space to air, reversecirculation tools can be run 
throughout the entre water column in the wells being developed. 

After the excessive sediment has been removed by reversecirculation airlifting, conventional pumping 
techniques may be used as appropriate to complete the well development. 

3.2 DEVELOPMENT AND SAMPLING TIMING 

Final development of monitoring wells should not be initiated any sooner than 48 hours after or more than 7 
days beyond the final grouting of the well. Pre-development or preliminary development may be initiated 
before this 48-hour minimum period. Preliminary development may be conducted for open wells or for 
screened wells after installation of the well screen, casing, and filter pzk but before installation of the 
annular seal. Pre-development is recommended when the natural formation will be used as a filter pack. 
Well development should be completed at least 14 days prior to sampling. 

3.3 SUMMAFlY OF PROCEDURES 

In general, the following procedure should be followed when developing a well using the pump and surge 
technique: 

1. Prepare the work area outside the well by placing plastic sheeting on the ground to avoid cross- 
contamination. 

2. Calibrate water quality meters (refer to SOP 40.1). 

3. Determine the depth to water and total depth of well (refer to SOP 40.2). 

4. Calculate the equivalent volume (EV) of water in well to be developed (refer to SOP 30.2). 

5. Pump or bail the well to ensure that water flows into it and to remove some of the fine materials from 
the well. Removal of a minimum of one EV is recommended at this point. The rate of removal 
should be high enough to stress the well by lowering the water level to approximately one-half its 
original level. 

6. Remove pump or bailer, slowly lower a close-fitting surge block into the well until it rests below the 
static water level but above the screened interval. (NOTE: The latter is not required in the case of an 
LNAPL well.) 

7. Begin a gentle surging motion along top on-third length of the screen, which will allow any material 
blocking the screen to break up, go into suspension, and move into the well. Note that development 
should always begin above or at the top of the screen and move progressively downward to prevent 
the surge block from becoming sand locked in the well casing. Continue surging for 5-10 minutes, 
remove surge block, and pump or bail the well, rapidly removing at least one EV. 

8. Repeat previous step at successively lower levels within the well screen, until the bottom of the well 
is reached. As development progresses, successive surging can be more vigorous and of longer 
duration as long as the amount of sediment in the screen is kept to a minimum. 
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9. Development should continue until the well development criteria listed in Section 3.1.3 have been 
achieved. 

10. All water removed must be managed as directed by the site investigation plan. 

3.3.1 Well Development Criteria 

In general, well development should proceed until the fdlowing criteria are met: 

1. At a minimum, removal of three EV of water frum the well. 

2. Removal of three times of the amount of fluid (mud and/or water) lost during drilling. 

3. Removal of three times the fluid used for well instaltition. 

4. The following indicator parameters should be stabilized as indicated by three successive readin@$ 
within: 

+ 0.2 for pH; 

&3% for specific conductance; 

+lo mV for oxidatiodreduction potential; 

+_ 1 degree Celsius for temperature; and 

+lo% for turbidity and dissolved oxygen (except for wells installed in karst aquifers). 

5. Well water is clear to the unaided eye (except for wells installed in karst aquifers). 

6. The sediment thickness remaining within the well is less than one percent of the screen length or less 
than 0.1 ft  for screens equal to or less than 10 feet. 

7. Site specific factors should be evaluated to determine appropriate well development criteria have been 
if: 

- Well recharge is so slow that the required volume of water cannot be removed during 48 
consecutive hours of development; 

- Water discoloration persists after the required volumetric development; and 

- Excessive sediment remains after the required volumetric development. 

3.4 WELL DEVELOPMENT RECORD 

Record all data as required on a Well Development Record Form (see example), which becomes a part of 
the complete Well Record. These data include the following: 

Project name, location; 

Well designation, location; 

Date(s) and time(s) of well installation; 

Static water level from top of well casing before and 24 hours after development; 

Depths and dimensions of the well, the casing, and the screen, obtained from the Well Diagram; 

Water losses and uses during drilling, obtained from the boring log for the well; 

Water contained in the well, obtained from calculations using the depth of the water column and 
the well radius, plus the radius and height of the filter pack and an assumed 30% porosity; 
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Measurements of the following indicator parameters: pH, conductivity, oxidation/reduction . 
potential, temperature, and turbidity before and after development and once during each EV; 

Notes on characteristics of the development water; 

Data on the equipment and technique used for development; and 

Estimated recharge rate and ratelquantity of water removal during development. 

Well development records shall be submitted to the COR after the development has been completed. 

3.5 INVESTIGATION-DERIVED MATERIAL 

Investigation-derived material will be managed in accordance with procedures defined in the work plan 
addendum for the site being investigated and SOP 70.1. 

14.0 MAINTENANCE I 

Not applicable. 

5.0 PRECAUTIONS I 
Refer to the sitespecific health and safety plan. 

Aller, Linda, et al. 1989. Handbook of Suggested Practices for the Design and Installation of Ground- 
Water Monitoring Wells. National Water Well Association. 

EPA Groundwater Handbook. 1989. 

Nielsen, David M. 1993. Correct Well Design Improves Monitoring, in "Environmental Protection," 
Vol. 4, No.7, July, 1993. 

USACE. 1998. Monitoring Well Design, Installation, and Documentation at Hazardous, Toxic, and 
Radioactive Waste Sites. EM 1 1 10- 1-4000, 1 November. 

ASTM Standard D 5092-90. 1990. Standard Practice for Design and Installation of Ground Water 
Monitoring Wells in Aquifers. 

ASTM Standard D 5717-95. 1995. Standard Guide for Design of Ground- Water Monitoring Systems in 
Karst and Fractured Rock Aquifers. 
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EXAMPLE WELL DEVELOPMENT FORM 

WELL DESIGNATION: DATE(S) OF INSTALLATION: I I 

SITE GEOLOGIST: DEVELOPMENT DATE(S): I I 

STATIC WATER LEVELS BEFORE ANXI AFTER DEVELOPMENT : 

BEFORE DATE 24 HR. AFTER DATE 

DEPTH TO SEDIMENT BEFORE AND AFTER DEVELOPMENT * : 

BEFORE DATE 24 HR. AFTER DATE 

DEPTH TO WELL BOTTOM *: SCREEN LENGTH 

HEIGHT OF WELL CASMG ABOVE GROUND SURFACE: 

QUANTITY OF MUDIWATER: 

LOST DUIUNG DRlLLMG (+) gallons 

REMOVED PRIOR TO WELL INSERTION (-) gallons 

LOST DURING THICK FLUID DISPLACEMENT (+) gallons 

ADDED DURING FILTER PACK PLACEMENT (+) gallons 

TOTAL LOSSES gallons 

(a) Water column ht. (ft.) 

(c) Screen length (ft.) 

@) Well radius (in.) 

(d) Borehole radius (in.) 

(e) QUANTlTY OF FLUID STANDING M WELL 

Install Equation Editor and double- 
click here to view equation. 1 gallons 

(Show Calculation) 

Install Equation Editor and double- 
(f) QUANTITY OF FLUID M ANNULUS click here to view equation. 1 gallons 

(Show Calculation) 

DEVELOPMENT VOLUME = (3 * TOTAL LOSSES) + [5 * (e + f)] = gallons 
(Show Calculation) 

* ALL DEPTHS MEASURED FROM TOP OF WELL CASING 



EXAMPLE WELL DEVELOPMENT RECORD 

WELL DESIGNATION DATE(S) OF DEVELOPMENT: ! / 

TYPE AND SIZE OF PUMP: 

TYPE AND SIZE OF BAILER: 

DESCRIPTION OF SURGE TECHNIQUE: 

RECORD OF DEVELOPMENT 

TOTAL QUANTITY OF WATER REMOVED TIME REQUIRED 

REMARKS 

SIGNATURE OF SITE GEOLOGIST 



STANDARD OPERATING PROCEDURE 20.3 
WELL &ID BORING ABANDONMENT 

1.0 SCOPE AND APPLICATION 1 
The purpose of this standard operating procedure (SOP) is to establish the protocols by which all borings 
and wells will be abandoned. The primary objective of boring or well abandonment activities is to 
permanently abandon the boring or well so that the natural migration of groundwater or soil vapor is not 
significantly influenced. 

11 2.0 MATERIALS 1 

Well abandonment equipment including appropriate grout mixinglplacement equipment, and heavy 
equipment as appropriate (drill rig, crane, backhoe, etc.); 

Pure sodium bentonite powder with no additives (bentonite); 

Bentonite pellets (seal); 

Cement (Portland Type II); and 

Approved source water. 

3.0 PROCEDURE I 
The volume of grout required for borehole or well abandonment should be calculated prior to proceeding 
with abandonment. These calculations should consider loss of material to the formation, changes in 
borehole diameter, potential zones of washout, and shrinkage of material. Calculations should be recorded 
on an abandonment record (see Section 3.1.4). 

In general, cement grout should be used for boring and well abandonment per the specifications in Section 
3.1 and procedures identified in the following sections. Specialized m o w  diameter soil borings (3-inches 
or less) associated with direct push methods or hand augers may be abandoned using bentonite pellets or 
chips (see Section 3.5). 

h y  replacement borings or wells associated with the abandonment should be offset at last 20 feet fiom 
any abandoned site in a presumed u p  or cross-gradient direction. 

3.1 GROUT 

Grout used in construction will be composed by weight of the following: 

Type II Portland cement (Type IV Portland Cement if sulfate concentrations are greater than 1,500 
ppm); 

Bentonite (2 to 5% dry bentonite per 94-lb sack of dry cement); and 
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A maximum of 6 to 7 gallons of approved water per 94-lb sack of cement. 

Neither additives nor borehole cuttings will be mixed with the grout. Bentonite will be added after the 
required amount of cement is mixed with the water. 

All grout material will be combined in an aboveground container and mechanically blended to produce a 
thick, lumpfiee mixture. The mixed grout will be recirculated through the grout pump before placemat. 

Grout placement will be performed using a commercially available grout pump and a rigid tremie pipe. 
Removal and grouting will be accomplished in stages, aquifer by aquifer, sealing the boring fiom the bottom 
to ground surface. This will be accomplished by placing a grout pipe to the bottom and pumping grout 
through the pipe until undiluted grout reaches the bottom of the next higher section of casing or, for the top 
most section, until grout flows from the boring at ground suface. 

After 24 hours, the abandoned drilling site will be checked for grout settlement. Any settlement will be 
filled'with grout and rechecked 24 hours later. This process will be repeated until firm grout remains at the 
ground surface. 

3.2 BORINGS 

The term "borings" as used in this SOP applies to any drilled hole made that is not completed as a well. This 
includes soil test borings, soil sampling borings, and deep stratigraphic borings. Whether completed to the 
planned depth or aborted for any reason before reaching that dep% borings will be grouted and will be 
normally closed within 12 hours. 

To achieve an effective seal, the borehole to be abandoned should be h e  of debris and foreign matter that 
may restrict the adhesion of the grout to the borehole wall. Borehole flushg with a trernie pipe may be 
required to remove such materials prior to grouting. 

Each boring to be abandoned should be sealed by grouting from the bottom of the boring to the ground 
surface. This will be accomplished by placing a tremie pipe to the bottom of the borehole and pumping 
grout through the pipe at a steady rate. The grouting should be completed slowly and continuously to 
prevent channeling of material. The tremie pipe should be raised when pumping pressure increases 
significantly or when undiluted grout reaches the surface. 

After 24 hours of completing the abandonment, the abandoned boring or well should be checked for any 
grout settlement. The settlement depression should be filled with grout and rechecked 24 hours later. Grout 
should be placed with a tremie pipe if the open hole is 15 feet or deeper or if the hole is not dry. Otherwise, 
the grout may be poured fiom the surface. 

3.3 NARROW BORINGS 

Narrow borings, those with diameter less than 3 inches, advanced by hand auger or direct push methods, 
may be sealed using bentonite pellets or chips rather than a grout mixture. Often times a grout pump is not 
available to mix the grout when these methods have been used. Bentonite pellets or chips will be poured 
into the boring fiorn the ground surface. Then bentonite will hydrate by absorbing moisture from the 
ground; unapproved water should not be added to the boring. After 24 hours, the abandoned boring will be 
checked, and any grout settlement will be topped off with more bentonite. The pmcess will be repeated until 
bentonite remains at ground surface unless site condition indicates otherwise. 
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3.4 WELLS 

The following procedure applies to wells aborted before completion and existing wells determined to be 
ineffective or otherwise in need of closure. 

General Considerations 

A number of techniques are available for abandoning monitoring wells and other monitoring devices 
including: 

Abandonment in place by grouting the well screen and casing in place; 

Removal of the well by pulling; and 

Overdrilling. 

The particular method used for abandonment should be specified in the work plan addenda developed for a 
site-specific investigation. Several factors must be considered when selecting the appropriate abandonment 
technique including well constructioq well condition, and subsurface conditions. 
In general the preferred method for abandonment of wells is to remove all existing well materials to: 

Reduce the potential for the formation of a vertical conduit to occur at the contact between the casing 
and annular seal; 

Reduce the potentialfor well materials interfering with the abandonment procedures; and 

Decrease the potential for reaction between the well materials and grout used for abandonment. - 

In general, all well materials will be removed during abandonment (including screen and casing) by either 
pulling out the casing, screen, and associated materials or by overdrilling using a rotary or hollow stem 
auger drilling procedure. 

Abandonment with Well Materials In Place 

In the event that it is not possible to remove the casing and screen, the casing and screen will be perforated 
using a suitable tool. A minimum of four rows of perforations several inches long and a minimum of five 
perforations per linear foot of casing or screen is recommended. 

ARer the screen and casing have been appropriately perforated, the well should be abandoned by grouting 
fiom the bottom of the well to the ground surface using a tremie pipe as described in Section 3.2. The 
tremie pipe should be raised when pumping pressure increases significantly or when undiluted grout reaches 
the surface. 

AAer 24 hours of completing the abandonment, the abandoned well should be checked for any grout 
settlement. The settlement depression should be filled with grout and rechecked 24 hours lam. Grout 
should be placed with a tremie pipe if the open hole is 15 feet or deeper or if the hole is not dry. Otherwise, 
the grout may be poured fiom the surface. 

Abandonment by Removal 
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Site conditions permitting, relatively shallow monitoring wells my be successfully abandoned by removal - 
pro\kiing. that the well is generally good condition and sections of casing (including screen) can be 
successfully removed with materials intact. 

This method of abandonment is generally accomplished by removing (pulhg) sections of casing and screen 
out of the subsurface using a drill rig, backhoe, crane, etc. of sdEcient capacity. Materials with lower 
tensile strength such as polyvinyl chloride (F'VC) generally cannot be removed by pulling if they have been 
appropriately cemented in place. 

Once the well materials have been removed fiom the borehole, the borehole should be abandoned by 
grouting in the same manner discussed for borings in Section 3.2. If the borehole collapses after removal of 
well materials, then the borehole should be over drilled to remove all material and then grouted to the 
surface. 

Overdrilling 

With this method of abandonment, the well materials are removed by overdrilling (overreaming) the well 
location. Overdrilling using rotary techniques may be accomplished using an overreaming tool. This tool 
consists of a pilot bit that is approximately the same size as the inner diameter of well casing and a reaming 
bit that is slightly larger than the diameter of the borehole. As drilling proceeds,all well materials are 
destroyed and returned to the surface. After completion of the overdrilling, the borehole should be 
immediately grouted with a tremie pipe as described in Section 3.2. 

In the case of overburden wells, a hollow stem auger may be used for overdrilling providing that this method 
of drilling appropriate for the subsurface conditions. The hollow stem auger should be equipped with 
outward facing carbide-cutting teeth with a diameter 2 to 4 inches larger than the well casing. With this 
method, the casing guides the cutting head and remains inside the auger. When the auger reaches the bottom 
of the well boring and the well materials have been removed, the borehole may be grouted with a tremie - 

pipe (Section 3.2) through the augers as the augers are gradually withdrawn. 

Considerations for Fractured Bedrock and Karst Wells 

Multi-cased wells completed into, bedrock as screened wells, open wells, or openlined wells may be 
abandoned with the outer casing left in place providing that the integrity of this casing and associated 
annular seal is good. A cement bond log (acoustic amplitude boring geophysical log) may be used to 
evaluate the integrity of the casing and annular seal, if the outer casing is to be left in place. 

Borings or wells completed in karst zones may be difficult to abandon because of the potential presence of 
large conduits, which may make it difficult to grout. Where large conduits exist or difficulties are 
encountered when abandoning a boring or well, fill the pornon of the borehole penetrating the solution 
cavity with inert gravel (quartz, claystone, etc.). Packers can be used to isolate critical intervals for filling 
with grout above and below these zones. 

3.5 RESTORATION 

All work areas around the borings or wells abandoned should be restored to a condition essentially 
equivalent to that before the borings and wells were installed. 

3.6 INVESTIGATION-DERIVED MATERIAL 

Investigation-derived material should be managed in accordance with the requirements of SOP 70.1 and the 
work plan addenda associated with the site investigation 
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3.7 DOCUMENTATION 

For each abandoned boring or well, a rec~rd should be prepared to include the following as appropriate: 

Project and boring/well designation; 

Location with respect to replacement boring well (if any); 

Open depth of well/annulus/boring prior to grouting; 

Casing or items left in hole by depth, description, composition, and size; 

Copy of the boring log; 

Copy of construction diagram for abandoned well; 

Reason for abandonment; 

Description and total quantity of grout used initially; 

Description and daily quantities of grout used to compensate for settlement; 

Disposition of investigation-derived material; 

Water or mud level prior to grouting and date measured; and 

Remaining casing above ground surface, height above ground surface, size, and disposition of each. 

Daily investigation activities at the site related to boring and well abandonment should be recorded in field 
logbooks as described in SOPS 10.1 and 10.2. 

4.0 PRECAUTIONS I 
Refer to the health and safety plan associated with the Work Plan Addenda and the Master Health and 
Safety Plan. 

11 5.0 REFERENCES 11 

ASTM Standard D 5299-92. 1992. Standard Guide for Decommissioning of Ground Water Wells, Vadose 
Zone Monitoring Devices, Boreholes, and Other Devices for Environmental Activities. 

USACE. 1998. Monitoring Well Design, Installation, and Documentation at Hazardous, Toxic, and 
Radioactive Wmte Sites. EM 11 10-1-4000, 1 November. 
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STANDARD OPERATING PROCEDURE 20.4 
TEST PITS 

The purpose of this standard operating procedure (SOP) is to delineate protocols for the excavation of test 
pits and provide general guidelines for sample collection from the test pits. 

Test pit excavations are conducted to investigate and identify possible areas of contamination. Thus, 
samples taken from the excavation will be positively biased according to visual inspection (i.e., soil 
discoloration, soil staining) and field screening. Areas showing evidence of possible contamination will be 
sampled directly. If no evidence of contamination is present during excavation, then samples will be 
collected in two equally spaced intervals or at intervals specified in work plan addenda for site-specific 
investigations. In either case, no less than two representative samples per excavation site should be 
collected. Excavation (and sampling) shall terminate if the water table is encountered before terminal depth. 

11 2.0 MATERIALS 11 

Master Work Plan; 

Work Plan Addenda; 

Field log books; 

Appropriate health and safety equipment for monitoring conditions in the work zone and excavation 
area including a photoionization detector (PID) or other types of monitoring equipment; 

Personal protective equipment and clothing (PPE) per the site-specific health and safety plan; 

Backhoe and associated equipment; 

Appropriate soil sampling equipment such as stainless steel scoops, trowels, spoons, and bowlsltrays 
SOP 30.1); 

Appropriate sample bottles, labels, chain-ofcustody forms, and sample shipping supplies etc; 

Tarps or plastic sheeting; . 

Measuring tape; 

Camera and film, and 

Decontamination equipment and supplies. 

3.0 PXOCEDURE I 
3.1 DOCUMENTATION 

Field activities and sampling information should be recorded in the field logbooks as outlined in SOPS 10.1 
and 10.2. 
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Cross-sections and sketches of the layout will be prepared upon completion of the excavation. The sketches . 
will indicate soil horizons and geologic observations. Soil horizons will be differentiated based upon 
variations in soil color (i.e., Munsell Chart), texture, coarse fragment content, structure, and consistence. 
Refer to SOP 10.3 for boring log completion procedures. In addition, depth and thickness of horizontal 
depth to bedrock (if encountered) and indicators of seasonal high water tabie (presence of redoximorphic 
features) will be recorded. Sketches will also indicate the location of any samples collected. Photographs 
of the excavation will be taken and locations noted on the field map. 

3.2 DECONTAMINATION 

Decontamination of the backhoe, trowels or spoons, bowls, field tape measure, and other associated 
equipment will be carried out before use and between each test pit as outlined in work plan addenda and 
SOP 80.1. 

3.3 SITE PREPARATION 

Mark out dimensions of excavation and possible hazards (e.g., utilities, former structures). The backhoe 
must be equipped with a protective shield and'the operator properly trained in the use of level B respiratory 
and dermal protection. The backhoe bucket and arm must be thoroughly decontaminated by steam cleaning 
before use and between each test pit location as described in work plan addenda and SOP 80.1. Discuss all 
hazards with equipment operator before any intrusive activities. 

Set up exclusion zone with caution tape and position backhoe upwind of excavation site. All activities must 
be conducted in accordance with the health and safety plan developed for work plan addenda. 

3.4 EXCAVATION AND SAMPLING 

The backhoe operator shall be directed to excavate until the sampler indicates the desired depth has been 
reached. If the pit is less than 3 ft deep, the sampler can enter the pit and collect the samples using a 
decontaminated stainless steel trowel or spoon as described in SOP 30.1. As the pit becomes deeper, the 
sampler will collect the soil samples directly from the center of the bucket of the backhoe in an area not in 
contact with the sides of the bucket. The samples will then be transferred from the bucket into the 
appropriate sample container following sampling techniques outlined in SOP 30.1. Screening processes and 
analytical parameters for field screening soil samples will vary from site to site as specified per scope of 
work. 

Begin excavating in increments of 6 to12 inches per pass. Deeper passes may be necessary if the soil is 
rocky. Total excavation width will be of adequate dimensions to visually characterize the soil profile as 
observed on the excavation walls, typically not exceeding the width of the backhoe bucket. However, total 
width of the excavation will be dependent on the depth of the excavation, thus wider dimensions may be 
necessary far characterization of deeper pits. Excavation will be continuously monitored with health and 
safety monitoring equipment. Safety measures must be exercised when working near and around the 
backhoe arm and excavation pit. Health and safety procedures and any installation safety procedures must 
be strictly followed. 

All soil removed during excavation shall be placed on a tarp or plastic sheeting. Soil exhibiting signs of 
contamination based on visual or olfactory observations, as well as monitoring results, will be separated 
from uncontaminated soil and containerized for site removal. 

Samples will be collected at desired intervals as specified in work plan addenda. Sampling procedures will 
follow the requirement of work plan addenda and SOP 30.1. 
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3.5 BACK FILL - .  

Once the terminal depth of the excavation is reached or the water table is encountered and all samples are 
collected, the trench will be backfilled with certified clean fill. Soils removed during excavation shall be 
containerized and disposed of at an approved landfill or moved to an approved storage area for subsequent 
disposal. All backfilled material will be tamped to a proper compacted ievel to ensure no major-settling will 
occur. After all bacalling and compacting procedures are complete, the area will be raked and seeded or 
resurfaced with asphalt, as appropriate. When the area is properly secured, decontamination procedures 
shall begin. 

11 4.0 PRECAUTIONS I 
Refer to the site-specific health and safety plan. 

15.0 REFERENCE 1 
USEPA. 1987. A Compendium of Superjknd Field Operations Methods. December. 
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.[I DRILLING METHODS AND PROCEDURES 

11.0 SCOPE AND APPLICATION I 
The use of an appropriate drilling procedure is contingent upon the existing conditions at the project site. 
The purpose of this standard operating procedure (SOP) is to outline procedures for the various methods of 
soil and rock drilling identified in the Master Work Plan. In addition it provides procedures for using 
sampling devices commonly used during soil and rock drilling such as spli$barrel sampling, thin walled tube 
sampling, direct push samplers, and rock coring. For a particular site investigation, the associated work plan 
addendum will identify the appropriate drilling method and method of sampling, along with proposed 
sampling depths and intervals and any special procedures or methods. 

2.0 MATERIALS U 
The following types of materials are generally appropriate for drilling: 

2.1 SPLIT-BARREL SAMPLING 

Split barrel sampler; 

Borehole logging materials per SOP 10.3 and sampling equipment and materials, as appropriate per 
SOP 30.1; 

Containers to manage investigation-derived material per SOP 70.1 ; and 

Decontamination supplies and equipment per SOP 80.1. 

2.2 THIN WALLED TUBE SAMPLING 

Thin walled tubes; 

Sealing materials for sample such as sealing wax, metal disks, wood disks, tape, cheesecloth, caps, 
etc; 

Borehole logging materials per SOP 10.3 and sampling equipment and materials, as appropriate per 
SOP 30.1; 

Containers to manage investigation-derived material per SOP 70.1; and 

Decontamination supplies and equipment per SOP 80.1. 

2.3 D m C T  PUSH SAMPLING 

Direct push unit with hydraulic ram, hammer, etc; 

Sample collection devices, associated equipment and expendable supplies such as sample liners, 
sample retainers, appropriate lubricants, etc; 

Hollow extension rods; 

Auxiliary tools for handling, assembling, and disassembling tools and samplers; 
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Borehole logging materials per SOP 10.3 and sampling equipment and materials, as appropriate per 
SOP 30.1; 

Containers to manage investigation-derived material per SOP 70.1; and 

Decontamination supplies and equipment per SOP 80.1. 

2.4 HOLLOW-STEM AUGER DRILLING 

Drill rig and associated equipment; 

Hollow stem auger assemblies for drilling to appropriate depth including auger heads, drive 
assembly, pilot assembly, and hollow-stem auger sections; 

Auxiliary devices such as wrenches, auger forks, hoisting hooks, swivels, and adaptors; 

Borehole logging materials per SOP 10.3 and sampling equipment and materials, as appropriate per 
SOP 30.1; 

Containers to manage investigation-derived material per SOP 70.1; and 

Decontamination supplies and equipment per SOP 80.1. 

2.5 DIRECT AIR ROTARY DRILLING 

Drill rig with rotary table and Kelly or top-head drive unit; 

Drill rods, bits, and core barrels (as appropriate); 

Casing; 

Sampling devices and equipment, as appropriate; 

Air compressor and filters, pressure lines, discharge hose, swivel, dust collector, and air-cleaning 
device (cyclone separator); 

Auxiliary tools for handling, assembling, and disassembling tools and samplers; 

Borehole logging materials per SOP 10.3 and sampling equipment and materials, as appropriate per 
SOP 30.1; 

Containers to manage investigation-derived material per SOP 70.1; and 

Decontamination supplies and equipment per SOP 80.1. 

2.6 DRILLTHROUGH CASING DFUVER 

Drill rig equipped with a mast-mounted, percussion driver; 

Casing, drill rods, and drill bits or hammers; 

Air compressor and filters, pressure lines, discharge hose, swivel, dust collector, and air-cleaning 
device (cyclone separator); 

Sampling devices and equipment, as appropriate; 

Auxiliary tools for handling, assembling, and disassembling tools and samplers; 

Welding equipment and materials for installation of casing; 

Borehole logging materials per SOP 10.3 and sampling equipment and materials, as appropriate per 
SOP 30.1; 
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Containers to manage investigation-derived material per SOP 70.1; and 

Decontamination supplies and equipment per SOP 80.1. 

2.7 DIRECT WATER-BASED ROTARY DRILLING 

Drill rig with derrick, rotary table and Kelly or top-head drive unit; 

Drill rods, bits, and core barrels (as appropriate); 

Casing; 

Water based drilling fluid, with approved additives as appropriate; 

Mud tub, suction hose, cyclone de-sander(s), drilling fluid circulation pump, pressure hose, and 
swivel; 

Auxiliary tools for handling, assembling, and disassembling tools and samplers; 

Borehole logging materials per SOP 10.3 and sampling equipment and materials, as appropriate per 
SOP 30.1; 

Containers to manage investigation-derived material per SOP 70.1. 

Decontamination supplies and equipment per SOP 80.1. 

2.8 DIRECT ROTARY WIRELINE-CASING ADVANCEMENT DRILLING 

Drill rig with either hollow spindle or top-head drive; 

Drill rods, coring or casing bits, overshot assembly, pilot bit, and core barrel; 

Water based drilling fluid, with approved additives as appropriate; 

Mud tub, suction hose, drilling fluid circulation pump, pressure hose, and swivel; 

Auxiliary tools for handling, assembling, and disassembling tools and samplers; 

Borehole logging materials per SOP 10.3 and sampling equipment and materials, as appropriate per 
SOP 30.1; 

Containers to manage investigation-derived material per SOP 70.1; and 

Decontamination supplies and equipment per SOP 80.1. 

2.9 DIAMOND CORE DRILLING 

Direct rotary drill rig and associated equipment (see Sections 2.4,2.5 or 2.6); 

Core barrels and core bits; 

Core lifters; 

Core boxes, engineers scale, permanent marking pen, and camera for photographing cores; 

Auxiliary tools for handling, assembling, and disassembling tools and samplers; 

Borehole logging materials per SOP 10.3 and sampling equipment and materials, as appropriate per 
SOP 30.1; 

Containers to manage investigation-derived material per SOP 70.1; and 

a Decontamination supplies and equipment per SOP 80.1. 
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11.3.0 PROCEDURES 1 .  
3.1 PENETRATION TEST AND SPLIT-BARREL SAMPLING OF SOILS 

The following general procedure may be followed as outlined in ASTM Standard Test Method D 158684. 

1. Advance the boring to the desired sampling depth using an appropriate drilling method (see sections 
below) and remove excessive cuttings from the borehole. 

2. Attach the split-barrel sampler to the sampling rods and lower into the borehole. Do not allow the 
sampler to drop onto the soil to be sampled. 

3. Position the hammer above and attach the anvil to the top of the drilling rods. 

4. Rest the dead weight of the sampler, rods, anvil, and drive weight on the bottom of the boring and 
apply a seating blow. If excessive cuttings are encountered at the bottom of the borehole, remove the 
sampler and rods from borehole and remove the cuttings. 

5. Mark the drill rods in three successive 6-inch increments so that the advance of the sampler can be 
observed. 

6. Drive the sampler with blow from the 140 pound hammer and count the number of blows applied in 
each 6-inch increment until: 

a. Fifty (50) blows have been applied during one of the three 6-inch increments. 

b. A total of 100 blows have been applied. 

c. There is no observed advance of the sampler during the application of 10 successive blows of the 
hammer. 

7. The sampler is advanced the complete 18-inches without the limiting blow counts occurring as 
described above. 

8. Record the number of blows that is required to achieve each 6-inch increment of penetration or 
fraction of this increment on the boring. 

a. The first 6 inches is considered the seating driver. 

b. The sum of the second and third 6-inch penetration intervals is termed the "standard penetration 
resistance" or "N-value." 

c. If the sampler is driven less than 18 inches as discussed in No. 6, then the number of blow for 
each partial increment will be recorded. 

d. For partial increments, the depth of penetration should be recorded to the nearest 1-inch on the 
boring log. 

e. If the sampler advances below the bottom of the boring under the weight of rods (static) andor 
hammer, then this information will be recorded on the boring log.. 

9. The raising and dropping of the 140 pound hammer may be accomplished by: 

a. Using a trip, automatic, or semi-automatic hammer drop system that lifts the hammer and allows 
it to drop 30f 1 inches. 

b. Using a cathead shall be essentially free of rust, oil, or grease and have a diameter in the range of 
6 to 10 inches. The cathead should be operated at a minimum speed of rotation of 100 
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revolutions per minute. No more than 2-114 rope turns on the cathead may be used when . 
conducting the penetration test. 

10. For each hammer blow, a 30-inch lift and drop shall be used. 

1 1. After completing the penetration test, retrieve the sampler and open. Record the percent recovery or 
the length of sample recovered. Following the procedures outlined in SOP 30.1 when collecting 
environmental soil samples. 

12. Borehole logging should be completed per SOP 10.3. 

13. Split-barrel samples must be decontaminated before and after each use per the requirements of SOP 
80.1. 

3.2 TEUN WALLED TUBE SAMPLING 

The following general procedure may be followed for collection of relatively undisturbed, thin walled tube 
samples (e.g., Shelby tube) as outlined in ASTM Standard Practice D 1587-94. 

1. Clean out the borehole to targeted sampling depth using most appropriate method, which avoids 
disturbing the material to be sampled. If groundwater is encountered, maintain the liquidlevel in 
the borehole at or above the groundwater level during sampling. 

2. Place the sample tub so that its bottom rests on the bottom of the borehole. 

3. Advance the sampler without rotation by a ccntinuous relatively rapid motion. 

4. Determine the length of the advance by the resistance and condition of the formation, the length of 
the advance should never exceed 5 to 10 diameters of the tube in sands and 10 to 15 diameters of 
the tube in clay. 

5. When the formation is too hard for push type of sampling, the tube xmy be driven or the practice - - 
used for ring-lined barrel sampling may be ised per ASTM Standard D 3550.84 (1995). When a 
sample is driven, the weight and fall of the hammer must be recorded along with the penetration 
achieved. 

6.  The maximum length of sample advance will be no longer than the sampletube length minus an 
allowance for the sample head and a minimum of >inches for sludge-end cuttings. 

7. Upon removal of the tube, measure the length of the sample in the tube. Remove the disturbed 
material in the upper end of the tube and re-measure the sample length. 

8. Remove at least one-inch of material fiom the lower end of the tube for soil description and 
identification per SOP 10.3. Measure the overall sample length. Seal the lower end of the tube. If 
directed, the material fiom the end of the tube will not be removed for soil identification and 
description; in this case the tube will be sealed promptly. 

9. Prepare sample labels and affix (or markings) on the tube. 

3.3 DIRECT PUSH SOIL BORING 

. The following general procedures outlined in this section may be followed as described in ASTM Standard 
Test Method D 6282-98. 

General considerations for this method include the following: 
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A variety of direct push drive systems may be used to advance soil borings based on the intended 
sampling depths and subsurface conditions and include the following: 

Shallower Depths and Less Difficult Conditions 

- Percussive driving systems - use hydraulically operated hammers and mechanically operated 
hammers. 

- Static push drive systems - use hydraulic rams to apply pressure and exert static pull (e.g., cone 
penetrometer systems). 

- Vibratorylsonic systems - use a vibratory device, which is attached to the top of the sampler 
extension rods. 

Greater Depths and More Difficult Conditions 
- Sonic or resonance drilling systems - use a high power vibratory system to advance larger 

diameter single or dual tube systems. 
- Rotary drilling equipment- use hydraulic system of drill rig for direct push. 

The equipment used for direct push must be capable of apply sufficient static force, or dynamic force, 
or both, to advance the sampler to the required depth of collection. Additionally, this equipment must 
have adequate retraction force to remove the sampler and extensionklrive rods once the sample has 
been collected. 

Avoid using excessive down pressure when advancing the drilling toolslsampler. Excessive pressure 
may cause the direct push unit to offset from the boring location and may damage drilling tools and 
samplers. 

Sample liners should be compatible with the material being sampled and the type of analysis to be 
conducted on the sample. Sealing of liners for submittal to the laboratory for physical testing should 
be accomplished according to ASTM Standard D 4220-95 (Standard Practice for Preserving and 
Transporting Soil Samples). 

The general procedure for completing direct push soil borings is the following: 

Stabilize direct push unit and raise mast at desired location. 

Attach the hammer assembly to the drill head if not permanently attached. Attach the arYil assembly in 
the prescribed manner, slide the direct push unit the position over the borehole, and ready the tools for 
insertion. 

Inspect the direct push tools before and after use. Decontaminate all down hole tools before and after 
use per SOP 80.1. 

Inspect drive shoes for damaged cutting edges, dents or thread failures and these conditions couid cause 
loss of sample recovery and slow the rate of advancement. 

Assemble samplers and install where required, install sample retainers where needed, and instill and 
secure sampler pistons to ensure proper operation where needed (see Steps 14 through 20 for the various 
sampler assembly procedures, etc.). 

After sampler has been appropriately installed (see Steps 14 through 20 for installation procedures, etc.) 
advance the boring to the target sampling depth using an appropriate direct push technique, as identified 
above under general considerations. 

Collect the soil sample fiom the target sampling depth using one of the methods identified in Steps 14 
through 20. 

Retrieve the sampler and appropiiately process the soil sample as identified in Steps 14 through 20 
below and in SOP 30.1. 
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9. Log the borehole per the requirements of SOP 10.3. 

10. If collecting another soil sample, decontaminate the sampler for reuse per the reqirements of SOP 80.1 
or use another decontaminated sampler. 

11. Appropriately manage investigationderived material (discarded samples, decontamination fluids, etc.) 
per SOP 70.1. 

12. Upon completion of the boring and collection of the desired soil samples, abanmn the boring per the 
requirements of SOP 20.2. 

13. The following single tube sampling systems (generally piston rod) may be used to coilect soil samples 
(see Steps 14 through 16 below): 

a. Open Solid Barrel Sampler; 

b. Closed Solid Barrel Sampler (e.g. Geoprobe Macro-Core@ Piston Rod Sampler); and 

c. Standard Split Barrel Sampler (see Section 3.1). 

14. The following two tube sampling systems may be used to collect soil samples (see Steps 17 through 20 
below): 

a. Split Barrel Sampler; 

b. Thin Wall Tubes; 

c. Thin Wall Tube Piston Sampler; and 

d. Open Solid Barrel Samplers. 

15. Sampling with the single tube, open solid barrel sampler: 

a. Attach the required liner to the cutting shoe by insertion into the machined receptacle are or by 
sliding over the machmed tube. 

b. Insert the liner and shoe into the solid barrel and attach the shoe. 

c. Attach the sampler head to the sampler barrel. 

d. Attach the sampler assembly to the drive rod and the drive head to the drive rod. 

e. Position the sampler assembly under the hammer anvil and advance the sampler assembly irto the 
soil at a steady rate slow enough to allow the soil to be cut by the shoe and move up into the sample 
barrel. 

f. At the completion of the sampling interval, removal the sampler from the borehole. Remove the 
filled sampler liner from the barrel by unsu-ewing the shoe. Cap the liner for laboratory testing or 
split open for field processing (see SOP 30.1). 

g. Log the borehole per the requirements of SOP 10.3. 

16. Sampling with the closed, solid barrel sampler (e.g., Macr~Core@ sampler). 

a. Insert or attach the sample liner to the shoe and insert the assembly into the solid barrel sampler. 
Install the sample, retaining basket, if desired. 

b. Attach the latch coupling or sampler head to the sampler barrel, and attach the piston assembly with 
point and " 0  rings if free water is present, to the latching mechanism. 

c. Insert the piston or packer into the liner to its proper position so that the point leads the sampler 
shoe. Set latch, charge packer, or install locking pin, and attach assembled sampler to drive rod. 

d. Add drive head and position under the hammer anvil. Apply down pressure, and hammer if needed, 
to penetrate the soil strata above the targeted sampling interval. 
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e. When the sampling interval is reached, insert the' piston latch release and recovery tool, removing 
the piston, or insert the locking pin removaVextension rods through the drive rods, turn counter 

. 

clockwise, and remove the piston locking pin so the piston can float on top of the sample, or release 
any other piston holding device. 

f. Direct push or activate the hammer to advance the sampler the desired interval. 

g. Retrieve the sampler from the borehole by removing the extensioddrive rods. Remove the shoe, 
and withdraw the sample line with sample for processing (see SOP 30.1). 

h. Clean and decontaminate the sampler, reload as described above and repeat the same procedure for 
collection of addition samples. 

i. Log the borehole per the requirements of SOP 10.3. 

17. Sampling with standard split barrel (split spoon) sampler generally consists of the following: 

a. Attach the split barrel sampler to an extension rod or drill rod. 

b. Using a mechanical or hydraulic hammer drive the ampler into the soil the desired interval. The 
maximum interval that should be driven is equal to the sample chamber length of the split barrel 
sampler, which is either 1 &inches or 24-inches. 

c. Retrieve the sampler from the borehole by removing the extensioddrive rods. 

d. Split the sampler open for field processing (see SOP 30.1). 

e. Clean and decontaminate the sampler (SOP 80.1), reattach and repeat the same procedure for 
collection of additional samples. 

f. Log the borehole per the requirements of SOP 10.3. 

18. Sampling with a two tube, split barrel sampler generally consists of the following: 

a. Assemble the outer casing with the drive shoe on the bottom, attach the dive head to the top of the 
outer casing, and attach the sampler to the extension rods. 

b. Connect the drive head to the top of the sampler extension rods, and insert the sampler assembly 
into the outer casing. 

c. The cutting shoe of the sampler should contact the soil ahead of the outer casing to minimize sample 
disturbance. 

d. The sample barrel should extend a minimum of 0.25 inches ahead of the outer casing. 

e. Mark the outer casing to identify the required drive length, position the outer casing and sampler 
assembly under the drill head. 

f. Move the drill head downward to apply pressure on the tool string. Advance the casing assembly 
into the soil at a steady rate, which is slow enough to allow the soil to be cut by the shoe and move 
up inside the sample barrel. 

g. Occasional hammer action during the push may assist recovery. 

h. If smooth push advancement is not possible because of subsurface conditions, use the hammer to 
advance the sampler. 

i. Stop the application of pressure or hammering when target interval has been sampled Move the 
drill head off the dnve head. Attach a pulling device to the extension rods or position the hammer 
bail and retrieve the sampler from the borehole. 

j. At the surface, remove the sampler from the extension rods and process the sample per Section 3.0 1 
and SOP 30.1. 

k. Log the borehole per the requirements of SOP 10.3. 
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19. Sampling with a two tube, thin wall tube sampler generally consists of the following: 

a. Attach the tube to the tube head using removable screws. 

b. Attach the tube assembly to the extension rods and position at the base of the outer casing shoe 
protruding a minimum of 0.25 inches to contact the soil ahead of the outer casing. 

c. Advance the tube with or without the outer casing at a steady rate. 

d. After completing the sampling interval, let the t h e  remain stationary for one minute. Rotate the 
tube slowly two revolutions to shear off the sample. 

e. Remove the tube from the borehole and measure the recovery, and log the borehole per the 
requirements of SOP 10.3. 

f. For field processing, extrude the sample fiom the tube sampler and process per SOP 30.1. 
Alternatively, the tube may be sealed and shipped to the laboratory. 

20. Sampling with two tube, thin wall tube, piston sampler generally consists of the following: 

a. Check the fmed piston sampling equipment fcr proper operation of the cone clamping assembly and 
the condition of the " 0  rings. 

b. Slide the thin wall tube over the piston, and attach it to the tube head. Position the piston at the 
sharpened end of the thin wall tube just above the sample relief bend 

c. Attach the tube assembly to the extension rods and lower the sampler into position through the outer 
casing. Install the actuator rods through the extension rod, and attach to the actuator rod in the 
sampler assembly. 

d. Attach a holding ring to the to top of the actuator rod string and hook the winch cable or other hook 
to the holding ring to hold the actuator rods in a fixed position. 

e. Attach the pushing fork to the drill headlprobe hammer and slowly apply downward pressure to the 
extension rods advancing the thin wall tube over the fixed piston into the soil for the length of the 
sampling interval. 

f. After completing the sampling interval, let the tube remain stationary for one minute. Rotate the 
tube slowly one revolution to shear off the sample. 

g. Remove the tube sampler fiom the borehole and measure the recovery, and log the borehole per the 
requirements of SOP 10.3. 

h. For field processing, extrude the sample from the tube sampler and process per SOP 30.1. 

21. Sampling with an two tube, open solid barrel sampler generally consists of the following: 

a. This sampling technique may be used when soil conditions prevent advancement of a split 
barrel sampler or advancement of an outer casing. 

b. The solid, single, or segmented barrel sampler requires the use of a liner. 

c. Use sampler in advance of outer casing when this casing cannot be advanced. 

d. Follow the procedures outlined for two tube, split barrel sampling. 

3.4 HOLLOW-STEM AUGER DRILLING 

The following general procedure may be followed as outlined in ASTM Standard Guide D 5784. 

1. Stabjlize drill rig and raise mast at desired location. 

2. Attach an initial assembly of hollowstem auger components (hollow stem auger, hollow auger head, 
center rod and pilot ass&bly, as appropriate) to the rotary drive of the drill rig. 
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3. Push the auger assembly below the ground surface and initiate rotation at a low velocity. 

4. Decontamination of auger head may be necessary after this initial penetration if this surface soil is 
contaminated. 

5. Continue drilling from the surface, usually at a rotary velocity of 50 to 100 rotations per minute to the 
depth where sampling or in-situ testing is required or until the drive assembly is within approximately 6 
to 18 inches of the ground surface. 

6 .  As appropriate, collect a soil sample from the required depth intenal. The sample may be conducted by 

a. Removing the pilot assembly, if used, and inserting and driving a sampler through the hollow 
stem auger of the auger column; or 

b. Using a continuous sampling device within the lead auger section, where the sampler barrel fills 
with material as the auger is advanced. 

7. Additional sections of hollow stems augers may be added to drill to a greater depth. Merthese auger 
sections are added, rotation of the hollow-stem auger assembly may be resumed. 

8. When drilling through material suspected of being contaminated, the installation of single or multiple 
(nested) outer casings may be required to isolate zones suspected contamination (see SOP 20.1). Outer 
casings may be installed in a predrilled borehole or using a method in which casing is advanced at the 
same of drilling. 

Monitoring wells or piezometers may be installed using hollowstem augers by: 

a. Drilling with or without sampling to the target depth. 

b. Removal of the pilot assembly, if used, and insertion of the monitoring well @r piezometer) 
assembly. 

c. The hollow stem auger column should be removed incrementally as the monitoring well (or 
piezometer) completion materials are placed (see SOP 20.1 for grouting). 

9. If materials enter the bottom of the auger hollow stem during the remwal of the pilot assembly, it 
should be removed with a drive sampler or other appropriate device. 

10. If sampling or in-situ testing is not required during completion of the boring, the boring may be 
advanced with an expendable knock out plate or plug of an appropriate material instead of a pilot 
assembly. 

11. Drill cuttings should be appropriately controlled and contained as D M  per SOP 70.1. It may be 
necessary to drill through a hole of sheet of plywood or similar material to prevent cuttings from 
contacting the ground surface. 

12. The hollow-auger assembly and sampling devices must be decontaminated before and after each use per 
the methods specified in SOP 80.1. 

13. Borehole logging should be completed per SOP 10.3. 

14. Borehole abandonment, when required, should be conducted according to SOP 20.3. 

3.5 DIRECT AIR ROTARY DRILLING 

The following general procedure may be followed as outlined in ASTM ~ t k d a r d  Guide D 578495. 

1. Stabilize drill rig and raise mast at desired location. Appropriately position the cyclone separator and 
seal it to the ground surface considering the prevailing wind direction (exhaust). 

2. Establish point for borehole measurements. 

3. Attach an initial assembly of a bit, down hole hammer, or core barrel with a single section of drill rod, 
below the rotary table or top-head drive unit, with the bit placed below the top of the dust collector. 
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4. Activate the air compressor to circulate air through system. 

5. Initiate rotation of bit. 

6. Continue with air circulation and rotation of the drillrod column to the depth where sampling or in-situ - - 
testing is required or until the length of the drill rod section limits further penetration. 

7. Monitor air pressure during drilling operations. Maintain low air pressure at bit to prevent fracturing of 
surrounding material. 

8. Stop rotation and lifi the bit slightly off the bottom of the hole to facilitate removal of drill cuttings and 
continue air circulation until the drill cuttings are removed from the borehoie annulus. 

9. Open reaching a desired depth of sampling, stop the air circulation and rest bit on bottom of hole to 
determine the depth. Record the borehole depth and any resultant caving in. If borehole caving is 
apparent set a decontaminated casing to protect the boring. 

10. When sampling, remove the drill rod column fiom the borehole or leave the drill rod assembly in place 
if the sampling can be performed through the hollow axis of the drill rods and bit. 

11. Compare the sampling depth to clearrout depth by first resting the sampler on the bottom of the hole 
and compare that measurement with the clean-out depth measurement. 

12. If bottom-hole contamination is apparent (indicated by comparison of sample depth to cleanout depth), 
it is recommended that the minimum depth below the samplerhit be 18 inches for testing. Record the 
depth of sampling or in-situ testing and the depth below the samplerhit. 

13. The procedure described in Steps 8 through 12 should be conducted for each sampling or testing 
interval. 

14. Drilling to a greater depth may be accomplished by attaching an additional drill rod section tothe top of 
the previously advanced drill-rod column and resuming drilling operations as described above. 

15. When drilling through material suspected of being contaminated, the installation of single or multiple 
(nested) outer casings may be required to isolate zones suspected contamination (see SOP 20.1 for 
grouting requirements). Outer casings may be installed in a predrilled borehole or using a method in 
which casing is advanced at the same of drilling. 

16. Monitoring wells or piezometers may be installed by: 

a. Drilling with or without sampling to the target depth. 

b. Removal of the drill rod assembly and insertion of the monitoring well (or piezometer) 
assembly. 

c. Addition of monitoring well (or piezometer) completion materials (see SOP 20.1). 

17. Drill cuttings should be appropriately controlled and contained as D M  per SOP 70.1. 

18. The drill rod assembly, sampling devices, and other drilling equipment contacting potentially 
contaminated material must be decontaminated before and after each use per the methods specified in 
SOP 80.1. 

19. Borehole logging should be completed per SOP 10.3. 

20. Borehole abandonment, when required, should be conducted according .to SOP 20.3 

3.6 DRILLTHROUGH CASING DRILLING 

The following general procedure may be followed as outlined in ASTM Standard Guide D 5872-95. 
1. Stabilize drill rig and raise mast at desired location. Appropriately position the cyclone separator and 

seal it to the ground surface considering the prevailing wind direction (exhaust). 

2. Establish point for borehole measurements. 
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3. Attach an initial assembly of a bit or down hole hammer with a single section of drill rod and casing to 
the tophead drive unit. 

4. Activate the iiir compressor to circulate air through system. 

5. Drilling may be accomplished by 

a. Method 1- the casing will fall, or can be pusheddownward behind the bit. 

b. To drill using Drive the casing first followed by drilling out the plug inside the casing. 

c. Method 2 - Advancing the casing and bit as a unit, with the drill bit or hammer, extending up to 
12-inches below the casing. 

6. Method 3 - Under reaming method where bit or hammer pens a hole slightly larger than the casing so 
that Method 1, drive the casing first and drill out the plug in the casing by moving the bit or hammer 
beyond the casing and then withdrawing it into the casing. Air exiling the bit will remove the cuttings 
up the hole. Separate cuttings from the return air with a cyclone separator or similar device. 

7. To drill using Method 2, advance casing and bit as unit with the bit or hammer extending up to 12 
inches beyond the casing depending on the conditions. While drilling, occasionally stop the casing 
advancement, retract the bit or hammer inside the casing to clear and maintain air circulation to clear 
cuttings. 

8. To drill using Method 3, use a special down hole bit or hammer to pen a hole slightly larger than the 
outside diameter of the casing so that the casing will fall or can be pushed downward immediately 
behind the bit. After advancing the casing, retract the radial dimension of the drill bit to facilitate 
removal of the down hole bit or hammer and drill tools inside the casing. Cuttings are removed from the 
borehole with the air that operates the bit or hammer and can be separated from the air with a cyclone 
separator or similar device. 

9. Monitor air pressure during drilling operations. Maintain low air pressure at bit or hammer to prevent 
hcturing of surrounding material. 

10. Continue air circulation and rotation of the drill rod column until drilling is completed to the target depth 
(for sampling, in-situ sampling, etc.) or until the length of the drill-rod section limits further penetration. 

11. Stop rotation and lift bit or hammer slightly off the bottom of the hole to facilitate removal of drill 
cuttings and continue air circulation until the drill cuttings are removed fromthe borehole annulus. 

12. After reaching a desired depth of sampling, stop the air circulation and rest the bit on bottom of hole to 
determine the depth. Record the borehole depth and any resultant caving in. If borehole caving is 
apparent set a decontaminakd casing to protect the boring. 

13. When sampling, remove the drill rod column from the borehole. Compare the sampling depth to clean 
out depth by first resting the sampler on the bottom of the hole and compare that measurement with the 
clean-out depth measurement. 

14. If bottom-hole contamination is apparent (indicated by comparison of sample depth to cleanout depth), 
it is recommended that the minimum depth below the samplerhit be 18 inches for testing. Record the 
depth of sampling or in-situ testing and the depth below the samplerhit. 

15. The procedure described in Steps 11 through 14 should be conducted for each sampling or testing 
interval. 

16. Drilling to a greater depth may be accomplished by attaching an additional drill rod section and casing 
section to the top of the previously advanced drill-rod colurnn/casing and resuming drilling operations as 
described above. 

17. Monitoring wells or piezometers may be installed by: 

a. Casing advancement in increments, with or without sampling to the target depth. 
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b. Removal of the drill rods and the attached drill bit while the casing is temporarily left in place to 
support the borehole wall. 

c. Insertion of the monitoring well (or piezometer) assembly. 

d. Addition of monitoring well (or piezometer) completion materials (see SOP 20.1). 

18. Drill cuttings should be appropriately controlled and contained as IDM per SOP 70.1. 

19. The drill rod assembly, casing, sampling devices, and other drilling equipment contacting potentially 
contaminated material must be decontaminated before and after each use p r  the methods specified in 
SOP 80.1. 

20. Borehole logging should be completed per SOP 10.3. 

21. Borehole abandonment, when required, should be conducted according to SOP 20.3. 

3.7 DIRECT WATER-BASED ROTARY DRILLING 

The following general procedure may be followed as outlined in ASTM Standard Guide D 5783-95. 

1. Stabilize drill rig and raise mast at desired location. Appropriately position the mud tub and install 
surface casing and seal at the ground surface. 

2. Establish point for borehole measurements. 

3. Attach an initial assembly of a bit or core barrel with a single section of drill rod, below the rotary table 
or top-head drive unit, with the bit placed with the top of the surface casing. 

4. Activate the drilling-fluid circulation pump to circulate drill fluid through the system. 

5. Initiate rotation of bit and apply axial force to bit. 

6.  Document drilling conditions and sequence (fluid loss, circulation pressures, depths of lost circulation, 
etc.) as described in SOP 10.3. 

7. Continue with drill fluid circulation as rotation and axil force are applied to the bit until drilling to the 
depth 

a) Where sampling or in-situ testing is required; 

b) Until the length of the drill rod section limits M e r  penetration; or 

c) Until core specimen has completely entered the core barrel (when coring) or blockage has 
occurred. 

8. Stop rotation and the lift bit slightly off the bottom of the hole to facilitate removal of drill cuttings and 
continue fluid circulation until the drill cuttings are removed fiom the borehole annulus. 

9. After reaching a desired depth of sampling, stop the fluid circulation and rest the bit on bottom of hole to 
determine the depth. Record the borehole depth and any resultant caving in. If borehole caving is 
apparent set a decontaminated casing to protect the boring. 

10. When sampling, drill rod removal is not necessary if the sampling can be performed through the hollow 
axis of the drill rods and bit. 

11. Compare the sampling depth to clean-out depth by first resting the skp le r  on the bottom of the hole 
and compare that measurement with the clean-out depth measurement. 

12. If bottom-hole contamination is apparent (indicated by comparison of sample depth to cleanout depth), 
it is recommended that the minimum depth below the samplerhit be 18 inches for testing. Record the 
depth of sampling or in-situ testing and the depth below the samplerhit. 

13. The procedure described in Steps 8 through 11 should be conducted for each sampling or testing 
interval. 
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14. Drilling to a greater depth may be accomplished by attaching an additional drill rod section to the bp of 
the previously advanced drill-rod column and resuming drilling operations as described above. 

15. When drilling through material suspected of being contaminated, the installation of single or multiple 
(nested) outer casings may be required to isolate wms suspected contamination (see SOP 20.1 for 
grouting requirements). Outer casings may be installed in a predrilled borehole or using a method in 
which casing is advanced at the same of drilling. 

16. Monitoring wells or piezometers may be installed using honow-stem augers by: 

a. Drilling with or without sampling to the target depth. 

b. Removal of the drill rod assembly and insertion of the monitoring well (or piezometer) 
assembly. 

c. Addition of monitoring well (or piezometer) completion materials (see SOP 20.1). 

17. Drill cuttings and fluids should be appropriately controlled and contained as IDM per SOP 70.1. 

18. The drill rod assembly, sampling devices, and other drilling equipment contacting potentially 
contaminated material must be decontaminated before and after each us: per the methods specified in 
SOP 80.1. 

19. Borehole logging should be completed per SOP 10.3. 

20. Borehole abandonment, when required, should be conducted according to SOP 20.3. 

3.8 DIRECT ROTARY WIRELINE CASING ADVANCEMENT DRILLING 

The following general procedure may be followed as outlined in ASTM Standard Guide D 587695. 

1. Stabilize drill rig and raise mast at desired location. Appropriately position the mud tub (for water based 
rotary) and install surface casing and seal at the ground surface. 

2. Record the hole depth by knowing the length of the rod-bit assemblies and comparing its position 
relative to the established surface datum. 

3. Attach an initial assembly of a lead dnll rod and a bit or core barrel below the tophead drive unit, with 
the bit placed with the tclp of the surface casing. 

4. Activate the drilling-fluid circulation pump to circulate dnll fluid through the system. 

5. Initiate rotation of bit and apply axial force to bit. 

6. Document drilling conditions and sequence (fluid loss, circulation pressures, depths aE lost circulation, 
down feed pressures etc.) as described in SOP 10.3. 

7. In general, the pilot bit or core barrel can be inserted or removed at any time during the drilling process 
and the large inside diameter rods can act as a temporary casing for testug or installation of monitoring 
devices. 

8. Continue with drill fluid circulation as rotation and axial force are applied to the bit until drilling to the 
depth 

a) Where sampling or in-situ testing is required; 

b) Until the length of the drill rod section limits futher penetration; or 

c) Until core specimen has completely entered the core barrel (when coring) or blockage has 
occurred. 

9. Stop rotation and lift the bit slightly off the bottom of the hole to facilitate removal of drill c'uttings and 
continue fluid circulation until the drill cuttings are removed fiom the borehole annulus. 
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10. After reaching a desired depth of sampling, stop the fluid circulation and rest the bit on bottom of hole to 

0 
determine the depth. Record the borehole depth and any resultant caving in. If borehole caving is 

. 

apparent set a decontaminated casing to protect the boring. 

11. When sampling, drill rod removal is not necessary if the sampling can be performed through the hollow 
axis of the drill rods and bit. 

12. Compare the sampling depth to cleanout depth by first resting the sampler on the bottom of the hole 
and compare that measurement with the cleanout depth measurement. 

13. If bottom-hole contamination is apparent (indicated by comparison of sample depth to cleanout depth), 
it may be necessary to M e r  clean the hole by rotary recirculation. 

14. Continuous sampling may be conducted with a soil core barrel or rock core barrel (see Section 1.7). 

15. The pilot bit or core barrel may need to be removed during drilling such as when core barrels are full or 
there is evidence of core blocking. Before the drill string is reinserted, the depth of the boring should be 
rechecked to evaluate hole quality and determine whether casing may be required. 

16. Water testing may be performed in consolidated deposits by pulling bad< on the drill rods and passing 
inflatable packer(s) with pressure f i A g  to test the open borehole wall (see ASTM Standards D 4630 
and D 463 1). 

17. Drilling to a greater depth may be accomplished by attaching an additional drill rod section to the top of 
the previously advanced drill-rod column and resuming drilling operations as described above. 

18. When drilling through material suspected of being contaminated, the installation of single or multiple 
(nested) outer casings might be required to isolate zones suspected contamination (see SOP 20.1 for 
g~outing requirements). Outer casings may be installed in a predrilled borehole or using a method in 
which casing is advanced at the same of drilling. 

19. Monitoring wells or piezometers may be installed by: 

a. Drilling with or without sampling to the target depth. 

b. Removal of the pilot bit or core barrel and insertion of the monitoring well (or piezometer) 
assembly. 

c. Addition of monitoring well (or piezometer) completion materials (see SOP 20.1). 

20. Drill cuttings and fluids shmld be appropriately controlled and contained as IDM per SOP 70.1. 

21. The drill rod assembly, sampling devices, and other drilling equipment contacting potentially 
contaminated material must be decontaminated before and after each use per the methods specifid in 
SOP 80.1. 

22. Borehole logging should be completed per SOP 10.3. 

23. Borehole abandonment, when required, should be conducted according to SOP 20.3. 

3.9 DIAMOND CORE DRILLING 

The following general procedure may be followed as outlined in ASTM Standard Practice D 2113-83 
(1993). 

1. Use core-drilling procedures, such as the water-rotary drilling method outlined in Section 3.6. 
2. Seat the casing on bedrock or firm formation to prevent raveling of the borehole and to prevent loss of 

drilling fluid. Level the formation tkat the casing will be seated on as needed. 

3. Begin core drilling using an N-size double-tube, swivel-type core barrel or other approved size or type. 
Continue core drilling until core blockage occurs or until the net length of the core has been drilled. 
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4. Remove the core barrel fiom the borehole, and disassemble the core barrel as necessary to remove the 
core. 

5. Reassemble the core barrel and return it to hole. 

6. Continue core drilling. 

7. Place the recovered core in the core box with the upper (surface) end of the core at the upper-left comer 
of the core box. Wrap soft or &able cores, etc. as needed or required. Use spacer blocks or slugs 
properly marked to indicate any noticeable gap in recovered core that might indicate a change or void in 
the formation. Fit fracture, bedded, or jointed pieces of core together as they naturally occurred. 

8. The core within each completed box should be photographed after core surface has been cleaned or 
peeled, as appropriate, and wetted. Each photo should be in sharp focus and contain a legible scale in 
feet and tenths of feet (or metric if appropriate). The core should be oriented so that the top of the core 
is at the top of the photograph. A color chart should be included in the photograph fiame as a check on 
photographic accuracy. The inside lid of the box should also be shown. 

9. The inside of the box lid should be labeled at a minimum with the facility name, project name, boring 
number, box number, and core interval. 

10. A preliminary field log of the core must be completed befue the core box has been packed for transport 
(see SOP 10.3). Detailed logging may be conducted at a later time providing the core is appropriately 
handled and transported. 

1 1. Four levels of sample protection may be used depending on character of the rock and the intended use of 
the rock core including: 

a. Routine care - for rock cored in 5 to 10 foot runs. Consists of placing in structurally sound 
boxes. Lay flat tubing may be used prior to placing the core. 

b. Special care - for rock samples to be tested that are potentially moisture sensitive, such as 
shale. This care consists of sealing with a tight fitting mpping of plastic film and application 
of wax at the ends of the sample. 

c. Critical care - for rock samples that may be sensitive to shock and vibration and/or 
temperature. Protect by encasing each sample in cushioning material, such as sawdust, rubber, 
polystyrene, foam, etc. A minimum oneinch thick layer of cushioning material should be used. 
Thermally insulate samples that are potentially sensitiveto changes in temperature. 

d. Soil-Like care - handle per ASTM Standard D 4220-95. 

12. Drilling conditions and sequence (fluid loss, circulation pressures, depths of lost circulation, down feed 
pressures, core blockage etc.) should be documented on the boring log as described in SOP 10.3. 

13. Drill cuttings a d  fluids should be appropriately controlled and contained as investigationderived 
material per SOP 70.1. 

14. The drill rod assembly, sampling devices, and other drilling equipment contacting potentially 
contaminated material must be decontaminated before and after each use per the methods specified in 
SOP 80.1. 

15. Borehole logging should be completed per SOP 10.3. 

16. Borehole abandonment, when required, should be conducted according to SOP 20.3. 

Not applicable. 
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5.0 PRECAUTIONS I 
Refer to sitespecific health and safety plan included in work plan addenda. 

6.0 REFERENCES I 
ASTM Standard D 2113-83 (1993). 1993. Standard Practice for Diamond Core Drilling for Site 

Investigation. 

ASTM Standard D 1586-84 (1992). 1992. Standard Test Method for Penetration Test and Split-Barrel 
Sampling of Soils. 

ASTM Standard D 1587-94. 1994. Standard Practice for Thin- Walled Tube Geotechnical Sampling of 
Soils. 

ASTM Standard D 4220-95. 1995. Standard Practices for Preserving and Transporting Soil Samples. 

ASTM Standard D 5079-90. 1995. Standard Practices for Preserving and Transporting Rock Core 
Samples. 

ASTM Standard D 5782-95. 1995. Standard Guide for Use of Direct Air-Rotary Drilling for 
Geoenvironmental Exploration and the Installation of Subsurface Water-Quality Monitoring Devices. 

ASTM Standard D 5783-95. 1995. Standard Guide for Use of Direct Rotary Drilling with Water-Based 
Drilling Fluid for Geoenvironmental Exploration and the Installation of Subsuflace Water-Quality 
Monitoring Devices. 

ASTM Standard D 5784-95. 1995. Standard Guide for Use of Hollow-Stem Augers for 
Geoenvironmental Exploration and the Installation of Subsuflace Water-Quality Monitoring Devices. 

ASTM Standard D 5872-95. 1995. Standard Guide for Use of Casing Advancement Drilling Methods for 
Geoenvironmental Exploration and the Installation of Subsuflace Water-Quality Monitoring Devices. 

ASTM Standard D 5876-95. 1995. Standard Guide for Use of Direct Rotary Wireline Casing 
Advancement Drilling Methods for Geoenvironmental Exploration and the Installation of Subsuflace 
Water-Quality Monitoring Devices. 

ASTM Standard D 6282-98. 1998. Standard Guide for Direct Push Soil Sampling for Environmental Site 
Characterizations. 

USACE. 1998. Monitoring Well Design, Installation, and Documentation at Hazardous, Toxic, and 
Radioactive Waste Sites. EM 11 10-1-4000. 1, November. 
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STANDARD OPERATING PROCEDURE 20.12 
DIRECT PUSH GROUNDWATER SAMPLING 

1.0 SCOPE AND APPLICATION 

The use of direct push groundwater sampling is contingent upon the existing conditions at the project site. 
The purpose of this standard operating procedure (SOP) is to outline procedures for the collecting 
groundwater samples using direct push sampling. For a particular site investigation, the associated work 
plan addendum will identify the appropriate drilling method and method of groundwater sampling, along 
with proposed sampling depths and intervals and any special pmcedures or methods. 

2.0 MATERIALS 1 
The following types of materials are generally appropriate for direct push groundwater sampling with a 
protected screen sampler: 

Direct push unit with hydraulic ram, hammer, etc; 

Groundwater sampling system consisting of expendable sampling tips, well screen with protective 
sleeve, connector assembly, probe rods (riser pipe), drive cap, grab sampling devices (bailers, if 
used), sample tubing and check valve assembly (if used), and sampling pump (if used); 

As needed, soil sampling devices and associated equipment and expendable supplies such as sample 
liners, sample retainers, appropriate lubricants, etc; 

Auxiliary tools for handling, assembling, and disassembling tools and probe rods; 

Borehole logging materials per SOP 10.3 and sampling equipment and materials, as appropriate per 
SOP 30.1; 

Containers to manage investigation-derived material per SOP 70.1 ; and 

Decontamination supplies and equipment per SOP 80.1. 

11 3.0 PROCEDURES I 

Static probing systems, penetrometer systems, or rotary drilling equipment can be used for inserting dire& 
push groundwater sampling devices. 

The following general procedures outlined in this SOP may be followed as described in ASTM Standard 
Test Method D 6001-96. 

General considerations for this method include the following: 

A variety of direct push drive systems may be used to advance borings based on the intended sampling 
depths and subsurface conditions and include the following: 
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Shallower Depths and Less Difficult Conditions 
- ~ercussive driving systems - use hydraulically operated hammers and mechanically operated 

hammers; 
- Static push drive systems - use hydraulic rams to apply pressure and exert static pull (e.g., cone 

penetrometer systems); and 
- Yibratory/sonic systems - use a vibratory device, which is attached to the top of the sampler 

extension rods. 

Greater Depths and More Difficult Conditions 
- Sonic or resonance drilling systems - use a high power vibratory system to advance larger 

diameter single or dual tube systems; and 
- Rotary drilling equipment - use hydraulic system of drill rig for direct push. 

The equipment used for direct push must be capable of apply sufficient static force, or dynamic force, 
or both, to advance the sampler to the required depth of collection. Additionally, this equipment must 
have adequate retraction force to remove the sampler and extensionldrive rods once the sample has 
been collected. 

Avoid using excessive down pressure when advancing the drilling tools/sampler. Excessive pressure 
may cause the direct push unit to offset fiom the boring location and may damage drilling tools and 
samplers. 

Direct push sampling materials should be compatible with the material being sampled and the type of 
analysisto be conducted on the sample. A variety of materials are available including stainless steel, 
rigid polyvinyl chloride (PVC) and polytetrafluorethylene (PTFE). 

The following general procedure involves the advancement of a direct push boring and collection of a 
groundwater sample using a protected screen sampler: 

1. Stabilize direct push unit and raise mast at desired location. 

2. Attach the hammer assembly to the drill head if not permanently attached. Attach the anvil assembly in 
the prescribed manner, slide the direct push unit the position over the borehole, and ready the tools for 
insertion. 

3. Inspect the direct push tools before and after use. Decontaminate all down hole tools before and after 
use per SOP 80.1. 

4. If soil samples will be collected to characterize scil stratigraphy andlor identify zones of groundwater 
for sampling, the drilling and soil sampling procedures outlined in SOP 20.1 1 (Section 3.3) should be 
followed. 

5. Connect the sampler assembly (well screen enclosed in sheath), with drive point to probe nds along 
with any subassemblies such as fiiction reducers. 

6. Prior to driving, measure the length of the sampling assembly and probe rod(s) to determine the depth of 
sampling. 

7. After the sampling assembly has been appropriately installed to the probe rod, advance the assembled 
sampler using the drill rigs hydraulic rams (smooth quasi static push) or the drill rig hammer (percussive 
driving), or both. 

8. Add additional probe rods as the sampling assembly is advanced and greater depths are reached. As the 
sampling assembly is advanced, the number of rod sections (riser) added should be recorded to ensure 
that groundwater sampling occurs at the targeted depth. 
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u 
9. Once the sampling assembly is advanced to the desired depth check the system for leakage before 

exposing the screen for sampling. The leakage test does not have to be performed if the sampling ' 

system allows for direct connection to the screened sampling area (using a sealed chamber or tubing). 

10. If appropriate, the leakage test will be conducted by checking h r  the presence of water inside the riser 
with an electronic water level meter. If no leakage is observed, then sampling may proceed. If water is 
present in the riser pipe from an unknown source, it should be purged before sampling; otherwise the 
sampling effort should be abandoned. 

1 1. Extension rods are used to hold the screen in position as the casing puller assembly is used to retract the 
probe rods. The extension rods pass through the sampler to the bottom of the screen. 

12. Groundwater sampling may be completed once the well screen is fully exposed. The extension rods are 
then removed and polyethylene or Teflon tubing with a check valve is then inserted inside the probe 
rods to the bottom of the screen. 

13. The sampling tube assembly may then be oscillated up and down to bring water to the surface for 
sample collection. 

14. Alternatively, if permitted by the sampling plan, a sampling pump (e.g., peristaltic) may be connected to 
the tubing to draw in the sample. 

15. In lieu of using sampling tubing, a small diameter biler may be lowered inside the probe rods to the 
interval of the screen to collect a grab sample of groundwater. 

16. Collect groundwater samples directly from the end of tubing into clean laboratoryprepared (preserved) 
containers, as specified in work plan addenda prepared for site-specific investigations. Allowing the 
discharge from the tubing or bailer to flow gently down the inside of the container with minimal 
turbulence should fill all samples. Volatile organic compounds (VOCs) and gas sensitive paramek- 
samples should be collected first followed by other parameters. 

17. In general, samples should be collected and containerized in the order of the volatilization sensitivity of 
the parameters. A preferred collection order for some common parameters is VOCs, extractable 
organics, metals, cyanide, sulfate and chloride, turbidity, and nitrate and ammonia. The parameters to 
be collected at any well location are sitsspecific and are specified in work plan addenda. 

18. Depending on the screen used and site conditions; samples may contain sediment and may require 
filtration before placement into containers. Refer to the sitespecific sampling and analysis plan for 
requirements for filtration. 

19. After sampling, the boring may be abandoned by incrementally removing the meen assembly and 
probe rods and pumping grout into the probe through the tubing used for sample collection. Other 
abandonment methods for direct push borings are described in SOP 20.3. 

20. Samples should be handled and shipped as specified in SOPS 50.1 and 50.2 and the work plan addenda 
prepared for site-specific investigations. 

2 1. Log the borehole per the requirements of SOP 10.3. 

22. Appropriately manage investigationderived material (discarded samples, decontamination fluids, etc.) 
per SOP 70.1. 

4.0 MAINTENANCE I 
Not applicable. 
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1 5.0 PRECAUTIONS I 
Refer to site-specific health and safety plan included in work plan addenda. 

6.0 REFERENCES I 
ASTM Standard D 600 1. 1 996. Standard Guide for Direct-Push Water Sampling for Geoenvironmental 

Investigations. 

ASTM Standard D 6282-98. 1998. Standard Guide for Direct Push Soil Sampling for Environmental Site 
Characterization. 
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STANDARD OPERATING PROCEDURE 30.1 
SOIL SAMPLING 

1.0 SCOPE AND APPLICATION I 
The purpose of this standard operating procedure (SOP) is to delineate protocols for sampling surface and 
subsurface soils. 

12.0 MATERIALS I 
Stainless steel scoop, spoon, trowel, knife, spatula, (as needed); 

Split-spoon, Shelby tube, or core barrel sampler; 

Hand auger or push tube sampler; 

Drill rig and associated equipment (subsurface soil); 

Stainless steel bowls; 

Photoionization detector or other appropriate instrument as specified in site-specific health and safety 
plan; 

Sampling equipment for collection of volatile organic samples; 

Appropriate sample containers; 

Appropriate sample labels and packaging material.; 

Personal protective equipment and clothing PPE) per site-specific health and safety plan; and 

Decontamination equipment and supplies (SOP 80.1). 

11 3.0 PROCEDURE 11 

3.1 DOCUMENTATION 

Soil sampling information should be recorded in the field logbooks as described in SOPS 10.1 and 10.2. 

3.2 SURFICIAL SOIL SAMPLES 

The targeted depths for surficial soil samples (surface and near surface) will be specified in the work plan 
addenda developed for site-specific investigations. 

1. All monitoring equipment should be appropriately calibratedbefore beginning sampling according to 
the requirements of the work plan addenda and SOP 90.1 or 90.2. 

2. All sampling equipment should be appropriately decontaminated before and after use according to the 
requirements of the work plan addendum and SOP 80.1. 

3. Use a spade, shovel, or trowel or other equipment (manufactured from material, which is compatible 
with the soil to be sampled) to remove any overburden material present (including vegetative mat) to 
the level specified for sampling. 

4. Measure and record the depth at which the sample will be collected with an engineers scale or tape. 
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5. Remove the thin layer that was in contact with the overburden removal equipment using a clean 
stainless steel scoop or equivalent and discard it. 

6. Begin sampling with the acquisition of any discrete' sample(s) for analysis of volatile organic 
compounds (VOCs), with as little disturbance as possible. VOC samples will not be composited or 
homogenized. 

7. When a sample will not be collected with a core type of sampler (push tube, split spoon, etc.), the 
sample for VOC analysis will be collected from freshly exposed soil. The method of collection will 
follow the procedures specified in SOP 30.8 (Methanol Preservation Method) or 30.9 (En Core@ 
Method) based on the requirements of the work plan addenda. 

8. Field screen the sample with properly calibrated photoionization detector (PID) or other appropriate 
instrument. Cut a cross-sectional slice from the core or center of the sample and insert the 
monitoring instrurnent(s). Based on the screening results, collect the VOC fraction, as applicable. 

9. Collect a suitable volume of sample fi-om the targeted depth with a clean stainless steel scoop (or 
similar equipment), push tube sampler, or bucket auger 

10. For core type of samplers, rough trimming of the sampling location surface should be considered if 
the sampling surface is not fresh or other waste, different soil strata, or vegetation may contaminate 
it. Surface layers can be removed using a clean stainless steel, spatula, scoop, or knife. Samples 
collected with a bucket auger or core type of sampler should be logged per the requirements of SOP 
10.3. 

11. If homogenization or compositing of the sampling location is not appropriate for the remaining 
paramete?, the sample should be directly placed into appropriate sample containers with a stainless 
steel spoon or equivalent. 

12. If homogenization of the sample location is appropriate or compositing of different locations is 
desired, transfer the sample to a stainless steel bowl for mixing. The sample should be thoroughly 
mixed with a clean stainless steel spoon, scoop, bowel, or spatula and then placed in appropriate 
sample containers per the requirements for containers and preservation specified in work plan 
addenda. Secure the cap of each container tightly. 

13. Appropriately, label the samples (SOP 50.1), complete the chain-of-custody (SOP 10.4), and package 
the samples for shipping (SOP 50.2). 

14. Return any remaining unused soil to the original sample location. If necessary, add clean sand to 
bring the subsampling areas back to original grade. Replace the vegetative mat over the disturbed 
areas. 

3.3 SUBSURFACE SAMPLES 

All sampling equipment should be appropriately decontaminated before and after use according to the 
requirements of the work plan addendum and SOP 80.1. 

1 .  All monitoring equipment should be appropriately calibrated before sampling according to the 
requirement of the work plan addendum and SOP 90.1 or SOP 90.2. 

2. All sampling equipment should be appropriately decontaminated before and after use according to the 
requirements of the work plan addendum and SOP 80.1. 

3. Collect split-spoon; core barrel, Shelby tube, sonic core or other similar samples during drilling. 
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4. Upon opening sampler or extruding sample, immediately screen soil for VOCs using a PID or . 
appropriate instrummt. If sampling for VOCs, determine the area of highest concentration; use a 
stainless steel knife, trowel, or lab spatula to cut the sample; and screen for VOCs with monitoring 
instrument(s). 

5. Log the sample on the boring log before extracting from the sampler per the requirements of SOP 
10.3. 

6. Any required VOC samples will be collected first followed by the other parameters. VOC samples 
will not be composited or homogenized and will be collected from the area exhibiting the highest 
screening level. The method of VOC sample coilection will follow the procedures specified in SOP 
30.8 (Methanol Preservation Method) or 30.9 (En Core@ Method) based on the requirements of the 
work plan addenda. 

- 7. Field screen the sample with properly calibrated photoionization detector (PID) or other appropriate 
instrument. Cut a cross-sectional slice from the core or center of the sample and insert the 
monitoring instrument(s). Based on the screening results, collect the VOC fkaction, as applicable. 

8. Rough trimming of the sampling location surface should be considered if the sampling surface is not 
fresh or other waste, different soil strata, or vegetation may contaminate it. Surface layers can be 
removed using a clean stainless steel, spatula, scoop, or knife. 

9. If homogenization or compositing of the sampling location is not appropriate for other parameters, 
the sample should be directly placed into appropriate sample containers with a stainless steel spoon or 
equivalent. 

10. If homogenization of the sample location is appropriate or compositing of different locations is 
desired, transfer the sample to a stainless steel bowl for mixing. The sample should be thoroughly 
mixed with a clean stainless steel spoon, scoop, trowel, or spatula and placed in appropriate sample 
containers per the requirements for containers and preservation specified in work plan addenda. 
Secure the cap of each container tightly. 

15. Appropriately, label the samples (SOP 50.1), complete the chain-of-custody (SOP 10.4), and package 
the samples for shipping (SOP 50.2). 

16. Discard any remaining sample into the drums used for collection of cuttings. 

17. Abandon borings according to procedures outlined in SOP 20.2. 

3.4 INVESTIGATION-DERIVED MATERIAL 

Investigation-derived material will be managed in accordance with procedures defined in the work plan 
addenda for the site being investigated and SOP 70.1. 

NOTES: If sample recoveries are poor, it may be necessary to composite samples before placing them in 
jars. In this case, the procedure will be the same except that two spliespoon samples (or other types of 
samples) will be mixed together. The boring log should clearly state that the samples have been composited, 
which samples were composited, and why the compositing was done. In addition, VOC hct ion should be 
collected from the first sampling device. 

When specified, samples taken for geotechnical analysis (e.g., percent moisture, density, porosity, and grain 
size) will be undisturbed samples, such as those collected using a thin-walled (Shelby tube) sampler, sonic 
core sampler, etc. 

I 
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4.0 MAINTENANCE 

I @  
Not applicable. 

5.0 PRECAUTIONS I 
Refer to the site-specific health and safety plan. 

Soil samples will not include vegetative matter, rocks, or pebbles unless the latter are part of the overall soil 
matrix. 

1 6.0 REFERENCES 1 

ASTM Standard D 1586-84. 1984. Penetration Test and Split-Barrel Sampling of Soils. 

ASTM Standard D 1587-83. 1983. n i n  Walled Sampling of Soils. 

ASTM Standard D 5633-94. 1994. Standard Practice for Sampling with a Scoop. 

USACE. 2001. Requirements for the Preparation of Sampling and Analysis Plans. EM 200-1-3. 1 
February. 
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STANDARD OPERATING PROCEDURE 30.2 
GROUNDWATER SAMPLING 

The purpose of this standard operating procedure (SOP) is to delineate protocols for the collection of 
groundwater samples from monitoring wells. 

2.0 MATERIALS I 
Work Plans; 

Field logbooks and field parameter forms; 

Plastic sheeting; 

Decontamination equipment and supplies (SOP 80.1); 

Variable-speed, low-flow submersible pump with safety drop cable; 

Nylon stay-ties; 

Generator; 

Dedicated Teflon tubing or Teflon lined polyethylene tubing; 

Flow-through-cell and probes for measuring pH, temperature, specific conductance, 
oxidationlreduction potential, dissolved oxygen, and turbidity (SOP 40.1); 

Electronic water-level indicator; 

Appropriate sample bottles, labels, chain-of-custody forms, and sample shipping supplies etc; 

Cooler with ice; 

Silicone tubing; 

0.45-micron disposable filters (as appropriate). 

Personal protective equipment and clothing (PPE) per site-specific health and safety plan; 

Photoionization detector (PID) or other appropriate monitoring instrument per the site-specific health 
and safety plan; and 

Appropriate containers for investigation-derived material. 

3.0 PROCEDURE 

3.1 DOCUMENTATION 

Groundwater sampling information should be recorded in the field logbooks as described inSOPs 10.1 and 
10.2. 

The following are general rules for the field parameter logbook for groundwater, as described in SOP 10.2: 
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Only information for one site or installation per logbook. The same book maybe used for more than . 
one sampling event 

The first five pages will be reserved for index, general notes, etc. Sign and date each entry. 

Fill in the forms. 

Duplicate copies, index pages, and calibration sheets remain intact. 

3.2 OVERVIEW OF SAMPLING TECHNIQUES 

In general, two different techniques may be used to sample groundwater fiom monitoring wells at Radford 
Army Ammunition Plant (RFAAP): 

Low flow purging and sampling (Type I); and 

Conventional purging and low-flow sampling (Type II). 

These two sampling techniques are intended to address the different groundwater conditions that may be 
encountered at RFAAP. 

The Type I sampling technique will be used in the following situations: 

In wells where only one discrete water-producing zone is encountered; 

In wells with no discrete water bearing zone and a low yield (generally < 0.5 liters per minute); and 

In wells sampled during seasonal low groundwater conditions with greatly reduced yield. 

The Type II sampling technique will be used in the following situations: 

In a well with potential or documented multiple flow zones and where individual flow zones will not 
be evaluated; 

In moderately producing wells (> 0.5 liters per minute) where no discrete flow zones were 
documented during drilling; and 

In wells sampled during seasonal high groundwater conditions with enhanced yield (and potentially 
additional flow zones). 

Groundwater samples should be collected no sooner than 14 days after well development. Information fiom 
the boring logs, well completion records, and well development records should be reviewed before sampling 
a well to determine the most appropriate sampling technique. Pertinent information for each well to be 
sampled includes: 

Well construction; 

Depth and nature of water producing zones; 

Sustainable pumping rate of the well to be sampled; 

Well recharge characteristics; and 

Baseline turbidity. 

Because of the heterogeneous nature of the hcture and solutiomenhanced h t u r e d  bedrock at RFAAP, 
monitoring well purging and sampling techniques will need to be flexible. This flexibility is necessary to 
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obtain representative samples that meet the data quality objectives (DQOs) specified in sitespecific work . 

a pian addenda. 

- 
In general, when using the pumps specified in the following sections, situate any gasolinepowered 
generator on level ground approximately 15 ft downwind fiom the well. All generator maintenance (oil and 
&eling) is to be performed i f f  site. If the hose@) andlor power cord of the pump is not on a reel, place the 
pump with its hose and power cord on the plastic sheeting downhill fiom he well. 

3.3 TYPE I SAMPLING PROCEDURES 

Type I low flow purgmg and sampling procedures include the following: 

The work area outside the well will be prepared by placing plastic sheeting on the ground around the 
well casing to avoid cross-contamination. 

All equipment used to purge and sample the wells will be thoroughly decontaminated before and after 
use according to the requirements of the work plan addenda and SOP 80.1. 

All equipment to be used for monitoring water quality parameters will be calibrated before beginning 
purging according to the requirements of the work plan addenda and SOP 40.1. 

Note the condition of the well and well head. 

Monitor the headspace of the well with a photoionization detector as the well cap is removed. 

Measure and record the depth to water with an electronic water level indicator. The measurement of 
well depth will not be taken until after sampling is completed so that potential re-suspension of any 
settled solids at the bottom of the well is avoided. 

Well depth at the time of purging will be obtained fiom well construction and existing data. 

Slowly lower a clean, stainless steel, adjustable flow rate, submersible pump and dedicated Teflon or 
Teflon-lined polyethylene tubing to the desired depth. As the pump is slowly lowered into the well, 
secure the safety drop cable, tubing, and electrical lines to each other using nylon stay-ties. 

For wells with very low sustainable pumping rates (I 0.5 liters per minute), the pump should be set in 
the middle of the saturated screen section of the well or middle of the water column for open wells. 
The pump should be set 12 hours prior to purging so that the depth to water equilibrates and 
sediments disturbed during pump placement have time to settle. 

For wells with sustainable pumping rates (> 0.5 liters per minute), the pumps will be set at a desired 
depth prior to purging, allowing for the depth to water to equilibrate before sampling. The desired 
depth will be specified in work plan addenda based on site-specific conditions and DQOs. 

Connect the pump tubing to an in-line flow-through cell(s) and connect the multi-parameter probe to 
the cell(s). The end of the tubing exiting the in-line flow-through cell should be placed to discharge 
into a appropriate container(s) to collect purge water. 

Immediately prior to purging, the depth to water will be measured and record. Start pumping the 
water at a rate of 100 to 400 milliliters per minute. Avoid surging. The pumping rate should cause 
minimal drawdown (less than 0.2 ft). Water level measurements should be collected continuously to 
document stabilization of the water level. Pumping rates should, if needed, be reduced to the minimal 
capabilities of the pump to avoid dewatering the screen interval and ensure stabilization of indicator 
parameters. 
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During purging, water quality indicator parameters will be monitored at the in-line flow-through 
cell(s) every 3 to 5 minutes. The parameters to be monitored include pH, specific conductance, 
oxidatiodreduction potential (Eh), dissolved oxygen, and turbidity. 

a Continue purging until stabilization of indicator parameters is achieved. Stabilization is defined as 
three consecutive readings that are within the following criteria: 

- + 0.1 for pH; . . 

- +3% for specific conductance; 

- +lo mV for oxidatiodreduction potential (Eh); and 

- + 10% for turbidity and dissolved oxygen. 

If the parameters have stabilized, but the turbidity is not in the range of 5 to 10 NTU, then both 
filtered and unfiltered samples should be collected for any metals analysis. Filter metal samples 
should be collected with an in-line filter using a high capacity 0.45-micron particulate filter. This 
filter should be pre-rinsed according to the manufacturer's instructions. 

Once purging is completed, reduce the pumping rate to its lowest steady rate and disconnect the 
tubing from the in-line flow-though cell(s). 

Collect groundwater samples directly from the end of the tubing into clean containers provided by the 
laboratory. The container requirements and preservatives for groundwater samples are specified in 
work plan addenda. Allowing the pump discharge to flow gently down the inside of the container 
with minimal turbulence should fill all sample containers. Volatile organic compound (VOC) and gas 
sensitive parameter samples should be collected first followed by other parameters. 

In general, samples should be collected and containerized in the order of the volatilization sensitivity 
of the parameters. A preferred collection order for some common parameters is VOCs, extractable 
organics, metals, cyanide, sulfate and chloride, turbidity, and nitrate and ammonia. The parameters to 
be collected at any well location are site-specific and are specified in work plan addenda. 

Appropriately, label the samples (SOP 50.1), complete the chain-of-custody (SOP 10.4), and package 
the samples for shipping (SOP 50.2). 

After the sample collection is complete, remove the pump, tubing, and associated lines. Note: sample 
tubing will be dedicated to each well. 

Measure and record the total depth of the well. 

Secure the well be replacing and l o c h g  the lid. 

3.4 TYPE I1 SAMPLING PROCEDURES 

The work area outside the well will be prepared by placing plastic sheeting on the ground around the 
well casing to avoid cross-contamination. 

All equipment used to purge and sample the wells will be thorough1y.decontaminated before and after 
use according to the requirements of the work plan addenda and SOP 80.1. 

All equipment to be used for monitoring water quality parameters will be calibrated before beginning 
purging according to the requirements of the work plan addenda and SOP 40.1. 

Note the condition of the well and well head. 

Monitor the headspace of the well with a photoionization detector as the well cap is removed. a - 
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Measure and record the depth to water with an electronic water level indicator. The measurement of . 
well depth will not be taken until after sampling is completed so that potential re-suspension of any 
settled solids at the bottom of the well is avoided. 

Well depth at the time of purgng will be obtained from well construction and existing data. 

Calculate the standing water column in the well by subtracting the depth to water from the total depth 
of the well as recorded during completion of Pilie well. 

From the water depth, well diameter, sand pack length, etc., calculate the equivalent volume (i EV) 
of water in the well. 

1 EV = volume in casing + volume in saturated sand pack. Therefore; if the water table lies below 
the top of the sand pack, use the following equation: 

If the water table lies above the top of the sand pack use this equation: 

Where: Rs = radius of sand pack in inches 
Rw = radius of well casing in inches 
hs = height of sand pack in inches 
hw = water depth in inches 

0.0043 
Assumed filter pack porosity = 30% 

Tables and graphs showing equivalent volumes for typical well constructions are available. 

Slowly lower a clean, stainless steel, adjustable flow rate, submersible pump and dedicated Teflon or 
Teflon-lined polyethylene tubing to the middle of the saturated screen interval or water column in an 
open borehole. As the pump is slowly lowered into the well, secure the safety drop cable, tubing, and 
electrical lines to each other using nylon stay-ties. 

Connect the pump tubing to an in-line flow-through cell(s) and connect the multi-parameter probe to 
the cell(s). The end of the tubing exiting the in-line flow-through cell should be placed to discharge 
into an appropriate container to collect purge water. 

Start purging the well at the minimally achievable pumping rate. Gradually increase the pumping 
rate to achieve the maximum flow rate of the pump or the maximum sustainable flow rate that does 
not draw down the static water level to a point below the top of the first water bearing zone, 
whichever is achieved first. 

During purging, water level measurements should be collected periodically to verify water levels in 
the well. 

During purging, water quality indicator parameters will be monitored at the in-line flow-through 
cell(s) every 3 to 5 minutes. The parameters to be monitored include pH, specific conductance, 
oxidationlreduction potential (Eh), dissolved oxygen, and turbidity. 

Note when each indicator parameter stabilizes. Stabilization is defined as three consecutive readings 
that are within the following criteria: 

- +3% for specific conductance; 
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- f10 mV for oxidation~reduction potential (Eh); and 

- f 10% for turbidity and dissolved oxygen. 

Three calculated eVs of water in the will be purged prior to sampling. It will be documented if 
stabilization of the indicator parameters has not occurred after three calculated well volumes have 
been removed and sampling procedures begin. 

If the turbidity is not in the range of 5 to 10 NTU when purging has been completed, then both 
filtered and unfiltered samples should be collected for any metals analysis. Filter metal samples 
should be collected with an in-line filter using a high capacity 0.45-micron particulate filter. This 
filter should be pre-rinsed according to the manufacturer's instructions. 

Once purging is completed, reduce the pumping rate to its lowest steady rate and disconnect the 
tubing from the in-line flow-though cell(s). . . .  . 

Collect groundwater samples directly from the end of the tubing into clean containers provided by the 
laboratory. The container requirements and preservatives for groundwater samples are specified in 
work plan addenda. Allowing the pump discharge to flow gently down the inside of the container 
with minimal turbulence should fill all sample containers. Volatile organic compound (VOC) and gas 
sensitive parameter samples should be collected first followed by other parameters. 

Appropriately, label the samples (SOP 50.1), complete the chain-of-custody (SOP 10.4), and package 
the samples for shipping (SOP 50.2). 

After the sample collection is complete, remove the pump, tubing, and associated lines. Note: sample 
tubing will be dedicated to each well. 

Measure and record the total depth of the well. 

Secure the well be replacing and locking the lid. 

3.5 INVESTIGATION-DERIVED MATERIAL 

Investigation-derived material will be managed in accordance with procedures defined in the work plan 
addendum for the site being investigated and SOP 70.1. 

4.0 MAINTENANCE I 
Refer to manufacturer's requirements for maintenance of pumps and generators. 

11 5.0 PRECAUTIONS I 

Refer to the sitespecific health and safety plan. 

6.0 REFERENCES I 
USACE. 2001. Requirements for the Preparation of Sampling and Analysis Plans. EM 200-1-3, 1 

February. - 
USEPA. 1997. Recommended Procedure for Low-flow Purging and Sampling of Groundwater 

Monitoring Wells. Bulletin No. QAD023, October. 
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STANDARD OPERATING PROCEDURE 30.7 
SAMPLING STRATEGIES 

1.0 SCOPE AND APPLICATION I 
The purpose of this standard operating procedure (SOP) is to delineate sampling strateges for sampling 
various media. 

2.0 MATERIALS I 
Historical site data; 

Site topography; 

Soil types; and 

Sampled media. 

The primary goal of any investigation is to collect samples representative of existing site conditions. St&- 
tics are generally used to ensure samples are as representative as possible. Sampling plans may employ 
more than one approach to ensure project data quality objectives are adequately addressed. A comparison of 
sampling strategies is presented in Table 1. 

3.1 CLASSICAL STATISTICAL SAMPLING 

Classical statistical sampling strategies are appropriately applied to either sites where the source of con- 
tamination is known or small sites where the entire area is remediated as one unit. Primary limitations of 
this sampling approach include (1) inability to address media variability; (2) inadequate characterization 
of heterogenous sites; and (3) inadequate characterization of sites with unknown contamination character- 
istics. 

3.1.1 Simple Random Sampling 

Simple random sampling is generally more costly than other approaches because of the number of samples 
required for site characterization. This approach is generally used when minimal site information is avai- 
able and visible signs of contamination &e not evident and includes the following features: 

Sampling locations are chosen using randoin chance probabilities. 

This strategy is most effective when the number of sampling points is large. 

3.1.2 Stratified Random Sampling 

This sampling approach is a modification to simple random sampling. This approach is suited for large site 
investigations that encompass a variety of soil types topographic features, andlor land uses. By dividing the 
site into homogenous sampling strata based on background and historical data, individual random sampling 
techniques are applied across the site. Data acquired from each stratum can be used to detemine the mean 
or total contaminant levels and provide these advantages: 

Increased sampling precision results due to sample point grouping and application of random sarn- 
pling approach. 
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Control of variances associated with contamination, location, and topography. 

3.13 Systematic Grid 

The most common statistical sampling strategy is termed either systematic grid or systematic random san- 
pling. This approach is used when a large site must be sampled to characterize the nature and extent of cm- 
tamination. 

Samples are collected at predetermined intervals within a grid pattern according to the following qproach: 

Select the first sampling point randomly; remaining sampling points are positioned systematically 
from the first point. 

< 

Determine the grid design: one or two-dimensional. One-dimensional sample grids may be used for 
sampling along simple man-made features. Two-dimensional gnd systems are ideal for most soil ap- 
plications. 

Determine the grid type: square or triangular. Sampling is usually performed at each grid-line inter- 
section. Other strategies include sampling within a grid center or obtaining composite samples within 
a grid. 

Each stratum is sampled based on using the simple random sampling approach but determined using 
a systematic approach. 

3.1.4 Hot-Spot Sampling 

Hot spots are small localized areas of media characterized by high contaminant concentrations. HoGspot 
detection is generally performed using a statistical sampling grid. The following factors should be d- 
dressed: 

Grid spacing and geometry. The efficiency of hot-spot searches is improved by using a triangular 
grid. An inverse relationship exists between detection and grid point spacing, e.g., the probability of 
hot-spot detection is increased as the spacing between grid points is decreased. 

Hot-spot shapelsize. The larger the hot spot, the higher the probability of detection. Narrow or semi- 
circular patterns located between grid sampling locations may not be detected. 

False-negative probability. Estimate the false negative @-error) associated with hot-spot analysis. 

3.1.5 Geostatistical Approach 

Geostatistics describe regional variability in sampling and analysis by identifymg ranges of correlation or 
zones of influence. The general twestage approach includes the following: 

Conducting a sampling survey to collect data defining representative sampling areas. 

Defining the shape, size, and orientation of the systematic grid used in the final sampling event. 

3.2 NON-STATISTICAL SAMPLING 

3.2.1 Biased Sampling 

Specific, known sources of site contamination may be evaluated using biased sampling. Locations are cb-  
sen based on existing information. 
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3.2.2 Judgmental Sampling 

7'his sampling approach entails the subjective selection of sampling locations that appear to be representitive 
of average conditions. Because this method is highly biased, it is suggested that a measure of precision be 
included through the collection of multiple sanples. 

4.0 MAINTENANCE 

Not applicable. 

1 5.0 REFERENCES I 
USACE. 2001. Requirements for the Preparation of Sampling and Analysis Plans. EM200-1-3. 1 

February. 
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TABLE 1 
SAMPLING STRATEGIES 

SAMPLING STRATEGY I DESCRIPTION APPLICATION 
-i".l-<:% -; GFd+, FG-;.ylb- ., p- A a 

&?;:.) -$~2~~b~~i&,&a -&' <&-lr,~!p?p+~Cc~;~ :<jfy;g; 
Sites where background information is not 
available and no visible signs of contamination 
are present. 
Large sites characterized by a number of soil 
types, topographic features, pastlpresent uses, 
or manufacturing storage areas. 

Best strategy for minimizing bias and providing 
complete site coverage. Can be used effec- 
tively at sites where no background information 
exists. Ensures that samples will not be taken 
too close together. 
Sites where background information or site 
survey data indicate that hot spots may exist, 

More appropriate than other statistical sampling 
strategies because it takes into account spatial 
variability of media. Especially applicable to 
sites where presence of contamination is un- 
known. 

2. '*-'I t . , 5 a d  . '*4, >* - 
L.w:-hl"% y: \&,@::><~?*4$:&?~+~~,*~ , < r5-* ".' * , ,,; 
Sites with known contamination sources. 

Homogenous, well-defined sites. 

?~n~ial~st~tfig~lis~~ii;li~gst~ate"gi~ ,* ,.- , ,,- , ,, ., -,<,,- < , , , 
Simple Random Sampling 

Stratified Random Sam- 
pling 

Systematic Grid Sampling 

Hot-Spot Sampling 

Geostatistical Approach 

,~N~~~t<t~&l,Sa~fili~gtstt~te~ii~~G$3-r"~; 
Biased Sampling 

Judgmental Sampling 

LIMITATIONS 
<z&~,li,li~,i?'*w~~r-2~iYiY+b ~ ~ ~ 7 ~ s - ' ~ ' a ~ ~  *h"' r$'Z1G: * i ~ : t  * JP:+i. *. c , - ~ ~ ' . L ~  5:  p-' ( tG;< IL *,?'%+ ' li 

May not be cost-effective because samples may 
be located too close together. Does not take 
into account spatial variability of media. 
Often more cost-effective than random sam- 
pling. More difficult to implement in the field 
and analyze results. Does not take into account 
spatial variability of media. 
Does not take into account spatial variability of - 
media 

Does not take into account spatial var~ability of 
media. Tradeoffs between number of samples, 
chance of missing a hot spot, and hot spot 
sizelshape must be weighed carefully. 
Previous investigation data must be available 
and such data must be shown to have a spatial 
relationship. 

;h,, i"?., * * A .  - ?: <A*, " %  - h +  ,*.* ; * c . "  c 3 *  " ! , J 2 > m l  - ,  - .," : p * -  

Contaminated areas can be overlooked if 
background information or visual signs of con- 
tamination do not indicate them. Best used if 
combined with a statistical approach, depefid- 
ing on the project objectives. 
Not usually recommended due to bias imposed 
by individual, especially for final investiga- 
tions. 

.-$? ~~:p .y .  x~?--FG;~~F~:F~P; ,,*,. rn , ,, A ?:cG-eg&f*:*+i?:ri aT,A-.&,a~n >+%> "L,~,, - , 
Representative sampling locations are chosen 
using the theory of random chance probabili- 
ties. 
Site is divided into several sampling areas 
(strata) based on background or site survey 
information. 

Most common statistical strategy; involves 
collecting samples at predetermined, regular 
intervals within a grid pattern. 

Systematic grid sampling strategy tailored to 
search for hot spots. 

Representative sampling locations are chosen 
based on spatial variability of medla Result- 
ing data are analyzed using kriging, which 
creates contour maps of the contaminant 
concentrations and the precision of concen- 
tration estimates. 

-'" " 2" ", r Q yr;;Vhr ': V -* "% '. ,- + * c  :ce- ,*Pa p* >>>L>,->~-~3. , 

Sampling locations are chosen based on 
available information. 

An individual subjectively selects sampling 
locations that appear to be representative of 
average conditions. 



STANDARD OPERATING PROCEDURE 30.9 
COLLECTION OF SOIL SAMPLES BY USEPA SW 846 METHOD 5035 

USING DISPOSABLE SAMPLERS 

1 1.0 SCOPE AND APPLICATION I 
This standard operating procedure (SOP) outlines the recommended protocol and equipment for collection 
of representative soil samples to monitor potential volatile organic contamination in soil samples. 

This method of sampling is appropriate for surface or subsurface soils contaminated with low to high levels 
of volatile organic compounds (VOCs). This sampling pocedure may be used in conjunction with any ap- 
propriate determinative gas chromatographic procedure, including, but not necessarily limited to, SW846 
Method 8015,8021, and 8260. 

2.0 MATERIALS 1 
Work Plans; 

Field Logbook; 

Photoionization Detector (PID) or other monitoring instrument(s) per site-specific health and safety 
plan; 

Personal protective equipment and clothing per site-specific health and safety plan; 

Soil sampling equipment, as applicable (SOP 30.1); 

Disposable sampler; 

T-handle andlor Extrusion Tool; and 

Decontamination equipment and supplies (SOP 80.1). 

3.0 PROCEDURE I 
3.1 METHOD SUMMARY 

Disposable samplers are sent to the field to be used to collect soil samples. Three samplers must be filled for 
each soil sampling location, two for the lowlevel method (sodium bisulfate preservation) and one for the 
high level method (methanol preservation). After sample collection, disposable samplers are irnmedately 
shipped back to the laboratory for preservation (adding soil sample into methanol and sodium bisulfite solu- 
tion). The ratio of volume of methanol to weight of soil is 1 : 1 as specified in SW846 Method 5035 (Section 
2.2.2). The amount of preservative in the solution corresponds to approximately 0.2 g of presmtive for 
each 1 g of sample. Enough sodium bisulfate should be present to ensure a sample pH of5  2. 

If quality assurance/quality control (QAIQC) samples are needed, seven samplers will be needed for the 
original, matrix spike, and matrix spike duplicate analysis. Soil samples are collected inthe field using the 
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disposable samplers, sealed and returned to the laboratory. A separate aliquot of soil is collected in a 121 
rnL container for dry weight determination. 

3.2 SAMPLE CONTAINERS, PRESERVATION, HANDLING AND STORAGE 

After sample collection, the disposable samplers must be cooled to and maintained at $c. The contents of 
the samplers will be analyzed using EPA methods 8015, 8021, and/or 8260. The disposable sampler is a 
single use device. It cannot be cleaned and/or leused. 

Disposable samplers have a 48 hour holding time from sample collection to sample preparation in the 
laborato y. Return the samplers to the laborato y immediately aper sampling. 

3.3 SAMPLE PROCEDURES 

Before sampling, the disposable sampler should be prepared as follows: 

1. Unpack the cooler/sampling kit received from the laboratory. Disposable samplers are packed in sealed 
aluminized bags. These should be over packed in plastic zip lock bags. A T-Handle will also be needed 
to collect samples with the disposable sampler. 

2. Hold coring body and push plunger rod down until small @ring rests against tabs. This will assure that 
plunger moves freely. 

3. Depress locking lever on the sampler T-Handle (or other extraction device). Place coring body, plurg- 
ers end first, into the open end of the T-Handle, aligning the two slots on the coring body with the two 
locking pins in the T-Handle. Twist the coring body clockwise to lock the pins in the slots. Check to 
ensure the sampler is locked in place. Sampler is ready for use. 

The following procedure should be followed when using a disposable sampler to sample for VOCs in soil: 

1. After the soil-sampling device (split spoon, corer, etc.) is opened, the sampling process should be can- 
pleted in a minimum amount of time with the least arnountof disruption. 

2. Visual inspection and soil screening should be conducted after the sampler is opened and a fresh surface 
is exposed to the atmosphere. Soil screening should be conducted with an appropriate instrument (PID 
or FID). 

3. Rough trimming of the sampling location surface should be considered if the sampling surface is not 
fresh or other waste, different soil strata, or vegetation may contaminate it. Surface layers can be E- 
moved using a clean stainless steel, spatula, scoop, or knife. 

4. Orient the T-Handle with the T-up and the coring body down. This positions the plunger bottom flush 
with bottom of coring body (ensure that plunger bottom is in position). Using THandle, push sampler 
into soil until the coring body is completely 111 taking care notto trap air behind the sampler. When 
111, the small *ring will be centered in the T-Handle viewing hole. Remove sampler from soil. Wipe 
excess soil fiom coring body exterior with a clean disposable paper towel. 

5. Cap coring body while it is still on theT-Handle. Push cap over flat area of ridge and twist to lock cap 
in place. Cap must be seated to seal sampler. 

6. Remove the capped sampler by depressing locking lever on T-Handle while twisting and pulling sarn- 
pler from T-Handle. 

7. Lock plunger by rotating extended plunger rod l l l y  counterclockwise until wings rest firmly against 
tabs. 
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8. Fill the 125-mL wide mouth jar for the non-preserved portion of the sample to be used for a moisture 
determination. These may be in a cardboard box. Retain all packaging toretm the samples. 

9. The disposable sampler should collect approximately 5 grams of soil (not necessary to weigh in the 
field). After a sample has been collected and capped, tear off the identification tag found at the bottom 
of the label on the aluminized bag. This tag is added to the sampler on the cap used to seal the sampler. 

10. Place the sampler back in the aluminized bag and seal the top (a ziplock seal). Make sure all the ap- 
propriate information is on the label. Record the sampler ID number on the bin-of-custody. Make 
sure each smpler and 125-mL container is labeled with the same location identification. The sampler 
should be placed inside the plastic ziplock bags. 

11. Place the 125-mL wide mouth jars in the cooler with the sampler on top. These should be sandwiched 
between bags of ice to maintain the correct temperature. If sent with the jars and samplers, a tempea- 
ture bottle (used to evaluate the temperature on receipt) should be placed in the middle of the jars. The 
sample temperature should be 4°C during shipment. 

12. Ship the samples so that they will be received within 24 hours of sampling. The laboratory must receive 
the sampler within 40 hours of the collection so that they can be correctly preserved. 

3.4 QUALITY ASSURANCEIQUALITY CONTROL (QAIQC) 

1. All data must be documented on chahof-custody forms, field data sheets and in the field logbook. 

2. An equipment blank is a QNQC sample that will determhe potential contamination fiom sampling 
equipment used to collect and transfer samples fiom the poirt of collection to the sample container. An 
equipment blank is performed by pouring demonstrated analyte h e  water fiom one sample container, 
over a sampler, and into a separate set of identical sample containers. The equipment blank is optional 
when sampling with the methanol preservation technique. It may be required on a sitespecific basis if 
elevated analytical results are suspected to be due to cross contanination fiom sampling equipment. 

3. A trip blank is a QNQC sample, which will determine additional sources of contamination that may 
potentially influence the samples. The sources of the contamination may be fiom the laboratory, sample 
containers, or during shipment. The laboratory prepares a trip blank at the same time and in the same 
manner as the sample containers. The trip blank must accompany the sample containers to the field and 
back to the laboratory along with the collected samples for analysis. It must remain sealed at all times 
until it is analyzed at the laboratory. The frequency of collection for the trip blank must be at a rate of 
one per sample shipment. 

3.5 LIMITATIONS IN SAMPLING 

This sampling protocol will not be applicable to all solid environmental matrices, such as those that cannot 
be cored including non-cohesive granular material, gravel, or hard dry clay. In this case, the procedure for 
collecting VOC samples using Methanol Presmtion should be used (see SOP 30.8). 

4.0 MAINTENANCE 

Not applicable. 

5.0 PRECAUTIONS I 
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None. 

1 6.0 REFERENCES 

En Novative Technologies, Inc. 2000. Users Manual for En Core@ Sampler. February 2001. 

USACE. 200 1.  Requirements for the Preparation of Sampling and Analysis Plans. EM 200- 1-3, 1 Feb- 
ruary. 

USEPA. 1997. Test Methods for Evaluating Solid Waste, Volume IB: Laboratory Manual Physi- 
cal/Chemical Methods, Third Edition, (as updated through update IIIA). Office of Solid Waste and 
Emergency Response, Washington, DC. 
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STANDARD OPERATING PROCEDURE 4 . 1  
MULTIPARAMETER WATER QUALITY- MONITORING INSTRb'MENT 

1.0 SCOPE AND APPLICATION I 
The purpose of this standard operating procedure (SOP) is to delineate protocols for field operation with the 
multiparameter water quality logging system (data transmitter and visual display). This system can monitor 
up to eleven basic parameters, including dissolved oxygen, percent saturation, temperature, pH, specific 
conductance, resistivity, salinity, total dissolved solids, redox, level, a d  depth. 

2.0 MATERIALS 1 
Visual display; 

Data transmitter; 

Underwater cables; and 

Field logbooks. 

3.0 PROCEDURE I 
3.1 CALIBRATION 

Calibration will be performed in the field daily before use according to manufacturer's specifications. The 
following parameters are calibrated to the following standards: 

Temperature-none required; 

Specific conductance-KC1 or seawater standards; 

pH-pH 7 buffer plus a slope buffer; 

Dissolved oxygen-saturated air or saturated water; 

Redox-uinhydrone or transfer; 

Depth-set zero in air; 

Level-set zero in air; and 

Salinity-uses calibration for specific conductance. 

3.2 OPERATION 

1. Attach the cable to the transmitter. 

2. Connect the other end of the cable to the display. 

3. Press the OnIOff key on the display panel. Allow a few seconds for the transmitter to start sending 
data to the display screen. 

4. Calibrate the transmitter. 

5. Deploy the sensor into a minimum of 4 in. of water. 
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6. Write data values fiom the display screen in the appropriate field logbook. 

7. Retrieve sensor and clean the transmitter to prevent cross-contamination. 

8. Move to the next sampling location. If travel time is great, turn off display by pressing OnIOff key. 
Check condition of probes after each deployment. 

9. Disconnect the transmitter when finished sampling for the day. 

4.0 MAINTENANCE 

Maintain according to specific manufacturer's specifications. 

1 5.0 PRECAUTIONS 1 
Check condition of probes frequently between sampling; and 

Don't force pins into the connectors; note the keying sequence. 

Se~tember 2002 2 Radford Army Ammunition Plant 
MWP ~ddendum No. 13. SWMU 54 

Appendix A - SOP 40.1 



STANDARD OPERATING PROCEDURE 40.2 
WATER LEVEL AND WELL-DEPTH MEASUREMENTS 

1.0 SCOPE AND APPLICATION I 
The purpose of this standard operating procedure (SOP) is to delineate protocols for measuring water level 
and well depth. This procedure is applicable to tk sampling of monitoring wells and must be performed 
before any activities that may disturbthe water level, such as purging or aquifer teding. 

- - -  

6.0 MATERIALS 1 
- 

Work Plans; 

Well construction diagrams; 

Field logbook; 

Photoionization detector @ID) or other monitoring instruments per site-specific health and safety 
plan; 

Decontamination equipment and supplies (SOP 80.1); 

Electric water level indicator (dipmeter) with cable measured at 0.01 ft increments; 

Oil-water interface probe (if non-aqueous phase liquid (NAF'Ls) are suspected to be present); and 

Plastic sheeting. 

3.0 PROCEDURE I 
3.1 PRELIMINARY STEPS 

1. Locate the well and verify its position on the site map. Record whether positive identification was 
obtained, including the well number and any identifying marks or codes contained on the well casing 
or protective casing. Gain access to the top of the well casing. 

2. Locate the permanent reference mark at the top of the casing. This reference point will be scribed, 
notched, or otherwise noted on the top of the casing. If no such marks are present, measure to the top 
of the highest point of the well casing and so note this fact in field logbook. Determine from the re- 
cords and record in the notebook the elevation of this point. 

3. Record any observations and remarks regarding the completion characteristics and well condition, 
such as evidence of cracked casing or surface seals, security of the well (locked cap), and evidence of 
tampering. 

4. Keep all equipment and supplies protected from gross contam.hation; use clean plastic sheeting. 
Keep the water level indicator probe in its protective case when not in use. 

3.2 OPERATION 

1. Sample the air in the well head for gross organic vapors by lifting the well cap only high enough for 
an organic vapor meter @ID or FID) probe to be entered into the well casing. This will indicate the 
presence of gross volatile contaminants as well as indicating potential sampler exposure. 
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2. Remove cap. Allow well to vent for 60-90 seconds. Resample headspace. Record both readings. If 
the second reading is lower than the first, use the second reading to determining whether respiratory 
protection will be required during subsequent water level and well depth determinations and sam- 
pling. 

3. Note that all headspace sampling must be performed at arm's length and from the upwind side of the 
well if possible. 

4. If NAPL contamination is suspected, use an interface probe to determine the existence and thickness 
of NAPLs. 

Open the probe housing, turn the probe on, and test the alarm. Slowly lower the probe into the 
well until the alarm sounds. A continuous alarm indicates a NAPL, while an intermittent alarm 
indicates water. If a NAPL is detected, record the initial level (first alarm). Mark the spot by 
grasping the cable with the thumb and forefingers at the top of the casing. If a mark is present on 
the casing, use the mark as the reference point. If no mark is present, use the highest point on the 
casing as the reference point. Withdraw the cable sufficiently to record the depth. 

Continue to slowly lower the probe until it passes into the water phase. Slowly retract the probe 
until the NAPL alarm sounds and record that level in the manner as described above. 

Record the thickness of the LNAPL (see Section 3.3.1). 

Continue to slowly lower the interface probe through the water column to check for the presence 
of DNAPL. 

Measure and record the thickness of the DNAPL layer (if any) as described above. 

Slowly raise the interface probe, recording the depth to each interface as the probe is withdrawn. 
If there is a discrepancy in depths, clean the probe sensors and re-check the depths. 

NOTE: Air-liquid interface depth is more reliable if probe is lowered into liquid. NAPL-water 
depths are more accurate if probe is moved from water into NAPL. 

Always lower and raise interface probe slowly to prevent undue mixing of media. 

Always perform NAPL check in wells installed in areas with suspected NAPL contamination. 
Always perform NAPL check if headspace test reveals presence of volatiles. Always perform 
NAPL check the first time a well is sampled. If a well has been sampled previously and no 
NAPLs were present and none of the proceeding conditions are met, the NAPL check may be 
omitted. 

5. If no NAPL is present, use an electronic water level detector as follows. 

Remove the water level indicator probe fiom the case, turn on the sounder, and test check the bat- 
tery and sensitivity scale by pushing the red button. Adjust the sensitivity scale until you can 
hear the buzzer. 

Slowly lower the probe and cable into the well, allowing the cable reel to unwind. Continue low- 
ering until the meter buzzes. Very slowly, raise and lower the 'probe until the point is reached 
where the meter just buzzes. Marking the spot by grasping the cable with the thumb and forefin- 
gers at the top of the casing. If a mark is present on the casing, use the mark as the reference 
point. If no mark is present, use the highest point on the casing as the reference point. Withdraw 
the cable and record the depth. 
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6. To measure the well depth, lower electric water level indicator probe or tape until slack is noted. 
Very slowly raise and lower the cable until the exact bottom of the well is "felt." Measure (cable) or 
read the length (tape) and record the depth. 

7. Note that if the electric water level indicator is used to determinedepth of well, the offset distance 
between the tip of the probe and the electrode must be added to the reading to determine actual depth. 

8. Withdraw the probe or tape. 

9. Decontaminate the probe(s) and cable(s), in accordance with SOP 80.1. 

3.3 DATA RECORDING AND MANIPULATION 

Record the following information in the field logbook and appropriate sampling forms: 

Date and time; 

Weather; 

Method of measurement; 

Casing elevation; 

NAPL surface elevation = casing elevation - depth to NAPL; 

Apparent measured LNAPL thickness = depth to bottom of NAPL - depth to top of NAPL; 

Water level elevation = casing elevation - depth to water; and 

Well bottom elevation = casing elevation - depth to bottom (or read directly from tape). 

14.0 CALIBRATION I 
No calibration is required. Ensure opmbility of electric water level indicator by testing sounder before use. 

5.0 PRECAUTIONS I 
Depending upon the device used, correction factors may be required for some measurements; 

Check instrument batteries before each use; and 

Exercise care not to break the seals at the top of the electric water level indicator probe. 

11 6.0 REFERENCES 11 

ASTM Standard D 4750-87. 1987. Standard Test Method for Determining Subsurface Liquid Levels in a 
Boreh ole or Monitoring Well (Observation Well). 

MCAlary, T. A., and Barker, J.F. 1987. "Volatilization Losses of Organics During Ground Water Sam- 
pling from Low Permeability Materials" in Ground Water Monitoring Review. Fall 1987. 

Thornhill, Jerry T. 1989. Accuracy of Depth to Groundwater Measurements; in "EPA Superfimd 
Ground Water Issue" EPA154014-891002. 
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STANDARD OPERATING PROCEDURE 40.3 
SLUG TESTS 

1.0 PURPOSE I 
The purpose of this standard operating procedure (SOP) is to provide information and technical guidance 
for performing falling- and rising-head in situ hydraulic conductivity tests and data analyses. The slug 
test method involves causing a sudden change in head in a control well and measuring the water level 
response within that control well. Head change may be induced by suddenly injecting into the well or 
removing fiom the well a known quantity of water, rapid removal of a mechanical "slug" fiom below the 
water level, increasing or decreasing the air pressure in the well casing, or emplacement of a mechanical 
slug into the water column. 

The water level response in the well is a function of the mass of water in the well and the transmissivity 
and coefficient of storage of the aquifer. The results of the slug test may be used to determine an estimate 
of the hydraulic conductivity of the aquifer material near the well. 

11 2.0 MATERIALS I 
WorkPlans; 

Field logbook; 

Well construction information and boring log; 

Photoionization detector (PID) or other monitoring instruments per site-specific health and safety 
plan; 

Decontamination equipment and supplies (SOP 80.1); 

Aquifer test data sheets; 

Personal protective equipment and clothing (PPE) per site-specific health and safety plan; and 

Slug-inducing equipment (solid slug, line, etc.) large enough to displace groundwater beyond the well 
filter pack. 

3.0 PROCEDURE I 
Initially, an appropriate test methodology should be chosen. The selection of the appropriate test method 
(rising or falling head) is dependent primarily on saturated screen length, the well diameter, and the 
estimated hydraulic conductivity. If the screen extends above the water table, a rising-head test (water 
removal) should be used. The performance of a falling-head test (water added) in this circumstance 
would overstate the hydraulic conductivity value, as the measured response would reflect the equilibra- 
tion rate of previously unsaturated material; unsaturated materials would equilibrate faster than saturated 
materials. When the measured water level in a monitoring well is above the screened portion of the well, 
a falling-head test methodology should be employed. A rising-head test may also be performed, but only 
if the initial water level reading (after the slug is removed) is above the screened interval. 

For larger diameter and deeper wells, as a general rule and particularly for high conductivity materials, it 
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is not feasible to remove a large enough slug or water volume to cause a sufficient change in head. In 
these cases the falling-head test method should be used. 

It is recommended that a pressure transducer be used whenever possible to record water levels and time. 
A pressure transducer is required to record useful data when the hydraulic conductivity is high (greater 
than 10-3 cmlsec). The standard stopwatch and water-level indicator method is adequate for lower 
conductivity units. 

The procedures outlined below assume use of a pressure transducer. Readings should be collected at 
intervals set on the data logger if used. If manual readings are collected, the following intervals should be 
applied: 

0 to 5 minutes, every 10 seconds; 

5 to 10 minutes, every 30 seconds; 

10 to 30 minutes, every 1 minute; and 

30 to 60 minutes, every 2 minutes. 

3.1 Falling-Head Tests 

1. Install pressure transducer near the total well depth and permit transducer and water levels to equilibrate 
to ambient conditions. Secure transducer cable to prevent movement during he test. Begin transducer 
readings. 

2. Manually measure the static water level. 

3. Insert slug completely below static water level or add a water "slug." 

4. Intermittently measure water level and note the time of measurement with reference to the data logger. 

5. Continue monitoring until water level is within 90% of the static level. 

If a solid slug was used, stop the falling-head test recording at this point and begin a rising-head test by 
removing the solid slug from the well. If a solid slug was not used, simply end recording by the data 
logger at the completion of the falling-head test. 

3.2 Rising-Head Tests 

1. Install pressure transducer near the total well depth and permit transducer and water levels to equilibrate 
to ambient conditions. Secure transducer cable to pevent movement during testing. 

2. Manually measure the static water level. 

3. Remove ~ ~ c i e n t  volume of water to lower the water level a minimum of 1 ft below static water level, 
or 

4. Install the solid slug l l l y  below water level; permit static conditions to =turn and then remove the solid 
slug. 

5. Begin readings with data logger. 

6. Intermittently measure water level and note time of measurement with reference to data logger. 

7. Continue monitoring until the water level is within 90% of the static level. 

As a check on equipment operation and in the event that test data for a particular well are not usable, the 
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data should be printed out in the field. If there is equipment failure (e.g., a non-attainment of a 1-foot 
minimum head change, unexplained fluctuations in water levels, etc.), the test can be rerun with 
minimum time lost. 

The well numbers, static and subsequent water levels, programmed test numbers, and general comments 
should be recorded in the field notebook. 

Not applicable. 

ASTM Standard D 4043-91. Standard Guide for Selection of Aquife-Test Method in Determining of 
Hydraulic Properties of Well Techniques. 

Hvorslev, M.J. 1951. Time-Lag and Soil Permeability in Ground Water Observation&. U.S. Army 
Engineers, Bulletin 36 - This method can be applied to both unconfined and confined aquifers but 
provides only approximate conductivity values (Freezer R.A. and J.A. Cherry, 1979, Groundwater, 
Prentice-Hall, Inc.). 

Cooper, H.H., J.D. Bredehoeft, I.S. Papadopulos. 1967. Response of a Finite-Diameter Well to an 
Instantaneous Charge of Water. Water Resources Division, U.S. Department of the Interior Geological 
Survey, Vol. 3, No. 1 - This method can be applied to aquifers under confined conditions and requires 
that the well completely penetrate the aquifer. This method is believed to produce most reliable data 
when applied to low-permeability materials. 

Bouwer, H. 1989. The Bouwer and Rice SIug Test -- An Update. Ground Water, Vol. 27, No. 3; and 
Bouwer, H. and R.C. Rice. 1976. A SIug Test for Determining Hydraulic Conductivity of Unconfined 
AquijZrs with Completely or Partially Penetrating Wells. Water Resources Research, Vol. 12, No. 3 - 
This method takes into account additional well and aquifer configurdion data points not considered by 
Hvorslev's more simplistic method. Computer analyses are available. 

Nguyen, V., G.F. Pinder. 1984. Direct Calculation of Aquifer Parameters in SIug Test Analyses, Groundw- 
ter Hydraulics. American Geophysical Union Water Resources Monograph 9 - This method can be 
applied to partially penetrating wells in both confined and uncodned aquifers it produces better values 
for low- to moderatepermeability materials. 
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STANDARD OPERATING PROCEDURE 50.1 
SAMPLE LABELS 

1 

1.0 SCOPE AND APPLICATION 1 
Every sample will have a sample label uniquely identifying the sampling point and analysis parameters. The 
purpose of this standard operating procedure (SOP) is to delineate protocals for the use of sample labels. An 
example label is included as Figure 50.1-A. Other formats with similar levels of detail are accepable. 

2.0 MATERIALS I 
Sample label; and 

Indelible marker. 

3.0 PROCEDURE 1 
The use of preprinted sample labels is encouraged and should be requested fiom the analytical support lab- 
ratory during planning activities. 
As each sample is collected, fill out a sample label ensuring the following information has been collected: 

Proiect name; 

Sample ID: enter the SWMU number and other pertinent information concerning where the sample 
was taken. This information should be included in site-specific work plan addenda; 

Date of sample collection; 

Time of sample collection; 

Initials of sampler(s); 

Analyses to be performed (NOTE: Due to number of analytes, details of analysis should be arranged 
with lab a priori); and 

Preservatives (water samples only). 

Double-check the label information to make sure it is correct. Detach the label, remove the backing and q- 
ply the label to the sample container. Cover the label with clear tape, ensuring that the tape completely m- 
circles the container. 

4.0 MAINTENANCE 

Not applicable. 
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5.0 PRECAUTIONS I 
None. 

6.0 REFERENCES 

USEPA. 1998. EPA Requirements for Quality Assurance Project Plans. EPA/600/R-981018, QA/R5, 
Final, Office of Research and Development, Washington, D.C. 
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FIGURE 50.1-A 
, SAMPLE LABEL 
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STANDARD OPERATING PROCEDURE 50.2 
SAMPLE PACKAGING 

11.0 SCOPE AND APPLICATION I 
The purpose of this standard operating procedure (SOP) is to delineate protocols for the packing and 
shipping of samples to the laboratory for analysis. 

2.0 MATERIALS 1 
Waterproof coolers (hard plastic or metal); 

Metal cans with friction-seal lids (e.g., paint cans); 

Chain-of-custody forms; 

Chain-of-custody seals (optional); 

Packing material; 

Sample documentation; 

Ice; 

Plastic garbage bags; 

Clear Tape; 

Zip-top plastic bags; and 

Temperature blanks provided by laboratory for each shipment. 

3.0 PROCEDURE I 
1. Check cap tightness and verify that clear tape covers label and encircles container. 

2. Wrap sample container in bubble wrap or closed cell foam sheets. Samples may be enclosed in a 
secondary container consisting of a clear zip-top plastic bag. Sample containers must bepositioned 
upright and in such a manner that they will not touch during shipment. 

3. Place several layers of bubble wrap, or at least 1 in. of vermiculite on the bottom of the cooler. Line 
cooler with open garbage bag, place all the samples upright inside the garbage bag and tie. 

4. Double bag and seal loose ice to prevent melting ice from soaking the packing material. Place the ice 
outside the garbage bags containing the samples. 

5. Pack shipping containers with packing material (closed-cell foam, vermiculite, or bubble wrap). 
Place this packing material around the sample bottles or metal cans to avoid breakage during 
shipment. 

6. A temperature blank (provided by laboratory) will be included in each shipping container to monitor 
the internal temperature. Samples should be cooled to 4 degrees C on ice immediately after 
sampling. 
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7. Enclose all sample documentation (i.e., Field Parameter Forms, Chain-of-Custody forms) in a 
waterproof plastic bag and tape the bag to the underside of the cooler lid. If more than one cooler is 
being used, each cooler will have its own documentation. Add the total number of shipping 
containers included in each shipment on the chain-of-custody form. 

8. Seal the coolers with signed and dated custody seals so that if the cooler were opened, the custody 
seal would be broken. Place clear tape over the custody seal to prevent damage to the seal. 

9. Tape the cooler shut with paclung tape over the hinges and place tape over the cooler drain. 

10. Ship all samples via overnight delivery on the same day they are collected if possible. 

11 4.0 MAINTENANCE I 

Not applicable. 

11 5.0 PRECAUTIONS I 
5.1 PERMISSIBLE PACKAGING MATERIALS 

Non-absorbent 
- Bubble wrap; and 

- Closed cell foam packing sheets. 

Absorbent 
- Vermiculite. 

5.2 NON-PERMISSIBLE PACKAGING MATERIALS 

Paper; 

Wood shavings (excelsior); and 

Cornstarch "peanuts". 

11 6.0 REFERENCES 11 

USEPA. 1990. Sampler's Guide to the Contract Laboratoiy Program. EPN540R-901006, Directive 
9240.0-06, Office of Emergency and Remedial Response, Washington, D.C., December 1990. 

USEPA. 1991. User's Guide to the Contract Laboratory Program. EPN54010-911002, Directive 
9240.0-0 ID, Office of Emergency and Remedial Response. January 1991. 

USEPA. 1998. EPA Requirements for Quality Assurance Project Plans. EPN600lR-9810 18, QA/R5, 
Final, Office of Research and Development, Washington, D.C 
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STANDARD OPEUTING PROCED'LTRE 70.1 
INVESTIGATION-DERIVED MATERIAL 

1.0 SCOPE AND APPLICATION I 
Management of investigationderived material (IDM) minimizes the potential for the spread of waste 
material onsite or offsite through investigaticn activities. The purpose of this standard operating procedure 
(SOP) is to provide general guidelines for appropriate management of potentially contaminated materials 
derived fiom the field investigations Specific procedures related to the transportation and disposal of 
hazardous waste are beyond the scope of this SOP. 

11 2.0 INTRODUCTION 1 

Investigation derived material (IDM) consists of waste materials that are known or suspected to be 
contaminated with waste substances through the actions of sample collection or personnel and equipment 
decontamination. These materials include decontamination solutions, disposable equipment, drill cuttings 
and fluids, and water fiom groundwater monitoring well development and purging. To the extent possible, 
the site manager will attempt to minimize the generation of these materials through careful design of 
decontamination schemes and groundwater sampling programs. Testing conducted on soil and water 
investigation-derived material will show if they are also hazardous wastes as defined by RCRA. This will 
determine the proper handling and ultimate disposal requirements. 

The criteria for designating a substance as hazardous waste according to RCRA is provided in 40 CFR 
261.3. If IDM meet these criteria, RCRA requirements will be followed for packaging, labeling, transpod- 
ing, storing, and record keeping as described in 40 CFR 262.34. Those materials that are judged potentially 
to meet the criteria for a regulated solid or hazardous waste will be placed in DOT-approved 55-gallon steel 
drums or another type of DOT approved container, based on waste characteristics and volume. 
Investigation-derived material will be appropriately placed in containers, labeled, and tested to determine 
disposal options in accordance with RCRA regulations and Virginia Hazardous Waste Management 
Regulations. 

11 3.0 INVESTIGATION-DERIVED MATERIAL MANAGEMENT I 

Procedures that minimize potential for the spread of waste material include minimizing the volume of 
material generated, material segregation, appropriate storage, and disposal according to RCRA requk- 
ments. 

3.1 WASTE MINIMIZATION 

In the development of work plan addenda, each aspect of the investigation will be reviewed to identify areas 
where excess waste generation can be eliminated. General procedures that will eliminate waste include 
avoidance of unnecessary exposure of materials to hazardous material and coordination of sampling 
schedules to avoid repetitious purging of wells and use of sampling equipment. 
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3.2 WASTE SEGREGATION 

Waste accumulation and management procedures to be used depend upon the type of material generated. 
For this reason, IDM described below are segregated into separate %-gallon storage drums or other 
appropriate DOT containers. Waste materials that are known to be fiee of potential hazardous waste 
contamination (such as broken sample bottles or equipment containers and wrappings) must be collected 
separately for disposal to municipal systems. Large plastic garbage or "lawn and leaf' bags are useful for 
collecting this trash. Even "clean" sample bottles or Tyvekshould be disposed of with care. Although they 
are not legally a problem, if they are discovered by the public they may causeconcern. Therefore, items that 
are known to be fiee fiom contamination but are also known to represent "hazardous or toxic waste" to the 
public must not be disposed of in any public trash receptacle, such as found at your hotel or park. 

3.2.1 Decontamination Solutions 

Solutions considered investigatiomderived materials range from detergents, organic solvents, and acids used 
to decontaminate small hand samplers to steamcleaning rinsate used to wash drill rigs and other large 
equipment. These solutions are to be placed in %-gallon drums with bolt-sealed lids or other appropriate 
DOT approved containers. Residual liquid IDM from decontamination pads will be removed and 
appropriately placed in container(s) at the end of each field day. 

3.2.2 Soil Cuttings and Drilling Muds 

Soil cuttings are solid to semi-solid soils generated during trenching activities or drilling for the collection of 
subsurface soil samples or the installation of monitoring wells. Depending on the type of drilling, drilling 
fluids known as "muds" may be used to remove soil cuttings. Drilling fluids flushed from the borehole must 
be directed into a settling section of a mud pit. This allows reuse of thedecanted fluids after removal of the 
settled sediments. Drill cuttings, whther generated with or without drilling fluids, are to be removed with a 
flat-bottomed shovel and placed in 55-gallon drums with bolt-sealed lids or other appropnate DOT 
containers, as conditions or volume of IDM dictate. 

3.23 Well Development and Purge Water 

Well development and purge water is removed from monitoring wells to repair damage to the aquifer 
following well installation, obtain characteristic aquifer groundwater samples, or measlre aquifer hydraulic 
properties. The volume of groundwater to be generated will determine the appropriatecontainer to be used 
for accumulation of IDM. 

For well development and purging, 55-gallon drums are typically an efficient container for accumulation. 
When larger volumes of water are removed fiom wells, such as when pumping tests are conducted, the use 
of large-volume portable tanks such as "Baker Tanks" should be considered for IDM accumulation 

Analybcal data for groundwater samples associated with the well development and purge water will be used 
to assist in characterizing IDM and evaluating disposal options. 

3.2.4 Personal Protective Equipment and Disposable Sampling Equipment 

Personal protective equipment and clothing (PPE) may include such items as Tyvek coveralls, gloves, 
booties, and APR cartridges. Disposable sampling equipment may include such items as plastic sheeting, 
bailers, disposable filters, disposable tubing and paper towels. PPE and disposable sampling equipment that 
have or may have contacted contaminated media (soil, water, etc.) will be segregated and placed in 55- 
gallon drums separate fiom soil and water IDM. Disposition of this type of IDM will be determined by the 
results of IDM testing of the media in which the PPE and sampling equipment contacted. 
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3.3 MATERIAL ACCUMULATION 

The D M  in containers ;nust be placed in an appropriate designated RCRA container accumulationarea at 
RFAAP, where it is permissible to accumulate such waste. D M  placed into a designated 90-day accumula- 
tion area will be properly sealed, labeled and covered All drums will be placed on pallets. 

A secure and controlled waste staging area will be designated by the installation prior the commencement of 
field sampling activities. Per the facility's requirements as a RCRA large quantity generator, waste 
accumulation cannot exceed 90 days for materials presumed or shown to be RCRA-designated hazardous 
wastes; waste which is known not to be RCRA-designated waste should be promptly disposed to municipal 
waste systems or appropriate facility. 

3.3.1 IDM Accumulation Containers 
Containers will be DOT-approved (DOT 17H 18116GA OH unlined) open-head steel drums or other DOT 
approved container, as appropriate. 

Container lids should lift completely off be secured by a bolt ring (for drum). Order enough containers to 
accumulate all streams of expected D M  including soil, PPE and disposable sampling equipment, deccn- 
tarnination water, purge water, etc. 

Solid and liquid waste streams will not be mixed in a container. PPE and expendable sampling equipment 
will be segregated from other D M  and placed in different containers than soil. Containers inside containers 
are not permitted PPE must be placed directly in a drum not in a plastic bag. 

Pallets are often required to allow transport of filled drums to the staging area with a forklift. Normal pallets 
are 3x4 ft and will hold two to three 55-gallon drums depending on the filled weight. If pallets are required 
for drum transport or storage, field personnel are responsible for ensuring that the empty drums are placed 
on pallets before they are filled and that the lids are sealed on with tk bolt-tighten ring after the drums are 
filled. Because the weight of one drum can exceed 500 lbs, under no circumstances should personnel 
attempt to move the drums by hand. 

3.3.2 Container Labeling 

Each container that is used to accumulate D M  will be appropriately labeled at the time of accumulationand 
assigned a unique identification number for tracking purposes The following information will be written in 
permanent marker on a drum label affixed on the exterior side at a location at least twethirds of the way up 
from the bottom of the drum. 

Facility name. 

Accumulation start date and completion date. 

Site identifier information (SWMU, boring, well, etc.). 

Description of D M .  

a 
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4.0 MATERIAL CHARACTERIZATION AND DISPOSAL 

IDM will be characterized and tested to determine whether it is a hazardous waste as defined by 40 CFR 
Part 26 1 and to determine what disposal options exist in accordance with RCRAregulations and the Virginia 
Hazardous Waste Management Regulations (VHWMR). 

In general, IDM will be considered a hazardous waste if it contains a listed hazardous waste or if the IDM 
exhibits a characteristic of hazardous waste. 

Work plan addenda will identify the appropriate characterization and testing program for IDM based on the 
following: 

Site-specific conditions related to chemicals of concern, etc. 

The nature and quantity of expected IDM to be generated during site-specific investigations. 

Applicable Federal, State, and local regulations, such as RCRA, VHWMR regulations and policies 
and procedures, and Army Regulation 200- 1. 

RFAAP specific requirements and policies for IDM characterization and disposal at the time of the 
investigation. 

In general, appropriate USEPA SW 846 Test Methods for Evaluating Solid Waste will be used for testing 
IDM and will be specified in work plan addenda. Other appropriate test methods may be specified by 
RFAAP in addition to SW 846 Methods that are specific to installation operation5 the site of interest 
(percent explosive content, reactivity, etc.), or requirements for disposal at RFAAP water treatment facilities 
or publicly owned treatment works 

Responsibility for the final disposal of IDM will be determined before field activities are begun and will be 
described in work plan addenda. Off-site disposal of IDM will be coordinated with RFAAP (generator) to 
ensure appropriate disposition. The contractor will coordinate IDM transportation and disposal activities for 
RFAAP (generator). 

At the direction of RFAAP, appropriate waste manifests will be prepared by the USACE contractor or 
Alliant Techsystems subcontractor for transportation and disposal. Alliant Techsystems or other appropriate 
RFAAP entity will be listed as the generator and an appointed representative fiom RFAAP will review and 
sign the manifest for offsite disposal. 

R F W  will make the final decision on the selection of the transporter, storage, and disposal facility 
(TSDFs) or recycling facility. RFAAP will provide the contractor a listing of previously used TSDFs for 
priority consideration. Proposed facilities that are not included on the listing arerequired to provide a copy 
of the TSDFs most recent state or federal inspection to the installation. Waste characterization and testing 
results will be submitted to RFAAP (generator) for review and approval before final disposition of the 
material. 

Hazardous waste: Prior to final disposition, a hazardous waste manifest will be furnished by the TSDF to 
accompany transport to the disposal facility. Following final disposition, a certificate of disposal will be 
furnished by the disposal facility. Copies of the manifests andcertificates of disposal are to be provided to 
RFAAP and retained on file by the contractor or subcontractor. 
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4.0 PRECAUTIONS I 
Because the weight of one drum can exceed 500 lbs, under no circumstances should personnel 
attempt to move drums by hand. 

Refer to the site-specific health and safety plan when managng IDM. 

11 5.0 REFERENCES 1 

Safety Rules for Contractors and Subcontractors, 1 995. Alliant Techsystems, Incorporated, Radford 
Army Ammunition Plant. 
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STANDARD OPERATING PROCEDURE 80.1 
DECONTAMINATION 

1.0 SCOPE AND APPLICATION 

Before leaving the site, all personnel or equipment involved in intrusive sampling or having entered a hazardous 
waste site during intrusive sampling must be thoroughly decontaminated to prevent adverse health effects and 
minimize the spread of contamination. Equipment must be decontaminated between sites to preclude cross- 
contamination. Decontamination water will be h e  of contaminants as evidenced through either chemical 
analyses or certificates of analysis. This standard operating procedure (SOP) describes general decontamination 
requirements for site personnel and sampling equipment. Decontamination procedures for contaminants requiring 
a more stringent procedure, e.g., d iox ins /hs ,  will be included in site-specific addenda. 

11 2.0 MATERIALS fl 

Plastic sheeting, buckets or tubs, pressure sprayer, rinse bottles, and brushes; 

U.S. Army Corps of Engineers or installation approved decontamination water source; 

Deionized ultra-filtered, HPLC-grade organic free water (DIUF); 

Non-phosphate laboratory detergent; 

Nitric Acid, 0.1 Normal (N) solution; 

Pesticide-grade solvent, Methanol; 

Aluminum foil; 

Paper towels; 

Plastic garbage bags; and 

Appropriate containers for management of investigation-derived material (IDM). 

3.0 PROCEDURE I 
3.1 SAMPLE BOTTLES 

At the completion of each sampling activity the exterior surfaces of the sample bottles must be decontaminated as 
follows: 

Be sure that the bottle lids are on tight. 

Wipe the outside of the bottle with a paper towel to remove gross contamination. 

3.2 PERSONNEL DECONTAMINATION 

Review the site-specific health and safety plan for the appropriate decontamination procedures. 
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3.3 EQUIPMENT DECONTAMINATION 

3.3.1 Drilling Rigs 

Drilling rigs and associated equipment, such as augers, drill casing, rods, samplers, tools, recirculation tank, and 
water tank (inside and out), will be decontaminated before site entry, after over-the-road mobilization and 
immediately upon departure fiom a site after drilling a hole. Supplementary cleaning will be performed before 
site entry. There is a likelihood that contamination has accumulated on tires and as spatter or dust en route fiom 
one site to the next. 

1. Place contaminated equipment in an enclosure designed to contain all decontamination residues (water, 
sludge, etc.). 

2. Steam-clean equipment until all dirt, mud, grease, asphaltic, bituminous, or other encrusting coating 
materials (with the exception of manufacturer-applied paint) has been removed. 

3. Water used will be taken fiom an approved source. 

4. When cross-contamination fiom metals is a concern, rinse sampling components such as split spoons, geo- 
punch stems, and augers with nitric acid, 0.1N. 

5. Rinse with DIUF water. 

6. When semi-volatile and non-volatile organics may be present, rinse the sampling components with 
pesticide-grade solvent methanol. 

7. Double rinse the sampling components with DIUF water. 

8. Decontamination residues and fluids will be appropriately managed as IDM, per work plan addenda and 
SOP 80.1. 

3.3.2 Well Casing and Screen 

Prior to use, well casing and screen materials will be decontaminated. This activity will be performed in the 
leak proof, decontamination pad, which will be constructed prior to commencement of the field investigation. 
The decontamination process will include: 

Steam cleaning with approved source water. 

Rinse with DUIF water. 

Air-dry on plastic sheeting. 

Wrap in plastic sheeting to prevent contamination during storage/transit. 

3.3.3 Non Dedicated ~ubmersible Pumps Used for Purging and Sampling 

1. Scrub the exterior of the pump to remove gross (visible) contamination using appropriate brushes, 
approved water, and non-phosphate detergent (steam cleaning may be substituted for detergent scrub). 

2. Pump an appropriate amount of laboratory detergent solution (minimum 10 gallons) to purge and clean the 
interior of the pump. 

3. Rinse by pumping no less than 10 gallons of approved water to rinse. 

4. Rinse the pump exterior with approved decontamination water. 

5.  When cross-contamination fiom metals is a concern, rinse the pump exterior with approved nitric acid 
0.1N solution. 
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6. Rinse the pump exterior with DIUF water. 

7. When semi-volatile and non-volatile orgaiics may be present, rinse the pump exterior with pesticide-grade 
solvent methanol. 

8. Double rinse the pump exterior with DIUF water. 

9. Air-dry on aluminum foil or clean plastic sheeting. 

10. Wrap pump in aluminum foil or clean plastic sheeting, or store in a clean, dedicated PVC or PTFE storage 
container. 

11. Solutions and residuals generated fiom decontamination activities will be managed appropriately as IDM 
per work plan addenda and SOP 80.1. 

3.3.4 Sample Equipment and Measuring Water Level Devices 

1. Scrub the equipment to remove gross (visible) contamination using appropriate brush (es), approved 
water, and non-phosphate detergent. 

2. Rinse with approved source water. 

3. When cross-contamination from metals is a concern, rinse the sampling equipment with approved nitric 
acid 0.1N solution. 

4. Rinse equipment with DIUF water. 

5. When semi-volatile and non-volatile organics may be present, rinse the sampling equipment with 
pesticide-grade solvent methanol. 

6. Double rinse the sampling equipment with DIUF water. 

7. Air-dry on aluminum foil or clean plastic sheeting. ' 8. Wrap in aluminum foil, clean plastic sheeting, or zip top bag or store in a clean, dedicated PVC or PTFE 
- storage container. 

9. Solutions and residuals generated from decontamination activities will be managed appropriately as IDM 
per work plan addenda and SOP 80.1. 

3.3.5 Other Sampling and Measurement Probes 

Temperature, pH, conductivity, Redox, and dissolved oxygen probes will be decontaminated according to 
manufacturer's specifications. If no such specifications exist, remove gross contamination and triple-rinse probe 
with DIUF water. 

4.0 PRECAUTIONS I 
Manage D M  appropriately according to the requirements specified in work plan addenda. 

Follow appropriate procedures as specified in the site-specific health and safety plan. 

5.0 REFERENCES I 
USACE. 200 1. Requirements for the Preparation of Sampling and Analysis Plans. EM 200-1-3. 1 February. 
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STANDARD OPERATING PROCEDURE 90.1 
PMOTOIONIZATION DETECTOR (MNu Model PI-101 and HW-101) 

The purpose of this standard operating procedure (SOP) is to delineate protocols for field operations with a 
photoionization detector (HNu Systems Model PI-101 or HW-101). The photoionization detector (PID) 
detects total ionizables; hence it is used to monitor both organic and inorganic vapors and gases to detmine 
relative concentrations of air contaminants. This information i; used to establish level of protection and 
other control measures such as action levels. The PID cannot effectively detect compounds having ionizi- 
tion potentials above the photon energy level of the lamp used; therefore, methane, which has an iorization 
potential of 12.98 eV, is undetectable by PIDs because the lamps produce 9.5,10.2, or 11.7 eV. 

Use of brand names in this SOP is in not intended as an endorsement or mandate that a given brand be used. 
Alternate equivalent brands of detectors, sensors, meters, etc., are acceptable. If alternate equipment is to be 
used, the contractor shall provide applicable and comparable SOPS for its maint:nance and calibration. 

HNu Systems Model PI-1 01 or HW-101 survey probe with 9.5, 10.2, or 1 1.7 eV lamp; 

Lead-acid gel-cell battery; 

Calibration gas (e.g., isobutylene, 101 ppm) with regulator; 

Tygon tubing; 

Tedlar bag (optional); 

Instrument logbook; and 

Field logbook. 

11 3.0 PROCEDURE 11 

These procedures are to be followed when using the HNu in the field. 

3.1 STARTUP 

1. Before attaching the probe, check the function switch on the control panel to ensure that it is in the off 
position. Attach the probe by plugging it into the interface on the top of the readout module. 

2. Turn the function switch to the battery check position. The needle on the meter should read within or 
above the green battery arc on the scale; if not, recharge the battery. If the red indicator light comes on, 
the battery needs recharging or service may be indicated. 

3. Turn the function switch to any range setting. Listen for the hum of the fan motor. Check meter fim- 
tion by holding a solvent-based marker pen near the sample intake. If there is no needle deflection, look 
briefly into the end of the probe (no more than 1 or 2 sec) to see if the Bmp is on; if it is on, it will give a 
purple glow. Do not stare into the probe any longer than 2 sec. Longterm exposure to W light can 
damage the eyes. (See fiuther information in Section 5.) 
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4. To zero the instrument, turn the function switch to the sandby position and rotate the zero adjustment . 
until the meter reads zero. A calibration gas is not needed since this is an electronic zero adjustment. If 
the span adjustment setting is changed after the zero is set, the zero should be rechecked and adjwted if 
necessary. Allow the instrument to warm up for 3-5 min to ensure that the zero reading is stable. If 
necessary, readjust the zero. 

3.2 OPERATIONAL CHECK 

Follow the startup procedure in Section 3.1. 
With the instrument set on the 0-20 range, hold a solvent-based marker near the probe tip. If the meter de- 
flects upscale, the instnunent is working. 

3.3 FIELD CALIBRATION PROCEDURE 

1. Follow the startup procedures in Section 3.1 and the operational check in Section 3.2. 

2. Set the function switch to the range setting for the concentration of the calibration gas. 

3. Attach a regulator HNu PIN 10 1-3 5 1 or equivalent (flow = 200 to 300 mumin) to a disposable cylin- 
der of isobutylene (HNu 101-35 1 or equivalent). Connect the regulator to the probe of the HNu with 
a piece of clean Tygon tubing. Turn on the valve of the regulator. 

4. After 5 sec, adjust the span dial until the meter reading equals the benzene concentration of the cali- 
bration gas used, corrected to its equivalence, which should be marked on the canister (Isobutylene 
4 . 7 X  benzene). . 

5. Record in the field log the instrument ID No., serial No., initial and final span settings, date, time, 
location, concentration and type of calibration gas used, and the signature of the person who cali- 
brated the instrument. 

6.  If the HNu does not function or calibrate properly, the project equipment manager is to be notified as 
soon as possible. Under no circumstances is work requiring monitoring with a PI-1 0 1 or HW-10 1 to 
be done with a malfunctioning instrument. 

3.4 CALIBRATION TO A GAS OTHER THAN ISOBUTYLENE 

The HNu may be calibrated to any certified calibration gas. However, after calibration, all subsequent n- 
strument readings will be relative to the calibration gas used. General proedures include the following: 

1. Calibrate according to procedure 3.3. 

2. Partially fill and flush one-to-two times a gas bag (Tedlar recommended) with the certified National 
Institute of Standards and Technology (NIST) (formerly NBS) traceable calibration gas. Then fill the 
bag with 1-3 L of the calibration gas. If the gas is toxic, this must be done in a fume hood. 

3. Feed the calibration gas into the probe with the range set for the value of the gas. Afier 5 sec, adjust 
the span control until the meter reads the value of the calibration gas. 

4. Record the results of the cdibration on the calibrationfmaintenance log and attach a new calibration 
sticker (if available) or correct the existing sticker to reflect the new calibration data. All subsequent 
readings will be relative to the new calibration gas. 

3.5 OPERATION 

1. Follow the startup procedure, operational check, and calibration check (refer to Section 3.1). 
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2. Set the function switch to the appropriate range. If the concentration of gas vapors is unknown, set 
the function switch to 0-20 ppm range. Adjust if necessary. 

3. Pievent exposing the HNu to excessive moisture, dirt, or contaminant while monitoring the work ac- 
tivity as specified in the Site Health and Safety Plan. 

4. When the activity is completed, or at the end of the day, carefully clean the outside of the HNu with a 
damp disposable towel to remove all visible dirt. Return the HNu to a secure area and place on 
charge. Charge after each use; the lead acid batteries cannot be ruined by over charging. 

5. With the exception of the probe's inlet and exhaust, the HNu can be wrapped in clear plastic to pre- 
vent it from becoming contaminated and to prevent water fiom getting inside in the event of precipi- 
tation. If the instrument becomes contaminated, make sure to take necessary steps to decontaminate 
it. Call the Equipment Administrator if necessary; under no circumstances should an instrument be 
returned from the field in a contaminated condition. 

11 4.0 MAINTENANCE tl 

Calibrationlmaintenance logs are to be filled in completely whenever a PI101 or HW-101 receives servic- 
ing. This is true of both contractor-owned and rental instruments. 

The equipment manager should be called to arrange for a fresh instrument when necessary. The contractor's 
equipment facility is responsible for m g i n g  all repairs that cannot be performed by he project equipment 
manager. 

4.1 ROUTINE SERVICE 

The PIDYs performance is affected by a number of factors. These include but are not limited to the decay of 
the W lamp output over time and the accumulation of dust and other particulate material and contambates 
on the lamp and in the ion chamber. Because of these factors, the PID should not be left in the field for a 
period of more than 2 weeks before being replaced with a fiesh instrument. If a site is going to be inactive 
for a period of more than a week, all monitoring instruments are to be returned to the project equipment 
manager or his trained designee for servicing andlor reassignment. The following procedures are to be pa- 
formed at the designated intervals for routine service. 

Procedure Frequency 

Operational check Before use and at instrument return 

Field calibration Before use and at instrumat return 

Full calibration Bi-weekly (return instrument to equipment manager for 

replacement with a k s h  unit) 

Clean W lamp and Bi-weekly or as needed ion chamber 

Replace W Lamp As needed 

4.1.1 W Lamp and Ion Chamber Cleaning 

During periods of analyzer operation, dust and other foreign materials are drawn into the probe forming k- 
posits on the surface of the W lamp and in the ion chamber. This condition is indicated by meter readings 
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that are low, erratic, unstable, non-repeatable, or drifting and show apparent moisture sensitivity. These &- 
posits interfere with the ionization process and cause erroneous readings. Check for this aondition regularly 
to ensure that the HNu is functioning properly. If the instrument is malfunctioning, call your equPment 'e 
manager to arrange to have a fi-esh replacement. 

4.1.2 Lamp eV Change 

If different applications for the analyzer would require different eV lamps, separate probes, each with its 
own eV lamp, must be used. A single readout assembly will serve for any of the probes (9.5, 10.2, and 1 1.7 
eV). A change in probe will require resetting of the zero control and recalibrating the instrument. The 117 
eV lamp will detect more compounds than either of the two lower eV lamps. However, the 1 1.7 eV probe 
needs more frequent calibration; it bums out much faster than the lower eV lamps. 

11 5.0 PRECAUTIONS 11 

The HNu PI-101 and HW-101 are designed to sample air or vapors only. Do not allow any liquids 
or low boiling vapors to get into the probe or meter assembly. 

High concentrations of any gas can cause erroneous readings. High humidity can also cause the in- 
strument readings to vary significantly from the actual concentration of gases or vapors present. This 
is true even through the HNu cannot react to water vapor. 

High humidity, dust, and exposure to concentrations of low boiling vapors will contaminate the ion 
chamber, causing a steady decrease in sensitivity. 

Continued exposure to ultraviolet light generated by the light source can be harmful to eyesight. If a 
visual check of the W lamp is performed do not look at the light source from a distance closer than 
6 inches with unprotected eyes. Use eye protection (UV-blocking sunglasses or safety glasses). Only 
look briefly-never more than about 2 sec. 

Place the instrument on charge after each use; the lead batteries cannot be ruined by over charging. 

If at any time the instrument does not check out or calibrate properly in the field, the equipment man- 
ager is to be notified immediately and a replacement obtained for the malfunctioning instrument. 
Under no circumstances should fieldwork requiring continuous air monitoring for organic vapors 
and/or gases be done with a malfunctioning Hnu or without a HNu or an approved comparable in- 
strument. 

) 6.0 REFERENCES 11 

Manufacturer's Equipment Manual 

September 2002 4 Radford Army Ammunition Plant 
MWP Addendum No. 13, SWMU 54 

Appendix A - SOP 90.1 



APPENDIX B 

SOIL COMPOSITE DATA, PARALLAX (1999) 



-1: Metals 
Summary o nalytical Results 

(Parallax 1999) 
SWMU 54 RCRA Faclllty lnvestlgatlon 

Radford Army Ammunition Plant, Radford, Virginia 

Results reported in rnglkg 
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Appendix B-1: Metals 
Summary of Sol1 Analytical Results 

Modlfled from: lnterlm Action (Parallax 1999) 
SWMU 54 RCRA Faclllty lnvestlgatlon 

Radford Army Ammunltlon Plant, Radford, Virginia 

Results reported in mglkg 
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Summary o nalytlcal Results 

(Parallax 1999) 
SWMU 54 RCRA Faclllty lnvestlgatlon 
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Results reported in rnglkg 
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Appendix 8-1: Metals 
Surnrnaly of Soll Analytical Results 

Modlfled from: Interim Action (Parallax 1999) 
SWMU 54 RCRA Facllity Investigation 

Radford Army Arnrnunltlon Plant, Radford, Virglnla 

Results reported in mglkg 
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SWMU 54 RCRA Facility lnvestigatlon 
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Results reported in mgkg 
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Appendlx B-1: Metals 
Summary of Soil Analytical Results 

Modified from: lnterlm Actlon (Parallax 1999) 
SWMU 54 RCRA Faclllty lnvestlgatlon 

Radford Anny Ammunltlon Plant, Radford, Vlrglnia 

Results reported in rnglkg 

ID =l IdentlAcaUon 

nqhg - mllllgmm per klkgmm 
RBC = Rbk-Baeed ConcantraWn. USEPARq'm Ill. April 4,20m (Norrurfwroganb 

mnsHhlenls have been adlusled lor a h a r d  qwt!Wd d 0 1 ) 

dup - duplkahr aarnple 

tga - bebw gmund aurtsm 

B = h I y ? . s  dBbBDbBd In labombry blank, mull b esilmhrdand bhaed hlgh 

(I) - Chmmfum W nlue d fmm RBC tnble. 

(2) = b a d  acmenlng value W b n  Lenl). 

(3) - Msrcurle ohbrldenlua used Imm RBC hrbls. 

(4) = Analytical mum for Celb Requirlnp lncnared Smrwllrg L h p h  (Sample mlscled fmm I2 feel @.) 

= Indlu(.s .amplea Ihd wuld not be dnrd - Reported value axcends lndmidnl RBC. 

m] = Reported value -d. Realdsnbal R E .  
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Appendix B-2: TCLP Metals 
Summary of Soil Analytical Results 

Modified from: Interim Action (Parallax 1999) 
SWMU 54 RCRA Facility Investigation 

Radford Army Ammunition Plant, Radford, Virginia 

Results reported in pglL 

September 2002 

Sample ID 
54SC-A-003 
54SC-A404 
54SC-A405 
54%-A-006 
54SC-A407 
54%-A-008 
54SGA-009 
54SC-A410 
54SC-A411 
54SGA-012 
54SGA-013 
54SCA-014 
54SGA-019 
54SGA-020 
54SGA-021 
54SC-A422 
54%-A423 
54SC-A424 
54SC-A425 
54SGA-026 
54SC-AM7 
54SC-AM8 
54SC-AM9 
54SC-A-030 
54SGA-031 
54SC-A432 
54SC-A-033 
54SC-A-034 
54SC-A-040 
54SGA-041 
54SGA-042 
54SGA-043 
54SGA-044 
54SGA-045 
54SGA-046 
54SGA-047 
54SGA-061 
54SGA-042 dup. 
54SGA-040 dup. 
54SGA-004 dup. 
54SGB-001 
54SGB-002 
54SGB-003 
54SGB-004 
54SGB-005 
54SC-6-006 
54SGB-007 
54SGB-008 
54SGB-009 
54SGB-010 
54SGB-011 
54SGB-012 
54SGB-013 
54SGB-014 
54SC-B-015 
54SGB-016 
54SC-B-017 
54SC-B-018 
54SC-B-018 (1) 
54SC-B-019 
54SGB-019 (I ) 
54SGB-020 
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txcavated 
Cell 

yes 

Yes 

Yes  

Yes 

Barium 
1510 B 
1090 B 
747 B 
1480 B 
1270 B 
1140 B 

644 B 
711 B 
869 B 
1210 B 
943 B 
820 B 
764 B 
708 B 
1090 B 
719 B 
856 B 
975 B 
1310 B 
929 B 
650 B 
2250 
897 B 
892 B 
616 B 
849 B 
566 B 
793 B 
908 B 
806 B 
924 B 
954 B 
1130 B 
1890 B 
774 B 
850 B 
726 B 
776 B 
1010 B 
2030 
801 B 
945 B 
1320 B 
1450 B 
1300 B 
963 B 
901 
963 
796 
832 B 
963 B 
1040 B 
1060 B 
977 B 
969 B 
890 B 
1100 B 
1520 B 
1460 B 
1630 B 
598 B 

Sample 
Date 

Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 

no data 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
May-99 
May-99 
May-99 
May-99 
May-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
May-99 
~ay-99  
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
Apr-99 
Apr-99 
Jun-99 
Apr-99 
Jun-99 
Apr-99 

Silver 
~30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 

~30.0 
~30.0 
~30.0 
~30.0 
-30.0 
-30.0 
c30.0 
-30.0 
40.0 
c30.0 
c30.0 
c30.0 
~30.0 
~30.0 
-30.0 
-30.0 
~30.0 
c30.0 
~30.0 
c30.0 
c30.0 
~30.0 
-30.0 
~30.0 
~30.0 
-30.0 
c30.0 
c30.0 
c30.0 
~30.0 
~30.0 
-30.0 
~30.0 
~30.0 
c30.0 
c30.0 
c30.0 
c30.0 
-30.0 
-30.0 
~30.0 
~30.0 
-30.0 
~30.0 
~30.0 
~30.0 
~30.0 
~30.0 
c30.0 
c30.0 
c30.0 
~30.0 
~30.0 
~30.0 
~30.0 

Arsenic 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 

prov~ded 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
40.0 
40.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
40 .0  
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
~ 5 0 . 0  
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 

Cadmium 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 

c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
~ 3 0 . 0  
4 0 . 0  
4 0 . 0  
c30.0 
4 0 . 0  
c30.0 
C30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
4 0 . 0  
c30.0 
4 0 . 0  
4 0 . 0  
4 0 . 0  
4 0 . 0  
4 0 . 0  
c30.0 
c30.0 
c30.0 
~ 3 0 . 0  
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
C30.0 
~30.0 
~ 3 0 . 0  
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 

Lead 
c30.0 
c30.0 
4 0 . 0  
c30.0 
222 
304 

c30.0 
c30.0 
c30.0 
c30.0 
40.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
300 
1090 
72.7 
c30.0 
40.0 
40.0 
40.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
c30.0 
567 
1300 
5110 
c30.0 
c30.0 
c30.0 
c30.0 
40.0 
63700 
c30.0 
eQ.0 
347 
91 6 
61 1 

~33 .0  
c30.0 
c30.0 
40.0 
c30.0 
~ 3 0 . 0  
c30.0 
84.7 
48.3 
382 
4790 
2390 
2200 
654 
391 
44.6 

Chromium 
c50.0 
~50.0 
~50.0 
~50.0 
c50.0 
c50.0 

~50.0 
c50.0 
~50.0 
c50.0 
~50.0 
~50.0 
~50.0 
~50.0 
~50.0 
~50.0 
c50.0 
~50.0 
~50.0 
~50.0 
60.0 
~50.0 
c50.0 
~50.0 
~50.0 
c50.0 
c50.0 
c50.0 
~50.0 
~50.0 
~50.0 
~50.0 
~50.0 
~50.0 
~50.0 
c50.0 
40.0 
~50.0 
60.0 
~50.0 
~50.0 
60.0 
~50.0 
60.0 
60.0 
~50.0 
~50.0 
~50.0 
60.0 
60.0 
~50.0 
~50.0 
~50.0 
~50.0 
~50.0 
<50.0 
~50.0 
~50.0 
~50.0 
~50.0 
~50.0 

Mercury 
c2.0 
~ 2 . 0  
c2.0 
c2.0 
c2.0 
~ 2 . 0  

c2.0 
c2.0 
c2.0 
c2.0 
~ 2 . 0  
~2 .0  
~ 2 . 0  
~ 2 . 0  
c2.0 
c2.0 
c2.0 
c2.0 
~2 .0  
c2.0 
c2.0 
~2 .0  
~ 2 . 0  
~2.0 
c2.0 
c2.0 
~2 .0  
c2.0 
c2.0 
~ 2 . 0  
~2 .0  
~ 2 . 0  
~ 2 . 0  
c2.0 
c2.0 
c2.0 
~ 2 . 0  
~ 2 . 0  
~ 2 . 0  
~2.0 
~ 2 . 0  
c2.0 
c2.0 
c2.0 
~ 2 . 0  
~ 2 . 0  
~ 2 . 0  
c2.0 
~ 2 . 0  
c2.0 
~ 2 . 0  
c2.0 
~ 2 . 0  
~ 2 . 0  
c2.0 
c2.0 
c2.0 
c2.0 
~ 2 . 0  
~ 2 . 0  
~ 2 . 0  

Selenium 
c50.0 
C50.0 
c50.0 
c50.0 
c50.0 
c50.0 

c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
~ 5 0 . 0  
40.0 
c50.0 
c50.0 
c50.0 
(50.0 
c50.0 
40 .0  
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
40 .0  
c50.0 
(50.0 
6 0 . 0  
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
40 .0  
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
~ 5 0 . 0  
c50.0 
~50 .0  
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
c50.0 
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Lead 

<30.0 
4 0 . 0  
4 0 . 0  
<30.0 
4 0 . 0  
4 0 . 0  
e 0 . 0  
258 

-30.0 
-30.0 
50.5 

40 .0  
4 0 . 0  
65.7 
279 
31.1 

<30.0 
<30.0 
<30.0 
4 0 . 0  
4 0 . 0  
<30.0 
<30.0 
<30.0 
<30.0 
-30.0 
3120 
3460 
77.2 

<30.0 
<30 
<30 

4 0 . 0  
12400 
37400 
389 
742 

<3[LO 
<30.0 
<30.0 
<30.0 
d 0 . 0  
<30.0 
<30.0 
<30.0 
4 0 . 0  
e 0 . 0  
-30.0 
4 0 . 0  
<30.0 
4 0 . 0  
4 0 . 0  
4 0 . 0  
4 0 . 0  
4 0 . 0  
<30.0 
63.7 

4 0 . 0  
42.8 

38900 
4 0 . 0  

141000 

Sample ID 

54SC-B-021 
54SC5022 
54SC-&023 
54SC-5024 
54SC-5025 
5450-5026 
54SC-5027 
54SC-5028 
54SC-5029 
54SC-B-030 
54SC-B-031 
54SC-8-032 
54SC-B-033 
54SCB-034 
54SCB-035 
54SCB-036 
54SC-B-049 
54SCB-050 
54SCB-051 
54SCB-052 
54SCB-053 
54SCB-054 
54SCBO55 
54SC-5056 
54SC-5057 
54SC-5058 
54%-5059 
54SGB-060 
54SC-5061 
54SC-5062 
54SC-5063 
54SC-5064 
54SC-5065 
54SC-B-066 
54SC-B-067 
54SC-6-068 
54SC-8069 
54SC-5070 
54SC-B-071 
54SC-8-072 
54SC-B-073 
54SC-B-074 
54SC-B-076 
54SC-B-077 
54SC-B-078 
54SC-6-079 
54SCB-080 
54SC-6-081 
54SC-8-082 
54SC-B-083 
54SC-B-084 
54SC-B-085 
54SC-8-086 
54SC-8-087 
54SCB-088 
54SC-8089 
54SC-8090 
54SCB-091 
54SC-5094 
54SC-B-095 
54SC-B-095 (1) 
54SC-B-096 

Arsenic 

~ 5 0 . 0  
4 0 . 0  
G0.0 
~ 5 0 . 0  
G0.0 
<50.0 
-30.0 
4 0 . 0  
4 0 . 0  
4 0 . 0  
4 0 . 0  
<50.0 
40 .0  
4 0 . 0  
<50.0 
GO.0 
<50.0 
4 0 . 0  
<50.0 
<50.0 
-30.0 
6 0 . 0  
-50.0 
4 0 . 0  
4 0 . 0  
54.5 B 

40 .0  
4 0 . 0  
4 0 . 0  
4 0 . 0  
4 0 . 0  
130 

4 0 . 0  
4 0 . 0  
4 0 . 0  
138 

4 0 . 0  
<50.0 
<50.0 
<50.0 
40 .0  
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
4 0 . 0  
<50.0 
4 0 . 0  
4 0 . 0  
4 0 . 0  
<50.0 
<50.0 
40 .0  
4 0 . 0  
<50.0 
~ 5 0 . 0  
eX .0  
<50.0 
4 0 . 0  
<50.0 
4 0 . 0  

Mercury 

<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
~ 2 . 0  
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
~ 2 . 0  
~ 2 . 0  
~ 2 . 0  
e2.0 
e2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
e2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 

txcavated 
Cell 

Yes 
Yes 

Yes 

yes 

Barium 

494 B 
499 B 
1000 B 
988 B 
1630 B 
928 B 
896 B 
1290 B 
1870 B 
1750 B 
1460 B 
1010 B 
1030 B 
1120 B 
1050 B 
936 B 
961 B 
1130 B 
958 B 
812 B 
930 B 
1100 B 
1320 B 
1040 B 
909 B 
680 B 
i n 0  B 
1540 B 
854 B 
740 B 
654 B 
552 B 
411 B 
1560 B 
1970 B 
1050 B 
1400 B 
825 B 
631 B 
840 B 
1210 B 
913 B 
855 B 
915 B 
826 B 
885 B 
881 B 
882 B 
604 
1120 
1010 
905 
1030 B 
1040 B 
1430 B 
987 B 
456 B 
491 B 
884 B 
2790 
879 B 
2040 

Sample 
Date 

Apr-99 
Apr-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
Mar-99 
Mar-99 
Mar-99 
Mar-99 
Mar-99 
Mar-99 
Mar-99 
Mar-99 
Mar-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
May-99 
May-99 
Jun-99 
May-99 

Selenium 

4 0 . 0  
-30.0 
6 0 . 0  
<50.0 
4 0 . 0  
4 0 . 0  
4 0 . 0  
4 0 . 0  
<50.0 
<50.0 
4 0 . 0  
4 0 . 0  
<50.0 
4 0 . 0  
4 0 . 0  
4 0 . 0  
-50.0 
<50.0 
<50.0 
G0.0 
<50.0 
4 0 . 0  
4 0 . 0  
<50.0 
<50.0 
<50.0 
4 0 . 0  
4 0 . 0  
4 0 . 0  
4 0 . 0  
40 .0  
<50.0 
6 0 . 0  
4 0 . 0  
G0.0 
4 0 . 0  
40 .0  
40 .0  
4 0 . 0  
40 .0  
4 0 . 0  
4 0 . 0  
4 0 . 0  
4 0 . 0  
<50.0 
4 0 . 0  
<50.0 
<50.0 
40 .0  
-30.0 
4 0 . 0  
<50.0 
4 0 . 0  
4 0 . 0  
40 .0  
<50.0 
<50.0 
4 0 . 0  
<50.0 
<50.0 
4 0 . 0  
4 0 . 0  

Silver 

-30.0 
<N.O 
G0.0 
<30.0 
-30.0 
<N.O 
<N.O 
<30.0 
e30.0 
<30.0 
-30.0 
-30.0 
40.0 
-30.0 
-30.0 
<30.0 
<30.0 
-30.0 
-30.0 
-30.0 
<N.O 
-30.0 
-30.0 
<30.0 
<N.O 
<30.0 
~30.0 
~30.0 
~30.0 
~30.0 
<30.0 
e30.0 
<30.0 
<30.0 
-30.0 
<30.0 
<30.0 
<30.0 
<N.O 
40.0 
<30.0 
<30.0 
<N.O 
~30.0 
<30.0 
<30.0 
-30.0 
e30.0 
<30.0 
-30.0 
<N.O 
-30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 

Cadmium 

4 0 . 0  
<30.0 
<30.0 
4 0 . 0  
4 0 . 0  
4 0 . 0  
4 0 . 0  
<30.0 
4 0 . 0  
<30.0 
4 0 . 0  
4 0 . 0  
4 0 . 0  
<30.0 
4 0 . 0  
<30.0 
4 0 . 0  
4 0 . 0  
40 .0  
4 0 . 0  
4 9 . 0  
4 0 . 0  
<30.0 
<30.0 
<30.0 
4 0 . 0  
<m.0 
4 0 . 0  
<30.0 
4 0 . 0  
-30.0 
-30.0 
-30.0 
<30.0 
34.1 B 

<30.0 
<30.0 
<30.0 
4 0 . 0  
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
~ 3 0 . 0  
<30.0 
~ 3 0 . 0  
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 

35 B 
<30.0 
<30.0 

Chromium 

~50.0 
~50.0 
~50.0 
<50.0 
<50.0 
e50.0 
e50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
~50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
~50.0 
e50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
60.0 
<50.0 
60.0 
<50.0 
<50.0 
60.0 
60.0 
<50.0 
40.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
-33.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
e50.0 
<50.0 
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Sample ID 

54SC-B-096 (1) 
54SC-B-097 
54SC-B-098 
54SC-8-099 
54SCB-100 
54SCB-101 
54SGB-102 
54SGB-111 
54SCB-112 
54SGB-113 
54SGB-114 
54SGB-115 
54SGB-116 
54SGB-117 
54SGB-118 
54SGB-119 
54SC-El20 
54SC-El21 
54SCB-122 
54SGB-137 
54SC-El38 
54SC-El38 (1) 
54SC-8-139 
54SGB-140 
54SGB-140 
54SGB-141 
54SC-B-142 
54SC-B-143 
54SC-B-144 
54SC-8-146 
54SC-B-147 
54SC-B-148 
54SC-B-149 
54SC-B-150 
54SC-8-151 
54SC-B-152 
54SCB-153 
54SGB-154 
54SGB-155 
54SC-B-156 
54SGB-157 
54SGB-190 
54%-B-191 
54SGB-102 
54SC-B-192 (1 ) 
54SCB-193 
54SC-El99 
54SCB-200 
54SC-B-201 
54SCB-202 
54SGB-203 
54SC-B-204 
54SC-B-205 
54SCB-206 
54SC-B-207 
54SGB-208 
54SCB-209 
54SCB-210 
54SCB-250 
54SCB-251 
54SCB-251 (1) 
54SGB-252 
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Excavated 
Cell 

Yes 

Yes 
Yes 

Yes 
Yes 

Chromium 

c50.0 
~50.0 
c50.0 
~50.0 
60.0 
-60.0 
60.0 
~50.0 
<50.0 
60.0 
-60.0 
C50.0 
<50.0 
c50.0 
c50.0 
~50.0 
<50.0 
C50.0 
60.0 
C50.0 
~50.0 
~50.0 
c50.0 
~50.0 
<50.0 
~50 .0  
<50.0 
<50.0 
~50.0 
~50.0 
<50.0 
<50.0 
<50.0 
C50.0 
c50.0 
40.0 
~50.0 
<50.0 
-60.0 
-60.0 
-60.0 
-23.0 
-60.0 
60.0 
~50.0 
<50.0 
60.0 
60.0 
60.0 
60.0 
~50.0 
C50.0 
~50.0 
-60.0 
<50 0 
6 0 . 0  
<50.0 
c50.0 
~50.0 
<50.0 
~50.0 
<50.0 

Sample 
Date 

Jun-99 
May-99 
Apr-99 
Apr-99 
Apr-99 
May-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
May-99 
May-99 
Jun-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
May-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 

Apr-99 
Apr-99 
Apr-99 
May-99 
May-99 
May-99 
Jun-99 
May-99 
May-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
May-99 
May-99 
Jun-99 
May-99 

Lead 
4 0 . 0  
<30.0 
4 0 . 0  
e30.0 
c30.0 
35.4 
2210 
4 0 . 0  
eO.0 
4 0 . 0  
4 0 . 0  
40 .0  
4 0 . 0  
4 0 . 0  
<30.0 
t30.0 
<30.0 
<30.0 
<30.0 
40 .0  
24200 
276 
2700 
3360 
3360 
62.6 

<30.0 
40 .0  
40 .0  
4070 
eO.0 
4 0 . 0  
4 0 . 0  
784 

<30.0 
eO.0 
e o . 0  
<30.0 
<30.0 
40 .0  
40 .0  
56.3 

22500 
22200 
430.0 
50.2 

40 .0  
40 .0  
40 .0  
c30.0 
281 

eO.0 
eO.0 
40 .0  
40 .0  
<30.0 
<30.0 
<30.0 
17500 
721 00 
~ 3 0 . 0  
<30.0 

Arsenic 

<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
4 0 . 0  
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
~ 5 0 . 0  
~ 5 0 . 0  
<50.0 
<50.0 
40.0 
<50.0 
4 0 . 0  
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
4 0 . 0  
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
t50.0 
<50.0 
<50.0 
4 0 . 0  
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
~50 .0  
~50 .0  
<50.0 
<50.0 
4 0 . 0  
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 

Mercury 

c2.0 
c2.0 
<2.0 
c2.0 
<2.0 
<2.0 
C2.0 
C2.0 
~2.0 
<2.0 
<2.0 
C2.0 
c2.0 
~2.0 
c2.0 
~ 2 . 0  
c2.0 
C2.0 
~ 2 . 0  
~2 .0  
c2.0 
<2.0 
~ 2 . 0  
~ 2 . 0  
~ 2 . 0  
<2.0 
c2.0 
~ 2 . 0  
~ 2 . 0  
~ 2 . 0  
c2.0 
~ 2 . 0  
~2 .0  
C2.0 
c2.0 
C2.0 
c2.0 
c2.0 
C2.0 
<2.0 
~ 2 . 0  
~ 2 . 0  
c2.0 
~ 2 . 0  
<2.0 
~ 2 . 0  
~ 2 . 0  
<2.0 
<2.0 
~ 2 . 0  
~ 2 . 0  
~ 2 . 0  
~ 2 . 0  
~ 2 . 0  
~ 2 . 0  
<2.0 
<2.0 
~ 2 . 0  
~ 2 . 0  
~ 2 . 0  
<2.0 
~ 2 . 0  

Barium 

620 B 
872 B 
677 B 
462 B 
440 B 
652 B 
1070 B 
842 B 
868 
1120 
925 
928 
830 
893 
1160 
1290 
841 
764 
654 
1270 B 
4350 
1110 B 
2620 
1490 B 
1490 B 
792 B 
691 B 
967 B 
800 B 
836 B 
416 B 
610 B 
694 B 
1970 B 
955 B 
1010 B 
944 B 
809 B 
842 B 
825 B 
824 
1010 B 
2600 
1940 B 
1290 B 
782 B 
558 B 
604 B 
582 B 
532 B 
1360 B 
920 B 
1070 B 
876 B 
778 B 
947 B 
886 B 
860 
1780 B 
2900 
886 B 
1010 B 

-Cadmium 

4 0 . 0  
<30.0 
40 .0  
4 0 . 0  
<30.0 
<30.0 
4 0 . 0  
<30.0 
<30.0 
4 0 . 0  
eO.0 
4 0 . 0  
<30.0 
<30.0 
<30.0 
<30.0 
~ 3 0 . 0  
t30.0 
4 0 . 0  
<30.0 
31.5 B 
4 0 . 0  
4 0 . 0  
eO.0 
-30.0 
40.0 
4 0 . 0  
4 0 . 0  
<30.0 
4 0 . 0  
4 0 . 0  
40 .0  
40.0 
40.0 
4 0 . 0  
4 0 . 0  
4 0 . 0  
<30.0 
<30.0 
<30.0 
dO.0 
40.0 
39.1 B 
eO.0 
4 0 . 0  
<30.0 
<30.0 
eO.0 
40 .0  
<30.0 
~ 3 0 . 0  
c30.0 
40 .0  
40 .0  
<30.0 
<30.0 
40 .0  
4 0 . 0  
40.0 

50 B 
4 0 . 0  
4 0 . 0  

Selenium 

<50.0 
<50.0 
e50.0 
t50.0 
4 0 . 0  
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
40.0 
<50.0 
~50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
e50.0 
~50.0 
<M.O 
<M.O 
4Q.O 
<50.0 
<50.0 
<50.0 
<50.0 
GO.0 
<50.0 
40 .0  
<50.0 
<50.0 
<50.0 
<50.0 
40.0 
<50.0 
<50.0 
40.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
4 0 . 0  
<50.0 
~ 5 0 . 0  
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
4 0 . 0  
<50.0 
<50.0 

- 

Silver 

~30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
~30.0 
~30.0 
~30.0 
~30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
~30.0 
~30.0 
<30.0 
<W.O 
<30.0 
~30.0 
40.0 
~30.0 
~30.0 
<W.O 
40.0 
<30.0 
<30.0 
-30.0 
-30.0 
~30.0 
-30.0 
40.0 
<N.O 
<30.0 
40.0 
<30.0 
40.0 
<30.0 
-30.0 
~30.0 
~30.0 
~30.0 
~30.0 
-30.0 
<30.0 
<30.0 
~30.0 
<30.0 
~30.0 
<300 
<30.0 
<30.0 
c30.0 
C30.0 
C30.0 
~30.0 
~30.0 
<30.0 
~30.0 
~30.0 



Appendix B-2: TCLP Metals 
Summary of Soil Analytical Results 

Modified from: Interim Action (Parallax 1999) 
SWMU 54 RCRA Facility Investigation 

Radford Army Ammunition Plant, Radford, Virginia 

Results reported in pglL 

54SC-B-263 
54SC-8-264 
54SC-B-265 
54SC-B-266 
54%-B-317 
54SCB-318 
54SC-B-319 
54SCB-330 
54SCB-331 
54SCB-332 
54SC- B-333 
54SCB-334 
54SCB-335 
54SCB-336 
54SC-B-393 
54SC-0418 dup. 
54SC-B-019 dup. 
54SC-0-251 dup. 
54SCE-192 dup. 
54SCB-096 dup. 
54SC-B-138 dup. 
54SCB-095 dup. 
54SCB-317 dup. 
54SCB-393 dup. 
54SCB-319 dup. 
54SCB-330 dup. 
54SCB-332 dup. 
54SCB-333 dup. 
54SCB-334 dup. 
54SGB-335 dup. 
54SCB-336 dup. 
54BF-01 
54BF-02 
TCLP Criteria 

txcavated 
Cell 

Sample 
Date 

Apr-99 
Apr-99 
Apr-99 
Apr-99 
Apr-99 
Jun-99 
May-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
~un-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
Jun-99 
AUQ-99 

data not a1 

Barium 

696 B 
659 B 
676 
960 
957 
1650 B 
1930 B 
878 B 
642 B 
729 B 
975 B 
864 B 
873 B 
776 B 
852 B 
1070 B 
1770 B 
1320 B 
908 ' B 
1150 B 
620 B 
1000 B 
1070 B 
1520 B 
869 B 
923 B 
834 B 
678 B 
6 0 0 B  
758 B 
970 B 
793 B 
1060 

1 o m 0  

Cadmium 

<30.0 
<30.0 
<30.0 
<30.0 
<m.o 
<30.0 
4 0 . 0  
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 

1000 

Chromium 

<m.o 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
60.0 
<50.0 
<50.0 
60.0 
<w.o 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
60.0 
<50.0 
<50.0 
60.0 
60.0 
<50.0 
60.0 
60.0 
<50.0 
60.0 
<50.0 
60.0 
<50.0 

5000 

Lead 

<30.0 
< 30.0 
<30.0 
<30.0 
<30.0 
<30.0 
2820 
<30.0 
2390 
<30.0 
<30.0 
<30.0 
4 0 . 0  
<30.0 
<30.0 
<30.0 
3630 
3050 
<30.0 
<30.0 
<30.0 
266 

<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 

5000 

Mercury 

<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
x2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
c2.0 
<2.0 
<2.0 
<2.0 
<2.0 

- <2.0 
<2.0 
<2.0 

200 

Selenium 

<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
< a . o  
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<a.o 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 
e50.0 
<50.0 
<50.0 
<50.0 
<50.0 
<50.0 

1000 

Silver 

<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 
<30.0 

5000 

Ndes 
ID = ldsnbficabm (1) = Analyttcal results tor cells requlnng Increased mpl lng depths (sample 

TCLP = Toxlaty Charactensbc Leachlng Procedure collected from eppraurnetely 12 feet bgs ) 

B = Analfie detected m laboratory blank, resuk ffi esbrnated end biased hlgh -1 = ~e-d value ~ X C B ~ ~ S  TCLP ~ntena 

pgR = mlcrogrems per liter 

dup = duplicate sample 

bgs = below ground surtace 

September 2002 
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Summary of So ical Results 

SWMU 54 RCRA F a c i l i  lnvestlgatlon 
Radtord Army Ammunltlon Plant, Radtord, Virginia 

Results and RBCs reported in pg/kg 

Appmdix B Exploriva 
Page 1 of 5 

Radford Anny Ammunition Plant 
MWP Addendum No. 13. SWMU 54 



Appendix 8-3: Explosives 
Summary of Soil Analytical Results 

ModMed from: Interim Action (Parallax 1999) 
SWMU 54 RCRA Facility investigation 

Radford Army Ammunition Plant, Radford, Virglnla 

Results and RBCs reported in pg/kg 
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Appendix B-3: Explosives 
Summaly oi Soil Analytical Results 

Modifled fmm: interim Action (Parallax 1999) 
SWMU 54 RCRA Facility lnvestlgatlon 

Radiord Army Ammunltlon Plant, RadRrd, Virginia 

Results and RBCs reported In pgjkg 
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Appendix plosives 
Summary of S lcai Resutts 

SWMU 54 RCRA Facility lnvestlgatlon 
Radford Army Ammunnlon Plant, Radford, Vlrginla 

Results and RBCs reported in pgjkg 

Abbrrvbllom: 

ID II IdentMUIUon 

B = Analyte detecfed In labralory blank, mun b srtimalsd and b b e d  high 

J = The anslyte value b impmbe due lo 9C pmblerrd 

D = The amlyte mnanballon m u b  horn e nqvlmd dilulbn o l  Ih, sample 

RBC - R b k h a d  Conmnlmllon. VSEPA Regbn Ill. April 4.2W2 (Noncarcenqlenio mrnlilunm 
have been adjwled for a hazard qudlenl 010.1.) 

Ma: 
(I) n I\Mlyihal m u b  lor Collr Requlrlng lne-d Sampling Depths (Sample mleded horn 12 lent bgs ) 
@) 2) knlnodlnnmloluener valua uaed Imm Ihe Rf f i  table. 

I Reporbd value aasedr Lh. lndvaml RBC 

II Reported value exceed ms Rssldenllal RBC dup. = dupllcale sample 

~g,?q - mlccgmrm per klbgmrm 

September 2002 
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Apfmndbr kl: VOCs 
Sumrrmy d Sdl A ~ ) y t l c l l l  Rau lb  

Y o d W  fmm: Intorim *dkn (Pmnlhx 100Q) 
M U  54 RCRA FrcllHy Imntigatbn 

Radfold Army Ammunltkn Plant, R.*ld. Vlrglnh 

Results wported in pglkg 



SWMU 54 RCRA Fdllty I-atkn 
Radford Amy AmmunlUa~ plant, Radford, V l r~ lnh 

Results reported In polkg 

l l l a r o r d A m l y ~ P l r m  
MWP A&hdm Na 13. SWMU 54 



Apwndh R4: VOCI 
Summary of Sol1 h f y t l u l  Rosub 

Modllied from: Interim Action (hak -9) 
SWMU 54 RCRA Faclli~ Imestlgatlon 

Radford Anny AmmunBoe Plant, Rdford, Vir~lnlp 

Results reporled in pB/kg 

R . a a a a W A  " Plan 
hWP A d d d m  No. 13. SWMU 54 



APPENDIX C 

STATISTICAL ANALYSIS OF MINIMUM SAMPLE SIZES 



Table C-1 
Caiculation for Wnimum Number of Samplesto Collect 

from Systematic Grid at Area A 
Using Parsons (1996) Data for Lead - 0-2 R bgs 

number of observetion6 
d e e m  of fr~sJom (df) 

tabulaled student's t value for b ta i l ed  mnfidenca interval and probablli of 0.20 (t20) 
t value squared 

Mean of observations 
Variance of obsendons 

Standard deviation of obsendons 
Rqulato~y threshold for lead - Industrial 

Difference regulatory threshdd and mean 
D i m  between regulatory threshold and mean for indusbial lead (A) 

Delta value squared 

Equation-8 in SW 846 Chapter 8, Table 9 1  (p. 8 2 )  n, = ~'&IA~ 
where n, = Appropriate No. of samples to collect 

from a solid west8 

Reference: USEPA 19Q8 . Test Methods br EvaluaUng Sdid Waste, PhysiMhemical Methods. Chapter 8. 



Table C-2 
Calculation for Minlmum Number of Samples to Collect 

from Systematic Grid at Area B 
Using MSE (1997) Data for Lead e 100 mglkg 

number of obsenrations 
d e e m  of- (dl) 

tabulated studenfs t value for two-tailed mntidence intenral and probability of 0.10 (t20) 

t value squared 
Mean of observations 

Variance of obsewatlons 
Standard deviation of obsewakns 

Regulatory threshold fw lead - industrial 
DiRerenw regulatory threshold and mean 

D i i r e n a ,  between regulatory threshold and mean for industrial lead (A) 
Delta value squared 

Equation 8 in SW 846 Chapter 8. Table 8-1 @. 0-2) ns = ~'*'IA~ 
where n, = Appropriate No. of samples to mlled 

from a &id waste 

number of samples = 11 

Reference: USEPA 1998 . Test A4ethod.9 lbr Evaluating Sdid Waste, Phy-skaKhemM M e w s .  Chapter 8 




