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PARSOMS EE\BGIRIEERIWsG SClEKE, ffNC 

10521 Rosehawen Street Fa~ifa, Virgmia 22030 (703) 591-7575 F a :  (703) 593 -4305 

kk. Robert Davie 
Project Manager 
U.S. Army Enviromentd Center 
Building E-4488 
Aberdeen P.G., MqHmd 210%0-584l 

Re: hdford Facility Investigation Report 

Dear Robert: 

Parsom Engineering Science, Inc. (Parsom ES) is pleased to provide you with revised 
sections of the Draft R C M  Facility Hm-vqstigation @PI) Report for Solid Waste Management 
Units 17, 31, 48, and 54. We have also forwxded complete copies of the report t s  the 
addressees on the distribution list. 

The revisions to the report are based on the reviesa: comments 
January 4, 1996. A formal response to the coments is also enclose 
addressed. Additionally, in-house review discovered minor typographical errors; these have 
also been esnected. 

5 ;  
To facilitate an easy update of the report, the following revised sections Rave been 

enclosed: 

The &st clipped set 'of revisi~m includes new covers (for both volumes) i;nd 
various up-fiont'sectiom (Table sf Contents, Executive Swimmygr, distribution list, 
~ o m i n ~ r e s p o ~ p s i  :page). These pages can directly' rephce the old pages. The 
distribution list and co tlrespome page should go after the inside cover page. 

The next a d  % h g k  page revisions though Section 5 of the report; 
please replace the< bld p&es. 

s An eqtke .new section 6 has been enclosed; please replace the old one. 

For eich site characterization section (7 through 121, all new pages, from the 
Mature h d  Bgtent sub-section bough the su ary sub-section, have been 
enclosed. S Q ~  individual revised pages have also k e n  included for the up-front 
sub-secPiom (heludhg some revised figures). All pages are numbered for easy 
substitution. 

An entire new Section 13 md Section 14 have been enclosd; please repHace the old 
ones. 



ENTS ON DWm IPIF% FOR SWMUs I'7,3%, 48, AJVD 54 
Y 

1) USAEQ: Comment: The risk aesssmenf assumes that la residential Bawd use 
and exposorm are probable for all the WMUs. Hswarver9 the most probable land 
use win be indusidal resulting in a risk assasmenot which k tao mlrasewatke The 
risk assasmean& for aiB the S s, admding the New River and Stroubla Creek 
for reasons outlined limn the report* shsdd  be modified to reflect indust~nil land use 
and criteria. 

Pansns ES Raponse: Concur. The report bas been revised as appropfiate. 
Addi~odlp, based on various &sassiom, more realistic exposure pxiaggders reflecting 
d ~ r a s d  expowre t h e  and %BTg $we been evmBarated for the New River and 
Stroubles Cree%; these sections h v e  dss been revised. 

2) USAEG Comment: The %mwe&inQ sections of the risk ssmsment should 
discuss sr ncbowlcdge the repeated J4 sand 96 flags csa %be spradytial data. Section 
5 =plains that this data should be csastderd an estimstdc only therefore tbt  
unceaSsoin$ section of the risk msasment should repeat this cowdusigsn. 

Parsons ES Raponst: ty sation of the risk 
assessment hiis k e n  revised ts include a more detailed e q l ~ t i o n  of the J flags. 

3) USAEC Csmmeot: 'Im the %irg\s& showing the c~nmptual mmodd for 
egosure pathways, the arm r ~ i d e n b  column should be removed fmm the future 
receptor section in ~srder b be consistent with eedmment number 1. 

Parsons E% Raponse: Concur. %BI% revisions caused by the change in 
os have been made where appropriate. 

4) USAEC Comment: The reeommendatian section draws corpclosions 
cornsistent with the findings 0% the WL It will only need modifiation if usinnag 
industrial criteria and expos~[re scenarios changes the ouicsme af the risk 
assasment sigaaifiamffy. 

Pfa~ons ES Response: C o n m .  A revdu~cdn of a p o a e  s m d o s  did 
not G@cmdy ~ b g e  the rmmenda%iom. Athou& the poundwater p&way 
evdua~on was si@maBy revised, where growdwater was shorn to impact other areas, 
the radatiom bmed on 01 or abatement of p,oundwenPw movement were 
not . The soil pathway r site workers did not i f l m t l y  change (he 
qumtSmGon of' risk md of wamm m y  b v e  ~kmngecl for the 
soil pa&ways but the risk p ad to form the basis of h e  
rmmmda~om).  



,."-, Concerning ~c following document: 

The R C W  Facility Invcdga"in Repor% for Solid Waste Managmat Units % 7,3  1.48, and 54 at 
Radford A m y  Ammunition Plant, Virginia 

1 certifgp under penalty of law hat this document and a]% P ~ C % Z P S A ~ &  were prepared under my 
di~etion or supe~visiow in accodancc with a 5ystm designed to a s s u ~  thzt qualified personnet 
properly gather and cvduate the inh~matiorn daai t tcd.  Based on my inquiry of the pason or 
persons who manage the sygtewa, or those persons directly responsible for g a t h h g  the 
infomatiart, the infomnatim submitted is, to the best of my howledge and belief# true, accurate, 
and complete. 1 am aware that &me arc signifisat penairits fm submitting false infomation, 

m L E :  LTC? OD, ~ommh%ing 
urnidom  plan^ 

PRINTED NAME!' S E. W O O L W m  

TITLE: Resident Manager 
Aliliant Techsystems Ins;. 
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This docmen% is the report for the Resource Conservation and Reco 
@CW) Facility h v e d g a ~ o n  (WI) for the unition Plant 

rd, Virginia It bas been prepared for the 

Pasom Enghee ience, hc .  (Pasom ES) md submitted under the reqdements 
r-f Contract No. D 15-80-B-0808, Twk DA04. ent-owed contractor- 

operated (GOCO] military installation supplying solvent md solventless propellant and 
TITI' explosives. The present wnhctor-operator is Miant Tec~yskrnss h c ,  

was issued a Permit for Conective Action a d  Incherator Operation (Permit) by 

.he U.S. I E n h m e n M  Protection Agency (USEPA), eEec%ive December 13, 1989. The 

Permit requires to conduct WIs for suspected releases of co sa &om Solid 
Waste Management Units (S s). The objective of the WH is to characterize the name, 

extent, concentration, and rate of migratisna of releases of h m d o u s  wastes or h 

co.xtituents; identie potentid receptors; provide detailed geologic and hyhogeologic 

characterizations; determine the need for conedive measures, or provide aeco 
/.'--' 

o&er appropriate actions, for each S 

Dames & Moore comp%eted WHs or Verification Investigations (W) for d1 of the 

identified S s in 1991-1992. Further characterization s f  certain S 
remmendeb. This report co the results of W I  activities at four S 

54. S 40 was grouped with S 

New Ever md Stroubles Creek, two significant s~rfkice water bodies ~t , was included in 
ehe WI. The work was completed h general a c c o r h m  with USEPA review cornen& on the 

previous Bmes & Moore investigations, me% the applicable g u i b c e  documents, inclrahg the 

R C M  Corrective Action P m g m  Guide and the R C M  Corrective Action Mmd. 

is located in the mom of southwestern Virgin@ lan Pdwki and 

Montgomesrgr Counties. n e  facility consists of two noncontipous meas; m e  Radford U ~ t  (or 

Main Section] and the New fiver Storage Area Unit located about 6 miles west of the Main 
Section. The Main Section is the focus of tiis report. The New River divides Paae Main Section 



.I..>-, 

into two areas. Within the meander loop ofthe New River is the ""Howeshoe h a g s  md south 

The S s discwed in this report were c 

brings, hstdlhg groundwater monitoring weljs, turd geology study, a dye 
tracing study, and aquifer testing to investigate facility-wide a d  site-specific geology md 
hy&ogeology, collecting pmdwater,  s d x e  water, s e h e n $  soid, waste ash, and associated 
QMQC samples for chemical dgrs is ,  colle&g soil samples for geoteeGcd testing, 

collecting composite soil or waste samples on, completing a study to 
establish backgomd concentmticsm sf me as the basis of statistical 
csmp&srsm to metals levels found in the S samples, md using the data $0 complete a 
quantitative human health risk assessment. 

my of the WI geld activities hplerne%pted at each S is presented below. 

40 consisted of 

p e s o d g  a dye .$acing study, drilBhg seven soil bohgs, collecting 42 soil samples, 

collecting one sediment sample, ml%ecting one surface water sample, coHlecthg four 
groundwater samples, and collecting appropriate QNQC smpks to emwe data usability. 

The WI investigation at S 3 % 

consisted of installing four wells, pdorming aquifer testing of the wells, placing staff gauges 

in the Bagmns, collecting eight soil samples and six lagoon s e h e n t  samples, ~011eeting fiw 
groundwater smples, and colketing appropfiate QNQC smples. 

48 consisted of drilling two soil bohgs, installing four w e l ~  peH-foAg aquifer testing offhe 

wells, collectkg 18 soil smples, collecting four gowdwater smples, md ees%%echg 

appropriate QNQC samples. 



The WI h v e s ~ g a ~ o a  at S 54 
consisted of drilhg 16 so2 bo*gs, wUeethg 3% soil samples, collecting three groundwater 

smp6es, collecting two waste ash smp11es, and collecting appropriate QNQC 

A d d i ~ o d  field smplhg activities were conducted in support of the WE activities. 

were collected. 

S h  saKfa6e water smples a d  six sediment smp1es were collected from the 

New fiver. Appaop~ate QPJQC les were collected. 

Finally, a study to determine barckgomd concentrations of metals in the soil was 
completed by drilling 16 soil borkgs and csIIecthg 36 soil smples. QNQC sampling was 

dso performed for these kves.gatiom. Data &om these meas were used to support ~e 

The f o l l o ~ g  rec r action have been developed based on the 

success of the WH program in e v d m h g  the risks associated with each S Table ES-1 
wcch is 1o~Zllfed at the end of thk section, arizes the risks associated with each S 

and the ~ c o m e n & ~ o m  presented. 

1) Reeommexda~-ion: Interim Measnws 

The Barnan health risk msessment indicates a potentid for nawmckogenic and 

~achogenic adverse Emman health effixts for ingestion a d  &md contact of s d x e  

and subsurface soils md gromdmter. The dye tracing study d e m ~ m a t c d  a subsdace 
connection between % 17 md the New River; chemicals sf concern found at 

17 were dso detected at the discharge point, h & c a h g  a release of 
ow sf soils h areas of active 



operations indicates the need for interim measures to control potentid threats to the 

health of site workers. 

Interim measures wodd consist of the ~plemenbtion of reiatively simple engineering 
. .  . sonQrds to prevent or demd contact vdh d a c e  soils, hcludhnag: protective 

clothhg (approphiate gloves md covedls) ma wash stations at easily accessible 

A CMS is re ded to address long term solutiom to co 

S 17. Shce the active operations represent a continuing wmce of COW on 
to the soils md gromdwater, corrective measures shodd be developed which can 

ant releases wk1e mizing, the impact to the active operations. 

Such comeefive measures might include: 

- Construction sf a concrete pad with appropriate &&age wntroTs for d l  burning 

operations; 

- Comtmcion of an hpemeable cap t~ prevent sf  precipitation and reduce 

con t flashing; and 

- Excavation of the s%low fill materids md installation of an impemeable liner to 

migration. 

The objective of the CMS is to identie a d  develop proposed conective measures and 

dtemtives by screening available technologies, assessing site conditions, and 

ex ' g h m c i d ,  ~ f a J t i o ~ ,  a d  health impacts. A CMS would justify the 

recornended corrective actions on a tecku-id, envksmenM and hmm health basis, 

i n s l u ~ g  applicable cleanup levels. The CMS wodd provide complete ir&om&ism on 

the status of remediation activities and establish a system for regular reporting, remrd 

keeping, and compliance requirements. Fhdly, the CMS wodd provide sufficient 
idomation so that remedid design md implementation codd proceed. 



The lama health risk assessment indicates a risk based on the E n ~ o & e e d  f&u.re site 

worker goudwater usage sc o. However, migration of metals fiom the cod ash 
lagoon sediments to the g o u n d ~ .  md eventd1y to the New River ap 
o c c h g .  Shce the lagoon sediments were only sampled for TCEP 

assessment. A.Mo%n& the previous investigation included sediment sampling &@ this 

idomation codd mot be Mly assessed for h e  . A d & ~ o d l y ,  the 

composihg procedue wed in the previous investigation to collect the samples may not 

have been appropriate to characterize the sediments. Therefore, 

ended to de&e the nature and exte%a"b of con 

happropaiiate. However, s m p h ~ g  of the s e h e n k ,  coupled with the ad&~awd 
s m p h g  of the New Ever, would dIow fir risk assessment of the sediment pathway 

md may provide ~ ~ e i e n t  infsmatiora to support a ''No Further Action*' 

ants to ?Ae ~omdwate r  md the New Ever, %he following action alternatives 

s h d d  be considered: 

ate the discharge of filter bachmh afad drinking water ovedow to the I ~ ~ O O H P S .  
The discharge to the 1agosm is a flushing mechanism which facilitates the migration 
of metals from the sediments to the ~ o ~ d w a t e r ;  md 

- Closure of S 3 1 bough excavation of sediments a d  bwEl lbg  of the lagoam. 

1) Recommendation: Perform Dye Tmchipag Study 

Better definition of the groundwater flow at the S W  48 area md identification of 

specific discharge pints are necessary to fully evaluate site con&tiom In -this vicinity. 

Therefore, a dye tracing study is recommended for the S 48 area. %he study 





sources wei&d to activities at . Complete the meek should 
include a detailed d y s i s  sf the effects of &Bution on the con 

Risk d y s i s  suggests the potentid for mckogeHie adverse h hed& eEec& for 
de and ingestion e v m e  scxmarios for sediments aud for demd exposme 

correspond to the likely &sehge  point of the four S s investigated for this report, 
the possible impacts 0% other S s or permitted oratfdl discharges to the dver have 
not been fidly explored. Therefore, additional work is necessary te w%%apIeteIy 

the river. Additional sampling may indicate eo me sources me%ated 

to activities at . Complete sf the river should include a detailed 

mdysis of the effixts of dilution on the co 
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SUMMARY OF RFI RECOMMENDATIONS 
RADFOKD ARMY AMMUNITION PLANT 

RADFORD, VIRGINIA 

SWMU or , i Human , ~ Health,, ',- . . : . I  , ,' , ) ,  1 . .  E e ~ r e  , , , , A :; :. . .. * ' , , , I ,.,'llt' 
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# . , . , , . . , . . . < . . 

Waste Burning s ' ~$~~ti{ii: '  : ;-:.; ~ f i ~ & $ ' ~ k ~ ~ ~ ~ ~ ~  . . -1; .: ., ,. 

. . .  . . 
.', ::l , .!, *.', ?ii.L ?!, p,. . , : , . ; , y~;; .  , . . . , > .  

8 .  . 
. . , 4 ,  : 2 .... .-.i';;; , , -  , ' . ... Sanitary Landfi , . . < ,  ~. , ,.(..- a . .!!. s,! . .&..  , , st 

. . ...,; " r .  : : ,. , ' , '. 
, I . ( . ,  i . ,  . . .. ; ; .l.,,!.., -, , .: -~ . .  , .:. 

, ,  ., z . . 
. ., .. , . . / ; , . I  I .  , ' K . / : 

, . -  . .  . < ' ,  L , '  , . .  

I Risk Criteria Defined in the Baseline Risk Assessment (Section 6) 
The potential receptors listed may be affected by one or more of the media identified. 
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SECTION 1 

1.1 INTRODUCTION 

INTRODUCTION 

1.1.0.1. This document is the draft report for the Resource Conservation and 
Recovery Act (RCRA) Facility Investigation (RFI) in support of the Permit for Corrective 

Action and Incinerator Operation at Radford Army Ammunition Plant (RAAP) located in 

Radford, Virginia. This report has been prepared for the U.S. Army Environmental Center 

(USAEC), formerly the U.S. Army Toxic and Hazardous Materials Agency (USATHAMA), 

and is being submitted under the requirements of Contract No. DAAA15-90-D-0008, Task 

DA04. The report was prepared by Parsons Engineering Science (Parsons ES), formerly 

Engineering-Science, Inc. 

1.1.0.2. A Permit for Corrective Action and Incinerator Operation (No. VA1-21- 
002-0730) was issued to Hercules Incorporated by the U.S. Environmental Protection 

Agency (USEPA), under the authority of the Solid Waste Disposal Act, as amended by 
rA 

RCRA (1976), and the Hazardous and Solid Waste Amendments (HSWA) of 1984. RAAP, 

which is currently operated by Alliant Techsysterns, Inc., is owned by the U.S. Army. The 
RCRA permit allows Alliant Techsystems to operate a hazardous waste treatment, storage, 

and disposal facility in Radford, Virginia. The full RCRA permit comprises USEPA's 

portion, which addresses provisions of HSWA, and the Virginia Department of 

Environmental Quality portion, which addresses the provisions of RCRA for which the 

Commonwealth of Virginia is authorized. Corrective action is addressed by HSWA and 

enforced by USEPA. Section 3004(u) of RCRA (Section 206 of HSWA requires corrective 

action as necessary to protect human health and the environment from releases of hazardous 

waste constituents from any solid waste management unit (SWMU). The corrective action 

permit includes requirements for RAAP to conduct verification investigations (VIs) at sites of 

suspected contamination, RFIs at sites of known contamination, and Corrective Measures 

Studies (CMSs) at sites requiring remediation. 

1.1.0.3. In 1992, RAAP completed several VIs and RFIs at selected SWMUs 

throughout the installation. Results of those studies were presented in the Draft RFI Report 



(Dames & Moore, 1992a) and the Draft VI Report (Dames & Moore, 1992b). Parsons ES 
F- 

was tasked to conduct further investigations at SWMUs 17, 40, 31, 48, and 54, based upon 
recommendations made in those reports. The recommendations included: 

SWMU 17-Co-ed Wa-: Based on the RFI, additional 

characterization of hydrogeologic conditions, utilizing a dye-tracer study, was 

required as well as a sampling program for groundwater discharge r ~ in t s .  
SWMU 404- (Nitrog- Area): The VI conducted in this 

area concluded that groundwater sampling should be performed and that the 

dye tracer study for SWMU 17 include this adjacent area. 
SWMI J 31-Coal Ash Se- e : The Waste Characterization Study 

conducted at this site concluded that a groundwater investigation was needed. 

SWMU 48-Oilv Wastewater Disposal Area: The VI report recoVmended that 
future activities include groundwater and soils investigations to determine the 

source and extent of fuel contamination. 
SWMIJ 5 4 - P r o m h  Disposal b: An RFI/CMS was recommended in 

the VI report. 

This report presents the results of these investigations. 

1.2 PROJECT OBJECTIVES 

1.2.0.1. The objectives of the RFI, as specified in the permit, are to: characterize 

the nature, extent, concentration and rate of migration of releases of hazardous waste or 

hazardous constituents from the SWMUs into groundwater, surface water, soil, or any other 
identified media; identify and evaluate potential impacts to human and environmental 

receptors; provide a detailed geologic and hydrogeologic characterization of the area 

surrounding and underlying the SWMUs; and determine the need for and scope of corrective 

measures. 

1.2.0.2. The objectives were accomplished by performing the investigation field 

tasks and data analysis in accordance with the RFI Work Plan (Engineering-Science, Inc., 



- 1994a) and the RCRA Corrective Action Program Guide-Interim (U.S. Department of 
Energy, May 1993). 

1.3 SCOPE OF WORK 

1.3.0.1. The RFI scope of work included the following field tasks. 

SWMU 17140-Cantaminated Waste B l l r n i n g y  ~~ 
(SWMUs were combined because of proximity and similar subsurface conditions): 

A dye trace study test was performed preliminary to the other characterization 

activities to provide an understanding of groundwater movement in karstic 

environments. The final report was submitted by Parsons ES to the USEPA in 
March 1994 (amended in September 1994); 

Seven soil borings were installed; 

Three surface soil samples were collected; 

Four groundwater samples were collected - two monitoring wells were dry; 

and 

The discharge point at the New River was sampled. 

Four groundwater monitoring wells were installed; 

Four groundwater samples were collected; 

Aquifer testing (slug tests) was conducted on each new well; 

Six lagoon sediment samples were collected; and 

Staff gauges (water elevations) were installed in the lagoons and river. 

Four groundwater monitoring wells were installed; 
Four groundwater samples were collected; 

. Three aquifer slug tests were conducted; 
P Two soil borings were installed; and 



• Six surface soil samples were collected. 

• Two waste composite samples were collected; 
• 16 soil borings were installed; and 
• Three groundwater samples were collected. 

Other non SWMU-specific field activities were completed based on identified deficiencies in 
the existing characterization information. These activities included: 

• Two sediment and surface water samples were collected from Stroubles Creek; 
• Six sediment and surface water samples were collected from the New River; 

and 
• 18 soil borings (36 soil samples) were installed in background areas to 

establish background metals concentrations. 

These field tasks were conducted during December 1994lJanuary 1995, and July 1995 

r" 1.4 REPORT ORGANIZATION 

1.4.0.1. This report consists of fourteen sections and nine supporting appendices. 

The report is Volume I. The Appendices are contained in Volume 11. Section 1 provides an 

introduction and statement of the project objectives. A detailed description of the current 

conditions at RAAP, including facility background and summary of previous investigations is 

presented in Section 2. Section 3 describes the environmental setting including the results of 

a geological structural study performed by Parsons ES. Section 4 outlines the procedural 

aspects of the field investigation program. 

1.4.0.2. Section 5 discusses data management and data quality issues, including entry 

of all data into the USAEC's Installation Restoration Data Management Information System 

(IRDMIS) database, while Section 6 presents a baseline risk assessment. Sections 7 through 

12 present the site characterization of the four SWMUs, Stroubles Creek and the New River. 

Section 13 presents conclusions and recommendations. References can be found in Section 

14. 



1.4.0.3. A listing of acronyms and abbreviations used throughout the report is 

included as Appendix A and is also presented after the Table of Contents. Other appendices 

contain the detailed information from the field tasks (drilling logs, aquifer testing, etc.) and 
analytical data (data summary tables, risk tables, etc.). Oversized maps are presented as 

Plates 1, 2, and 3. 



SECTION 2 

FACILITY DESCRIPTION 

The background information in this section has been adapted from previous RFI and 

V1 reports prepared for the USAEC (Dames & Moore, 1992a and 1992b). 

2.1 FACILITY LOCATION 

2.1 .O. 1. RAAP is located in the mountainous region of 'southwestern Virginia 

(Figure 2.1) in Pulaski and Montgomery Counties. These two counties along with Floyd and 

Giles Counties make up the New River Valley Planning District Commission. The 

instailation consists of two noncontiguous areas - the Radford Unit (or Main Section) and the 

New River Ammunition Storage Area Unit. The Main Section is located approximately 4 

miles northeast of the city of Radford, Virginia, approximately 10 miles west of Blacksburg, 

Virginia, and 47 rniles southwest of Roanoke, Virginia. The New River Unit is located - 
about 6 miles west of the Main Section, near the town of Dublin, Virginia, (Figure 2.2). 

The Main Section of RAAP (Figure 2.3) is the focus of this report; all uses of the terms 

"RAAP, " "the facility, " or "the installation" in this report refer to the Main Section only. 

2.1.0.2. RAAP lies in one of a series of narrow valleys typical of the Appalachian 

Mountain region. This valley is oriented in a northeast-southwest direction, and is 

approximately 25 miles long, 8 miles wide at the southwest end, narrowing to 2 miles at its 

northeast end. The facility is situated along the New River in the relatively narrow northeast 

region of the valley. 

2.1.0.3. RAAP is divided into two areas (northern and southern) by the New River. 

The northern half or "Horseshoe Area" is located within the New River meander. Located in 

the Horseshoe Area are the Nitroglycerin (NG) No. 2 Area, the Cast Propellant Area, and 

the Continuous Solvent Propellant Area. Many landfills at RAAP are located in this area, 

hcluding the Hazardous Waste Landfill, the currently active Sanitary Landfill, and the Waste 

Propellant Burning Ground. Three of the SWMUs discussed in this report are located in this 
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area, including SWMU 31 (Coal Ash Settling Lagoons), SWMU 48 (Oily Wastewater 
F 

Disposal Area), and SWMU 54 (Propellant Ash Disposal Area). South of the New River is 
the "Main Manufacturing Area," which includes the Finishing Area; the TNT Area; the NG 

area; Nitrocellulose (NC) and Acid Areas; the Automated Propellant Area; and the 
Administration Area. Two SWMUs discussed in the report, SWMU 17 (Contaminated 

Waste Burning Areas) and SWMU 40 (Sanitary Landfill), as well as Stroubles Creek, are 

located in this area. Plate 1 presents a topographic and SWMU location map for the entire 
facility; the map includes all SWMUs including those which were not the subject of this 

investigation. 

2.2 FACILITY HISTORY 

2.2 .O. 1. RAAP is a government-owned, contractor-operated (GOCO) military 

industrial installation supplying solvent and solventless propellant grains and trinitrotoluene 

(TNT) explosives. From its inception as a GOCO facility in 1940 until 1995, RAAP had 

been operated by Hercules Incorporated. On March 16, 1995, Alliant Techsysterns, Inc. 

bought out Hercules, Inc. and took over the operation of RAAP. - 
2.2.0.2. Construction of the RAAP production facility began in 1940 with the 

impending participation of the United States in World War 11, and the determination by 

Congress of a need for increased ammunition production facilities. Initially, RAAP consisted 

of two distinct areas - a smokeless-powder plant (Radford Ordnance Works [ROW) and a 

bag-manufacturing and loading plant for artillery, cannon, and mortar projectiles (New River 

Ordnance Works [NROWJ). These two production facilities were operated separately from 

1940 to 1945. Late in 1945, ROW was designated as the Radford Arsenal, and NROW was 

designated as a subpost. By January 1950, NROW was made an integral part of the Radford 

Arsenal and no longer considered a subpost. The arsenal was renamed Radford Ordnance 

Plant in 1961 and was finally redesignated as the RAAP in August 1963 (USATHAMA, 

1984). 

2.2.0.3. Expansion of both ROW and NROW continued throughout World War 11. 

Late in 1945, the Radford Unit was placed on standby status. The following year, the nitric 
acid area of the plant was reactivated to produce ammonium nitrate fertilizer, an activity that 
continued until 1949 under contract with Hercules Powder Company (later Hercules - 
G:UOBS\722\722843\SG5242CE. RPT 



Incorporated). In September 1945, the NROW was declared surplus; but in April 1946, the 
-, 

magazine areas were changed from surplus to standby status. Between December 1946 and 
January 1948, large parcels of the NROW plant manufacturing area were sold 

(USATHAMA, 1984). These parcels were excess land holdings that had never been used for 

production purposes. 

2.2.0.4. Between 1952 and 1958, Goodyear Aircraft Corporation, of Akron, Ohio, 

was contracted to manufacture component parts used in missile production at RAAP. The 
close coordination required between Goodyear and Hercules resulted in Goodyear moving its 

assembly and coating operations to RAM. In 1958, Hercules took over the Goodyear 

operations at this plant (USATHAMA, 1984). 

2.2.0.5. In mid-1968, the continuous TNT plant was put into production and 

remained in operation until destroyed by an explosion in May 1974. This plant had five 

main operational areas: the nitration lines, the finishing buildings, the red water 

concentration facility, the acid neutralization facility, and the spent acid recovery plant. The 

C-line in the TNT area ran from 1983 to 1986, when the TNT plant was placed on standby. 
F Later, in December 1988, a facility cleanup was conducted and the plant was prepared for 

long-term standby status. Between 1990 and 1992 two nitroglycerin facilities went on line at 

RAAP. Although there was an explosion at one of these in 1993, they both remain active. 

A chronological listing of major RAAP activities is presented in Table 2.1. 

2.3 FACILITY RESPONSIBILITY 

2.3.0.1. Based on discussions with plant personnel (1995), the general 

responsibilities assigned to RAAP have not changed from those outlined by USATHAMA 

(1976), these include: 

Manufacture of explosives and propellants; 

Handling and storage of strategic and critical materials as directed for other 

government agencies; 



TABLE 2.1 

CHRONOLOGICAL LIST OF MAJOR ACTIMTIES AT RAAP 

September 1940 Construction of Radford Plant 

Production started at Radford Plant 

Separate New River bag loading plant constructed 

Construction of various f i i t i e s  continued 

Co~lsolidation of Radford and New River plants 

Production stopped-planc in standby 

Ammonium nitrate produced in Acid Area 

Limited resumption of powder production 

Plant reactivated for Korean Conflict 

Large areas of plant rehabilitated 

Multibase propellant and cast rocket grain facilities constructed 

Continuous TNT lines constructed 

New acid plants constructed 

1971 Preproduction project work on Continuous Automated Multibase Line (CAMBL) started 

1972 Continuous Automated Single-Base Line (CASBL) consauction started 

1972 Continuous nitrocellulose nitration construction started 

1973 Military Construction, Amy (MCA) pollution abatement facilities construction started 

May 1974 TNT plant explosion 

1976 Continuous Automated Single-Base Line M6h4 1 conversion started 

1978 Construction started on biological wastewater treatment plant 

1980 C-line Nitrocellulose Manufacturing Are. closed 

1983 TNT plant reopened 

1986 TNT plant placed on standby 

1987 C-line Nitrocellulose Manufacturing Area reopened 

December 1988 TNT plant cleanup, preparation for long-term standby 

1990 Nitroglycerin facility went on line 

November 1992 Pollution control system upgrade completed for explosive waste incirators 

1992 Second nitroglycerin facility went on line 

Jamlary 1993 Upgrade to biological wastewater treatment plant began 

1993 Explosion at nitroglycerin facility 

October 1994 Operating permit approved for explosive waste incinerators 

March 1995 AUiant Techsystems, h. buyout of Hercules complete 

Source: Modified from USATHAMA, 1976 

G:UOBS\722\722843\SGJ242CF,TBL 2-7 



Operation and maintenance, as directed, of active facilities in support of 
current operations. Maintenance and/or lay-away, in accordance with 

Ammunition Procurement and Supply Agency instructions, of standby 

facilities, including any machinery and packaged lines received from 

industry,in such conditions as will permit rehabilitation and resumption of 

production within the time limitations prescribed; 
Receipt, surveillance, maintenance, renovation, demilitarization, salvage, 

storage, and issue of assigned Field Service Stock and industrial stock as 
required or directed; 

Procurement, receipt, storage, and issue of necessary supplies, equipment, 
components, and essential materials; 

• Mobilization planning, including review and revision of plant as required; 

Custodial maintenance and administrative functions of subinstallations; and 
Support services for tenants. 

2.3.0.2. These responsibilities are met through the efforts of the operating 

contractor, Alliant Techsystems, Inc. The Administrative Contracting Officer (ACO) and his 

staff provide technical assistance and administer the contracts with the civilian operating 
contractors. RAAP provides logistics support for tenant activities such as the U.S. Army 

Research, Development and Acquisition Information Systems Agency, which is charged with 

performing data processing activities during peacetime. 

2.4 INDUSTRIAL OPERATIONS 

2.4.0.1. From 1941 to the present the principal end products produced at RAAP 

have been TNT, single-base and multi-base propellants, and cast and solventless propellants. 

Intermediate products produced are oleurn (concentrated sulfuric acid), nitric acid, NG, and 

NC. 

2.4.0.2. Production at RAAP is accomplished at the primary and secondary 

manufacturing areas. The primary manufacturing processes are the production of single-base 
and multi-base solvent propellants, cast and solventless propellants, and TNT. Separate 

process areas are provided for the production of solventless propellant, referred to as rolled 
powder. The process steps are essentially the same for the production of solvent-type 



single-, double-, and triple-base propellants; the major differences are in the specific 
.-. 

chemical and explosive ingredients added. Single-base and double-base propellants may 
include one or more of the following chemicals: barium nitrate, potassium nitrate, ethyl 

. centralite, graphite, carbon black, potassium sulfate, lead carbonate, dibutylphthalate, and 

diphenylamine. Triple-base propellants consist of ethyl centralite and potassium sulfate 

cryolite, while special high-energy propellants contain high melting point explosives 

(HMXs), The secondary manufacturing processes include the production of oleum, nitric 

acid, NG, and NC. 

2.4.1.1. The separate processes used in the production of the various propellants are 

discussed below. 

-base solvent pr- - In this batch process, nitrocellulose is 

dehydrated and mixed with appropriate chemicals and solvents for the desired 

blend. The mixture then undergoes a series of operations where it is shaped 

into a cylindrical block, extruded into strands, and cut to desired size. The 

solvents ethyl alcohol and ethyl ether are recovered, and the grains are water 

and air dried. The last major operation includes glazing, blending, and 

packaging. 
ase solvent - The manufacture of the multibase solvent 

propellant is similar to the single base except for the addition of nitroglycerin, 

nitroguanidine, and other chemicals for the formulation desired. The ethyl 

alcohol and acetone solvents are recovered, and the mix is forced-air dried. 

Cast p r o w  - The manufacturing of cast propellants for rocket grains 

requires the mixing of nitroglycerin with triacetin, diethyl phthalate, ethyl 

centralite and 2-nitrodiphenylarnine (2-NDPA) (depending on formulation), 

and a casting solvent, followed by the addition of the base grain. The rocket 

grain is then cast, cured, machined, assembled, and packaged. 
S-led ow- - The solventless propellant is prepared 

by a batch process in which nitrocellulose, nitroglycerin, and other chemicals 
are slurried in water, wrung to a wet cake, and dried to a paste. After the 

paste is blended, the mixture is rolled into sheets. The propellant is then 



wound into a carpet roll for extrusion into small rocket grains. The propellant 

is also rolled and finished for mortar increments. 

L4.2 TNT Production 

2.4.2.1. Before its destruction in May 1974, the TNT plant consisted of three 
manufacturing lines (A, B, and C), each with a rated capacity of 50 tonsiday using the 

modem Canadian Industries, Limited (CIL), continuous nitration and purification process 

and an advanced drying, solidifying, and packaging operation. When the TNT plant 
reopened in 1983, the B and C lines were restored, and improved safety equipment, process 
equipment, and a TNT wastewater treatment facility were added. The overall volume of 
TNT production was reduced. Operations for fume recovery, red water concentration and 
destruction, waste neutralization, and spent acid recovery were located in the TNT plant 

area. These operations directly support the manufacture of TNT. 

2.4.2.2. In the nitration process, a toluene feed stock was reacted with a mixture of 

nitric acid and oleum to yield a crude trinitrotoluene by using eight nitrators and eight 

separators connected in series for the three nitrating steps (mono, di, and tri). The crude 

TNT then flowed to adjacent, series-connected tanks located in the same building. The steps 

in the purification process involved an acid wash and two sellite (sodium sulfite) wash 

operations. A yellow water produced in the acid wash step was normally fed back into the 

No. 2 (di-) nitrator in the nitration process. The unwanted isomers removed in sellite 

washing produced a red water waste. 

2.4.2.3. After purification, the molten TNT was mixed with water and the slurry was 

pumped to the finishing building. The water was then separated from the TNT and recycled 

to the purification process. The TNT was passed through a holding tank, then dried and 

flaked for packaging into cardboard cartons to a net weight of 50 pounds. 

2.4.2.4. Nitrogen oxide fumes generated during nitration were exhausted and 

scrubbed in the fume recovery towers for recovery of the oxides as nitric acid for reuse in 

the process. The red water generated in the sellite TNT purification process has been 

disposed of by various means, including incineration in rotary kilns or sale to the paper 

industry. Incineration ash has been landfilled in various RAAP locations. Acid waste was 



processed through three tanks wherein the pH level was adjusted by the addition of soda ash 

(sodium carbonate). The treated effluent was then diluted with TNT Area cooling water and 
released to Stroubles Creek. The spent acid from the nitration process was separated by 
distillation into nitric acid, which was reused, and into sulfuric acid, which was concentrated 

at another part of the plant and sold. 

2.4.3.1. The secondary manufacturing operations at RAAP are the production of 
oleurn, sulfuric and nitric acids, nitroglycerin, and nitrocellulose, as described below: 

Oleurn 40 percent is manufactured by absorbing sulfur trioxide (SO,) in 100 

percent sulfuric acid. A new plant. constructed in 1970, uses a sulfur acid 
regeneration (SAR) process. 
The ammonia oxidation process (AOP) is used to make weak, 60 percent nitric 

acid. A new plant was constructed in 1970. 

The sulfuric acid concentration (SAC) process produces 93 percent sulfuric 

acid, and concentrates the sulfuric acid residue from the nitric acid 
concentration (NAC) and TNT processes. This process was replaced by the 

SAR process in 1970. 
The NAC process is used to concentrate the weak nitric acid produced in the 
AOP plant and to recover the spent acids from the manufacture of NC and 

NG. This was replaced by a new facility constructed in 1970. 

2.4.3.2. NG was manufactured at RAAP by both the batch and continuous (Biazzi) 
processes. The batch process employed three steps: nitration of glycerin to produce NG, 

separation, and neutralization of the NG charge. The continuous process is a fully automated 
controlled method in which the NG is produced by reactions similar to the batch process. In 
1984, the batch process became inoperative and was replaced by a continuous process. Since 

1984, only the continuous process has been operating. 

2.4.3.3. The manufacture of NC starts with the preparation and air drying of cotton 
linters and wood pulp fibers and the preparation of mixed acid (nitric/sulfuric acid). The 

remaining major steps consist of nitration and purification. A dry charge of cotton linters or 
P 



F wood pulp fibers, depending on the type and grade of NC desired. is agitated with the mixed 

acid in a dipping pot. After nitration, the spent acid is separated from the NC. The raw NC 

from the nitration operation is stabilized by a stabilization acid boil and two neutral boils in 

the boiling tub house. It is then transferred to the beater house, where it is cut to suitable 

size and partially neutralized. Next, in tQe poacher house, a series of NC boils are 
performed; first, a soda boil neutralizes any remaining acid, then neutral boils and washes 

are performed to remove the soda. The NC is then screened, filtered, and washed. In the 

blender house, NC of various classes is mixed to produce the mixture or blend desired. The 
mixture is then wrung through centrifugal wringers in the final wringer house to obtain a 

product containing a small and uniform amount of moisture. The NC is then shipped to the 

green powder lines for processing into single-base solvent propellant and to the NG premix 

area for processing into multibase solvent and solventless propellant. 

2.5 SUMMARY OF PREVIOUS INVESTIGATIONS 

2.5.0.1. Various areas of RAAP have been the subject of numerous environmental 

investigations by government organizations and private contractors. The earliest extensive 
F environmental studies were conducted in the early- to mid-1980's by the U.S. Army 

Environmental Hygiene Agency (USAEHA) and the U.S. Army Toxic and Hazardous 

Materials Agency (USATHAMA). USATHAMA is now known as the U.S. Army 
Environmental Center (USAEC). These investigations ranged in scope from site specific soil 

sampling studies (USAEHA, 1987), to large scale pollution abatement studies involving the 

installation and sampling of numerous groundwater monitoring wells (USAEHA, 198 1). 

2.5.0.2. As a result of a RCRA Facility Assessment conducted at RAAP (USEPA, 
1987), several SWMUs were identified as having the potential for releasing contaminants 

into the environment. RAAP was issued a RCRA Permit for Corrective Action and 
Incinerator Operation by the USEPA effective December 13, 1989. As a requirement of this 

permit, RAAP was tasked to conduct Verification Investigations (VIs) at sites of suspected 

contamination, RCRA Facility Investigations (RFIs) at sites of known contamination, and 

Corrective Measures Studies (CMSs) at sites requiring remediation. In 1992, RAAP 

completed VIs for 36 solid waste management units (SWMUs) (Dames and Moore, Inc. 

1992a) and RFls for 6 SWMUs (Dames and Moore, Inc. 1992b). 



2.5.0.3. A dye-trace study was conducted (spring 1994) to better identify 
e 

groundwater flow paths through the karst limestone in the south-central section of the main 

manufacturing area (Engineering-Science, 1994b). The results of this study were used to 

develop the Work Plan for the RFI of SWMUs 17 and 40 (Engineering-Science, 1994a). 

2.5.0.4. As a result of the findings of VIs conducted at SWMUs 17/40, 31, 48, and 

54, which identified releases of contamination, Parsons ES performed RFIs on tb-se SWMUs 

in December 1994 through July 1995. Those findings are presented in this report. 



SECTION 3 

E AL SErnrnG 

3.1.0.1. The climate of the area emompasshg is classified as "moderate 
continental." This climate is c rs a 

The preva2hg winds are from the southwest, with a nofierly component dwhg the cold 

season. The average yearly windsped is 8 d e s  per hour N W D C ,  1994; Dmes & 

Moore9 hc. ,  1992(a)]. 

3.1.0.2. Tables 3.1 a d  3.2 Iist the average monthly precipitation and temperawe 
from fmr weather stations in the vicinity of The average monthly temperature 
ranges from 29.6 "F in J ts 72°F in July, with in m u d  average temperature of about 
52°F. Average monthly precipitation mges  &om about 2.5 " to 4.0" with an m u l  total 

precipitation between 36.9" and 4% -5" (Virginia State GlbmtologicaB Office, 1995). Class A 
pan evaporation was measured in the Roafnsk, Virginia, wea a? 43" per year. Lake 
evaporation was measured at 32" per year in the same area. Potential evapo&mpkatim has 
been calculated at 38" per year ushg the 'Fhm~wai te  method C$'kgbh Spate C%htological 

Ofice, 1995). Based on these data, the net precipitation in the vicinity of rages 
between 6 . 9 ' h d  1 1.5 " mually. &lowfdl h the vick&y sf averages 17 " mually. 

Montgomery md Puhk.i Counties lie h one ofthe areas of highest occ~~]~ence  of dense fog 
in the United States. Dense fog can be expected to occur between 20 md 45 days per year. 

3.2.0.1. lies within the Valley and Ridge province of the Appalachian 

physisgrapGe division. The Valley and Ridge province is cBarack&d by a series of long, 
m o w ,  flat-topped mountain ridges separated by vaUeys of varying width. Either sf these 

; the mountains may be widely spaced md isolated or ss cfosely 
spaced that the lowlands are discomected or absent. A distinctive feature of the installation 

,.*,- area is the absense of mountain ridges. 
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3.2.0.2. The topography within the insmation varies from a rrlatively flat floodplain 

to elevated up%mQs in the extreme southeast section (Figure 2.3). The New Kver fwnms the 

M u n d q  on the north, with the elevation aprsaxh&Iy 1,675 feet above mean seal 

kvel (ms8). The eastern h m w  represents a transition from f ldp la in  elevation (1,680 

feet mi) to m elevation of 1,900 f e t  m l  in the upland. The southem bo traverses 
terrain ~accsnsistbg of creek bottom a d  shaqiy rising 
fol%ows the bluff line s v e r l o s ~ g  ehe New River to a p i n t  where the N o ~ o k  and Southem 
hikoad  crosses t%ae bwcr sf &e HorsesBw k e a .  ms facdify displays rn overall 
relief of 342 feet. In the Horseshoe Area to the north and east, the New River has a narrow 

flodpktin h s t  west of the waste prope~mt h m i n g  Ground, the flodphin is terminated 

by steep bluffs that extend westw%rd to the plant boundq.  The Horseshoe k e a  exhibits 

roHhg h s t  terrain, with three prominent tenaces md escwmenb that are re of 

ancient New River floodplains. 

3.2.0.3. 

cavern. k s t  Im&oms occur iPP carbonate rock fornations as the result of the dissolution 

of rock by naturally occurring cabo ic  acid in rainwater. AS the rock is dissolved, cavities 
f l  .-. or cavern are formed beneath the earth" surface. Occasiomiiy, large cavern cslkpse 

prodmkg a depression s r  s ole on the surface. Nmerous s 

the western and southem bounMes of the facility. 

3.3.0.1. Because of the steep terrain, the area surromdinag has not been 

highly developed. h d  use in the vicinity 0% has been mostly mrd; the less rugged 

used for agriculture. %%ae Jefferson NatiomI Forest is located 

apprsxhikly two miles north of the facility. The majority of % a d  in the New Kver Valley, 

which includes Montgomery3 PuIaski, Giles, a d  Floyd Counties as well as the city of 
Itadford, is forested. Ody 38 percent of the area sf the New Ever Valley is classified as 
noaforest land, including ag~iwlmral lmd, developed 1md, a d  water acreage (NRWDC, 

1994). The Blacksburg, Christiamburg Wl Water Authority o m  four parcels of lmd 
adjacent to There are approximately 28($ private residences located adjacent tci 

(Dames & Moore9 1992b)r. The largest substantid development, Fairlawn, is located 
about two dies southwest of &e facility born-. The city of bdfordl with a population 

,.,.s5 .... of 15,940 in 1990, is Issated about four d t s  aouhwest of the facility. Urb 



inf'luemes the pupdation density in the vicinity of . The city of kidford has 1,626 
persons per square die, wMe Montgomeq and h k s g  Counties have population densities 
of 190 and 108 persons per square mile, rwpetiveiy @RWDC, 19868). 

3 3.0.2. Between ,1960 a d  1980, iMontgsmef)p and hhsg Counties expefienced 

strong p o p l a ~ a n  growthe Montgomeq County conIIes  to show the strongest population 
growth in the New Ever Valley. Psp~t ios9  projections indicate a general decrease in 
popda%isn growth rate for the New fiver Valley through 2010 (Table 3.3). The median age 

hdividwB jurkdisdom in the New Rver Valley varies between 22 years old for the 

city of hdfmd,  to 38.1 years old for Gges County. The median age for Montgomery 
County (25.6 yeaas old) and the city of Bdford is 1owered by the eoncentratiop1 of college 

students in these jurisdictions. 

3 .4.0.k. is uderlah by 10 predo B soil types as mapped by the So2 

Comervation Service (SCS, B985a; 1985b). The identified SCS soil types are discussed in 
detail in the following subsections. Site specific Iaafomationa come soil types was 
obtained from a soil backgromd metals study completed for b e  WI. The study, which is 
described in Subsection 4.4* was W e w e n  to derive background ccsnccn&a~om of metals 

in 6 p a c t e d  site soils. Background soils were collected to repmduce the soil types and 
depths sampled during previous hvestigations to d l 8 ~  valid compari een s%amraIBy 
occurring background meas  md cancentrations in soils from my A review of 
previ~us smp1hg investigations reveded that ody three soil types covered aH1 the areas sf 

concern across the site* Therefore, ody the Wheeling Smdy h a m ,  the Braddock h a m ,  
md tbe Unison-Urbm land Complex sails were sampled for the background shdy. Figure 
3.1 presents the SCS soil types covering the facility, the relative S 
background sampling ~o~atiom. 

3.4.1.1, Fluvaguents consist of soils on long-narrow floodplains. The soils are more 

60 inches deep to b&ssk md have a seasod high water table at or new the surface. 
Slopes range kern 0 to 2 percent. The soil is uncomslidated, stratified alluvium with varied 

'*7.-.' 
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F,. amre typically including layers of gravel. At , soil type is found in a 
of the Horseshoe Area. 

3.4.1.2. me surface of thk so8 type h often strewn with debris deposited during 
flooding. Reaction, gmmeabdi$r, available water capacity, natural fertility, organic matter 
content, and other chemical a d  physicd propefiies are variable in this so2 type. 

3.4.2.1. The Wheeling Sandy h a m  soil is level to newly level (slopes rmgiang from 
0 to 2 percent) and is at least 40 inches deep to tse&wle. The seasonal high water table is not 
witkin six feet of the surface. Typically, the surface layer is a IO-hch-thi&, dak-bmwn- 

sandy lorn underlain by a 4!-kfa-~ck subsoil. The upper 23 inches of the subsoil is dark 
brown sandy clay loam, and the lower 19 hches is dark brown sandy lorn. substratum 

is dark brown gravely sandy loam to a depth of 60 inches or more. This soil type comprises 
about 25 percent of the upland regions of the Horseshoe h a  at 

*m 

3.4.2.2. The permeability md available water capacity of the FVheelhg soil is 
moderate; surface runoff is slow. The soil is medium in mmaI fertilizer, moderately %OW h . 

organic matter content, md moderately to strongly acidic. The hazard of erosion is slight. 
The WheeIhg soil is prime 

3.4.2.3. During the soil bxkgomd m e a s  studyp these sails were sampled kou&out 
the Hmseshoe Area. The lithology of the upper 60 inches of the backgomd soil samples 
generally comesponded ~~ the description of the W e d k g  Smdy Loam as given above. At 

greater than 60 inches in depth, the soils art pxkmhmfly a mixture sf silt and sand, ~& 

minor m o m b  sf clay. S 41 mdS 54 are pp1~derlai.n by the Wheeling Sandy k o m .  
The soils sampled at S 54 contained a relatively high percentage of smd, and me 

generdly charactemzed as silty sand. The backgoud samples from $he Wheelhg Smdy Lorn 
appeared to conelate well with the soils h m  S 54 a d  S 31. Some S 3 1 

sarraples contained relativeIy more silt and clay in the upper 15 fee$ and displayed a sand a d  
gravel layer ;Eat about B 5 feet below pound sdike (bgs). 



3.4.3.1. The Cotaco h a m  soil bas a variable slope bemeen 0 and 15 percent. The 
seiascsml high water table is at a d,bh of about 2.5 feet; it is more 60 inches deep to 
k&ock. The surface layer is typically a 9-hch-thick layer of b r o w  loam. The subsoil, 
which exten& to 8 depth of 60 inches or more9 is yeI%~wkh-brc)wn loam md clay loam a d  is 
rnoMed. This soil type is found in a s d 1  area .mar the eastern end of the Horseshoe Area at 

3.4.3 -2.  The pemeabaiv 0% the Cotaco s ~ i l  is moderate, fertility is low, and 
organic matter content is mderateiy Icsw, ava~able water capacity is moderate. 3%: less 
steeply sloped areas of this soil are prime and and are well suited to cultivate crops 

grown in the area. The pmeab2itgP sf this soil causes a of seepage in landfills. 

3.4.4.1. The Braddock hm soil bas a variable slope between 2 and 30 percent. 

This soil is more than 60 inches deep to bedrock and does rnot have a seasod high water 
,fl'-'-.' 

table within six feet of the surface. At the Braddock Lorn comprises about 70 

percent of the up-lad regions of the Horseshce Area. Typically, &%me surface layer is a dark . 

yellowish-brown loam, seven hc&s thick. The subsoil, which is a yellowish-red and red 

clay, extends to a depth s f  60 h c k s  or more. 

3.4.4.2. The pemeabze  giof fie Braddock h a m  soil is moderate, mtsard fertility is 
low, and organic matter content is moderakly low. m e  so2 is acidic or very st.rongIy 

acidic. The Hess steeply sloped areas of this soil are prime 
focally grown cdtivated crops. 

3.4.4.3. During the soil bzkgomd metals study, these soils were sampled throu&out 

the Horseshoe ha. Although the lithology of the upper 60 inches of the backgromd soil 
samples collected did not c o m s p n d d  well with the description of the Braddock Loam as 
given above, the backgoud samples collected &d correlate we11 with the sdls obsemed at 

S W U  48. S 48 is underlain by the Braddock %om,  Specifically, both meas are 

predomkmtly mderl& by red-brown to sage-brown silt with same s a d  md clay. At depth, 

vm-iable m o r n s  of a red-brown to ormge-brow clay-rich Bayer was obsmed. 



3.4.5.1. This unit eomists af skep and very steep soils and rock oratcrop. The depth 
of k&mk is between 80 md 418 k h e s .  At , this unit f o m  a m o w  strip dong the 

slopes of the southem bounnw of the Horseshoe Area. The area of this unit k made up of 
about 50 percent rock outcrop md 50 percent soils. Typically the sails are a yellowish- 
brown silty clay Ism about seven inches thick. The subsoil is strong brown clay, 26 inches 
thick. Limestone or dolomite bedrock is micdly  at a depth of 3 1 kehes. 

3.4.6.1. 'This complex of soils varies in s10pe &PI 2 to 25 percent. The Unison- 
Urban Complex consists of about 50 percent deep and well drained Unison soils, 30 

percent Urban land, md 20 percent other soils. This complex makes up about 70 percent of 
the surface m a  in the Main Manufacmrhg Area of . In an undisturbed area, the 

Unison soils have a surface layer sf dark brown Iom about 15 inches thick. The subsoil is a 
yc%lowish-red, sticky plastic clay about 43 inches thick, this layer is underlain by a red sandy 
clay lorn to a depth of 58 hches. Urban land is Imd covered by pavement or sn~tures;  the 

original soil has been so altered or obscured that classification is not practical. 

3.4.6.2. BemeabaiQ is mderate in Unison soils, natural fertility is low, and 
organic matter eontent is low to moderate. The sail k medim to strongly acidic. 

Chitivation of various vegetables is good in this soil; crop production is limited in disturbed 

areas. 

3.4.6.3. During the soil backgomd metals study, these soils were sampled throughout 

the M m u f a c h g  Area. The lithology of the upper seven feet of the background soil 

samples collected consisted primarily of brown to red-brown clay with some silt md sad. 'Phis 
composition conesponds well wi%h the above description of the Unison Soils. This clay-rich 

layer is typicdilly underlain by a brown sand to about 10 feet bgs, which then grades into a 

brown clay. The Unison-Urban Lmd Complex soils observed at S 17 consisted of a 
brown to yellow-brow day-silt mixture which was often directly over the weathered bedrack. 
The S led generally conelated with the backgroutrmd soil samples collected 

&-om this soil type. 



3 A.7. I. This soil cHas is about 45 percent Udo&en&, 30 percent Urban h d ,  and 
25 percent other ~ ~ 2 s .  Udodenb are soils with variable cbrackristics. The surface layer 
is 5-15 ifaches thick a d  variable in color a d  textwe. so2 type comprks less 1 Q 
percent of the surface area h the Main Mmanfac k e a  of 

3.4.7.2. PemeabSiQ of UdorthenB ranges from slow to moderately rapid. Other 
physical md chemical c$iaPacteristics are &so variable. 

3.4.8.1. Ross Soils are deep, nearly level and well &ah&. These soils are om 
levees and f lmdplah adjacent to stream md are comedy flooded for very brief periods. 

s up less than 5 percent of the area of the Main Manufacmbg Area of 9 

along the New River. Typically, the surface layer is a dark brown lorn about 10 inches 

thick. 'IXs layer is underlain by brown ~6m to a depth of 35 inches. 
L.n?.. 

3.4.8.2. Pemabil iq is moderate in Ross Soils, mmml fertility, md organic matter 

content is high. Depth to bedrock is more h n  60 inches. The so2 is slightly acidic to 

moderately dkalhe. Cultivated crops are well suited to these soas. 

3 A.9. I. This coq lex  consists of about 330 percent Cmeyville soils, 25 percent 

Qequon soils, 20 percent rock outcrop, and 25 percent other soils. This complex comprises 

a b u t  15 percent of the main facmrkg area at md is found in the undeveloped 

areas at the southern pH'tion of this facility. The Cmeyville soils have a brown silt loam 

surface layer about eight inches thick. The subs02 is a yellowish-red plastic day about 24 

inches thick. This is underlain by a lhestoae bedrock at a depth of about 32 inches. The 
surface layer of the Opequora soil is a brown plastic silty day loam about 4 inches thick. The 
subsoil is a yellowish-red very plastic clay about 18 inches thick. Limestone bdmck is n a 

depth sf about 15 inches. Rock outcrop consists of limestone and dolomite. 



3.4.9.2. P e m e a b ~ i q  is moderately slow h both the CmeyviUe and Clpequon soils. 

Natural fertility and organic matter content is m&ra& for both soils. Cultivated crops are 
poorly suited for these soils; they are used mainly for wssbdmd. 

3.4.10.1. This undeveloped region consists of s variety of soil types ;omprising 
about five percent of the Main Mmufacmhg Area at . These soils have variable 
profdes and variable physical and c h e ~ d  c h c & k t i c s .  

3,s. mGION& GEOLOGY 

3.5.0.1. In June 1995, Pasom ES performed a mppkg project of the complex 
geological stmctmd features at This effort was dme to supplement the existing 
geologic data for the area %ni$ to address site specific deficiencies in the geologic database. 

Although the area surrounding has k e n  m p p d  geologically h detail (Schdtz, 
VDl'dR open file in p r e p a s ~ ~ n ) ,  the facility itself had not previously undergone rigorous 

geologic mapping due to the hccessibility associated with high security restrictions. The 
results of the research md mapping associated with this project are included in this section. 

3.5.1.1. is located la the VdPlley and Ridge PhysiopqKc Province of 

southwestem Virginia. This province consists of closely spaced valleys and ridges mt are 

directly related to folds in the underlyhg Pdmzoic sequence of rocks. A nearly complete 

4000 meter thick section of Cambrian through Pemy%v age sedimentary rocks is 

present in the VaUey and Ridge provhe. Therefore, this area displays a rewombly 

complete history of the Pdeozoi~ Era, $om 550 to 300 million yeus ago. This history 

includes a series s f  sea level transgressions md regressions, as well as at least two major 

orogenic (mountain building) events. T k  transgressions are recorded by the deposition of 

sediments (csbomtes /ds lo~k)  and the regressions s e  evidenced by elastic 

deposition. The srogenic events are r ~ o r d e d  by defoma~on (faulting, folding md cleavage) 
in the rock. 



through Ordovician periods, p y carbonates were 
deposited in the area that beeme the Vdley md Ridge province. These rocks record the 
presence of a shUsw w , much l&e the present day Czaibkm, extending fiam 
eastern C this h e ,  the east coast of North America was 
rotated parallel to, and within 15 degrees of the equator. A series of elastic (&nestpi&) 
sedimentary rocks with mh~or mounts 0% 6 ~ b o m e  were deposited $Torn she Late Ordovician 
through Pemylvanim periods. Most of is underlain by C m b  aged c x b m t e s  

and dastic rocks of the Elbrook Formation and s k d a k  m b  of Ordovician age. Much 
younger Miss&sippim-agd shales md mudstoms of the Mccradyfice Formations are also 
present at 

3.5.1 3. AU of the aselks of the Valley md Edge display evidence of Paleozoic 
defamation. The first defomtioml episode began in the M i d - C m b ~  and lasted throua 
the Devspaim period. This connpressissd event was responsible for the formation of the 
Blue Ridge Mauntah, Iocited immediately east of the Valley and Ridge province. 
However, little evidence of this Early Paleozoic d e f o m t i o a  event is preserved in the rocks 
of the southem Valley and Ridge province. Therefore, the rwh at display little 
evidence of th is  d e f s m ~ o d  episode. Most sf the extensive folding ar%d faulting observed 
irn the sou&em Valley and Ridge province is attributed to the Late Paleozoic Nleghanim 
orogenic everat. This event was caused by the collision of North h e r i c a  with a another 

s to the east in'the Mid-Pemylv&m period. The folds and faults in the 
sc~snthern Valey and Ridge were caused by rn extended period of compression resulting in a 

3.5.1.4. During the Mesozoic Era, eastern North America experienced extension 
related to the opening of the proto-Atamtic Ocean. This extemiaad event produced the 
Mesozoic 14% valleys to the east, such as the Chlpeper Basin in Fairfax County. These 
b a s h  filled with lacustrine and terrestrial sediments, leading to deposition of the 

characteristic red k d s  and black shale layers. Occasiomlly these beds contain abundant 
dinosaur footprints. From the Mesozoic Era to the present, the Valley md Edge province 
has experienced gentae uplift a d  commt erosion. 



Temessee is extremely compIex due to the presence of extensive h s t  faulting. The Valley 
and Ridge province north of this area is rektively udadted md consists of a series of 

nof iea t  wending folds. C o m o d y  these folds have overttn-md mno&west limbs. h the 

south, faulting and folding m c m &  s h d m e o ~ s l y ~  prduchg a series sf northwest directed 
t fau'a~. These P faults are often folded, and cut though preexisting folds. The 

luge scale faults and folds in the study area were produced tIxoughouP the Late Paleozoic 

orogenic event. 

3.5.2 .%. In the Blackburg area, east of , Early Paleozoic folds (categokd as 

F% folds) have been described @&olomew and h w q ,  18489). These PI smcmes include 
isoclinal folds with axial p foliation apparent in the Rome Po tion. T'hese folds we 
typically stretched out a d  sheared so h t  the axial-plane foliation appxhate1-j parallels 

bedding in most exposures. 

3.5.2.3. Middle- to Late Paleozoic defamation is apparent in the rocks exposed at 
At the outcrop sale,  this de on takes the f o m  of tight folds (F2) which have 

refolded the F1 foMs. F% folds are $I associated with well developed slip cleavage 
in the Rome Faamation @dolomew and Lowry, 1978). The K! structures include several 

generatiom of isoclinal, asy sometimes s v e m m d  folds @ ~ o l o m e w  and Lowry, 
1 979). 

3.5 -2.4. The Late Pdeozoic clefomtiom1 event produced the hlaski thrust fault in 

post-Early Mississippiaaa t h e  as a result of northwestdkected s h s m d g .  m e  h l s k i  

thrust is the largest of several major sou&wstdpphg M l e g M m  t k i r u o ~  of the southem 

miles (5OQ h) from near Staunton, Virginia, southward into Tennessee where it is 

overridden by rocks of the Blue Ridge Phreast sheet. Based on seismic data, the ggtrtIski thms 
originated well below the Blue Ridge thrust a d  extends into the kecmb~m basement. 

@dolomew and h w q *  1979). At , Cambrian rocks are thrust over rocks of 
Mksissippian age. Thus, the m ~ m  age of 

mirnrm thichess sf the hlaski thus$ sheet ranges from 1500 m ta 4000 rn. The 



decollemenng (detaches) of tiis 

Cmbrim Rome fowmna~on. The hlaski thrust sheet includes a series of imbricated (shingle- 

Bike) thrusts that record several perids of movment during the Late PaIeszoic. Rocks of 
the l 3 h E k i  t sheet have typically rgone two-stages of N l e g h ~ m  deformation. 
The fmt stage involved deccslkmea and thg sen Missksippim strata. The second 
stage involved folding and faulting of the h s t  sheet. T'he second stage of defo 

involved large-scale (~2veral de-long) folding resulting in broad eat-west trending 

the hlaski t sheet. Most of lies above t&e 
Maski thrust fault. At several locations, ~ l ~ ~ d ~ g  at 

t sheet have been eroded away to display &e younger Missksippian aged rocks 

klow (windows). The older deformed rocks represent roodess tectonic slices sf basement 

materid (horses) that lie above relatively less deformed younger rocks. 

3.5.2.5. R a h  of the Maski e i s t  sheet display low grade (lower greenschist 

facies) regional m e m o p h i m  as evidenced by c o ~ d o n t  color alteration indicating a 

maximum temperature r age  of 3W4WQ C. CMorite md mscsvite occur in c ~ ~ m t e s  

near the base of the Pulaski t sheet a d  were probably derived from clay minerds during 
.-..... regional metamorphism. The fault surface-is rarely exposed. .In the vicinity sf 5 

evidence of the close  prom^ to the thrust fault takes the form 0% tectonic breccia. 

3.5.3.1. is located in the New River Valley, a% the northwest te s sf the 

sseu&em Valley and Ridge province. The New Ever crosses €he Valley and Ridge province 

ly perpendicular to the regional strike sf  hdPock and it chiefly cuts Cambrian 
md Ordovician limestone md dolomite. The valley is covered by river flood plain and 

tenace deposits; karst topography is do Deep clay-rich residuum is prevalent in areas 

underlain by carbonate rocks. Karst features include cavern md springs caused 

by the dissolution of calcium carbonate by naturally carbonic acid in rainwater. 

The greatest meas of karst features are controlled by bedrock stratigraphy md structure, %nd 

e of major drainages. Late Cambrian aod Mid-Ordovician limestckes are more 

Cambrian and Lower Ordov@h dolomite and shley dolomite; therefore, they 

have the greatest n u k r  of s les and cavern. However, both rock types show 

increased h s t  development in areas oc  low bedrock dip, where bedding is intensely folded, 
". cleaved or jointed, and near major drainages. 



3.5.3.2: As shown in F occupies the c e m d  portion of the hlaski 
fault thrust sheet (Schultz, 1988). is underlain by four major rock units a d  one 

units are: Cambrian Fsmt iom (Elbrook, Rome, and Conocschape) md Mississippi 

Dip s f  the r x k  units varies over from nearly horizontal to nearly vertical. 

However, typicid dips are in aH%% raqe  of 20 to 30 degrees. The womsli&&d sediments 

age and bclude %t%l%l~id, residual, a d  cslluvid deposits. Table 3.4 is the 
legend to Figure 3.3, a geologic map sf the major wmdibted rock fo 

The consolidated md u ~ o m o l i & M  formations at are descriW kIsw (USMW, 
1980). 

3.5.3.3. The Elbrook Fom~Pi~p f  is a major rock unit cropping out at . This 
F s m t i s n  is composed of thickly bedded, blue-gray dolomite hterspessed with blue-gray to 

white limestone; brown, green, md red shale; argiUamus limestone; and brecciated 

limestone (colors range from mottled light- to &&-gray md yellow-brown). S ks , 
solution ehmels, p led surfaces, and springs are co n to %he Elbrook. This 

ion ranges from 1,400 to 2,000 feet thick. The strike of bed&q in the Elbrook 

Formation is variable houghout the region. The general orientation of bedding is seen in 

the nearly east-west al and h e  suroundhg area. Most 

les in the area are oval shaped and elongated with respect to the strike of the bedding; 

they most likely represent fractured or faulted zones within the underlying Elbrook 

Fornation. 

3.5.3.4. The Rem Fo tion; however, the Rome 

does not crop out at on is composd sf red and green shales, sandstone, 

dolomite, md limestone. The red shies co 

from 1,000 to 2,000 feet. 

3.5.3.5. The Conococheageae Fomtisn overlies the Elbrook Fomtion and is 

composed of Limestone, dolomite, and s 
f e t  to 1,700 feet. This unit does not crop out within 



FIGURE 3.2 
GEOLOGIC MAP OF THE PULASMI THRUST SHEET IN THE VICIJMITY OF RAAB 

RADFQRD ARMY AMMUNITION PBANT 
RADFORD, VIRGINIA 

CAMBRIAN (PUWSKI SHEET) 

CBNOCOCHEAGUE Fm. 

EL8ROBK Fm. 

MAX MEADOWS BRECCIA 

( S N ~ L L E  SHEET) 

Mmc M K C M Y  Fm. 

PUUSKI THRUST FAULT 

NOTE: 
P.M.W.. PRICE UOtJNTAlN WINDOW; E.R.W., EAST RADFOWD WINDOW. I.8.RW.W.. INGLES- 
BARRINGER MOUNBIAN WINDOW. FIGURE MODIFIED AFTER A. SCHULTZ (1983). 

PARSONS ENGINEERING SCIENCE. INC. 



LEGEND TO THE BEDROCK GEOLOGIC 
of the UNITION PLANT 

Rock Characteristics1 

r Mississippian 

Lower Mserady Fm., sandstones overlain by mottled maroon and 
green mudstones. Upper Price Fm., mottIBd maroon md green 
mudaones underlain by dark gray to black maadstone and coal. 

P 
Brailler Fm., interbedded seqwnee of dark-gray 

a to Black mudstone, medium-gray siltstone and 
fine-pined commonly crossbedded sandstone. 

I Ordovician 

Undivided Knox Group, light- b medim-gay, massive, 
thick-bedded, fine- to medim-grained dolomite 
interbedded with massive to layered gray chert. 

Cmblim 

Max Meadows tectonic breccia, poorly sorted angular to 
subrounded cIa& of doiornibe md ea&careous mudstones En a 
fine- to very fine-grained matrix of crushed dolomite. 

Conococheape Fm., limestones, dolomite, and 
sandstone. The Formation is approximately 2800 
feet thick. 

Elbrook Fm., cyclic sequences of medium-gray, finely iatminated, 
fine-@aim$ dolomite. Limestone units range up to 50 feet in 
thichess. The percentage of limestone diminishes dowwmd. 

Rome Fm., interbedded mattid mmooaa and green 
phyHitic mudstone, fine-pined smds:one and siitstsosne, 
md dark-gay, fine-grained dolomite, 

Xithologic contacts f i r  areas outside of modified after A. Schdtz ($TDm open file 
in preparation). Litho1ogic descripti~~ns modified afier Bartholomew md Lowry (1 979). 





3.5.3.6. Mississippim rwh of the MccreiPdce f i ~ i o m  outcrop in a femter 

(whdow) east of the main plant area along Stroubles Creek. This Fomtion consists of 
mottled red anel peen shale md mudsfone interspersed with brownish-green siltstone and 

ion m y  be up to 1,500 feet thick. 

33.3.7. The Max Meadows beetonic breccia, which is evidence of the close 

of the Pula& fade surface, was observed within md in the vicinity of 

This tectonic breccia cornha% of poorly m p l a r  to subrounded elas& of 

dolomite, H d o b ~ t e s ,  md finely- ted greenish gray calcareous mu&tones in a 

fine- to very he-gained matrix of crushed dolomite. Clasts range &om less %anan 1 inch to 

more 3 feet in length. The breccia are m s s k e  to crudely layered and are well to 

poorly indurated. The breccia? which is most fie-grained dong the fault contact (Schultz, 

1986a), is an integral part of the highly deformed rocks dong the base of tbe hlaski &mse 
sheet. Teetonic breccia has been described along the enthe strike (310 miles) of the hlaski 

thrust sheet. The tectonic breccia which occurs well above the basal hlaski fault surface (up 
900 ket  above), decreases h abundance away from ahis contact. The breccia probably 

formed by c a ~ l a s t i c  (brittle) d&omtion associated with the emplacement of the hlaski 

Fault. The clasts have undergone rigid-body rotation and she reduction within a fine-grained 

deformed dolomite matrix. The breccia typically exists as either sill-like bodies parallel to 

bedding that m y  be folded, or as dike-like bodies h a  truncate bedding. These bodies 

display irregular map pattern a& m y  range in scale fiom less than 1 inch to several 

h m d d  feet in width. SchuBtz (1986it) describes specific outcrops of the Max Meadows 

tectonic breccia in the vicinity of 

3.5.3.8. Figure 3.3 su izes the geologic mpphg conducted at by 

Parsons ES. The mjori$y of this facility is underlain by the Elbrmk Fo 

x d e  folds and fau%%s are apparent on vmally a11 rock exposlanes within the facility. 

Bedding s&ke a d  dip measurements are displayed m FigU~e 3.3. A large-scale syncline is 

present trending east-west in the western region of A luge-scale anticline is 

apparent plunging to the southwest in the southeastern region of the plant, The Max 

Meadows breccia, which was observed h abundance in the southeastern region of the 
horsshm area, is interpreted as evidence of the close proximity of the hlaski t fault 

surface. Therefore, this significant subsazdace feature controllkg smctupaB md 

hydmgeobgical activiv, is present on site. Previous work did not extend the fault though 

the site (Schultz, V D m  open file in preparation), Thirteen Reference Localities are 



identified on Figure 3.3. Table 3.5 field data a d  obsemaiom for each of these 
Reference hcalities. Geologic cross-sections h - h h d  B-B' are presented in Figures 3.4 

and 3.5, respectively. These cross-sections demomba~ the s coqlexibgr of e$is 
region. Note in these figures h t  the Elbrook has been b e  upon 
younger Miss&sippim-aged rocks. A.U of these rocks were then folded into broad anticlines 
and synclines, which have wavelenm on the order of 10,000 to 12,000 feet. The folds 
were then eroded. The thrust sheet has ken breached by erosion, exposing Mksissipph 

sandstones and shdes of the M c C r d y P f i ~  Fo 
m a ,  along Stroubles Creek (Figures 3.3 and 3 3). Figures 3.6 and 3.7 are photographs that 

comespond wi%h. Reference Localities descriw in Table 3.5. The outcrop cross-sections in 
F i p e  3.8 also comespond with Reference Localities described in Table 3.5. 

3.5.3.9. Urnomolidakd sedinnaens (overburden) e the major portion of 
These include dluvial p k h  sediments deposited by the New River prior to enPfenchent9 

residual deposits from in-place weathering of parent bedrock, and colluvial deposits 

developed by residual slope wash. MuviaB plain depposiag d y  line the New River a d  

Stroubles Creek; some as recent floodplain material and s eologically older terraces. 

Table 3.6 is the to Figure 3.9 WE& displays the laation of river terrace 

the vicinity of This figure aBs~ kes stmca%ard data outside of 

presented by Schultz ~~ open f i e  in prep . On the horseshoe loop, three 

t e m e s  are evident. l[IB general, there is a textural upwards in these terrace deposits. 

Gravels and silty, clayey sands %om the basal unit. These are overlain by finer micaceous 

silts md clays. Sporadic cobbles a d  boulders ( h o w  as river jack) oaxu- as lenses 

tbmughout the alluvial strata, TbicEuPess of the dluvid deposits varies from a few feet to 50 

feet, with fa average of 20 feet. Residual deposits (clays a d  silts) are a result of chemical 

and physical weathering of the parent bedrock (primarily Elbrook dolomite at ). Most 

of is covered by residual deposits. h most cases along the New Ever and in !.he 

Horseshoe Area, these residual deposits underlie the dluvium, e x q t  where the residuum 
has been eroded 90 bedrock and q1a-d by al luvi~l~~~.  The depth of the overbuden varies 

from a few feet to 70 feet. 

3.5.3.10. Colluvial deposits are generally form& from mss-wasting of slopes and 
escarpments. Pn general, &ese deposits ape a heterogemous mixture of alluvian, residuum, 

and rock debris that has moved from its original position. These deposits are generally 

kterbdded between the strata of alluvium and residuum; th.ichess is variable. 



Breccia donag hihide between S W U  48 and S 
bedding in the Elbrook varies due to s d  sale  folding; however, beddhg 
is generdly oriented ~ 4 0 w ,  30 NE. Joints are apparent in some outcrops. 
The Max Meadows Breccia -lays a distinctive brown-red wae%aerhg 
pattern with m y  voids (solution e h e k ) .  This unit comk& of angular 
and m b r ~ d d  dolomite c h t s  in a well indurated he-gained dslomite 
m e .  8 rn 12 'fmt &ll %es of the breccia with extensive solution 

k are present app ly KKl feet west of Refereme Locality 2 .  
The breccia in this region was not &served in direct contact with the 
Elbrmk 

Series of Mlside outcrops of the Elbrook Fm. west of the New River bridge 
in the honeshoe area. Thick to M y  bedded, gray to brown limestone 
with M b g  generaUy oriented N1Q%, 24SE. Deformation in the 
limestme is less intense than h ake vicinity of Reference Locality 1. 
~ ~ e d  areas of breccia are present which grade to relatively udefomed 
Ihes$one. Ba t  of Reference h a l i t y  2, about 803 feet east sf the New 
River bridge, an antifown &ending N10% is apparent. Relatively 
mdeformd d o l s d a  is present in the upper beds nea the crest off the 

antifom, while breccia h obervd in the underlying beds neu the core sf 
the 

Reference Locality 3, within the ballistics test area. These exposures are 
found along the roadsides and at the tops of the limestone cliffs over~ooking 
the New River in 91 region. bedded to l t d  f~si ie ,  tan to 
light-gray, limestone with bedding generally oriented NSBW, 26SW is 
present along the roadsides in the ballktia test area, east of Reference 
h d i t y  3. gauacrops at the cliff tops south 0% Reference Locality 3 consist 

P y of gray ahin t~ medium bedded micritic Ihestone, with bedding 
generally of iead NgO'%V, 38SW. Mhoa mounts of deformation k 
apparent in the Elbrmk in this vicinity. Rocks in this area represent the 
northern limb of a large s d e  syncline h t  bisects the western region of 



mites, lamhated dolomites, and h e l y  

dweous  mu~tones  in a fme- to very he-grained matrix of crushed 

et long. The breccb are massive to crudely layered md are we11 to 

mrly indurated. Breccia is f iest  grained dong the fault contact. 

t md f&e Devonian Millboro SMe in the footwall 

A luge madcut in the TNT area exposing appraxhately a 158 foot 

section of the Elbrook Fm. Distinct u.ni$ are apparent within the outcrop 

bedded, light-gray limestone &at weathers dark-$ray; a W y  bedded, to 

sbley, light-tan dolomite; md a dark-gray thin to medium bedded 

IhestQne (Figure 3.7). The orientation of bedding varies somewhat 

t.boughc;ant $$e roadcut, but is generally N6Ov, 20SW. Three distinct 

sets of joints are apparent. These joint sets are oriented; N30@VV, 7Om; 

N S O ~ ,  vertical; and N70%, 8 8 W .  Vertical faults (tensional?) with 

minor offsets are apparent, &e fault surfaces are oriented N60%. Calcite 

in the thickly bedded mi&, many of 



area of W y  M d e d  light-gray 80 sWey dolomite unit of the 

Elbrook Fm. 'Ibis unit weathers tan. Nu~llerous s d  scale folds are 

Large roadcud along Virginia Shte Road 659 outside and adjacent to 

property. hterkdded ksae shales a d  siltstones of the 

undifferentiated Mccrady and Rice Fomtiom. Bedding is generally 

oriemed NSW, 50NE. The rock weather red-brown, but are greenish 



FIGURE 3*4 
GEOLOGIC CROSS SECTION A - A V O F  RkAP AND ADJACENT AREAS 

MDPORD ARMY AMYUNmION PUNT 
MDWRD, ViRGINlA 

PUMSKI FAULT 

P.4I-?SONS ENGINEERING SCIENCE. INC. 

DIRECTION OF MOVEMENT 
ALONG THE PUUSKI THRUST 
FAULT 

WMP 
BOUNDARY 

VERTICAL AND HORIZONTAL SCALE - I :24.000 
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NOTE: Ccn CONBCOCHWG&IE Fm.; Ce, ELBROOK Fm.; Umc. UCCRADY Fm.; Mpr, PRICE Fm. 



FIGURE 325 
GEOLOGIC CROSS SECTION B-B' OF RAAP AND ADJACENT AREAS 

WDPORD ARMY AMMUNITION PMW 
RADPORD VIRGINIA 

wm 
BOUNDARY 

RMP 
BOUNDARY 

DEVONIAN SEDIMENTARY ROCKS 

VERTBCAL AND HORIZONTAL SCALE = 1:24,OQB) 

6 1,008 2.000 

FEET 

NOTE: Mmc. MACCWDY Fm; Mpr, PRlCE Fm: OKU, UOdDI\IIDED KNOX GROUP; Ce. 
ELBROQK Fm. FIGURE MODIFIED AFTER A. SCHULTZ (VDMW OPEN FILE IN PREPARATION.) 







FIGURE 3.8 
OUTCROP SECTIONS 1 THE VICINITY OF RAAP 

RABPORD ARMY AMMUNITION P U N T  

WDFORD, VIRGINIA 

(a) SKETCH OF OUTCROP EXPQSURE AT REFERENCE LOCALITY 11. FOLDED, FAULTED AND 
BRECCIATED ELBROOK DOLOMTE. 

(b) SKETCH OF OUTCROP EXPOSURE AT REFERENCE LOCALDVY 12. FOLDED AND FAULTED 
ROCKS OF THE ROME AND ELBRQOK FORMATIONS AND MAX MEADOWS. 

Ce; ELBROOK Fm. Cr: ROME Fm. b: MBX MEADOWS BRECCIA 

FIGURE MODIFIED AFTER A. SCWULE (1983). 



TABLE 3.6 

LEGEND TO THE GEOLOGIC MAP of RAAP 
SHOWING RIVER TERRACE DEPOSITS 

Rock Characteristics' 

Quaternary 

~ 

Turace dcpasits, uocwsolidated, poorly stralified deposits of 
d&-brown to & d i s h k o w n .  2 4  inch thick well munded 

I 
cobbles in a0 extensively weathered soil matrix 

Lower M d y  Fm.. sa&b&za owlain by m d d r n a m  d 
mmmudstmes. UcwrRieeFm.,dednamondnrrm 
k m  4by *pay to black mudstone a n d - 4  

Devonian 

Ordoviciaa 

Cambrian 

to black mudstm, mdiUll&ay dt~tm sod- 

UodiWKnm amup, l i i  to medium-gmy, massive, 
thick-kdded, fine to medium-grained dolomite 
m t a s e d a e a w i t h m s s s i y e t o ~ ~ r a y ~  

UPXMesdowPtectonicbrreciP,poalysatedangularto 
suknmded clrsts ofdolomite and calearrous mudstmes in e 
t i I B t o v a y ~ m a t r i x d c r u s h e d d o l o m i t t .  

CmomcbesgueFm., Lim*dones. dolomite, and 
samdstolrc. Tk Fomatim is appmxh&ly 2000 
fea thick. 

Elbmolr Fm.. cyclic mluauca of medim-py, fuvly lmni~ted. 
kwaincddolomite. Limstmeunitsnmgwto50lcctin 

RomcFm., intabalded mottled maroon and p e n  
p h y U i t i c m u d p t w , ~ ~ ~ d e n d s i l t s c o o e .  
and darL-* t i u e g d d  dolomite. 

Geologic map modified after A. Schultz (VDMR open file in 
preparation). Lithologic descriptions modified after Bartholomew and 
Lowry (1979). 





3.5.3.1 1. No evidence of recent fadtirag exists in the vicinity of . However, 

the hdford area has experienced seven earth tremors in the last 2W years with a recorded 

intensity sf W or bigher on the Mdf ied  Mercdli Scale W S M m ,  1988a). Several recent 
studies @oIlhger and l a ,  1983, 1988) have d e h a k d  a Isw kvtl seismic zone in the 

central and aao&westem part of the Vdley md Edge province in G&s County, VA. The 
hugest recorded quake occund in 181897, had a modified MercaUi Intensity of 

centered in Pexsbwg, VA. Schdtz md Southwofi (1989) have shown that the largest slope 

hilures in the folded A p p z t h c ~ m  occur in the G2es C o m ~  Seismic Zone, diately 
northwest of 

3.5 3-12. A total of 66 fracture traces were identified within and u o d  in a 

photo geologic study conduct& by the USEPA'S Envko 

Center @PIC) in 1992 (F .10). Fracture traces are Binear features identified in atrid 

photogmpb that represent surface expression of major fractures m d o r  m m s  of 

ikac . These features m y  be expressed as soil-tom1 variations and vegetational and 
topographic ali rats md x e  significant factors controlling goundwakr flow at 

The fractures or fracture zones ern act as conduits for growdwater, thereby increasing flow 

rates a d ,  b. some cases, redirectkg flow away from the "expected" flow direction. Pw b t  

tenah, such features are eravkomenaly significant because carbonate dissolution and 

resulting mnduits develop along bedding planes as we11 as fractures (USEPA, 1992a). 

3 -6.0.1. The hydrogeolsgk conditions at are complex due to the karstic 

nature of the aquifer underlying this facility. The karst aquifier at is contained within 

limestone md d o b ~ k .  The most cbmcteristic feature of a karst aquK~er is the WOW of 

groundwater though mduits  (caves/avem) and dong bedding planes md fractures 

enlarged by solution. Cs dy, h s t  aquifiers discharge to springs. BhsoluPadora of 

carbonates only occurs in acidic waters. The most co n cause of groudwater acidity is 

tion of carbonic acid ikom reaction of water with carbon dioxide in Eae 

atmosphere a d  soils. Several other sources of acidity that can be locally simcmf, such as 
aqueous hy&~gen sulfide in reducing environments, have mf k e n  a factor at 

Solution rates of limestone by waters undersamakd with respect to calcium carbonate have 

been shown to be rapid. Direct measwemen& of limestone dissolution have shown rates as 

high as 8.4 to 0.8 year in perennially active passages. Compatible rates have been 



produced .by laboratory expehexlts (Howard and Howad, 1967). However, the rapid 
solution rate em hinder the ion of solution conduits. Measured rates are so high that 

water approaches saturation after only a short distance of travel. However, m r e  recent 

work h shown h t  solution rates drop sharply as the water approaches chemical 

b w the k As a result, this water a n  penetrate a luge distance into 

limestone while retaining its ability to dissolve the rwk (Palmer, 1990). In most karst 

aquifers, dissolution by ge4mS.uva~er is highly selective. M&ou& there m y  exist am 
abmdmce of presoluticsn openings, very few e enlarged sigdf~cmtly tZ 

on. The rauEt is a sharp dkonginmiQ in the wale of mdergomd voids, with 
large caves sunouded by a network of thy openings W have been enlarged very little, if at 

all. The larger c o n d ~ &  will develop dong bedding plane p or fractures that are most 

open initidly or are favorably oriented dong the prevailing hydraulic gradient. % 

a d  conduits evolve hkrdepdently.  S les develop in the 1md s m f e  at the 

groundwater input locations to the Eager conduits as a result of concentrated dissolution, 

collapse md tramport of overburden through the conduit by groundwater. 

3.6.0.2. The imitial development of solution conduits requires the though flow of 

,, ....- water to c a w  away the dissolved materid. Therefore, to develop a karst aquifer, a 
preexisting intercownectd network of openings must be present between the recharge amd 

discharge pshts. These openings include intergranular pores, fractures md bedding-plane 

s. Fractures and bedding-plipp)e partings are of nearly equal i l p o m c e .  Most karst 
aquifers show a combination of kablre a d  bedding plme cop6trol. Fault surfaces tend to 

have less sf an affect on solutionhation. Solutio tion in intergranular pores is typically 

significant ody in young poorly-indurated carbonates, where this process forms irregular 

voids like the pores in a sponge. Specific groundwater flow p a b  within a karst aquifer 

rarely follow the steepest component of the hydraulic gradient. Stratigraphic and structural 

data are necessary to explain local pattern of subsurface flow (Paher, 1990). In massive 

rock with fractures, groudwater flow is typically discordant with bedding. In rocks with 

bedding planes, such as at , ?he groundwater flow pattern are responsive to 

the strike and dip of the rocks. In these situations, perching of groundwater in the 

umamakd zone is more c , and is typically associated with shley beds. Fractures 

typically do not peneeate through an entke sequence of beds wi?hin the unsaturated zone. 
Therefore, the downward movement d of g&mdwater will typically take on a stab-step 

pattern; moving down the length of a fracture, then moving down the dip of a bedding plane 

until mother fracture is encountered. 



"T.-,, 

3 .Q.0.3. The rate of Siltration of water though limestone in the maturated zone b 

karst environments varies greatly. In areas where the limestone contad holuble clastic 

material, &re m y  be a well defined C-horizon of rubbly m b r i d .  In areas of more pure 
limestone md dolomite, such as at the so3 b e h k  contact is typically very sharp. 

This is h a u s e  the limestone and dolomite rubble is rapidly leached from the soil kg 

1990). The 'bedrock surface is typically sculptured into an elaborate network of joints 

widened by solution and ls dong bedding planes. 'The top few meters s f  these 
soluti~m openings are usually Baed with soil and provide a pmeabHe zone for k m p o r v  

storage of perched goudwakr .  M e r  a rain event, gromdwakr m y  be held up in this 

region of the urnamrated zone for a period sf days or weeks. If the soil becomes saturated 
with respect to calcite in the reaction zone at the base of the soil, it will move bto the 

subsurface through fracmres md joints with little additiomB reaction with the wall racks. 
Joints and fractures ea%fgihg calcite saturated waters will ody be slightly enlarged te9 
$990). Waters mdersatuated with respect to calcite will enlarge the pathways while 

r n a h t a ~ g  the overall geometry of the original joints md bedding plane sets. The width of 

the openings varies from less tban ;a centimeter to greater than 2 meters. 

3.6.0.4. The g r o d w a k r  Bow rate in h s t  aqufiers is generally much faster than in 
other types sf aquifiers. Two types sf flow can occur within karst aquifiers; conduit Wow 
and diffuse flow. These two WOW types are end members of a continuum; flow within most 
portions of a karst aquifier include some c~rnbkationt of each. Conduit flow is turbulent and 
includes groundwater flow through open cavities. Bemuse this type of flow responds rapidly 

to rainfall and has a high ratio between the h u m  discharge and the base- flow discharge 

(mically 10: 1 to 1000:1), it is termed "Washy." Waters within conduit flow have low, but 

highly variable hardness. The turbidity, discharge and temperature of these waters also is 

highly variable. In less developed h s t  aqarifiers, diffuse flow is more c 

Wow involves groundwater flow through poorly integrated pores, joints md tubes within the 
rock. The discharge fhom h s t  aquifiers that have a supnbstm~al mount of d f i s e  Bow 

responds slowly to rainfall. These aquifiers have a low ratio be hu md base- 

flow discharge, typically 4:f or less. Difise flow is generally 1 The hardness of 

waters h m  diffuse flow is higher for conduit flow. Mso, the hardness, turbidity, 

discharge and temperature are less variable in diffuse flow (Quaan, 1990). 

3.6.0.5. The water table level in karst aquifers is strongly controlled by the elevation 
.. .?.. 

of the s p ~ g s  to which the aquifer is dischghg.  The spring elevation is typically 



controlled by an entrenched river, as the New fiver does at The solution conduits 
which feed the spring are typically so eficient h transmitting water, that they possess a low 

hy&aulic gradient. Often, the potentiometric surface within s r  above the conduits lies only 

slightly higher the spreg eIevation. During low Wow, hydraulic beads in the large 

conduits are typically lower the heads in ~e surrounding smaller and less efficient 
fractures. Therefore, water WOWS towards &e conduit from the s w o m d h g  m o w  fissures 

and pores. m s  trend is often reversed d h g  flood conditions, when large openings are 
subjected to sudden surges of water from the surface r, 1984). m e  g~omdwater table 
in most karst regism is highly irregular le dixonthuous, due to the great variation in the 

cterisbcs of the underground openings. Within most Beafst aquifers, conduits tendl to 
form a branching system in which tributaries join to form larger passages with larger 

discharge. A h s f  aquifer can be viewed as an elaborate underground plumb@ system 

through which water Wows in discrete ccmduits. Water may s t a d  at different eelvatism ki 

nearby wells, and dry or poorly productive wells may occur ~ the same area as successful 

wells (Paher, 1990). Because of these and other complexities apparent h %Is% aquifers, 
some researchers deny the existence of a karst water table. However, perched zones and 

water table irregularities apparent in karst aquifers are also observed in other aquifer types. 

These kegulaities are more pronounced and on a larger scale in soluble rock than in other 

materials. Therefore, the water table concept can be valid for karst regions, but only if 

applied regionally rather on the scale of individual sesludon conduits or wells (Paher, 

1990). 

3.6.0.6. It is diFicult to defme the water table and the available supply of 

groundwater at Several bsrings and groundwater monitoring locations withb the 

Horseshoe Area indicate that the water table within the flosdphin is approximately the same 

elevation as ?he surface water sf the New fiver. These ~0rkdit~~XE also exist b the floodpjah 
across the river in the Main Mappufacmpifag Area of . + lea areas sf high elevation within 

the Horseshoe and Main Maufacwhg h a s ,  the water table is extremely variable. 

Because of impewrious layers, solution cavities, and the thickness of overburden, extreme 

caution must be exercised in projedhg water table data from existing groundwater 
mowitsring Bmtiows into areas for which no groundwater data exist. The limestone and 
dolomite underlying is fractured, foliated, a d  faulted as a result of Pdecomie 

deformation. Topographic maps of show evidence of solution cavities md collapse 

structures (sir~l&oles) oriented along bedding planes within the less competent lh-nestone units 
(Figure 3. $0). There is a significant potential for movement of water though these features; 



.c.-..., 
gemrally in an east-west direction. However, the @oudwa@r flow direction is dependent 
on groundwater gradient which is generally directed toward the New River. 

3.6.0.7. Groundwater levels in the b&mk aquifer gemdly respond to heavy 
precipim~on within app 14 hours and m y  rise several feet in a shoa t h e  

situation dmomtraks h i t  the h s t  aquifer gg%rderlyhg 

y by conduit Wow a d    lust rates the direct connection 
between the groundwater and surface water h t  could impact the quality of g r o d w a e r  for 

domestic use. The condition exists th.roughout , especially in areas where surface 
water Xitrates though s Ies. Stowavvaer typically flows to the bottom of the s 
and rapidly travels dsmwud through conduits into the aquifer. The New River 
appears to be the discharge area for graumdwater d as weHl as for the reg iod  
gowdwater, Open fractures and karst s f ~ ~ c w e s  bemath the soil coupled with the 
relatively low elevation of the New a v e r  (1,680 feet ml) ,  provide accessible conduits for 

groundwater Wow, thereby rapidly dra the ~verlyhg, less permeable soils (Charles T, 
Main of Virginia, 1988). 

3.6.0.8. It is not mmpletely understood how the hlaski Fault, present at the facilitygP, 

affects groundwater movement. The fault is not a simple pl feature, but rather a zone of 

ion. At some areas, the location of the foul% surface can be identified by 
the presence of jithalogic uncodohties . However, at and m s t  other localities, the 

proximity of the fault surface is generally indicated by the abundme of the Max Meadows 

tectonic breccia. This breccia displays distinct weathering characteristics that appear to be 

the result of intergranular dissolution. As shown in Figure 3.6, the breccia develops 

extensive solution cavities which can allow for rapid conchit flow of the groundwater. 

3 -6.0.9. A dye-trace study conducted by Pzsom I3 @day 1994) identified a specific 

Wow path connecting injection point 1 'in S 17 a spring ( sample SPG 3) discharging 

to the New River (Figure 3.10). This flow path dosely pardlels a series of west-northwest 

$0 east-southeast Wedkg fracture traces aad acts as a direct conduit for groundwater 

migration. csnduit was most l&ely created by solution openings abng subsurface 
fractures. A more detailed discussion of groundwater conditions is hcIucied within each 



_.. 3.6.0.10. Water bevels from 80 rnonitcx-ing wells thraaghout are measured 

during quarterly smphmg events at this facility. Table 3.7 s groundwater 
devation data collected during the 1995 f i s t  r sampHhg event. These data were used 
to develop a faci8i~-wide groundwater gradient map (Plate 2). Same weus at this facility 
display unusually s W o w  or deep wzter levels compared with other nearby wells. These 
wells possibly intercepted perched g-i-omdwater zones or are influenced by karst features, 

les or conduits, which exert a strong I d  Muence and we not reflective of 

the overall unco%nf& water table. Groundwater flow is generally towads the New fiver 

and away from areas of higher elevation. 

3.6.0.11. Groundwater supplies in the Vdey and Ridge province are presently of 

good or s u p ~ o r  quality compared to surface water supplies. HoweverS due to extended 

contact with minerals, many groundwater supplies contain higher levels of dksoived solids 
tlkm the stream into which they discharge. Because of the s l a  and underground 

cavern in karst aquifers, there is a pokntial for groundwater to be impacted by direct 

Sitration of ca t d  surface water- 

'._ _ CE WATER 

3.7.8.1. The New River is the most significant surface water feature within 
The facility is built within and adjacent to a p nt meander loop of t h i s  river. Within 

the fiver width varies from 200 to 1,000 feet, but averages approxhtely 400 feet. 

The river flow varies due to water gemerat at Claytor D m ,  appro 

upgradient (south) from Rom the Claytor D m ,  typical flows of the 

New River range between 3,2W a d  8,NKl d l o n  gaUom p a  day (mgd). During typical 

flow conditions, the depth is approxhtely 4 to 6 feet; however, pools m y  be BO feet deep. 
There are 13 d e s  of river shoreline within the bun&es. 

3.7.0.2. The headwaters of the New River are in northwestern North Carolha, near 

the Tennessee state lke. HHI the vicinity of the New Ever flows northwester%y 

cutting cliffs through the bedrock. The path of the New fiver, which is general& 

prpendiclaf to the ridge lines of the Valley md Edge province, indicates that the river 
existed prior to the Paleozoic folding sf these rwks. Haa some m a s ,  this river h s  eroded 

feet of rock. During the Paleozoic, the erosion rate of the river was Righer the 







A .-. uplift rate of the m c b .  This produced kk& entrenched river c 1 present today. The New 
fiver is p e r m s  the oldest river in North America, estimated to be 350 millions years old 

3.7.0.3. Stroubles Creek is the largest local tributary of the New Ever m d  Wows 

though the southeast sector of This creek is fed by several branches h t  originate 

ow and off the facility. The larger surface drainage ways within the ht.allatioa% and their 

direction of flow are shown in Figure. 3.1 1. Mamade surface drainage ways at 

influence l m d  & e. The direction of d l  surface drainage %low within 

u%hately toward the New River. 

3.7.0.4. Stroubles Creek consists pr ily of stomwater runoff. Groundwater 

discharging %porn the karst bedrock may also supply significant stream flow. Prior to 

entering the facility, branches sf  Stroubles Creek flow through rural areas and t.hrough the 

City of Blacksburg. The creek empties into the New River within md contributes 

significant loading of domestic and industrial wastewater (USATIL~TVIA, 1976). The 

Blackburg Muicipal Wastewater Treatment P l a t  discharges approximately 5.7 mgd of 

water into the New fiver just upstream of where Stroubles Creek empties into the river 

(Personal C o m u ~ c a t i o w  with R. Graham at Peppers Ferry Wastewater Treatment P la t ,  

1995). The C o m ~ n w a l h  of Virginia has clas troubles Creek md the portion of the 

New fiver passing though the codmes of as water generally satisfactory for 

beneficial uses; these include, public or municipal supply, secondary contact 

recreation, and propagation of fish and aquatic life ((USA 

3.7.0.5. All water used at is taken from the New Ever. Separate water 

system are provided for the Main Mamfac Area and the Horseshoe Area. Intake 

No. 1 is located approxhtely 2 d e s  upstream of the mouth of Stroubles Creek. Intake 

No. 2 is l~cated appr ly 6 d e s  downstream of the mouth sf  Stroubles Creek (Figure 

3.1 I). Upskern of the New River serves as a source of dr water for the 

towns s f  Blacksburg and Christimburg. 



3,7.0.6. Both hdusbrid and domestic watewaters are discharged into the New River 

from the Peppers F e w  Regional Waskwater Treatment Plant, (P TP). This discharge is 
located within , just downstream from intake No. 1. Uwtd 1987, the city of Itadford 
provided only primary sewage treatment before dischargb 2.5 mgd into the New River 

A, 1976). Secondary treatment is now provided at the P P. Currently 

this plant discharges approxbtely 4.5 mgd of water into the New Ever (Pesoml 

at P TP, 1995). cation with R. Gr 

3.7.0.7. discharges approximately 25 mgd at fifteen industrid wastewater 
outfalls along the New River and Stroubles Creek under WDES permit number VAOOW248. 
The effluent consists of various treated process water, wash water, cooling water, Bun off, 

sd%ary wastewater, and stomwater. m e  approximate locations sf the discharge outfalls are 

shown in Figure 3.11. For intern1 use and reference, has identified a total of 1135 
outfalls to either the New Ever or Stroubles Creek from the Main Mmdacbrhg agld 

Horseshoe Areas. These outfalls discharge stomwater, sprimg-fed grsundwater, and 

mounts of s t em condensate. 

3.7.0.8. The New River itself hs experienced few major problem from the 

discharge of either treated or untreated efBuentnt. The ability of the New Xver to recover 

from organic loading is generally high because of the river's natural reaeration 

characteristics, high base flow, and the present quality and quantity of waste discharge. 

3.7.0.9. The upper reaches sf the New Ever and its tributaries have water of 

excellent quality. These stre have less than 50 parts per d l i o n  (ppxm) of dissolved solids 

due to the underlying metamorphic rocks, which contribute very little to natural pollution. In 
the balance of the region, dissolved solids increase to the 50 - 199 ppm range as water drabs 

from areas underlain by shale, sandstone, and limestone formations. m e r e  carbonate rock 

occur, the bicarbonate content sf the water is parpicularly high, resulting in 1100 - 199 ppm of 

ca8ciu.m carbonate (CaC03) fsmd in the waters of Walker Creek, S @re&, Wolf 

Creek, and the New Ever downgradient of (Figure 2.2). 

WATER USAGE 

3.8.0.11. P v a t e  md public groundwater wells are used in the vicinity of for 

g water md sther domestic and agricultural purposes. A document search to identify 



.,...,. \ private water well use within one d e  of the property line was coduckd as part of 
nt investigation %0 dete h e  esent of private water well use in tbis area (New 

River Health Distr-ict, 1995). Shce September 1, 1993, a total sf 36 property owners living 

within 1 d e  sf applied for a permit through the appropriate County Health 
Department to wmtmct h d i ~ d M  water supply wells. These property owners p 
reside in the f01I0wh.g developments; the River Bluffs suwivision and along gate ten road h 
Maski County md in the regions of Prices Fork, bngshop d McCoy in Montgomery 

County. The s md addresses of these property owners is given in Appendix B. Prior 

to September 1, 1990, pmperty owners were not %o obtain Health Department 
approval prior to weU btaUation. &at 50 percent or more of the 

existing residents within one d e  of water supplies (i.e. cistern, 
springss weus, etc.) for which the H no record mew Rver Health 
District, 1995). 

3.8.0.2. h addition to the private water supply wells in the vicinity of 

public water supply wells have been ideased within thee mil5s of the 

Public water supply wells service more than 15 people and are regulated though the Vikginia 

State Department of Hedtlh. The losation of these supply wells is given in Appendix B. 
Plates 3A md 3B display the locations of the public water supply wells md the area u t i k h g  
private wels in the vicinity of 

3.8.0.3. For domestic purposes, most residents in %he vicinity of utilize 

surface water supplied primarily by the water treatment plant at Claytor D m .  Areas on 

public water hcluande the City (sf kdford, Fairlawn, and properties along Route f 14 in 
Montgomery County. 

3.8.0.4. Two groundwater supply wells are present on the facility. However, 

neither of these wells is m e n t l y  king used for my p q o s e .  Those well lmatiom are 

S~O'WPI Plate 1. 

3.9 ECOLOGY 

3.9.0.1. The last comprehemive inventory of the Is, birds, reptiles, aquatic 

invertebrates, trees, and plants f m d  on the installation, a d  of the fish ~ ~ b i t h g  the New 

fiver where it flows k o u g h  the installation was conductd in 1976 during an installation 



.<.C C.. < assessment sf (USAT23 1976). Info tion from that assessment was 

s ked in previous dmments (Dames & Moore, %992a and 1992b). The s 

infomation was updated through personal co ation with biologists and is 
presented in the following paragraph. 

Is, and birds listed .in the 1976 Installation 

believed to breed on the installation (Persod 

Comunicatio~a, f 995). However, indications are that some species, including ruffed grouse 

and upland plovers, have deerased in number or have d i s a p p a ~ d  from 

(USATHAMA, 1976). Foxes w&cb were once trapped to preveDt rabies outbreaks have 

recently been rehwodueed to as a control for groundhogs. Deer are co rnon  at 

and bow burning has been allowed.at the facility since 199%. Migratory waarfowi are 

found thoughout the spring md winter wear the New River because the installation is ow the 

Atkmtic Flyway. Federally protected black vultures are present at during certain 

times of the year- Between 1,5W and 3,000 of the migratory birds nest in thickets on the 

facility (Washington Post, 1995). Fishing mews in the New River which flows through 

. _. 

3.9.0.3. No threatened or endangered species have been found at . However, 

six endangered plant species, three threatened plant species, one endagered mollusk species, 

one threatened mollusk species, one endangered insect species, four threatened insect species, 

three endangered bird species, and the locally endangered mountain lion have been identified 

for hlaski and Morafgomergr Counties by the Virginia Dep of Game and Idad  
Fisheries. In addition, a fish, s a l m d e r ,  f a r  bird spec eke river otter are identified 

as species of specid concern in the two counties in which is located. 

3.9.0.4. According to the Installation Assessment VSATHMA, 19'761, 

h b e r  harvesting occurred on in the past. The wasst recent harvest was conducted in 

1987- Tree species at include the shortleaf pine, 1obbU-y pine, eastern white pine, 

yellow poplar, and black walnut. There are 2,537 acres of managed woodland on site 

Comesvation Specialist, 1995). No 
reforestation has occuwed in the M a b  Manufacmring Area. In 1964, 322 acres of the 

Horseshoe Area were reforested. 



4.1.0- 1- The R C M  Facility Investigation field program was conducted during 

December 1994 and January 1995. USEPA c nts suggested the need for additional 

investigative tasks which were not proposed in the RFl Work Plan [Engheerhg-ScienceP 

Inc., f 994a1, including more sampling of existing wells, a soil background metals study, 

er characterkatisn of the New fiver, and installation of an additional monitoring well at 

U 48. These h s h  were completed in July 1995. The field work included: monitoring 
well installation and development; soill boring completion; staff gauge installation; smpBhg 

of surface soils, sediments, surface water, groundwater, and waste piles; completion of a 

e of aquifer testing. The dye-tracing study 
-..:7..7a. 17/40, which was conducted d h g  the fa l  of 11993 aand the spring s f  1994, and 

as submitted as a separate report, has been sumxized im this document. 
1' 

4.1.0.2. The field hvestigatism program provided data to supplement existing 

on necessary to fully characterize S Us 17/40, 31, 48, and 54. Additionally, 

idomation was obtained which applies to the site-wide characterization of the facility. In 
particular, the New Kver sampling and the soil background metals hves~gafion, provided 

data which can be used to address info aps and identified deficiencies in the prior 

assessments of The work activities were completed in 

aceordmce with the RFI Work Plan and Quality Assurance Project Plan (Engineering- 

Science, hc, , 199k), the Dye-Tracing Study Work P1m (Engineering-Science? he. ,May 

19931, md the Revised Addendum to the FtFX Work Plan (Pasons ES, June 1995) to emwe 

that usable data of known and acceptable quality were generated. section presents a 

general description of the fie stigatisn program activities. More detailed X o m ~ o n ,  

such as sample Imatiom md site plans, is included in each S 
The results s f  the field hvestigatiom decribed here are presented in subsequent sections of 



,.A. -..... 
4.2 DmLWIG PWgPCED 

4.2.0.1. A total of 43 soil bohgs  and eight monitoring wells were comp1ekd d 
the investigation. Eighteen of the 43 soil bohgs  were installed for the soil backporndl 
metals study. MI drilling was directed by an experienced geologist who prepared a detailed 
lithologic log using the Unified Soil Classification System (USCS). The lif1$ologic logs md 
well comtmcpion diag are presented in Appndk C. 

4.2.1.1. Seven soil brings were &vmced to the overburden-kdrmk interface at 
various areas of S %% 17 to chack* tbe vertical extent of co tion present* The 
borhgs were ~ ~ l l ~  by hollow stem auger drilling methods. A truck mounted drilling rig 
@80/92) used 4.25 inch ( h i d e  diameter) S1QlHow stem augers to penetrate the uncomolidated 
materid to depth of a p p r o d & l y  28 feet below ground surface in two filled-in s 

U 17. Sod s q H e s  were eoblected with split spoon devices at 5 foot k&rvds using the 
Sf.andud Penetration Test (MTM D-1586). Udess subsurface conditions (cobbles or gravel) 

r deviations from the Work Plan* the samples were collect4 in 2 foot long 

spoons with the bottom depths in multiples of 5 feet (e-g., 3-5 feet, 8-10 feet). 

4.2.1.2. 1 dow&ole e n  (augers, %porn, rods, and bits) was 
Qeco 61 by s tem rle " prior to startkg a new drilling location. The s p o m  were 
deco ted by washing with an Alconow solution followed by a me I rinse and then 
a find deionized water sirmse. NH soil borhgs were backfidled by tremie p i p  with a grout 
consisting sf cement, bentonite powder, and US approved water. 

42 .1 .3 .  Two soil borhgs were advmwd in the S U 48 disposal areas. At these 
locations, a coln~huous smplhg spoon ghaos8 knpler) was used at shallow depths to dlow a 
more detailed ex ion of the soils for visual signs of hydrmubon co tion. The 
Moss Sampler took conthuous soil samples in 5 foot htervds (0-5 feet, 5-10 feet) for the top 
15 feet of the upper disposal area (48SM) and the top 10 feet of the lower disposal area 
(48SB5). The reminder of the holes, 2% feet and 37 feet total depth for 48SB4 a d  48SB5, 
respectively9 were sampled with s d split spoons in general accordance with the 
procedures described for 23 I% 17. The geologist used field judgement baed upon 

ion (PD) read'mgs and visual observatisns to decide whether ceoahuous or 5-fo~t 
spoons were necessary. 



4.2.1.4, Sixteen soil brings were a d m d  at S U 54 to bedrock (a maximum 
1 .-,7.. 

depth of 24 feet). Two of the b r h g s ,  54SB6 and 54SB14, were completed with the 
continuous Moss Sampler9 the rest were sampled with standard split spoons at 5 foot intervals. 
54SB6 was within the lower ash m o d  and 54SB14 was beside the upper ash moud. 

4.2.1.5. Eighteen soil borhgs were mmplekd for the soil background metals study 
diameter (3.5 h k s )  hollow stem augers. Smpks  were collected by continuous 

split spoon met%mds so h t  distinct B ad C soil hokom could be identified. Minor 
rndfica~oras to the Work Plan were necessary due to auger refusal, insufficient sample 
recovery at the &sir& depth, or identification of the horizon at a depth different than that 
predicted in the Work Plm. Lith6~1ogic logs for the backgsud h h g s  are contained in 
Appendix C. 

4.2.2. I. Eight monitoring wells were instal1d at two S 
U 48. We11 4 was installed i . ~  July 1995; the ~ t h e r  seven were hh1Hed in 

December 1994Umuaq 1995. BhI wells were begun using 6.63 hch h i d e  diameter Wlow 
stem augers (for 4 inch wells). However, where bedrock or tough subsurface conditions were 
encomtered, air rotary methods (6 inch or 8 inch tri-s;om rotary bits or a 16 hch air 
were employed. 

4.2.2.2. At SWMU 31, two wells were installed wit$ augers and two required ah- 
rotary kcfiques for compleQion, Soil sampling was conducted with split spoons at 5 foot 
intervals or Lss based on the geobgist" judgement. One monitoring well boring, 31 

was sampled continuously with the Moss Sampler to provide detailed lithologic information for 

4.2.2.3. The four wells installed at S Zi' 48 were relatively deep, ranging from 128 

feet to 154 feet below ground d a c e ,  a d  requkd air drilling methods beginning at 

approxhately 30 feet to 60 feet down, So2 samples of the overbuden of each monitoring 
well boring were collmte split spoon methods. Temporary 10 inch casing was installed in 

4, to prevent borehole collapse during air drilling. 



4.3.1. 1. All monitoring well comtmction prcscdures were in accorhce  witb the 

,1987) md C 
guidelines. Udess otherwise DL($& below, the wells were cornmefed as follows: four inch 
(inside diameter) schedule 40 PVC pipe was installed h i d e  the hollow stern auger; ten feet of 

8.18 inch PVC s%oWd screen, plugged at the bomm, was used; threaded couphgs joked the 

casing and screen; the top s f  the screen was positioned 1-2 f t  above the stabilized 

groundwater level; the sand filter pack was extended to apprsxhkly  two feet above the top 
of the screen; a five foot thick bentonite sed was placed abve  the filter pack; the reminder of 

the m d u s  was filled to ground surface with a cement-kntod~ e by tremie p i p ;  the 

augers were removed slowly to allow settlhg of the gout; the PVC casing extended 2-3 feet 

above ground surface; a five foot long, six hch diameter steel casing was htaI%ed over the 

PVC casing; and f n r  steel protective posts were placed around the well. Filter pack sand she 

md screen slot size were based upon gec&cMcd data from the applicable geologic 

obtained during previous hvestigaations (Dames 2% Moore, 1992a and 1992b). A c 

diagram of a typical monitoring well is presented as Figure 4.1. Table 4.1 lists the 

esmtructisn d i i l s  sf the eight new wells a d  the existing wells sampled during t h i s  

4.3.1:2.' The wells installed at S U 48 were deeper and more difficult 

U 31. Therefore, some d e v h ~ o m  eom the Work Plan procedures were necessary. The 

wells were installed inside t e q o r w  steel casings since the hollow stem augers were m t  Huge 
enough to fit some of the air rotary equipment used to penetrate h e  bedrock. Greater screen 

~ e n g t h  were used because sf the dificulty of predicting ~ouwdwater movement the 

bedrock. Skce the potentiai for floating hy rn compounds existed at this S 

was h p o m t  to position the screen to intercept these compomds. Baause the bedrock was 

relatively tight and the groundwater stabilized level could not be predicted, a 30 foot long 

screen was imtaJ%ed in the $erst well drilled (48 U. Once the general 

groundwater level was established, 20 fwt  screens were US& in the three remainkg S 

48 wells. 





NOTES: 
1. Water elevations were taken in Bdy 1995. 
2. Ail wells were commcted of PVC materials. 
3. Well m e  iancludes the S W U  &siptiom. 
4. Elevations zare in fees above mean sea kvell. 
5 .  The SWMJ 31 MI$ 48 wells were btd.led by Parsom ES in Jammy ( 3 ~  July 1995; 1 

MMW3 were installed by Pasom I 3  ian May 1993; the other wells were h td ied  by D m e s  & Moore in 
1991-1992. 



2 was completed as a two inch inside diameter well. Drilling difficulties 
,.. r..7.-. 

encountered while attempting to install this well included a "dogleg9' caused by pmticukirly soft 

overburden on top of relatively h a d  bedrock, md a collapsing borehole as downhole equipment 

tried to wegotiate the 'Uogleg." In order to save the hole, and avoid redrilling approximately 80 

feet of overburden and bedrock, a two inch well, which was not obstructed by these conditions, 

was installed. 

4.3.2 Monitoring Well Development 

4.3.2.1. Wel  development procedures were slightly modified from the Work Plan 

description baed on comments frsm the USEPA. Wells instdBed by Parsons ES were developed 

by pumping which was initiated at Beast 48 hours but no longer thm seven days after completion 

of the well. The entire water column was evacuated by periodically changing the position of the 

submersible pump during development. At least six well volums of groundwater were removed. 

This included the column of static water md the saturated mnulus outside of the screen. 

4.3.2.2. Monitoring of the physical and chemical characteristics of the gpoumdwater, 

i.--'.-. including, pH, conductivity, temperature, color, odor, and turbidity, was pepfsmed thoughout 

the development prcxedure. After removal of six volumes of groundwater from each well, 

development continued wtil pH, conductivity, and temperature readings were reproducible 

within 20 percent of the prior set of readings. The field data sheets containing the development 

infomation are presented in Appendix D. 

4.3.2.3. h general, the wells at SWMJ 3 l were slow in recharging; the bedrock wells at 

SWMU 48, with the exception of 48blW2, were relatively quick rechargers. The groundwater 

from d l  wells was vvisudly clear after completion of development. 

4.4 SOIL BACKGROUm METALS STUDY 

4A.B.l. The soil background metals study was conducted in response to USEPA 
comments concerning inorganic concentrations present in site background soils. The objective of 

the study was to establish statistically valid background Bevels of metals in the soil as the basis for 

cohnparisons between those kvels m d  concentrations of metds found in the S 

sap l ing  methodology and statistical a d y s i s  sumixized below were in accordance with the 
*.-.. approved Revised Addendum to the Find WI Work Plan (Parsoms ES, June 1995). 



4.4.0.2. In order to establish background soil metds concentrations which could k 
compared to d l  soil smpling for metals at my SWMU on the facility, a review of the previous 

soil smpling procedures was undertaken. It was determined that only three of the ten identified 

soil types (SCS 1985a, 198Sb) across the facility were actually sampled during previous and 

current investigations. The review dso took into account sapl ing  procedures and depths of the 

previous investigations to ensure that similar samples would be collected during the background 

study for comparison. 

4.4.0.3. The B and C horizons of the thee soil types, taken at various depth, were"'^- 

sampled from backgound areas across the site. Designations of backgound areas were baed on 

distance fmm SWMUs or impacted areas, facility history or personnel interviews, and field 

~comAssmce. Eighteen boriwgs md 36 samples were collected (as described in 4.2 above) abnd 

submitted for metals analyses. 

4.4.0.4. The data then underwent statistical testlng in accordsnce with the Work Plm. 

The results are presented in the baseline risk assessment (Section 6). 

4-5.0.1. The dye tracing test was conducted at SWMU 17 in the Fdl of 1993 and the 

Spkng sf 1994. The Work Plan was completed in May 1993 and the Dye-Tracing Study Report 

was submitted in Mach 1994 and mended in September 1994 (Parsons ES, September 1994). 

This subsection is a su argr of the field procedu~s for the test. The test findings are discussed 

in the SWMU 17/40 section. 

4.5.1 .l. As part of the dye-tracing study, three bedrock mo~toring wells md two 

temporary dye-injection wells were installed in the SWMU 17 area. The bedrock wells ranged 

in depth between 120 feet md 190 feet md were designed to intercept the regional water table 

associated with the New fiver. The two dye-injection wells, located in the two major sinkholes 

of SWMU 17, were installed to a m a h u m  depth of 23.5 feet. The orientation sf the injection 

wells to the New River receptor Is shown in Figure 3-18. 



17, were installed to a depth of 23.5 feet. The 
orientation sf the injection wells to the New fiver receptor is shown in Figure 3.10. 

4.5,1.2. 'F$e bedrock borhgs were advanced using air- 
Prior to well piacemnt, a color television ra was lowered into each barehole to 

condition (solmeion R a ~ e s ) .  The ?#e%%s were then corn d in the borehole with 4-inch 

h e r  diameter, flush-joint, schedule 40 PVC pipe a d  screened over the lower 20 feet. 

4.5. B .3.  The two kmporw dye-injection wells (INB% md IN52) were installed in the 

southwest comer of the Stage md B m  k e a  (S U 17A) md adjacent to the Runoff 

Drainage Area (S U 17E). The bgrrhgs were advmced ushg either air rotary or hollow 

stem augers drilling methods and were designed to extend tlffough the soil fd1 mt&ria% in the 

bottom of the s le to the k d ~ c k  interface. The injection wells were commted  with m 
open ended 4-inch, h m  di 

4.5.2.1. Sodium Flsporesceh, Rhodamhe WT, and Direct Yellow 96 dyes were 

chosen for this study. Fluorescein (CI Acid Yellow 43) is a peen fluorescent dye that is 

recovered on activated coconut charcod. Direct Yellow 96 is a yellow fluorescent dye 

recovered on unbleached, mwhitened cotton detectors. RhsB " WT is a pink fluorescent 

dye recovered on activated coconut charcod. 

4.5.3.1. Prior to injecting the dye for this study, field recomissance activities were 

w d u c k d  of the study area between late May I993 to early June 1993. These efforts were 

conducted to locate and verify dye monitoring points and to locate additional monitoring 

points not previously identified in the Work Plan. During field recornissame for the f m l  

selection of dye m o n i t o ~ g  locations, dyedetector 'bugs' were placed in &I prospective 
monitorkg locations that were to be utilized during the dye-trace &st. They were retrieved 

prior to dye injection md tested for background levels of F1uorescein and Direct. Yellow 

dyes. A total of 35 monitoring locations were chosen for the initid dye injections that took 

place in the fa11 of 1993. Of these, 27 modtorkg locations were us& for the second dye 



ly one week prior to the seconi injection, dye- 

detector 'bugs9 were placed at each of the prospective monitoring Iccatiom. These bugs 
were retrievedl prior to dye injection and tested for background levels of l2.h WT dye. 

4-5-32.  g the fitid stage of this hvestigationa, the dyes were h&oducedl on 
September 23, I993 during relatively low flow condihm after a stom event. Fluorescein 

1 '7A. h ior  to introduc~on sf the dye, 
ly 1,200 gaUom of mcM%l%cs*d waer was p w p d  into the injection well to 

saturate the potential flow pathways. The d 
after the slug of water infikmw into the Following bijection, the dye was 
followed by a chser sf 1,200 gallons of water injected at a moderate and 
commt rate. 

4.5.3.3. A simi.lar injection method was attempad at INJ2, located in the mmsff 

U 1'7E). bitialty, m c M o r h ~ d  water was pumped inam the injection 
well; however, the water did not Xitmte into fie sunroudQ formation. The r e m a k g  
1,150 gallons of water was pumped onto the ground sumo~%11ding the injection well in an 
effort to saturate the entire area. The Direct Yell~w dye was tben hefdueed into the we11 
and &so poured into the pond4 water in the runoff bash. Another 1,200 gallons of 
uncMorhted water were pumped sra the g ~ o u d  at the m o f g  drainage bash to further 
saturate the soil overburden and to speed up dye Wdtpatiosa. 

WT dye was 
introduced on April 18, 1994 during relatively high Wow conditions. l ? . h c s d ~ e  WT dye 

17A. Prior to h&&uchg the dye, approximately 
1,250 gallons of uncMo&M water was pumped in6  the injection well to saturate the 

potential flow ays. The dye was pawed directly into the well, after the slug of water 
idifitrated the 1e. FoDswhg the bjextian sf the dye, an additional 1,250 gallons of 

uncMorhted water was pumped into the injection well at a moderate and constant rate. 

4.5.4.1. Passive detectors, or "bugs," were used to acemulate dyes for visual 

.-.. ation during this investigation. Flu~romtric teckmkpes were used to detect tbe dye 
and to provide qualitative mdlor semi-quantitative measures of the dye concentration. Visual 



e sn was chsen for this study in order to reduce the complexity of the detector 

processing while stdl meeting the objectives of the study. Activated chapcoal was used to 
adsorb F11uoresceh and Rho WT dye for detection and Direct Yellow was detected on 
coaon bugs, 

4.5.4.2. During both stages sf this investigation, both a c~ttogl and a c h c o d  bug 
were placed at each'monitoring lofation. ~&eeugh no dye? were injected in the spring of 

1994 that would be detected s n  a cotton bug, these were wed to ex if residual direct 

yellow dye remind h the p~lf ldwakr.  The bugs were m s p n d d  above the stream bed 

using a weighted, stable stand h o w n  as a ' .* Detectors installed in wells were 

suspended below the water table by a piece of weighted plypropylene rope. 

4.5 A.3. A total sf 35 locations were monitored for the resurgence of bye during the 

initial stage sf this investigation (15 stream locations, 9 river Iscadom, 7sprh.g locations, 

and 4 well'locations). A total of 27 locations were monimred for the resurgence of dye 

during the second stage of this hv~stigation. Seven river mnzsaitorhg points and one stream 

monitoring point ( S W  17) were dropped for the second stage of this hvestigatisn. These 

points were dropped based on findings sf the initial dye injection which indicated h t  these 

were hprsbable Qisehge points. 

4.5.4.4. g the field recomissmce phase md prior to each dye injection, 

detectors were phced at each of the monitoring locations and tested for background levels of 

fie dyes. During the tracing study, the bugs were collected from each monitoring location 

a d  analyzed for dye on a daily basis during the %ifst week after dye injection. A biweekly 

wasnitorkg schedule was bplemented during weeks two through twelve sf the iaithf stage of 

this study. A monthly monitoring schedule was implemented for weeks two %kfou& twelve 

during the smnd stage of this sbdy. Both the chcoaI  and cotton bugs were collected h m  ' 

all locations Q the monitoring program. 

ACE WAmR ELEVAmON GAUGE mSTaLATIOEcT 

4.6.0.1. Surface water elevation (staff) pages were kta18ed in each of the three 

U 31, and hitially in the New River just beyond the S U 3 1 boundary. 

..?.T.... 
The gauges consisted of calibrated steel posts driven by hand into the ground or sediment. The 



gauges were surveyed to establish water elevations across the S U to wmplete a water 
,,+'7". balance study of the lagoons and river. 

4.6.0.2. The staff gauge installed in the New River was washed away by flooding 

caused by a heavy rainfall event in January 1995. Therefore, a pe 
which periodic river elevation measurements could be taken, was surveyed md used for the 

water balance study of the 21 31 lagoom. The structure was a concrce abume~na at the 

facility's treatment plant. Measurements were talcern with an electronic water kvel indicator. 

4.T.0 1 Slug injection a d  withkawal tests were conduc&d at Us 31 and 48 m 
dete " hydraulic conductivity and fpammissivity of the water-beahg strata. The slug 

tests were performed by subjecting the water-bearing unit in the s c r e n d  interval of the well 

to a stress caused by a sho$~-tern injection or wi~drawal of a h o r n  volume (slug). The 
response sf the water-bearing units 80 the stress was measured by recoding the water level 

rise or fa11 in the test well as it returned to equilibrium @re-test) conditions. 

,v, 

4.7.0.2. Seven injection (falling-head) md three wi&drawal (~skg-head) tests were 

conducted at the two different S Us. Subsection 8.4.3.1 provides results h n n  the four 
injection tests a d  two wi&drawal Pest at S %J' 4 1. Subsection 9 .4.3.1 provides results 

from the thee injection tests and one withd~awd test at S 

4.7.0.3. Initial static water levds were coUwted before 4esthg took place. A data 

logger was then c ~ m e ~ t d  to a pressure transducer and placed at the bottom of the well. The 
water level was allowd to stabilize after insertion of the tr cer; this new stabilized 

water level was recorded in a field log book md then input into the data logger before 

stating the slug test. Injection tests were performed by rapidly inserting the slug into the 
well followed by data logger and hand-measurements (for co tion) sf  the subsequent 

water level changes until 98% 0% the pre-hertion static water level was attained. 

Wi&drawd tests were then performed on the test weli by rapidly removing the slug from the 

well column and monitoring the water level rise to within 98% of the static level, or a period 

sf 24 hours was reached. 



4 -7.0.4. The slugs used for this investigation were five feet in length and constructed 
.<.-n*. 

with 2-inch h e r  diameter PVC pipe. Clem #2 weight gravel pack sand was placed in the 

PVC pipe to ensure ter level clhp%acment. The slugs mcl other dsw&oHe 

equipment were deco in x c o r h e  with Work Plan procedures prior to and after 

each test to avoid cmss-6~ 

4.7.0.5. Note h% a m version of the Work Ran specified procedure was used 

for the slug tests. The modification h g  to slug injection was made to el 

4.7.8.6, There were two exceptions to the slug &st procedures described above. 

2 were not tested using the five foot PVG pipe slugs. Well 

contained 3.5 feet of water; the BVC slug would not have displaced a sufficient 

mount of water for the slug test. Therefore, five gaUom of deionized water were added to 

the well to conduct a falling-head test. Because the water had to be poured into the well, 

hand-measurements of the water levels could m t  begin until 38 seconds after the data logger 

was started. SbilarIy, 48 was not tested with a BVC slug. 48 

with a 2 2ch BVC casing and that diameter is not Barge enough to ac 

Five gallons of deiomized water were added to this well to conduct a fdlhg-head test. Hmd- 

meararemn& were taken approxhteBy 40 seconds after the data logger was sta%ed. 

4.7.0.5. The slug test data were mlyzed ushg the Bsuwer and Rice (1976) method. 

The fitting sf data to an "Sm-shaped type curve for the Bouwer and S e e  straight line (1976) 

method pennits the cafculatim of hydraulic conductivity and trmmissivity for the $0 

s w o w d h g  the well screen, Type c w e s  and calculation sheets are included in Appendix E. 

4.8.0.1. Surveying activities were conrapleted by Geotrack, bc., a fm licensed in the 

state of Virginia. Location coordbks  of data points were established within 3.0 feet using 
C m r d h t e  System of 1927. Elevations were established within 0.01 

feet using the National Geodetic Vertical D a m  of 1929. Initially, all data points were 

surveyed with reference to the I983 State P Coordinate System to be compatible with the 

facility's mapping system. However, these data were then% converted to the 1924 coordinate 

system to be compatible with the USAEC9s IRDM%S data base. Geotpack, hc. used the I983 



location m p s  
were then p r d u d  from the electronic files. Table 4.2 presents the elevations md location 
c m r h k s  (no s d e a a s  h khe 1927 system fo of the dab  pints mmeyed for 
this h v e s ~ g a ~ o n .  

4.8.0.2. The elevations of all eight monitoring wells h t d % e d  by Parsons E3 were 
suneyed at the top of the casing (T.O.C.) and at the c o m ~ % k  pad (equivalent to ground 
surface elevation). aion coordinates were also survey& for the wells. NitfBough the Work 

tes sf elevations f a  dl so3 bohgs,  elevations of the bsrhgs for 
Us 48 and 54 were surveyed by Ckotrack. The elevations of the three staff gauges md 

the concrete abutment measuring point were surveyed. kall other elevation md location 

borhgs, were estimated using data from the marest sumeyed point. 

4.9.0.1. The sampling and analysis program was designed to meet the objectives 
stated in Subsec.on f .2 of th is  report. The 1watiom a d  numbers of samples and the analyses 
pepfomed were selected to opt the identification of sources of co , pathways of 
COW migration, and the extent of co tion. The smp1hg mee$esdologies 

as well as the need to identify suspected 
con . The program was carried out in accordance with %he sampling procedures, 
analytical me&odoloa, and sample nomenclature described in the Work P l m  and Quality 
Assurance Project Plan (QNP). The foUowhg subsediom describe what samples were 
collected, what analyses were performed, and my deviations from the Work Pltm or QAPP. 
The analytical results are discussed in detail in subsequent sections. Sample locations are 
shown on the location maps for the area of concern in subsequent sections. A s of a11 

samples coHleckd, inc1udbg QNQC samples, and the analyses performed (with USEPA 
d y t i c a l  method numbers) is presented irn Table 4.3 for aqueous smp'les and 'Fable 4.4 for 
solid samples. 

4.9.1.1. A total of nine surface water smp'les were collected from the New River, a 
,e..T.F..- spring dkedly ddischghg to the rher, and Stroubles Creek. Sample SE3SW1 was from 8 



T B L E  4.2 
SURVEY DATA 

ION PL 

Soil G r o a  Surface 

elevations are given for the top of State Planax System, 
casing (T.B.C.). N o d  American 
AU elevatiom are in feet above D a m  1927 - CONUS. 
mean sea kvel. Clarke, 1866. 

NOTE: Only those ph& smcyed are shown; survey data of s&er pints 
d in accsrdgnee with the Work Plan. 



D i q e  P o h  SS3SWl SW X X X X % Z  
SWMYJI  
CadBhsh 31Wll GW Z %$a. X X X%: 

s d h g  aa M W ~  GW z X Z  x x &%: 
3BW3 GW Z XZ X X % Z  
3 I W 4  GW Z xz X X & Z  

SKWU 48 

bpellmt Ash 
I B i p s d h  5 4 W I  GW Z Z Z 

5 4 W Z  g;Wr Z Z Z 



TABLE 4 3  (Cantlaad) 
ANALl'TICAL PROGRAM AQUEOUS SAmLm 
mHOm ON P 

Field Blank 

S W Z Z Z Z Z Z Z Field Jhp1i~t.e of W W 5  
Trip Blank 

(I) ANALl'-nC& I-EU (2) bfEBM (3) ]WEED MEAS J 
Metals flotd and Diss01d) by SW-846 60BWW0 series. GW - c3¶n~11dwb 

SW - Surface Water 
NOTES: X hdicates January 1995 sampling 

Semivolatile ( -Bgrd&s (SVWs) by SSW-846 $270 Z h d i m s  July 1999 sampling 

Total Organic C y M C A W  415.1 Dissolved wet& wen sampled in Bmuq md July 1995 
Total Petmlemn 0 by SW-846 355OMCAW 418.1 
Chloride 
Hardness by SW340-B 
COD 









TABLE 4.4 (Csatlmusd) 
RFl ANALYnFBCa PROGRAM. SOLm 

mFOm ARMY ON P 







TABLE 4.4 (CewtBasecd) 

WDFOm ON PLANT 

Bdgmmdl B G U C D  
Soil SmpHig BWBBLD 

(1) mmmckag. TEm 

Metals by SW-846 6QSWW series 
Eqksives by SW-846 $330 
V s M k  Oqeabim (VWs) by SW-846 8240 
Semivolatile Chgaraics (SVWs) by SW-846 8270 

C A W  415.1 
SW-846 W20 
rn 

by SW-846 335BBMCA.W 418.1 
British 0 b ASTRg D240-76 
W& n (Wm Char.)  include^: 

TCLP Medals by SW-$46 121 1/601aBPaOW Series 
HgiiEaBility by SW846 7.12.2 
Comsivity by SW-846 9045 
Rdvity by ehap 7 M 3 0 ,  W12 

Ptiht Filter Test by SW-846 9095 

Notes: The Bwkpmd Soil Samples @6 d h e  New Wivex SmpBes @TIC) 
were mllectrd in July 1.995. All ohas were Smpld  Demk 1994 or 
January :H5. 



d to be the discharge point s f  the dye injected at % 

P metals, explosives, total organic cabon ( T K ) ,  and total organic halogens 

$FOX). This was the s d y  location identified as a disckge point for S 

4.8.1.2. Two surface water s m p k s  were c o i l e d  Itom Stroubles Creek in J 

1995. The creek, a m h  tribu&u to the New fiver, was sampled upstream of the facility 

(SCSW1) and at the p in t  of discharge to the river (SCSW2), for metals, e q l o s i v ~ ~ ,  TOC, 

Tax, voktik organic c o q o m &  (VOCs), semi-volatile compouds (SVWs), b h e s s ,  md 

cMoride. The creek was relatively high md fast moving at the h e  of smpllhg. 

4.9.1 -3. Six surface water samples were collected from the New Ever in July 1995 
for ch4af"acterkation puqsses. The smp1es were analyzed for the s m e  parmeters l i ~ k d  in 

4.9.1.2 above. The smples, which were intended tQ provide supplemental risk assessment 

infomation, were located near the likely discharge points of S 

m S W 4 ) ,  8nd S W U  54 (NWSWS), or up river of the facility (NRSW 1, 2, and 3). 

4.9.1.4. h addition to those smples, associated sudae  water QNQC samples were 

a%so collected in accordance with the QMP. Those included a trip blank and field duplicate 

for the Stroubles Creek smples, a field blank for the spring sample, a d  a field duplicate, trip 
blank and field blank associated with the New River samples, Field parameters, including pH, 

temperature, and conductivity, were collected for dl surface water smples. 

4.9.2. I. A total of 15 groundwater samples were collected from the eight new 

monitoring wells and frorn,several existing wells at S Us 17/40 and 54. Eleven wells were 

sampled in January 1995 md all 15 wells were sampled in July I995 (when 48 

installed and the S U 54 wells were added'). The sampling procedures followed the Work 

Plan witb ody minor deviations a &scribed below. 

4.9.2.2. Based upon comments received from the USEPA after completion of the 

initial round of groundwater sampling, dditisml sampling was scheduled. Initially, only 

dissolved mtab were collected from all sf the wells. ID July 11995, it was dete 

total metals analyses were also required. Therefore, h July 1995, dl of h e  wells were 



sampled for total mee;t%s and re-sampled for dissolved metals so that the metals data from the 
,,Pr two parameters would not be affected by the time passage between sampling events. 

4.9.2.3. Purging of the wells was generally cmp8etecl by b a h g  with PVC 
bailers fsr shallow weus and submersible p a p s  for deeper wells. Mi goundwater samples 

were co%lated in disposable p lye~ylene  bailers. A presswe filter device (0.45 micron) was 
amched to the bailer for the collection of dissolved metals smples. Field parameters, 
h I u d h g  pH, temperature, and condmbivi~, were measured before and after collection of the 

smpk .  Table 4. % h c l d s  groundwater elevations recorded in July 1995, when rnlg wells were 

gauged a d  sampled. 

4.9.2.4. Three monitoring weus at S U 17 were sannpled for total metals, 

dissolved metals, eiplosives, TOC, and TOX. One well 40 was sampled for the 

same parameters. Ail were bedrock wells. Shallower well 

January a d  July 1995 and could not be sampled. Well deep bedrock well, was 

purged by hand bailkg due to a pump mlhc t ion ;  the other weus were purged with a pump. 
In general, all wells recharged quickly enough to .rtx~ove the required volumes of 

groundwater, but all were completely dried once or twice before the required purge volume 
was achieved. Associated QNQC samples included a field blank. 

4.9.2.5. Four monitoring wells were sampled at S hT 3 1 for total metals, dissolved 

meta%s, TOC, and TOX. All four wells were purged by Baand bailing. Ody 3 P W 2  md 

3 were purged dry before the required vslunae was achieved (in the July 1995 event); 

the others had moderate to good recharge rates. A field duplicate was a%em for QMQG 

purposes. 

4.9.2.6. Three monitoring wells at S U 48 were sampled for total metals, 

dissolved metals, V K s ,  SVOCs, Toe, TOX, total petroleraw hyQHmabm (TPH), ~Moride, 

b h s s ,  md chemical oxygen Be (COD). The well h t a l l d  in July 1985 (48 

s q l e d  for tOt%l md dissolved metals, and VOCs. A1 four wells 

W r d .  Recharge in these wdk ranged was purged by 
hand bailing because of was purged by hand because sf the small 

diameter of the well. 4 d by pumping. VBCs were added as an 



a d p i c d  parmeter (fm d l  four wells) to the July re-sampling event; VOC 
... m, 

les were not 

4.9.2.7. Sampling of the mo&orhg weus at S U 54 was not proposed b the 

Work Phi. However, to supplemea risk assessment and site ckacterizatioa tion, the 
three rnopaitorhg wells, which were m t  sampled in % f 985, were included in the 
smplhg  activities July 1995. The wells d for basil metals, dissolved 
metals, explosives, , and TOX. WeUs 54 2 were relatively dow 
ruxhgers; d l  wire purged by hand bailing. A.n equipment blank was taken for QNQC 
purposes. 

4.9.3-0.1. Surface and subsurface soil samples were collected during the hvesbga~on 
for &emkal analysis. h addition, soil samples (generally subsurface) were also submitted %or 
geotechnical analysis in a c c o r h a  with USAEC requirements. The sample totails discused 
&low include the subsurface soils taken for the soil metals background study. All samples 

..- were coUeckd followkg the Work Plan procedures unless otherwise noted below. 

4.9.3.1.1. A total of nine surface soil smples were collected wi& a stainless steel 
bowl md spoon for the investigation. Ml were sampled b December 1994. 'Thee smples, 
17AS53, 17BSS1, and 17BSS2 were taken at S U 17. 17ASS3 was the top layer (Q-005 

feet) of the 14ASB3 boring sample. These surface soil samples were analyzed for total metals 

and explosives. 

4.9.3.1.2. Six surface soil. samples were c~lllecad at S U 48. Thee samples were 
taken from the upper disposal m a  md d y d  for total metals, explosives, VWs, SVOGs, 
and TPH. Three I s  were collected from the Eower disposal area a d  s u b ~ E e d  for total 
metals, SVOCs, and TPH ~ y s i s .  M1 six samples were obtained with a stainless steel spoon 
and bowl. A field duplicate smp%e was taken for QNQC purposes. 



4.9.3.2.1. A total of 126 subsurface so l  s q l e s  were co&cted for the kv&$igaaiona. 

'This total includes les cornposited for reme~atiesn and disposal chac t e  

wt count samples submitted for geotechni& aoalysis. AU sampling was done by split spoon 
methodology as described h the Work PIm. The s m p k  as shown on Table 4.3 
includes the depth. U d a s  otherwise specified, the depth is indicated by %be last one or two 

with the number being the bottom of the two fmt spoon h k m d ,  e.g., 

l7ASBIOS was taken from a depth of 3-5 feet. Depth were specified in the Work Plan based 

on a review of previous data or an assessment of site conditions. Any deviations from this 

the sample from the 

proposed depth. 

4.9.3.2.2. A total of 39 ~ b s ~ a ~  so2 smples from seven borhgs h four separate 

U 17 were collected. Five smples from bring 17ASB1 were taken at five foot 

intervals and mlyzed for total metals and explosives. Additionally, the shlkn.vest a d  

deepest samples of this boring were submitted for VQCs and SVOCS. A sample cornposited 

from the entire hole was d y d  for TOC, British The 1 Units @TUe), md waste 

characterization (TCLP-hll Hist, con-osivity , i@t%lbility, reactivity, and the paint filter test). 

The sample plan was the same fbr boring 17ASB2 md 17ASB3. 

4.9.3.2.3. h a different %tea sf S U 17, three subsurface soil samples were 
collected from boring 17CSB1 at five foot intervals for total metals md explosives analysis. A 

composite of the entire hole was wbIfaitkd for T K ,  BTU, md waste c s l c e rka t i on  

lan was the same for boring 17CSB2. Drilling auger refusal was 

predicted in this area resulting in ms fewer smples being colkckd 

proposed in the Work PHan. Auger refusal was at approximately 15 

feet. 

4.9.3.2.4. Boring 17DSB9 produced six smples anrPB om csmposik, which were 

a b ~ E e d  for the same analyses as d e s c i w  in 4.9.3.2 -3 above. B&mk was not reached in 

this hole ma drilling had progressed beyond the depth predicted in the Work Plm. 
Therefore, m additional sample was taken. Boring 17BSB2 p r ~ d u c d  five smples and one 

composite, which were s u b ~ W  for the same adyses as 17DSB1. SWMU $7 subsdace 

soil QNQC samples hcHu&d %a field blank a d  three field dup%icates. 



4.9.3.2.5. Eight total subsurface soil samples were collected from S 

from each monitoring well bring. The samples were submitted for total metals analysis. The 
intention of the sampling was to d migration potentid of the metals from the lagoom 
to the New River. Therefore, the samples were taken fiam depth at or near the h g ~ o n  water 
levels a d  at or just below the lagoon bottom. The 31 3 boring was sampled c o n h m s l y  

with the Moss Sampler; the samples &om this boring are a wrnposi~  of the five foot spoon 
h ~ m d  (e.g., 31 A10 is the shallow sample cornposited from 9-10 feet). Asswkkd 
QMQG samples included a field blank, equipment blank, and a field duplicate. 

4.9.3.2.6. Two subsurface sail samples and one composite of the hole were takela 
from each of two soil borbgs at S U 48. The sMlowat sample from the b o ~ g  (48SM) 
in the upper disposal m a  was mdyzed f ~ r  expIosives, VOCs, SVBCs, and TPH. The deepest 
sample was d y z e d  for those parameters plus TOC. The composite from this hole was 
submitted f ~ r  BTU and waste chaacterhtion axdysis. The samples $%.om the boring (48SB5) 
in the lower d i spsd  were analyzed for SVOCs and TPH, with the deepest sample from 
the br ing  addi~smfly being analyzed for T W .  The composite fiom this hole was analyzed 

for BTUs and waste characterization. Sampling depth were based on PID readings a d  v i s d  
observations. 

4.9.3.2.7. Two submrface soil samples were eslkcted from each sf three monitoring 
well borhgs at S boring soqs were not led since this well was 
placed adjacent to the 48SB4 boring). The objective was to sample at the deepest level of 

tion, based on P D  readkg8 md visual evidence, and just below the deepest 
tiora. The sh!lower of the two samples from each well boring was analyzed for 

SVOCs and TPH. The deeper of the two samples was analyzed for those parameters plus 
TOC. h equipment blank and a trip blm& were submitted for QNQC pqoses .  

4.9.3.2.8. Two subsan~am soil samples from each of sixteen soil borhgs were 

proposed for S U 54. Due to d d l h g  rig access problem at the north mound, ody one 
subsurface soil sample was Wen at 54SBI5 @and augered to a depth of 6 feet). Therefore the 

total number of samples was 31. The samples were taken from just below visual evidence of 
propellant ash or from 6-12 inches if no ash was visible, and from my other areas of visible 

tion or just above the water table if' ea tion was not evident. A1 samples 

fl>. 
were analyzed for total metals and explosives with borhgs 54SB1, S$SBIQ, 54SB14, and 



54SB16 also king analyzed for TOC. Asswiatd QNQC samples hcluded a field blank, a 
trip blank, an equipment blank, and a field duplicate. 

4.9e3.2.9. As described in Subsection 4.4, two subsurface sod 

18 soil borbgs advanced in three different soil types were collected for the soil b z k g o d  

metals study. The samples were s~llected using conhuous split spmm so h t  the B and C 

soil h o r b m  could be identified. One soil sample from each of those $orb= was taken from 

each bring. M Ies were analyzed for total metals, Addi~od ly ,  four samples from 

each soil type were ~y~ for pH and TOG. Three field duplicaks (om from each soil 

type), one field blank, a d  one equipment blank were cofleckd ffsr QNQG purposes. The 

vim1 l soil c l a s S ~ a ~ o n  system was applied to the samples; a s of this 
infomeism L included fna Appnfix F. 

4.9.3.3.1. A total of 3 1 subsdace soil smpks  were submitted for geotechical 

analysis. The d y s e s  included particle size distribution, Atterberg limits, md Unified Soil 

Classification System (LJSCS) categorization. Nheteen of the 3% samples were collected froman 

U borings &%pith most of those c U 54. The other 12 les 

were taken during the backpomd metids study, four from each of the three soil types. Table 

4.5 presents a s ry of tbe g e o k c ~ c a l  smpIhg md analysis. 'The Iaboratory data far the 

geotecfical sampling is hcluded in Appendix F. 

4.9.3 -3.2. A1 &e geotechical samples were originally intended to be ~ ~ 1 1 ~ ~  using 

a Shelby tube ( a thin wdled sampling device). However, due to difficult drilling caused by 

gavel or h a d  conditions, little success was achieved wit31 the Shelby tube approach; only one 

I, could be obtained with this method. IgiScwsions with the geokcf icd  

laboratory project ger revealed that samples for the above listed p ters could be 
collected in luge jars without ana impact to tbe quality of the results. Therefore, most of %he 

geotehfnical smples were collected in two 16 omw jars for shipment to the 1abrator-y. 

4.9.4.0. 1. A total of 15 s & h n t  samples were taken &om surface water bodies 
.*...'--, (Stroubles Creek md the New River) md lagoons. Surface water samples were associated with 



AB samples were d y ~ d  for particle size &stripibubioah, 
Amrkrg limits, and Unified Sod Chdfiagon System 
(USCS) e2ltegorbatim. 



the New Ever &hen& and the Stroubles Creek sediments, but not the S 
sediments. 

4.9.4.1.1. TWQ sediment samples were collected from Stroubles Creek. SCSEI is 

associated with surface water sample SCSWl (ups of the facility) and SCSE2 is 

associated with SCSW2 (the discharge p i n t  of the creek into the New River). The sediments 
were led in J m u w  1995 during rehtivdy high, fast moving water condi~om. 'The 

samples were submitted for total metals, explosives, VCKs, SVOCs, TOC, and TOX. T k  
spring which was dete d by dye tracing to be the discharge point sf 

New Ever was also sampled in b m u ~  1995. Associated with sample SX3SW1, SPG3SE1 

was sampled for total metals, explosives, TOC, md TOX. QNQC s q I e s  included a field 

blank, an equipment blank, md a field duplicate. 

4.9.4.1.2. Six New Ever sediment smples, associated wih  the New River surface 

water samples, were collected in July 1995 (see Subsection 4.9.1). The samples were Wen 
during relatively c a h ,  %ow water conditions md were analyzed for total metals, explosives, 

VOCs, SVOCs, TOG, a d  TOX. A duplicate sample md rn equipment blank were col%ected 

for QNQC pupmes. 

4.9.4.2.1. Two sediment samples were collected &on% each of the thee lagoons at 

U 3 1. The objective of the smp1irn.g was to dete the potential for eventual disposal 

of the sediments. The samples were a d p d  for BTUs md waste characterization, with one 
of the two from each lagoon also being analyzed for T W .  Each sample was collected by 

cornpositing several hand arngered brings ffom one mea of the lagoon. The h d  auger was 

a d v c e d  as deeply as possible to c h k r k  the total sediment csl . Generally, the auger 

could not penetrate below six feet into the sedimentb ms procedure was repeated in the 

opposite comer sf the lagoon. The other lagoons were sampled in the same manner. 



,.<.:.-. 

4.9.5.0.1. Two propellant ash waste smples, one from each mound, were taken at 

U 54. The samples were s u b ~ e d  for waste characterization analysis (TCLP metals, 

comosivity, reactivity, ijgnitability, md the paint fdkr test). The samples were eoUecf&d by 

cornpositing four discrete samples k r n  u o u d  each ash pile in a stainless steel bowl. h 
equipment blank was also m b ~ m d  for QNQC purposes. 

4.10.0. I .  Ml drilling gemrated fluids, well development or purge water, or general 

deco on gemrated fluids were discharged to the facility's hdustrial treatment plant in 
accordance with the &%Bark Plm and past investigation field practices. No fluids were 

discharged directly to the ground. 

4.10.0.2. Soil cuttings were placed on heavy plastic sheeting and covered for 
protection from the e]Iements, or were placed directly hto D.Q.T. w-H drum, undl the 

results of the waste chaacterkation smplhg were known. When the analyses revealed that 

no hzifl:dous constituents were present, the soil was spread around the facility. Since the soil 

background metals boring% did not gemrate much soil ( s m l  diameter augers were used), and 

since the areas were chosen because they had never been @aced by facility activities, none 

of th is  soil was containerized. 



SECTION 5 

DATA 

5.1 DATA A G E m m  

5.1.8.1. The processing of data generated for the bdford RFI is crucial to the 
overdl success of the project. This section ou t lks  the data gement approach for 
m b ~ s s i o n  and codommce $0 the U%ACEqs requirements. 

MIS) is the data m m g e m n t  system used for the col%ection, vdi&tion, storage, 
retrieval, and presentatisrr of Imta%lation Xestoration and Base Closure data. 4% the hdford 
cheHlicaI md goetecmcal data must be entered using the USMC coding forms to 
enor free data Fies to the Installation Restoration (IR) central site for Baa1 verification and 
processing. Parsons I 3  established a data agement program that implemented the 
requkemtnts of the contract prmess md caHafamed to the policies and procedures of the 

mms. 

5.1.63.3. The Pmsom ES data gemem k m  was responsible far the 
hplemenilliow of the hdford REl &?a gement program. The k y  team members 
included the data manager and data base a 
control task coordinator. The QA coordinator sewed in an oversight role to emure 
adherence to the llX.DMS requbemnts through the perfomaxe of data and system audits. 

5.11.1.1. Ml of the samples co~~w;ted for the W f o r d  WI project were assigned a 
unique site ideaifica~sn number @s) for data identifieation. The Project Manager and the 

Field % e m  Leader assigned the site IDS prior to sampling to emwe proper usage and b 
prevent duplication. The fieHd tern members used sample labels and chb-ofasmdy  
records to identi@ s q 1 h g  Bmatiom. The USMC coding forms were &so used in the field 

/-. to collect d l  requhed H%BE$MS infoma~on. 



5.1.2.1. The two types of data and data Nes required for the IRDMS process were 

chemical and geotedmical. The geokchniczpl data files cesntairad info tion collected by 
the field sampling team during soil boring, well compwrction, monitoring md sampling 

activities rasing the agpropriak D M S  coding % o m .  The chemica% data files contained all 

the data associated with the laboratory certification and analysis of the project samples. 

Based on the sampling md analysis plan, the following types of data fdes were developed 

and used by the data 

GMA - m p  location coordinates for soil boring a d  sampling sites; 
GFD - geotechnicd field drilling, including bring log and well installation infomation; 
GWC - gestechical we11 construction data; md 
W S  - gestechnical gomdwater stabilized level (depth sf water fable below the surface). 

e CGW - chemical groundwater data files; 
e CSO - chemical soil data files; 
e CS W - chemical surface water data files; md 
e GSE - chemical sediment data files 

5.1.3. I. The overall data mmgemer%$ was directed by Piirsosas ES with support fiom 

its contract laboratory, Data Chem Laboratories @CE) of Salt M e  City, Utah, DCL 
provided the initial chemical and geokchnical electronic data files development wMe Parsons 

I23 performed the quality control work. Figure 5.1 illustrates the lRDha%S Data Mmgement 

phases from data entry to f m l  acceptance into the system. 

5.1.3.2. h Phase I of the IRDMS Data Mmgement Process, the chemical, 

geotechial and m p  data is accmuIated and entered into the BWTSMS PC-based data entry 

program. The field sampIhg t a m  collects the map, geotecanical, and wdl construction data 
at the outset of the project. The chefical data files development is performed by DCL using 

the PC-based MS data entry and validation system. All the coding f o m  are 



IRDMIS DATA MANAGEMENT PHASES 

PHASE 1 - PC-BASED D A M  ENTRY PHASE 

MAP FEATURES 

PHASE 2 - 
QUALIW 

MPHASE 3 - LEGAL PHASE (PYRAMID) CONTROL 



developed md submitted to DCE by the Pusom ES fidd tern as p a t  sf the fidd sampling 

process. The data gement reviews the geotedmical c&hg f o m  prior to 

s u b ~ m 1  to DCL. At the completion of the chemical data analysis, DCL submits the 

chemical data, via hard copy and electro.c diskette, to the Pasom I 3  data gement 
tern. The Pusom data hen incorporates the MAP, GFD, and GWC Files, md 
compleks the IRDMS QC chec s completed work effort is then submitted as "Level 
1" data. Shce there were two r of sampling, this process was done twice t~ complete 
the Level 1 work effort. 

5,1.3.3. In Phase II the data is processed to emwe its integrity prior to f m l  
s u b ~ w  in JB.DMIS. The c h e ~ c d  data fdes were them t r m d k d  by DCE to Pusom ES. 
The data gement tern &en combined the submissions for all sampling Bots, using the 

IRDMS data enmy and validation system to combine the chemical data with the 

Moma~oam collected earlier in the process. This portion of the data management efioa 
constituted the completion of the WBMS data set. The data wwas then mn through the 

IRDWS group check md record chmb. Any detected e m r s  were ~ o n e c t d  in ~(~njunction 
with DCE and the field sampling t e r n ,  The error-free submission was thew t r m d a e d  on 

,*..- 
diskette to the USAEC data gement subeontractor who uploaded the files h to  the 

mMS.  At this stage the data is considered at "Level 2" submission . There were two sets 

of chemical data submitted to USmC coda to the two rounds of sapl ing  performed 

on the project. The first submission consisted of 114 lots of chemical data md was 
completed in July 1995. The second submission consisted of 67 lots of chemical data and 

was completed in late September 1995. 

5.$.3.4a In Phase ID sf  &e lRDMS process the data wwas checked by the U S m C  
database contractor for submission kto the "pyramid" or the Oracle data base. If my 

problem did exist with the Level 2 data it would then be re d to Parsons ES for 

correction. The two sets of &ga submitted to USMC were free of errors and hence were 

successhlly incorporated into WMS (Level 3 data). 

5.1.4.1. Relatively few difficulties were e n c o m ~ d  during &e data collection a d  

QC process. The few minor errors were resolved easily in discussism between the Parsons 
<-.m*, ES data gemewt tern me% DCE. The submission sf the second data set for Level 3 



A..7.TT. 
approval was delayed approximately one-month causing a pos$omment in the initial report 

submiml date. Under the existing system, until the chemical data is accepted as part of the 

m W S  data base the analysis of the f d  data review for the WI c m o t  be pPfom&. 

5.2 DATA QUmIm 

5.2.0.1. Parsom-ES conducted two sampling events at for the WI .  The 
sampling events were conducted during January and July 1995. All work was performed in 

ac~orchnce with the Work Plan and Quality Assurance Project Plan (QAPP) to emwe 

generation of legally defensible data. 

5.2.0.2. A total of appro ly 245 groundwater, surface water, soil, sediment, 

 PA^ associated field quality control smples were coUecteB during the two smplhg  events. 

The field quality control smples co%%ectd included the following types: trip $%a&, 

equipment blanks, field bl , aqueous field duplicates, md soilbsedhent fieid replicates. 

The samples were analyzed for volatile organics g$"OCs), semivolatile organics (SVOCs), 

metals, explosives, md the following wet chemistry parameters: hardness, total organic 
.-, halogens (TOX), total petro1et-m hydrocarbons (TPH), ctloride, and total organic carbon 

(TOC). All analyses were pedomed by DCE following the analytical mehods specified in 
the QHP.  See Tables 4.3 and 4.4 for a complete list sf  smp%e s and analyses. 

5.2.0.3. 'This Data Quality Assurance (QA) Su Section presents a s u m a q  

and assessment of the ~ 1 y t i c a 1  diata generated for the two sampling events. All data 

submitted by the laboratory have been evaluated using the quality assurance objecti~es and 
the data va%idatisn procedures described in the QMP. All data were validated after EUIMIS 

Level 3 was attained. Data S my Tables are included as Appendix G. 

5.2.0.4. This section addresses ody those problems affecting the usability of h e  

data. A discussisw of data validation qualifiers (flags) applied to the data and reasons for the 

qualifier is dso presented. A glossary of the data validation qualifiers is presented at the end 

of the section. This report is organized by sampling event. Details conce&g the smples, 

analytical parameters3 and quality mntrol problem leading to rejection or qualification of 

data for each sampling event is presented below. 



5 -2.63.5. Any QC problem leading Qs rejection of data [qualified as musable (''R'')] 
are discussed in the Section for each sampling event. Deviations from the QAPP 
or the mlyticd a discussion of the overdl usability of the &GI are also 
p~~$t2~1@d in this section. QC problem Beding to qMi@hg of data as e 

presented in the Mhor hoblem Section. Details eona&g samples and target mdytes 

aEixted are also presented in &is section. 

5 .2.%.0.1. A total of appro~knakly 168 smples were collected during the January 
e 

1995 sampling event. The smples coUected included 31 aqueous (pmdwakf  and surface 

water) s a l e s  and 135 solid (sediment a d  soil) smp1es. The aqueous smples kcludd the 

following field quality control samples: 3 trip M , 7 equipment bl 1 

aqueous field dapGeate, and 9 solid field replicates. 

5.2.1.8.2. The environmental samples were analyzed for one or more of the 

following gameers :  VOCs, SVOCs, explosives, metals, and the wet chemistry parmeters 

listed above, using the mBytial methods specified in the QMP. The field duplicates, and 

were analyzed for the same parameters as the associated envkomental samples. 

smples were analyzed for VOCs only. The field blank smples included the 

and the equipment blanks. 

5.2.1.1.1. Except as indicated in this section, the samples were cofleckd, prepwed 

and analyzed foUowhg the procedures described in the Work Plan and the QMP. Except as 

indicated in this section, all samples were prepared a d  analyzed witbin the holding h e s  

specified in the QMP for the respective d y t i c a l  methods. The types and number of field 

a d  laboratov QC samples collected and ~ g r ~  met the QA objectives specified in the 

Q N P -  

5.2.1.1.2. No mjor  QC problem leading to rejection of data were found during 
validation of the data for the January 1995 sampling event. The data as submitted by the 

laboratory and qualified following data vdi&tisn are usable for the purposes of tlhis project. 

The overall complekness for the data generated is greater than 90 percent, tibe QA objective. 



Some samples required dilution due to ma& interferences or levels of target ana1ytes above 

the calibration range for the analytical method. The reporting limits for aEaM samples 

were adjusted by the laboratory to refleet the necmsq  dilutism. Generally, the reporting 

limits for undiluted samples met the QAPP objectives for detection Iimits. 

labratory and field blank co 
outliers; outliers and presewa~on and storage problem. me "JJ' qualifier is used to indicate 

estimated results. The flag indicates that tbe analyte was positively identified but the 

associated vdue anay be imprecise due to QC problem. Subscripts (e.g., J 1, J2, etc.) have 

been added to the "J" flag to indicate the nature of the QC problem (see data validation 

qualifiers glossary). 

5 -2.1 2.2. Specific QC problem encountered included: 

e Several VOC target mdytes were detected in field QC smp1es associated with 

the J m u v  '1 995 samples. Target arndytes concerned we 1 ,I, l =~eMoroeB%sme, 

lY2-dieMomeWe, acetone, md methylene cHoride. No data have been 
qualified since the affected mdytes were not detected h m y  s f  the associated 

samples. 

a Seved target SVOCs were detected in the laboratory bl associated with 

these samples: 2,4-dinibophenoE, 2,4-dicMoropheno1, diet$aylph~date, 2- 

chlorophens1, di-%n-bu~lph&datee Of the target l t y t e s  listed, only di-m- 

buegrlph&date WEIS detected in .wso~i&ed samples. Reported results for di-n- 

buvlph~date  for samples SCSE2 and SCSE3 have been qualified as estimated 

md flagged "J 1 "'. 



e The labomtory conbol les 0 associated with the explosives analysis for 
these samples contained aceway outliers for %]he following target explosives: 

luene, md cycbnite. Reported results for 
these d f l e s  in the associated samples have been qualified as es 

flagged "J4/LT.JP. 

e Target metals, b&m,  lead, and c h o ~ m ,  were detected in soil laboratory 

associated with these smples. Reported results for these m d p e s  in the 

associated soil samples have been qualified as estimated and flaggad "Jl". 
e The result reported for kry1Him for sample 31MW4 has been flagged "'$5". 

'This flag indicates the reported result is greater &an the in nt detection 

limit @DL) but Iess than the reporting limit. The reported result should be 

considered as estimated. 
e4 The laboratory control sample &CS) associated ~ 4 t h  the soil md sediment 

samples conbimed accuracy (5% recovery) outliers far the following *get 

metals: arsenic, m e r c y ,  lead, silver, b&m, ~~~, ck~mium,  nickel, md 

thallium. Reported results for these m e a s  in the associated samples have been 

ed md flagged aJ4AJ949 OX. 'g969'. Reported results for lead 

md c h o ~ u ,  already qualified due to blank co ion have been fl~gged 

"JQ". 
o aahe laboratof9~ control sample &CS) associated with the aqueous samples in this 

sampling event contained accwacy (% recovery) outliers for the fo'llowing target 

metals: barium, berllim, antimony, md c h o f i m .  Repoded results for these 

metals in the aqueous samples have been qualified as estimated and flagged 

"MA.JJ4''. 

@ The laborato~ reported presewation OH storage problems associated with 

reported results for totid organic carbon (TW) and total organic halogem 

(TOW for sample SCSW2. The results reported for these malytes for th is  

sample have been qualified as estimated and flagged "'J'S". 



5.2.2.0.1. A total of appro les w a  c~%lect& d u k g  the second 
sampling event. The samples were collected in July 1995. The samples collected included 
30 aqumus samples a d  43 sediment samples. The aqueous smples k luded the following 

field qmli$$r cantro1 samples: 4 trip bl , 3 equipment bl 
water field duplicate and 4 s s W s & h d  field replicates. Surface water sample m S W 8  was 

coUecwd a a duplicate of sample NRSWS. The following soWsedhent smples were 

collated in replicate: BG4CUCDBG4CUC17; IBWBBLBBWBBL5; E8/NWB; a d  

BGSCWBBGSCm8e 

5.2.2.0.2. The envkomenta1 smpIes were m l y z d  for one or more of the 
followhg parameters: VBCs, SVOCs, expiosives, metals, and the wet chemistry pameters 

listed above. The field duplicates, replicates, and field bl were analyzed for the same 
parameters as the associated e n v k ~ m e n ~ l  samples. The trip bl were analyzed for 

VOCs only. 

5.2.2.1.1. Except as indicated b this section, the samples were collected, prepared 

and analyzed followhg the procedures described h Hfe Work Plan and the QMP. Mso, 

except as indicated in this section, d l  samples were prepared a d  analyzed within the holding 

times specified in the Q M P  for the respective analytical methods. The number md types of 

field md laboratoq QC samples colIected a d  analyzed met the QA objectives specified in 
the QNP.  The data as submitted by the %iB%)oratomes and qudifid as indicated are usable 

for the puqoses of this project. Tke overdl completeness for the second sampling event is 

90 percent, the QA objective. 

5.2.2.1.2. During the s q l f n g  event, the laboratory reported that several samples 

were received above the requked temperature. The laboratory hdicated the temperature 

problem were due to preservation or storage problem; however, the field sampling tern  

confumed that the problem was due to the unusdy high temperatures at the site during 

collection of the samples. 33x2 field smplhg team undedmk several comedive actions to 

solve the problem hcldirmg increasing the mount of ice included in the sample coolers as 
well as collecting the samples as early as possible. Finally, a$e decision was made to 



recollect those samples which had been received at the Iaboratory with a temperature greater 
, *,77\ 

than 8'C. 

5.22.1.3. Smples received by the ]Laboratory at or less 8°C were analyzed as 
required. Reported results for these samples have k n  qualified as estimated and flagged 
" J7/UJ'7". ~ b ~ l e s  affected by this problem are a fouows: 

@ SVOC results reported for the fo'sllohg aqueous les have been flagged 
"UJ7/J%" due to the temperature problem: W5, T+IRSBNS, bII'tSEEQ, and 
mSWr%;B. 

@ SV0C results reported for the folb*g soiYse&ment samples have been 

Gagged "UJ7/J%" due to the temperatme problem: PI$WSES, md 
c3 TOX results reported for the folI1owhg samples have been flagged "UJVJ7" due 

to the temperature problem: 54MW2,54MW3, and FJR.SW8. 
e TOC results reported for the folIowing saplles have been Wagged "UJ3/J7" due 

to the ternperatme problem: 54MW2,54MW3, me% NTtSW8. 
SD The result reported for cHfloHide for sample NRSW8 has dso been flagged "JT' 

due to the temperature problem. 

5,2.2.2.1. QC problems leading to qua%ificaPioar of d a  as estimated included: 

tion, and accurxy outliers. The "J" flag is used to indicate 

results qualified as es to a QG problem. This flag indicates that the am%g%e was 
analyzed for but the reported result (detect or nondetect) may be imprecise due to QC 
problem. Subscripts have been added to the "J" Wag to indicate the nature of the QC 

problem. 

Q The labratory reported cdibration problem associated with the result reported 

for total xylenes for the following samples: NRSW1, 
/.m 

bRSW4, PaWSW5, 'MP%SW8, 48MW1, 48MW2,48MWP, T-JRSEEQ, NRS 



3, BRSEZ, NRSE2, NRSE3, 
ese results hive been flagged "UJ8" md 

shodd be considered esbates ,  
@ astss~ciated with these sep les  conGned VOC target mdfles: 

acetone, md rnetbylene cMoPide. T%e result reported for 

has been flagged "Jb" due to the blank c 

6% e labratory reported that results for e target explosives 

cyclotekmethyIenetetr~mhe (for sample 54MW3) and %,4,6- 

trinitrotoluene (for sample E5) were not co ed by csfip~wlatiogna8 

d y s e s .  These results have been qualified as estimated md flagged "Jb 0". 
o 771% laboratory sepohQed calibration problems associated with the result reported 

fir  the target explosive cyclonite for sample 54MW2. The reported result has 
been flagged "UJ8" due to the calibration problems. 

Q The soiUsediment laboratory blank associated with Lot A T M  contained the 

target metals barium md c h ~ m .  Reported results for these metals in the 

associated samples have been qualified as e ed mcf flagged "J B ". 
Q The soil. laboratory blank associated with Lot ATWQ contained the target metal 

barim. Reported results for this metal in $he associated samples have been 

qualified as estimated and flagged "bl ". 
Q The sediment laboratory blank associated with Lot AUCG cohtaised the target 

metals b & m  and chomiw.  Reported results for these metals in the 

associated sediment samples have been qualified as e ated and flagged "J% ". 

U The midfit was analyzed for and is not present above the level sf the associated 

value. The associated numerical vdue indicates the approximate caancen%aatismp, 

necessary to detect the armdyte in the sample. 

J The malyte was mlyzed for md was positively identified, but the asociafed 

muwlerical v d m  may be imprecise due to ~ O Q C  momdy. The data is considered 



usable for m y  pqoses.  A subscript has been appended to the "J" flag to 
indicate the QC anomaly involved: 
h d y t e  detected in the fidd or labratory Ma& associated with this sample. 

Reported r e s d  should be considered e h a t e d  md biased high. 
Reported result exceeded the cdibrafion range for the ins ent and method 

and should be considered estimated. S m p k  should have been diluted md 

y& to sacwe more accurate result. 

Holding t h e  violation reporbed. Sample prqm& c r ~ s  d y z e d  outside the 
specified h01chg h e  for the method. Repoded result shouId be considered 
bised low. 

Accuracy or precision outlier reposed for QC r e d &  associated ~h tbe 

reported resuit. Reported result should be considered estimated. 

Reported results greater than the MDL but less the PWE md shsdd be 

considered estimated. 

Mdtiple QC criteria outside acceptance Ih i t s  (e.g., precision md accuracy 

outliers). 

Presemati~dstsrage problems reported for this sample. Reported results should 

be considered e 

Cdibmtion or internal standard outliers reported for this sample. Reported 

results should be considered estimated. 

Repoad results have been qualified as estimated due to matrix interferences in 

the affected sample. 

The reported result was not cod=& by codmationd analysis. The results 

on the primary and c o d d s n  col for this d y t e  do not agree. 

A combination of the "U" and "J" flags* The a%~a1yte was analyzed for but was 

not detected. The reported detection l&it has been qualified due to a QC 

m o d y .  The subscripts defined above for the " r h d i f i e r  also applies to the 

"UYqdifier. 

The reported result bas been qdif ied as musable due ro grass violatiom of one 
or more quality control criteria. 'IlGs flag does not ad&ess the presence or 

absence of h e  mdyte of mncern rather it addressed one or more major QC 
problems associated with the reported result. If the m d p e  qualified is critical to 

the project, resampling and reanalysis sf the qualified result may be required. 
Result reported from diluted sample m. See "3%"' above. 



SECTEON 6 

RISK ASSESSmNT 

6.1.1 .I. 'The objectives of this baselbe risk assessment are to help deternine the 

necessity of additional response actions at ; to provide a basis for determining elemup 

levels that adequately protect publie health md the environmaent; to provide a basis for 

compariang various remedial dtematives; and to detefine if remediation is wmmted (USEPA, 

f 989~). The focus s f  th is  assessment is the h u m  hedth risk from exposure to chemicals in 

soil, surface water, sediments a d  groundwater. 

6-1.1.2. Risk assessment is the technical evaluation of the natwe md magnitude of 
. .7.\ 

potential risk; a baseline TSC assessment is m d y s i s  sf  the potential for adverse effects 

(current or &me) that could be caused by dous substance releases &om a site in the 

absence of my action to c0nb01 or mitigate these releases. The objective ofthe baseline risk 

assessment for is to obtain idomatisan ahat em be used in the f o l l o ~ n g  decision 

processes: 

8 Ts document the magnitude of potentid risk at a site, md to identify the primary 

causes of the potentid risk; 
s To determine whether additional response action is ne~essay at a particular 

S ; md 
a To help support the se%ection sf the '"0-action" remedial alternative at 

appropriate sites. 

6.1.1.3. This Hisk assessment atas c~nducted in accordance with USEPA guidance 

including the Risk Assessment Guidance for 2hper-mi Human Headdla Evaluation Manual 

(RAGS> (USEPA, %989c), the Supplemepp~cpl Guidance PO G Calculating the 
.r.n ~oncenD-adion Tern (USEPA, 1992c), the CERCU Comp8dance with Other L w s  Manual 



SECTION 6 

RISK ASSESSmW 

6.1.1.1. The objec.ves sf t i i s  baselhe risk assessment are to help determine the 

necessity of additional response actions at ; to provide a basis for determining cleanup 

levels that adequately protect public health and the environment; to provide a basis for 

comparing various remedial dternatives; a d  to determine if rernedia%iosn is warranted (USEPA, 
1988~). The %bcm of this assessment is the human health risk fism exposure to ckemicds in 
soil, surface water, s e h e n t s  and gsudwater. 

6.1.1.2. Risk assessment is the technical evdutisn of the nature and magnitude of 

potentid risk; a baseline risk assessment is m d y s i s  of the potentid for adverse effects 

(cment OK fitwe) &at ce6)uId be caused by dsus s u b w e e  releases from a site in the 

absence of my action to control or mitig~te these releases. The objective of the baseline risk 

assessment for is to obtain infomation h t  can be wed in the fol%owbg decision 

processes: 

8 TO docuent  the magniltrade of potentid risk at a site, a d  to identify the p k v  

causes of the potentid risk; 
8 e whether additional response action is necessary at a ptxticda 

o To help support the selection of the ssns-action" remedial dkmative at 

appropHiate sites. 

6.1 .I .3. Tkis risk assessment was condusted in accorbce  with USEPA guidance 
kcluting the Risk Assessment Guidance fir  Superfind Human Health Evaluation Manual 
(RAGS) (LJSEPA, I989c), the Supplemental hidance to RAGS: Calculating the 

Comentrarr'on Term (USEPA, 1 9 9 2 ~ ) ~  the CERCU Compliance with Other Laws Manual 



(USEPA, 1988) a d  sther supprthg documents. These guidance documents provide dhecti~n 

on evaluating the nature s f  chemical r e~eses  the site, the potatid pathways for hmm 
exposure, and deteminbg the potential &eat to public health md the e n ~ o m e n t  as a result 

of such releases. A typical R C M  risk assessment nomdly encompasses a comp&ssa 0% 

smpIhg data to bed&-baed numbers (HBNs) or msk-based concenka~om (RBCS) to 

determine if these eoncematiom pose a risk of adverse health effects through human expsme. 

Howevers is currently negotiating a Federal Facility Agreement with the USEPA. Once 

approved, the fzi1it-y will fd mder the @ h c e  of the Comprehensive Envkomentd 

Response, Compema~oq and Liability Act (CERCLA) division of the USEPA. To avoid my 

potatid fitwe problem with remedid alternatives based upon a WCM risk assessmen< a 
decision was made by USmC to follow CEKEA guidance for the assessment of h m m  

health risk. 

The following steps were completed sequentidly for the wdmtion for each S 

e Identification of chemicals of potentid concern; 
e Exposure assessment; 

@ Toxicity assessment; and 

e Risk c h m c t e ~ m ~ o n .  

6-12 1 .  The &-st step of this evaluation consisted of assessing fhe available sampling 

dab  a d  dete 
* * 

g exposure point concent~atiom for each medim. A preliminary 

wneeptad site model was developed to assist in this analysis. Data collected during the 

Pasom ES sapp~pIkg events, as well as from other hvestigatisns (a appropiate), were 

included for evdmtion as e h e ~ c d s  of potentid concern. 

6.1 -2.2. The data were evduated f o de e suitability for we in %ae ksk assessment, 

and were then used to cdcdate a representative concentration for each claemicd sf potentid 

concern. The d c d a t e d  concentration represents a specific medim md predicts the 

concenba~sas available for intake by potentidly exposed popdatiom. 



6.1.2.3. The second step is the exposme assessment, which e s the type mdl 
magnitude of exposures to the p t d d  c h e ~ d s  of concern that me present at or migrating 

from a site. t$HP exposwe p d w a y  desribes how a p p d a ~ o n  can be exposed to e h e i c d s  at a 

site. A comp1ekd exposure pa&way comprises the following elements: 

e4 A some andl mechanism for chemical release; 
@ An e n ~ o m e n s l  

An exposure point; and 
@ A human receptor md a feasible route of exposue at the eaoswe point. 

A pathway is not complete d e s s  each element is present. 

6.1.2.4. The reh.om~p between the toxicity of a ehernicd, the potential exposure to 

&at c h e ~ c d ?  md the potemaid for or severity of adverse health eEects is developed in the third 

step. C h e ~ c d s  that do not have toxicity infomati~n available are identified and evaluated 

qdikdvely when possible. Additionally, adjustments are made to ord toxicity Somation to 

quantitatively evduate, where possible, gotentid dermal exposures. 

6.1 2 . 5 .  The exposwe assessment a d  the to%ieiQ evaluation are coupled and a 

quantitative representation sf the nature and magnitude of risk is derived in the find step. Also, 

the meerbinties inherent in the data evdmtion, in the exposure asmptions, in the available 
toxicity Somation, and in the risk qw%i%sbti~n are assessed in this step. 

6.2 SELECTION OF C m m C f i S  OF CBNCEm 

resdts &om the 1995 field investigation effort at me 

s New River or Stroubles Creek) in Tables 6.1 though 6.4. The 

results from these hvediga~oaas me used as the basis for selecting c h e ~ c d s  of potentid 

eonern at the areas mder investigation during this WI. C h e ~ c d s  of potentid concern are 

c h e d d s  identified at a site that may be QW to heal&. 











@ the presence and levels of co 
CD whether ?.he Ievels of site-related chemicals diRes &om 

backgoll~~d levels; and 
Q To detemine whether the analytical data me adequate to evaluate exposure 

concen~a~om.  

€9 Gather d l  data available from the site hvatigation md sort by medim; 
e4 Evduate the quality of the data with respect to sample qutibtieen %hi%%; 
Q Evdmte my tentatively identified compsmds (TICS); 
@ Compare ehe potentid site-related co ion with backgomd; md 

a Develop a set s f  data for use in the risk assessment. 

6a2.1.1. All available a d  relevant malyticd data from the 1995 sampling events were 
collected and sorted by media. The media for which analytical data are available include: 

gowdwate~,  surface water, sediments and soils. The soil mdficd data were sorted into two 

categories: surface soils and subsdace soils. The surface soil data includes d l  soil samples 

taken from 0 to 1.5 feet below ground surface (bgs), and the subsdace soil data includes dl 

data deeper than 1.5 feet bgs. These depth intervals were chosen to account for shallow depths 

that may expose site workers and deeper meas I&ely ody to directly expose corntruetion 

workers. The 0 to 1.5 foot depth interval was dso chosen because a Eage number of soil 
samples collected were in th is  depth m g e ,  md it was determined h t  this would be 

representative sf s d a c e  soils at 

6.2.1.2. The data were evaluated to dete if quality and certainty of analysis are 

similar between sampling periods. Under RAGS guidance (USEPA f 989~1, d l  compatible data 
are used fir risk assessment purposes. Groundwater data for metals &om the J 1995 

sampling event were replaced with the July 1995 data since only dissolved metals were 

d y a e d  in J m x y ,  The exception to this selection was if a dissolved metals concentration 

detected $wing the January, 1995 sampling event was not detected during the July 4995 

sapl ing  event. Therefore, d e s s  a significant coneexatration of a compomd was found in a 



J m u q  dissolved metals sample, only groundwater data for metals from the July 1995 

sampling event were retained for mdysis. 

6.2.1.3. Certain mdytes were not detected in every sample collected md analyzed at 

P, The data set contains some smples with positive results md others with non-detected 

results. Chemicds tihat have not been detected in my samples of a particular medium at a 

SWMU were eliminated from evaluation. 

6.2.2.0.1. As described in Subsection 4.4 of this report, Parsons ES conducted a soif 

background metals study as part of the RFI sampling at RAAP. This study was conducted to 

determine the potentid presence and extent of inorganic chemical contamination at R M P .  

SWMU soil metals smples were characterized md compxed to background soil metals 

csncentratisns using statistical analyses to determine whether SWMU data were significantly 

greater than background. A previous surface soil background study was conducted at RAAP 

(Dames & Moore, 1992a). However, data from this study are not used in the statistical mdysis 

presented below because of the USEPA identified deficiencies in the soil types sampled and the 

validity of making comparisons with samples taken at depth (SCS 1985a; 1985b). Therefore, 

the Dames & Moore derived soil back~ound levels will only be used for qualitative 

comparisons to SWMU surface soil samples. 

6.2.2.0.2. FOP each subset of data described below, background distributions were 

characterized for each metal, a tolerance limit was cconstmcted for that metal from the 

background distribution, md the S U samples were individually compared to the tolerance 

limit. These cdculations md data tables are presented in Appendix H. If my individual 

SWMU sample exceeded the cdculated tolerance limit for a metal, then that S W W  was 

considered contaminated by that metal. Because m y  soil metds concentrations follow 

l o p o m d  distributions, d1 dist~bution-dependent, parametric mdyses (such as the Shapiro 

Wilk test for normality and the n o m d  tokrmce limit) are conducted using %ognoma1Hy- 

trmsfomed data unless otherwise noted. All su q results, however, are presented as 

untrmsfomed data. The testing methaadojogy and the results we s u m m ~ z e d  below. 



6.2.2.1.2. The first step in the analytical process was to chaacterize the SWMU soil 

metals and background data. The soil smples collected during this sampling event were from 

thee  soil types (Unison-Urban Land Complex, Wheeling h a m ,  and Brddoek h a m )  and from 

two soil horizons (B and C; see Subsection 3.4 of this document for a discussion of the physicd 

characteristics sf  these soils md Subsectisn 4.4 for a description of sampling procedures); 

therefore, the statistical analyses were tailored to these soil tpeshorizons. Hmn addition, the four 

sampling locations at SWMU 17 (I'SA, B7B, 67C, and 17D) were grouped for analysis. In this 

grouping, sampling area 17A was considered separately from sampling areas 17B, 17C, md 

l7D, which were considered as one goup for the purposes of this analysis. These 

determinations were baed  on usage history md the relative proximity and similarity of %7B, 

17C, and 17D, and their relative distance from 17A. Ml background and SWMU smple  data 

were first grouped by soil type and soil horizon, creating 10 subsets of SWMU data and 6 

subsets of background data (See Table 6.5). Each subset of SWMU data was then analyzed 

against the appropriate subset of backgoumd data, ensuring that each S sample was 

compared to a background distribution from a similar soil type md soil horizon. 

6.2.2-1.3. The background distribution of each metal was characterized for each soil 

type for each soil horizon. Preliminary tests were used to determine whether the background 

smples were nomdly distributed, and thus which method sf calculating the tokrmce limit 

was appropriate. If the assumptions of nomality were met, then the SWMU data were 

compared to the background distribution using the n o m d  tolermce limit. E the assumptions of 

normality were not met for background, then the SWMU data were compared to bxkgound 

using a Poisson-based tolerance limit. 

6.2.2.1.4. The first normality screen was the percentage sf nondetects in the 

background distxibution. Following EPA pidance (USEPA 1989b, USEPA 1992b9 and 

telephone conversations with J. Brown, EPA Headquarters), if the background distribution had 

>50% nnsndetect (ND) values, then it was assumed to be nonnsmd md  SWMU data 

compdsorns were conducted using the Poisson-baed tolerance limits. For distributions where 

0 5 ND% 215,  d l  nondetect values were replaced with hdf  of their sample qumtitation limits 

md the distributions were tested for normality using the Shapiro Wilk normality test. If this 

test indicated that the backgonnd data were nomdly distributed, then comparisons were 

conducted using norrand tolerance limits. 



"FABLE 6.5 
Background Sample Matrix 

Badford Army Ammuniti~n Plant 

Braddock Loam 
Braddock Lorn 
Unison-Urban Lmd Complex 
Unison-&Tn"gan Land CornpHex 
Unison-Urban Em$ Complex 
Unison-Urban Emd Complex 
Weeling Sandy Lorn 
m ~ l i n g  Sandy h a r m  
Wheeling Sandy Lorn 



6.2.2.1.5. X the percentage of nondetecb was 15 5 ND% 558, then the nomdity of the 

background data was tested using the Shapiro Wilk test of nomdility on only detected values, If 

the Shapiro Wilk test determined that the distribution of the detected values was now-maornard, 

then the c o m p ~ s a n s  were conducted using Poisson-based tolerance limits as discussed abve .  

However, if the Shapiro Wilk test determined that the distributism sf the detected vdues was 

nomd,  then the mean and standard deviation of the distribution were adjusted using either 

Cohen9s adjustment or Aitchison's adjustment, IFhe appropriateness of these adjustments was 

determined using censored vs. detects-only probability plots, and determining whlch plot was 

most linear ( See USEPA 1992b for a discussion of these methodologies). In only two cases 

was the percentage sf nondetects for a metd between 15 md 56% Qmenic for soil horizons B 
and C fop. the Urban Complex soil type), md, in these cases, neither the detects-only n ~ r  the 

censored probability plot appeared linear. Therefore, the data were mdyzed basing Poisson- 

based tolerance limits. 

6.2.2.1.6. Upper tolermce limits were then cdcanlated for each background metd 

distribution using either the womd upper tolermce limit fornula or the Poisson-based 

tolermce limit formula aceording to the criteria discussed above (See USEPA 198% and 

USEPA 1992b). The limits calculated were 95% upper tolerance Himits at the 95% confidence 

level. Analysis at this level indicates a 95% confidence level that 95% of the values of the 

background distribution would lie below h e  tolermce limit. SWMU metals vderes falling 

above these limits are considered to be significantly different from background, and thus are 

considered in the risk assessment. 

6.2.2.1.7. Following EPA guidance, (USEPA 1989b and USEPA 1992b) the tolerance 

limit tests for each metal are applied by compkng each SWMU sampling point against the 

upper tolermce limit cdculated for that soil type and soil horizon. If my one of the SWMU 

sampling values lies above the upper tolermce limit, then this value is considered in the risk 

assessment. 

62.2.2.1. The results are s u d z e d  in Tables 6.6 thmugh 6.12. The following results 

are subdivided by SWMU, and then by soil horizon. Sample locations are shown by SWMU in 

'*?.-.+., 
the Find W C U  Facility Investigation Work Plan (Pasons ES, 1994). 



6.2,2.2.2. S f7A: Three samples were taken in soil hofizon B at SWMU 13A. 

Cornpaison to U~son-Urbm L a d  Complex data indicated that SWMU smples exceeded 

background for antimony, arsenic, caclmim, chromium, nickel, md silver. I7ASBI 

contributed the highest metals concentrations for each of the metals which exceeded 

background. Thirteen samples were taken in soil horizon C at SWMU H7A. The only 

exceedmces of background in soil horizon C were menic, lead, md silver, possibly due to the 

fact that the soil contamination characterized by l3ASB 1 was localized in soil horizon B. 

6.2.2.2.3. S W m s  17B,C,D: Four smples were taken in soil horizon B at SWMU 
%7B,C,B. The only exceedmce of background was I of 4 samples exceeding for arsenic. 

Fifteen smples were taken in soil horizon @ at this SWMU. Beryllium, cadmium, and Bead 

exceeded backgomd in B of the 15 smples (17CSB2149) this soil horizon. Although one 

surface soil sm-ple was collected at SWMU 17.4 md two surface soil samples were collected at 

SWMU 17B, appropriate background smples are not available for statisticaliy rigorous 

comp&sons. However, existing bxkground surface soil data (Dames & Moore, 1992a) are 

used for qualitative comparisons in Subsection 7.5 of this report. 

,, .--., 
6.2.2.2.4. S 31: No soil samples were taken in soil horizon B. Nine samples 

were taken in soil horizon C. Beryllium exceeded background. 

6.2.2.2.5. SWMU 48: Samples collected in soil horizons B m d  C were not analyzed for 

metals. Although several surface ssil samples were collected, appropriate backgound smples 

were not available for statistically rigorous csmpmiissn. However, background surface soil 

smples (Dames & Moore, 1992a) are used for quditiative comparisons in Subsection 9.5 of 

this report. 

6.2.2.2.6. S W W  54: Fourteen samples were taken in ssil horizon B at SWMU 54. 

Comparison to Wheeling h a m  background data indicated cadmium, lead, and mercury exceed 

background in this soil horizon. Nineteen samples were taken in soil horizon C zt S 

and only beryllium and Bead exceeded background. 



TABLE 6.6 
S W m  17A, Soil Horizon B 

Samples Exceeding Background 
Radford Army Ammuwitiic~n Plant 

71.26 16,349.4 No 

6002.6 No 

406.6 Yes 



TABLE Q,7 
SWMU lah, Soil Horizon C 

Samples Exceding Background 
Radhrd A m y  Ammunition Plant 



TABLE 6.7 
S W m  17A, Soil Horizon C 

Samples Exceding Background 
Radford Army Ammunition Plant 



TABLE 6.8 
S W W  I'?BCB, Soil Horizon B 
Ssmplle Excwdimg Bsckgmund 

Radford Army Ammunitioaa Plant 



TABLE 6.9 
S W m  P7BCD, Soil Horizon C 
Samples Exceeding Benckgroumd 

Wadford Army Amrn~aaaitlaan Plant 



TABLE 6.9 
SWMU 17B@D, $03 Horizon C 
SampBes Exceeding Background 

Weadford Army Ammunition Plant 



TABLE 6.10 
SWMU 31, Soil Horizon C 

Sam~ples Exceeding Background 
Radford Army Aeramsmxai~ore Piant 



TABLE 6.11 
SWMU 54, Soil Horizon B 

Samples Excedirag Background 
Radford Army Ammtanibion Plant 



TABLE 6.12 
SWMU 54, Soil Horizon &' 

Samples Exceeding Background 
Radford Army Amunition Plant 

Andmoray 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chmnoium 
Lead 
Mercury 
Nickel 
Sdenium 
Silver 



TABLE 6.12 
SWMU 54, Soil Horizon C 

Samples Exceeding Background 
Radford A m y  Ammunition Plant 



6.2.3.1. The chemicds of potentid concern for each media at each site was wmpiBed as 

a result of the tasks outliraed in% Section 6.2, 736s list included chernicds that meet the 

f o U o ~ g  criteria: 

@ Chemicd was positively identified in at least 1 sample collected &om the 

specific medim at the % 9 

Q Inorganic chemicals were detected at a coneentrsbiion greater the established 
backpurad level for the specific me&=; 

e Chemical is a target m d p e  that is reported with an acceptable level of certainty 

mswiated with the chedcd  identifieation. 

6.2.3.2. seven chemicals were evaluated h this risk assessment in soils, 

g~mdwater ,  surface water and sediment. The types of chemicds are as follows: 9 volatiles, 9 3 

semi-volatiles, 1 1 m e a s  and 4 explosives. 

6.3.1.0.1. The primary guidance for identifying md evaluating the requirements s f  

mvirplanentd statutes fm S u p e b d  sites is the CERCU Compliance with Ofher Laws 

Manual (USEPA, 1988). This guidance is intended to assist in the sdection of on-site remedid 

actions that meet the applicable, or relevant md appropiate requirements ) of the 

Resource Comervation and Recovery Act (RCM), the Safe D Water $as% (SDWA), the 

Clem Air Act (CJM)~ the Clem Water Act (CWA)> and other Federal amad State envkomentd 

laws as required by CERCEA Section % 2 1. 

6.3.1.0.2. According to the a requirement under other mental laws may 

be either applicable or relevant and approp~ate. Cleanup s t m h d s ,  standards of control md 
other substantive envkomental pmtec.can requirements are considered applicable. These 

stank& specifidly d h s s  a ous substance, pollIuhnt, con remedid action, 
Iscation or other c k c ~ s ~ e e  at a CCERCLA site. Relevant and appropiate requirements are 



not directly "applicable" to a specific is substance at a CEWCLA site, but address 

significantly similar %itua%ions and merit consideration. 

6.3.1.0.3. em be classified as ambient or c h e ~ d - s p c i f i c  requiremen&, 
p e ~ o m c e ,  design or stha action-specific req en@, or location-specific requirements. 

Chemical-specific req~emep%%% me numerical values or me&adologies which result in the 

establishment af n m & c J  values that represent an acceptable wncenbation Q: c k e ~ c d  that 

may be discharged tQ the e n ~ o m e n t ,  Action-specific requirements are gmerdly technology- 

or .&ictivi$gr-based requirements on remedid a ~ i o m  at CEWCLA sites. Location-specific 
requirements are restrictions placed on the concentration sf dous submces  or the 

conduct of activities due to the criticality sf  a type of habitat. For the purposes of this .risk 
asessmenQ, che~cd-specific requirements will be analyzed. 

6.3.1.0.4. A second level of "to-be-comiderd" criteria ('TBCs) includes federal and 

state envkorapnena citexi% advisories, guidance md proposed standards. TBC3 are not legally 

binding md do not have the status sf  potential ; haweve; appropriate TBCs may be 

considered as part of the site risk assessment md may be usehl in determining the cleanup 

level for the protection of the environment a d  hmm health. 

6.3.1.0.5. and TBCs identified for these S s are discussed for h u m  
receptors with respect to the different media hl sw.  Table 6.13 lists appropiate 

evaluated for this risk assessment. 



Table 6.13 

Water Quality Criteria (m&) 

h d y t e  FWQC - Acute FWQC - C b n i c  VAWQC - Public ' 

L e d  83 3 -2 0.015 
B k m  1 N/A 2 

FWQC - Federd Water Quality Criteria 
VAWQC - Virginia Water Qudity Criteria 

63.1.1.1. Groansadwater cconditions at are complex in terms of 

table and the availability of gomdwter.  Hm general, in the Bower areas of alluvial deposition 

located dong the New fiver, the water table approximates the depth of the river. Ira the higher 

elevation seas, where the groundwater resides in bedrock, the water table is extremely variable. 

Because of the presence of karst features like solution cavities and collapse structures, and meas 

h t  we seerely hctured, there is a significant potentid for variable movement ofgrowdw5tfer 

through these features. fiomdwater oc~wewm md movement is discussed in detail in 

Subsection 3.7 and h the S -specific sections (7 though 10). 

6.%.1,1.2. Groundwater at is not cwenb1y used %I% a public water supply serving 

25 or more people. Accordkg to this criteria, MCLs Levels) md 
Level Chals) for ch are promulgated 

Water Act would not be appropriate as for this investigation 

@JSEPA, 1988a)e). 

6.3.1.2.1. The New River is the main surface water featwe at 

approximately 13 miles of shoreline within the bomdhes of the installation. 

discharges approxhnate%y 25 ndliow gd~tam per day (mgd) h to  the New Ever h r n  1% 



locations dong the New Ever and Stroubles Creek (Parsons ES, 199423). Effluent &om 

comim of various treated process waters, wash waters, cooling waters, stomwater m o f f  and 

sanitary wastewater- Stroubles Creek, fie largest tributary of the New Ever, originates in the 

souaEae& sector of md consists primarily of stomwater runoff and effluent &om the 

Blwhbwg, Virginia Municipal Wastewater Treatment Plant. In addition, goudwater 
&shaaf.ghg from the bedrock may contribute significantly to the stream Wow. The 
watemter effluent 

6.3.1.2.2. Under the authority sf the Clem Water AcG the USEPA has developed 

Federd Water Quality Criteria (FWQC). These numerical ambient criteria are provided to 
protect m md freshwater 
toxicities. Shce FWQCs are nonedorceable guidelines, they a e  considered TBGs for cleanup 
gods. States are required under section 303 sf the Clean Water Act to adopt water quality 
stamhds based on w e  classifications. The state WQCs establish a maximum allowed 

concentration for various parameters which typically parallel the acute and c h n i c  

concentration levels of the FWQCs md are used as stzlrsdapds for quatic receptors. These 

uwl standards are considered state S h e  the New River has been classified by 

Virginia as suitable for use as a public water supply and the S s under investigation have 

the potentid to influence the quality of % k ~  water used for this purpose, Federd md State 

WQCs will be considered in this risk assessment (See Table 6.13). 

6.3.1.3.1. Soil are generally applied to temestrid flora and wildlife' There are 

no established Federal or C o m o n w d h  of Virginia st.anMs relating chemical 

cofncenba~om in surface soils to toxic effects ox vegetation or \wildlife. Therefore there are no 

TBCs &at codd be wnsidered as appropriate to apply to hmm receptors. As &is risk 
4as;sesswent is solely concerned with human health md does m t  consider the potentid 
emlogid  effects sf  the cbewnicds of concern, no er analysis of these standards is 

necessary. 

6.3.2.0.1. As mentioned above, Iocagiofa-specific me restrictions placed on 

cmcentratiom of chemicals solely because sf their presence in a specific location, such as a 



wedand or other type of critical habitat. Action-specific requiremen& are technology- or 
mtiviiy-based requirements or remedid actions at CERCEA sites. Because 
currently fall under CERCLA ~gulatiom, action-specific requirements will no 

this section. These in more debzlii in the Corrective Meawes Study 
(CMS) as potentid remedid actions a eonsidered. 

6.3.2.1.1. Wedmd co 

from previous md ~ w e n t  investigative activities indicates that jwis&cfiond wedm& do not 

occur an the S s under investigation for this WH, with the exception of e features 
extending to the New River a d  Stroubles Creek. If a wetland is considered to be under the 

jurisdiciornar% review of the Clean Water Act, Section 404@)(1) of the act specifies conditions 

permitting wetland dteratiom. TFhese guiddhes specificdly prohibit activities that cause or 

contribute to violations of my applicable state water quality standard or that cause significant 

adverse effects to aquatic life or wildlife from %]he spread of pollutants bough physical, 

chemical or biological processes. 

6.3.2.1.2. General risks to wedad-assciated organisms are used as indicators of 

possible popdation-level a d  habitat-level impacts from chemicals s f  potentid mncem. There 

are chewaid-specific standards established specificdilly for wedmds; however, surface water 

md sediment criteria used fbr aquatic co unities can be applied to wedads in the 

asxssment area. 

6.3.%,2.1. Currently, there are no promulgated or established F d e r d  or Virginia 

s$mhds relating specific chemical concentrations in mil, sediment. or surface water directly to 
toxic eEkcts on wildlife species. There are abundant toxblsgicd testing data that relate 

h o w  chemical doses in either food or surface water to acute andl c h n i c  effects on test 

species. 



6,4 FATE SPORT OF THE CmWIICf iS  OF POTEW 

the is through %he p a t  md present use sf S s for waste disposal. The primary 
e nneMIil: items in need 

3 1 are deposition s f  fly ash lor 

48 was wed 
oiLlwater sepmton. The release m e c ~ s m s  at S 

54 me fawner lmd &sposd sf propellant ash md perio&c f lodhg  of this area by the New 

River. These activities have resdted in possible d o w d  hfilba~odp~cola%ion s f  1 
nated surface and s u b s d x e  mils, possible surfiace moff  sf 

con ed waters, or possibHe emissions a% co ed hgitive dust. @o mt 

ini71tratisn to the subsdace envkoment cm result in groundwater md subsdkce soil 

becoming secondq sources of con on. Soil in the vadose (maturatec$'b a d  saturated 

zones can be co ated by the vertical and %%o&onM migration of co from 
surface spills, lmd application of wastes, or other disposal practices. Mer migating through 

the vdose mame, co s can then enter the groundwater where ~ontmnib%mts may 
undergo hydrolysis, oxidation, reduction, or other processes resdthg in the chmicd 

fornation of a can 
migate ~ o u g h  the subsdace by processes slash as dilution, dispersion, diffusion, md 

absorption. Potentid secow- release mechanism include infiltration andor percolation of 

water h a u g h  co ed subsdace soil and the discharge of co ated gomdwater to 

the surface in the form of leachtelseeps. Potential co sated media can include sudicid 

soil, groundwater, surface water, sediment, or Heabatdseeps. 

6.4.1.2. C released to surface water can be 

dissolved h water or adsorbed on suspndd sediment, or can be tramwmd to the 

amosphere. to surface water; ibgitive dust 

generation txm ted soil can be tracked from one 

%wation to mother; plant life m y  absorb soil eo ; a d  wildlife m y  bgest plants 

h leaf md stam tissue. h addition, co can be 

conveyed by s ~ a ~  water and/or sediments to aquatic IZe that m y  be ingested by wildlife. 



6.4.1.3. Finally, co cm be physically 
or biodegradation or can a c c m u l a ~  in a specific medium. The gotentid for specific 
con to migrate from om medium to mother or fO be %rmfomd is dependent on 
the physic& and ePIemid properties of each con 

6.4.2.1. Evduating the envifomend fate and tramport of the c h e ~ c d s  of concern at 

%he potential for  pai ion in tbe 

environment and the potential f ~ r  hmm and environmental exposure. The enviromenll fate 
and tpanspord'sf chemicals is dependent upon the physical arad chemical properties of the 
compmds, the en*mental formation processes aRecthg them, %fad the media throc%u& 

which they migrate. h P1s sec t io~  the chemical and physical properties ~f the c h e ~ c d s  of 
interest are presented, and the relevance of these properties to en*mena fate and trmpo% 

are discussed. Table 6.14 s m k z e s  relevant physicd properks of dl the chemicals sf 

interest at the 

6.4.2.2. The water sslubBi~ of a subs e is a critical property affecting 
envhsmend  fate. Highly s~luble chemkals can be leached rapidly from soils and are 
generally mobile in groundwater. Solubilities can range from less than f mg/L to totally 

., 198%). The solubility of chemmicalls h t  are not readily soluble in 
by the presence of organic solvents (e.g., acetone), which are more 

soluble in water. 

6.4.2 -3. The volatilizaeion of a mmpomd depends 01% its vapor pressure and water 
solubility. Vapor pressure, a relative measure of $Re volat3iv of c h e ~ c d s  in their pure 
state, varies from approximately 0.001 millimeters of mercury 
liquids. The higher the vapor pressure the greater the volatility. Hemy's Law is used to 

equilibrium vapor pressures of dilute co in water. Compslplpds with 
Henry's Law Coma@ greater 10-3 atmospheres - cubic meter per mole (am-rn3BmoIe) 

can be expected to volatilize readily from water; those with values raging from 18-3 to-10-5 
am-m3Baanole are associated with possibly significant volatilization; while esmpsmds with 
values less 10-5 am-rn3fmolle will volatilize from water ody to a limited extent &y 

et idL%,, 1982). 



6.4.2.4. The mtanal-wakr partitioning coefficient &w) provides a rn&sure sf the 
extent of chemical partitioning between water and octanol at equilibrium. The greater the 

i~ water. B c ~ o ~  is 
ate for Gpi& (fat); therefore, hW is wed to predict bimoncefltHa~on in 

aquatic o r g ~ s m .  

6.4.2.5. The bimoncentration frictor 
at e ~ g i b ~ m  ktwee~1 biological media [e.g., fish or plant tissue) a d  extend 

a . a .  The higher the BCF, the greater the a x w d a ~ o n  in 
living tissue is Ikely to be. The organic w b n  partition coefficient 
propensity of a compund to sorb to organic matter found irn soil. The no 
values is 1 to 1O"jPl~iters per gram (Mg), with higher values indicating greater sorption 
potential. Chemicals h a  have a strong tendency to sorb to organic matter (i.e., chemicals 
with a high &) will move more slowly between e n ~ o m e n % B  camp 
chemids with a low &. 

6.4.2.6. The molecular weight of a chemical is the sum of the atomic weights of its 

constituent elements. This property is used in p 
exposure routes. The specific gravity is the ratio of a solid or liquid to the mass 
sf an equal volume of distilled water at 492. 

6.4.2.7. The m&ia=specif"tc half-lives in the last four coH of Table 6.14 provide 
a relative measure of chemical persistence in a given m d m ,  although actual values can 

vary greatly depending on site-specfie conditions. The greater the half-life, the more 
persistent the c k ~ c i n i .  Hdf-Ide prophes  can be valuable b e the long-tern r isk 
fism chemhls at a site md developing remediation dkmtives.  

6.4.3.1. Chemicals detected (explosives, metals, VBCs, po1ynuclea.r aromatic 
Ry&ocs~phm PAHs]) at were classified into several categories according to &eiP 
similarity in chemical structure mdor physioshe~cd properties (factors that wodd influence 
mobility in the e w ~ o m e n t ) .  The chemical categories md some sf the associated 
demenaMcompom& within each category are the folbwhg: 



e Explosives: 2,4,6-i~in.itroto1uene~ 

o Metals: antimony, arsenic, barium, beryllium, c 

mercury, nickel, se%e%im, and silver. 
8 Polpuclear Aromatic Hy&ocaupbom ( P M s ] :  bem(a)m%lafacene9 

bemo@)fIuom~eaae9 bem(g ,b ihvkne ,  bem&)fluom&ene, ehrysewe, di- 

n-butyl phWate, &e&ylphMate, dhe&ylph&date, fluoranthene, N- 
~&osodipFoayl&eP phemnkne  md ppene. 

0 Vo1atile &omtic Hyc%fscmbsm: embra tetrachloride, ckdorofom, H,1- 

&cMora, 

%,I, 1 -~c%niloroebe, and ~eMoroehylene. 

6.4.3.2. Based sn the chemical and physical characteristics of chemicals potentidly 
present at the the following gexperdhpiom regarding envkomen&l fate and 
transport can be made to provide a rklative comparison to other chemical categories. 

6.4.3.3. P W s  md explosives have a hi ty for organic matter and low water 

solubility. Water solubility tends to decrease, ax ty for organic materid tends to increase 

with increasing molecda weight. M e n  present fr% soil or se&memts, PAHs and explosives 

tend to remain bound to the soil particles md &ssoIve only SIOWIY into gomdmter QP the 
overlying water column. Because of the high affinity for organic matter, the physical fate of 

these chedcds is usually eontrofld by the ort of particulates. Thus, soill, sediment, and 
suspended particulate matter (in air) represent h p o m t  media fsr claemid trmsporf. 
F h e m o r e ,  because o f  their high ziffiity for organic matter, P M s  are readily 

bioxcmulakd 'by living organisms; whereas, exp%osives are not as readily bioaccmdated. 

6.4.3.4. Metals of potentid concern identified at the 

under the mbsmfixe conditions at the site. Soils and ges%ogicd mps discussed in Setion 3 
sf this report generalBy show that the upland regions of this facility me underlain by clay-rich 

residuum. Slightly acid to neutral soill pH and oxidizing coditions are expected far soils 
throughout the 

6.4.3.5. Uder  such condidom, cadmium exists as catism a d  can be adsorbed snts 

h e  clays. C b o A m  a d  selenium have several oxidation states and form anionic complexes; 
,....+ h. 

these compkxea readily precipitate by reaction with fam a d  other cations. These c h e ~ c d  



6.4.3.6. In gowdwa&r or wet soils h the ed zone under the site 
conditions, antimony is expckd to behave like arsenic (Hem, 1985). A low solubility is 

due to coprwipieion of the menate anion% with iron species in the soil. merefore, 
any is also considered to be rekdpively 

6.4.3.7. The equilibrium solubility of beryllium in dilute water at pH 6 is very 1ow, 
=ax ICKI pg/L @ern, 1985). m e  behavior of mercury in the so3 is impossible to predict 
without EnnowIdge of the local envkoment- IIm the absence 0% chloride ions, the most 
probable dissolved species is the relatively soHuIe HggOH), a neutral species ( and 

Morgan, 1981). Howevers if lee mrcw oxcurs as the metallic elementmt, it readily 
volatilizes or it precipitates in lee p~~sence of s u l k .  

6.4.3.8. Volatile organic compounds tend to h v e  a low resideme b e  in surface soil 
and surface water environments. These chemicals can be persistent in gr~undwater. 
However, a t r e  is evidence that non-cMorhted volatile organic cesmpomds may degrade 
rapidly in Hae vadesse zone above groundwater plumes. 

6.5J .O.$. Under current USEPA guidelines (USEPA, 1989~)~ the assessment of h u m  
exposue to the selected cheficds of concern at sites co 
constituents is carried out in k e e  steps: 

o Chacterkati~$n of exgosure setting (i.e., relevant physical c h b c t e ~ s ~ c s  sf the 

site md potentidly exposed popdatiom); 
ta Identifiation and evaluation of pathways by which the previously identified 

ppdations may become exposed; and 
0 

md hmm intake of contamhmb). 





backup potable water supply for the U.S. Research, Development and Acquisition 

Momaion System Agency. 

6.5.1.1.5. At S 17, the &edata of go~%11dwsmter flow is generally toward the 

New fiver. &omdwata which recharges the aqui5er at the S 17 area &schges into the 

S 17A with s spring at the New fiver, as &scmsed in Subseciom 9.4 ofthis report. The 

dosest supply well is over one mile away ent. The other supply well is separated 
fiom S 1'7 by the New fiver. At S s 31,48 md 54, potenfiometric sur&ce maps 
indicate h t  g o 8 P m t e r  BOWS t o w d  the New Ever. The wells are positioned such h t  no 

S is located between a supply well and the New fiver* Some residents of BBackbwg 
rely on g~omdwater as: their potable water supply, but these supply wells are located 

a p p r o ~ a t e l y  5 miles east of . The shallow groundwater for many of the S 

toward the New fiver md would not likely migrate toward any users in the vicinity of 

6.5.1.1 .ti Sadace Water Receptors - D g water wed at mmes from Wo 
s d a c e  water intakes an the New River: one located appro 

mouth of Stroubles Creek and the other approximately 6 miles downstream of Stroubles Creek. 

nwedth of Virginia has classified Stroubles Creek and the portion of the New 

Kver flowing thou& as generally satisfactory for beneficial use, which includes public 

or municipal water supply, s e c o a n ~  contact recreation md pmpagation of fish and wildlife. 

AH water used at is taken from the New River. C w a t  surface water receptors include 

recreational users of this &etch of the New River md plant penomel. 

6.5. I.  1.7. Soil Receptors - Receptors cadd be exposed to surface soils though 

ation of paticdates and valatiles, incidental ingestion md demd cantact. Exposw to 

sudebw soils at these sites may be ilimited where there is excessive vegetative cover or the site is 

paved ar covered. Most of S 17 is neither paved nor vegetated which provides a 

potentidy mmpfete pathway for ~ment site workers. Human exposure may be limited at 
S 48 became the site is c m n t l y  inactive. S 54 is p a t i d y  vegetated, but there are 

meas where a h  is exposed through the soil. Current soil receptors include site workers md 
hunters who may travel across con ed mils. Future soil receptors include site workers. 



6.5.1.1.8 Air Rewptom - Since S 17 is an active waste burning are% air 
e.ssiom are a concern fio& this site. These d a s i o m  and con d dust would likely be 

md the smm&mg c o m ~ b i e s .  However3 ambient 

g operations is unavailable md therefore risks associated with 

this activity are not qm%ifi&le. Air emissions from S s 48,48 a d  54 would be limited 
to volatilization of co from the surf= soib and hgitive dust emissions. Currently, 

due to the location of these S s, this would &at  mainly site workers md official visitors 
to The sediments at S 3% are mvaed with water and this limits kgitive 
emissions &om this site. 

6.5.1.2.1. An assessment of expsure pa&ways is based on the cuurerlt and potentid 

future site conditions, an evaluation sf the co ants of concern, and an e v d u ~ o n  of the 

potentid current and future receptors. An exposure pathway describes how 3 lpspda~on can be 

exposed to e h e ~ c d s  at a site. As stated in Section 6.1.2, a comp%eted wpsswe lpa~way 

comprises the following elements: 

e A source and m e c h ~ s m  for chemical release; 
a An envkomend transport medium; 
@ h exposure point; and 

@ A human receptor md a feasible route of exposure at the exposwe point. 

A pafiway is not complete d e s s  each element is present. 

6.5.1.2.2. E g o s u e  point concentrations md daily uptake for each c 

concern are e d for each potentid exposure pathway. The pathways selected fir 

quantitative analysis include those: that are considered to represent the greatest potential for 

hmm exposme. Bathways &at are less significant are identified md discussed, but not 
quantified. 

tlt e x p w e  of site workers, 

csmtm&on workers, recreational usas, hunters and fishemen to surface water, sediments md 
surface soils, and finme expasure of site workers to gorandwater. Current site workers were 

evaluated for exposme to surface soils through inagestion, dermal contact, md hha1ation of 



volatiles and gatiedates, and surfme water and bough  ingestion a d  d e m d  

conact. Current co workers were evaluated for exposure to surface and s 4 s d x e  

soiis through hgestio~, d e m d  wntact md inhalation of volatile3 and pa%icdates, and surface 

waters md sediments though ingestion md de contact. Current ~ a a t i o r a a l  users md 

fishermen were evduted for incidental ingestion and d m a l  contact with surface waters. 

Current hunters were evaluated for incidental ingestion md d contact with surfice soils. 

6.5.1.2.4. IE order to be consistent with the a s s m p ~ o m  co " g future Imd use at 

was future site worker exposure to groundwater thou& hgestio~$ d e m d  e o n ~ t  and 
hhdation of vola%i8es while s h o w h g ,  A.hhoug.h &s exposure scenho is d & e l y  because d1  

g water used at is obtained &om the New River, this scen&o dlows a 

q w ~ f i c a ~ c a n  of the risks from exposure to site groundwater. 

6.5. I 3.1. Exposure-point concentrations were estimated for pathways selected for 

quantitative evdmthn md pathway-specific hmm khkes were quantified. Eqosme-point 

concentrations can be based ow measured monitoring data or on modeIing results. For th is  risk 
assessmernt, exposure-point cconcentrations were cdaledated from m o ~ b ~ g  data. To provide a 

mmemat.ive basis for the risk assessment, steady-state conditions were assmed. Therefore, 

current a d  hhre chemical concentrations were assumed to be identical. 

6.5.1.3.2. Intakes are normally expressed as the mount of. c h e d c d  intake in 

miUigms of c h e d c d  per kilograflp of body weight per day (mgkg-day), which represents an 
ked for body weight over h e .  The total exposure is divided by the h e  period 

sf interest to obtah an average exposure over b e .  The averaging time is a h c t i o n  of the 

% s i c  endpoint: for non-cmhoge~c effects it k the exposwe duration mdtip1ied by 365 days 
per year, and for mchogenic effects it is the l i f e h e  (70 yeas) mdtiplied by 365 days per 

year. 

exposure . As defined by USEPA, the is cornidad the highest rewonable 
expome h t  is to be expected to occur 8 the site. 'l%e intent of the is to estimate a 

&.*. .. :.>.- comernative expo case which is above f ie  average exposwe md within the range of 



possible exposures. The selecisn of the p 

an the current use of each site md the potentid f%t%lfe use of the sites. 

exposure sholldd not be m i d e n  for actual exposes occ 

presented in Risk Assessment G ~ h c e  for S y e h d ,  Volume I, Hedth Evdm%ion 

h h d ,  Su~splemmM G ~ h ~ e ,  SadEihd k f 8 d t  ] E W O S ~  F & O ~  ge%SEp& lg!?n) a e  wed 

when available for scc %es of these default e tas  include 1) a 70 year life 

s p q  2) a body weight sf 70 kg9 md 3) rn ation rate of 20 cubic meters per day- h the 
absence of standard a s m p ~ o m  md site-specific. Moma~ola,  exposure was estimated using 

ewoswe scemrio, by media a d  expowe route, me shorn in Tables 6.15 bough  6.35. 

6.5, % .3.4 In addition to evdmhg receptors for scenarios, the Central Tendency 

(Cg) exposme scenarios were dse, evduated. CT default exposure pameters are vdws that 
are based on average exposwe values md are considered most representative of an exposure 

that would be contacted at a site over an extended period of t h e .  Therefore, these exposure 

s c n ~ o s  em be evduted baed upon average and m site contact. 

6.5.1-3.5. The emphasis in Pisla assessments conducted under USEPA S u p e h d  

guidance is on chronic exposures unless specific conditions wmmt  a short-tern or an acute 

assessment. The focus of this evaluation is bang-tern exposure to relatively %ow chemical 
concentrations (i.e., chronic exposwe). 



C = C h e ~ c d  Concentration in Soil (mgkg) 
IR = Ingestion Rate (mng'day) 
EF = Exposure Frequency (daydyear) 
ED = Exposwe Duration (yeas) 
CF = Conversion Factor @dmg) 
FI = Fraction Ingested (unitless) 

BW = B d y  Weight (kg) 
AT = Averaging T h e  (days) 

Noncmhoge~c  
C m h o g e ~ c  

Source: Sesperfhd's Smdmd Default Exposwe Factors for 4th Central Tendency and 
Exposure (&TSEPA, 1993). 

CT = Central Tendency 
= Reasonable 

value. 
@) = Higher of the 95% upper coddmce % a t  sf the mean or the 

value. 
(c) = Best professional judgment based on Virginia climate; outside work w a s  

assumed likely for 112 of year. 
(dl = Bureau of Labor Statistics (USEPA, 1990). 



C = Chemical Cconeentfsntion in Soil (m@g) 
%A = S b  Area (cd/event) Qc) 
AF = Sin Adherence Factor (mg/cma) 
EF = E p s u e  Frequency (daysiyear) 
ED = Exposwe Duration @ems) 
CF = Cohh&persion Factor @g/mg) 
BW = Body Weight (kg) 
AT = Averaging T i e  (days) 

Noncachoge~c 
CacinogeC: 

Source: S u p e h d "  '3andaf.d Default Exposwe Factors for the Central Tendency a d  
Exposwe (USEPA, B 993). 

CT = Central Tendency 
= Reasonable M 

(a) = Lower of the 85% uppa ~o~denrmce limit of the mean or &e m detected 
value. 
@) = f igha  s f  the 95% papper ~ o ~ d e n e e  limit of the meera or the maximum detected 

value. 
(6) = Head3 f ~ r e m s  md h d s :  CT = M a  values and Upper Bound = M 

vducs. 
(d) = Best professional judgment based on Virginia clh8-k; work outdoors was 

a s m d  likely 1.Q of the year- 
(e) = Bureau of Labor Statistics (USEPA., 1990). 



C = Chemical Comentmtion in Soil (m@g) 
IR  = ation Rate (dh~ur) 
ET = Exposure T h e  @owlday) 
EF = Exposme Frequency (days/year) 
ED = Exposure Duration (yeas) 
PEF = Particulate Emission Factor (m3kg) 
VF = Volatilization Factor (m3/kg) 
BW = Body Weight (kg) 
AT = Averaging Time (days) 

~oncmcin~g&c 
Ck%rciaaoge.nic 

(4 
2.0 
8 

125(c) 

site specific 
ehemicd specific 

78 

(31 
3.5 
8 

250 
2% 

site specific 
chemical specific 

70 

Source: S u p h d " s  Stamlard Default Expssure Factors for the Centpd Tendency a d  
urn Exposure (USEPA, 1993). 

CT = Central Tendency 

(a) = Lower ofthe 95% upper c ~ ~ d e n c e  limit ofthe mean or the maximum detected 
value. 
(b) = %&a of the 95% upper coddace limit of the mean or the m d m  detected 

value. 
(e) = Best p m f e s i o d  judgment based on Virginia climate; work O U ~ ~ O O T S  was assumed 

likely 112 ofthe yearkP. 

(dl) = Bureau of Labor SPEbfidcs (USEPA, 1990). 



= Chemical Concentration in Water (nag$) 
= Ingestion Rate @/day) 
= Conversion Factor &L) 
= Exposure Frequency - New Ever (daydyear) - Exposure Frequency - Stroubies Creek (hys/yea.r) - Exposure Duration (yeas) - Body Weight @g) 
= Aver 

Noncachogenic 
C m c h ~ g e ~ c  

Source: Sv&d"s Standard Default Exposure Factors f ~ r  the Central Tendency and 
Exposwe (USEPA, 19939. 

CT = Central Tendency. 
= Remomble M a h m  Exposure. - Lower of the 95% upper c ~ ~ d e n c e  limit of the mean or the rn 

value. 
@) = Higher of the 95% upper mfidepnce limit of the mean or the 

value. 
(el = Best professiond judgment- 
(dl = Best professiod judgment. Assme work near creek or fiver once per week. 
(e) = Best professiod judgment. Assume work near c ~ % k  or river twice per week. 
(0 = Bureau of Lab$ Statistics (USEPA, 1990). 



FOR ACT 

C = Chemical Coracentrati~sn iaa Water (ma) 
%A = Skin Surface Area (cmz) 
CF = Convmion Factor &/em3) 
EF = Exposure Frequency - New River Qdaydyear) 
EF = Expswe Frequency - Stroubles Creek (daydyear) 
PC = Bemeabili~ Combant (c&) 

ED = Exposure Duration (years) 
ET = Evoswe T h e  (hrs8day) 

BW = Body Weight fig) 
AT - Averaging T h e  (days) 

Noncmch~geic 
Garchoge~c 

@I 
a,%as(~) 
0.08 1 
50@) 
w e >  

chedcd- 
specific 

25 
0- 1 
70 

Source: S%lge*dSa Stamdad Default Expsme Factors for the Central Tendency and 
Exposure (USEPA, 1993). 

CT = Central Tendency 

value. 
@) = figher of the 95% upper eodden~e  Bhit of the mean or the lersww detected 

value. 
(c) = Hzblads: CT = Mean values md = M e w  values. 
(dl = Best professiod judgment. Assenme work near creek or river once per week. 
(e) - Best grofessiond judgment* Assme work near creek or river twice per week. 
(0 = Bureau sf labor Statistics (USEPA> 1990)- 

(g) = Best Prsfessiod Judgment. 



C - Che~cd C~snceentration in Sediment (mgkg) 
I%$ - lwgestisn R ate (mg/&y) 
EF = Exposwe Frequency - New River (daydyear) 
EF = Eqoswe Frequency - Stroubles Creek (daydym) 
ED = Exposure Duation (yeas) 
CF = ConversicPn Factor gHbg/mg) 
F% = Fraction Ingested (unitless) 

BW = Body Weight (kg) 
AT = -Averaging The (days) 

Nonmckogeic 
C m c h s g e ~ c  

Source: Supehd's  Standard Defadt Exposure Factors for the Central Tendency md 
Exposure (USEPA, 1993). 

CT = Central Tendency 
= Reasonable Exposure 
= Lower of tln er coxlfidemace limit sf  the mean or the urn detected 

value. 
@) = Higher sf the 95% upper .codidence limit of the mean or the m 

value. 
Qc) - Best prsfessiond judgment. Asswe work near creek or river once p a  week. 
(d) = Best professional j u d ~ e n t .  Assume work near creek or river twice per week 
(el - Bureau of Labor Statistics (USEPA, 1990). 



C = Chemical Csneenatmtion in Sediment (mgkg) 
SA = S h  Area (cdlevent) (c) 
AF = Skin A&erence Factor (mdcm2) 
EF = Exposure Frequency - New Ever (hydyex) 
EF = Eqoswe F~quency - Stroubles Creek (&ys/yea) 
ED = Exposme Duration (years) 
CF = Conversion Factor glsg/mg) 

BW = Body Weight (kg) 
AT = Averaging T h e  (days) 

Noncarchoge~c 
C ~ c ~ o g e ~ c  

Source: Superfund's Stanhd Default Exposwe Factors for the Central Tendency md 
usa4 Exposue (USEPA, 1983). 

CT = Central Tendency 
= Upper Bound Exposure 

(a) = Lower of the 95% upper codidence I b i t  of the mean or the 
value, 
@) = Higher of the 95% u g p  confidence limit ofthe mean or the rn 

vdue. 
(c) = Ha&: CT - Mean values md 
(d) - Best professio~~d judgment. Assme work near creek or river once per week 
(e) = Best profwiond judgment. Assume work near creek or river twice per week. 
(0 = Bureau of labor Statistics (USEPA, 19%). 



TABLE 6.22 

C = Chemical Csftcentrathn in Water (mg/L) 
CR = Contact kite &/h) 
ET = Exposure T h e  &/day)(d] 
EF = Expos= Frequency (&y/yr) 
ED = Exposure Duration (years) 
BW = Body Weig%%t (kg) 
AT = Averaging T h e  (clays) 

Noncarcinogenic 
C=ckogedc 

Source: Supe~ef's Standard Default Exposwe Factors for the Central Tendency and 
Reasomble M a h m  Exposwe (USEPA, 1993). 

GT - Cemd Tendency 
RME = kasomble 
a = Lower of the 

detect% value. 
(b) = Higher of the 95 76 upper confidence limit of the mean or ehe 

detect8 value. 
) = USEPA 1989d. 
(d) - B a s 4  on total outdmr leisure h e  for mew a d  women. USEPA f 989. 
(el = 10 % of mean active leime t h e  outdmrs. 
(0 = 

tiom. 
(g) = Best presfessiod judgment. 
@) = N a ~ o d  sw average, USEPA 1989d 

(i) -. National median h e  at one residewe USEPA 1989. 



Pmmeter CT 

C = Che~cd Conmwtra~~~n ia Water (mg/L) (a @I 
SA = skin surface  re^ (em2) 19,4W(c) 22,8W(c) 
ET = Exposure T h e  @ours/&y) (d) 0.013Qe) 0.11(0 
EP = Exposure Freque %lZ) . xu 
PC = P m e a b i l i ~  C chemical- chemical- 

specific specific 
ED = Exposure Duration (years) sf 0 30 
CF = Volumetric Conversion Factor ~iter/cm? 0.00% 0.001 

BW = Body Weight (Kg) 70 70 
AT = Averaging T i e  (days) 

N o n c m h o p ~ c  3,285 10,950 
C z c h o g e ~ c  25,550 29,550 

Source: Supefindl" Standad Default Eqomre Factors for the Central Tendency 
and Reasomble Mmhm Exposure (1993). 
CT = Central Tendency 
M E  = Rasomble Maximum &posme 



P mm f?&m 
WGESTION OP ACE WATER BY FIS 

G = C h e ~ c d  Concentration in Water (mg/L) 
CR = contact Rate (Uh) 
ET = Exposure T h e  @iday)(d) 
El? = Exposwe Frequency (daylyr) 
ED -- Exposure Duration (years) 
BW = Body Weight (kg) 
AT = Averaghg T h e  (days) 

N o n ~ c h o g e ~ c  
Czchoge ic  

Source: S u p m d ' s  S m d x d  Default Exposure Factors for the Central Tendency an&' 
Reasonable M a h u m  Exposure (USEPA, 1993). 

T - Central Tendency 
= Reasamble Maxirr%m Expaaswe 

( a  = Lower of the 95 % upper confidence of the mean or the 
detected value. 

) = Higher of the 95 96 upper cofidena limit of the mean or the 
detected value. 

c = Best professional judgment - 1 % of water ingestion rate for sw 
(d) = Best pmfessdond judgment. 
(e) = &st professional judgment. 1 &yBweek for 6 monthByr + I &y!manth for 6 

monh/yr. 
(0 = Best professioml judgment. 9 days/week for 6 monWyr 9 1 $H4ty/wk for 6 

rnonhlyr. 
(g) = National median h e  d one residence USEPA 1989. 



C = Chehcd Concentration in Water (mg/L) 
SA = S~ Sufice h e a  (crn2) 
ET = Expasure T h e  Q%%ows/&y) (d) 
EF = Exposure Frequency (dayslyr) 
PC = Permeability C~omtmt (c 

ED = Exposue Duration @ears) 
CF = Volumetric Conversion Factor (literlcmf) 
BW = Body Weight (kg) 
AT = Avenging T h e  (days) 

N m c a c h a g e ~ c  
Carcinogenic 

dbb 
4,1@36c) 

$(a 
1Wf-l 

c h e ~ c d -  
specific: 

5QG-O 
O.Wl 

70 

18,258 
25,550 

Source: Supe&d9s Stimbd Default Exposwe Factors for the Central Tendency md 
Rasomble Maxhhlrma Exposure (USEPA, 1993). 

ICT = Central Tmdency 
R&fE = Reasombk M m b m  Exposure 
(a) = Lower of the. 95% upper coM~deme limit of the mean or the 

detected value. 
@) = Higher of the 95 96 upper confidence limit of the mean or the 

detected giiPI1~&, 

(e) - Had,  for and hands: CT = Mean values, M E  = M 
(d) = Beet professional judgment. 
e  = Best prof'ssioml judgment. 1 daylweek for 6 r n o n ~ l y r  + 1 &y/mofath for 6 

m o n ~ l y r .  
(0 = Best profssioml judgment. 5 dayslweek fur 6 rnonk ly  + 1 &ylwk for 6 

rnonhdyr . 
= N a t i d  median h e  at one residence USEPA B 989. 



C = Chemical Concentration in Soil (mgkg) 
R = Ingestion kite (mglday) 
EF = Exposure Frequency (dayslyear) 
ED - Exposure Duration (years) 
CF = Conversion Factor &g/mg) 
FI = Fraction Ingested (unitless) 

BW = Body Weight (kg) 
AT = Averaging The (days) 

Noncuchoge~c 
Carcinogenic 

Source: S u p W d ' s  Standard IkfauIt Exposure Factors for the Central Tendency and 
Reasonable M m h m  Exposure (USEPA, 1993). 

CT = Central Tendency 
RME = Reasombie M m h m  Exposure 
(a) = h w e s  of the 95 9% upper confidence limit of the m a  or the 

detected value. 
(b) = Higher of the 95 1 upper confidence limit of the mean or the 

detected value. 
(f - A s s m p ~ o n  sf 1 hylweek for duration sf bow season for deer h ~ ~ f l h g  which 

lasts for 5 m o n k .  
of 2 weeks vacation d I &y/w=k for 5 m o n k .  

(e) -- N a ~ o d  media t h e  at one residence USEPA 1989. 
(0 = Best professional judgment. 



C = Chemical Cancentr~eant in Sod (mgkg) 
SA = Sldn Area (emf!evknt) 
AF = Skin Adherence Factor (mg/cm2) 
EF = Exposwe Frequency (hydyex) 
ED = Expsme Dw8th  @ern) 
C F  = Csnaversioa Fa~tor @@mg) 
BW = Body Weight (kg) 
AT = Avenging T h e  (days) 

Noncaf.choge~c 
Cacbogenic 

Source: Supehd's  S a d a d  Default Exposure Factors for the Central Tendency a d  
R e w m b k  Exposure (1 993). 

CT = Central Tendency 
RME = ResombBe M 

(a) - b w e r  of the 95% upper codiden& limit of the mean o 
detected value. 

@I -- Higher of the 85 % upper esnf~&nce I b i t  af the mean or the 
detected value. 

(c) = Head9 and hands. CT = Mean values, M E  = M 
d = &smpaion of 1 dagrfwmk for duration sf bow season for d m  hunting which 

lasts fm 5 m o n b .  
tion of 2 weeks vacation and 1 d;av/week for 5 months. 

(0 = National median b e  at one residence USEPA 1989. 
@) = Best professiod judgment. 



C = Chemical Caprmmbatiora in Water (m@) 
1R = Ingestion Rate &/day) 
CF = Conversion Factor (LL) 
EF = E9gssme Frequency (day*ea) 
ED = Expasure Duration (yeas) 
BW = Body Weigh? (kg) 
AT = Averaging T h e  (days) 

Noncarcinogenic 
C ~ c a a o g e ~ c  

Source: S u p e h d 9 s  Smdard Default Exposure Factors for the Central Tendency and 
ReasombBe M d u  Exposure (USEPA, 1993). 

CT - Central Tendency 
-- Reasonable Expswe 
= Lower of eH wn detected 

value. 
@) = Higher of the 95% upper cesddence limit of the mean or the m detected 

value. 
(c) = Bureau of Labor S&tis.cs (USEPA, 1990). 



C = Chedcal ConcentKatioa in Water (m&) 
SA = Sldn Surface Area (cm2) 
CF = Volumetric Conversion Factor (%/em3) 
EF = Exposwe Frequency (days/yespp) 
PC - Peme&aiQ Constant (c 

ED = Exposwe Dmaisn (years) 
ET = Exposwe Time @$day) 
BW - Body Weight (kg) 
AT = X v e m ~ g  T h e  (days) 

Noncwlrchoge&c 
C a h o g e ~ c  

@> 
22,$08(e) 

0.001 
250 

c h e ~ c d -  
specific 

25 
0-2u-? 
70 

Source: Supe&dss S a h d  Default Exposwe Fadas for the Central Tendency an48 
Remonable M e m  Exposure (USEPA, 1993). 

CT = Central Tendency 
= Upper Bound Exposwe 

(a) = Lower of the 959% upper codideneei limit of the mean or the maximum detected 
value, 

detected 
value. 

(6) = Entire Body. CT = Mean values, 
(d) = Bureau of Labor Sbtisks (USEPA, 1990). 
(e) = Best P H O ~ ~ S S ~ X I ~  Judpent: hsps~lption of a 7 Miflute Shower. 
(0 = Best Pmfessiod Judgment: Assumption of a 12 Minute Shower. 



Parameter CT 

cd Concentration in Water (ma) @I 
on Rate (m3h)  1.4 2 

CF = Conversion Factor (L!rn3) 1 1 
ET = Exposwe T h e  (hd&y) 8.1 17(c 0.2(d) 

1 
EF = Exposwe Frequency (daydyes) I25 250 
ED = Exposwe Dmtion (years) 33) 25 
BW = Body Weight (kg) 78 'SO 
AT - Avemgimg The (days) 

Nerncacbogic 1,825 9,125 
C m h o g e ~ c  25,550 25,550 

Source: Supehd9s  Standard Default E q s w e  Factors for the Central Tendency a d  
Expsme (USEPA, 1993). 

CT = CenM Tendency 
= Resasombb M . Exposme 

(a) = Che~craI concentmaion in air is based on the h d e h m  Shower Modell. 
(b) = Higher of the 95% upper coddence % i t  of the mean or the m 

value. 
(c) = Best Professiod Judpmt: h s u p t i m  of a 7 Mh8llhfe Shower 
(d) = Best hofessiod Judgment: &smption of a 12 Minute Shower 
be) = Bureau sf Labor SSaaais.cs WSEPA, 1990)- 



Intake (mag-day) = 
BW a9 AT 

- 

C - Chemical Concentration in Soil (m&g) [a1 *I 
IR = Ingestion Rate (mg/day) ZOO 480 

= Exposure Frequency (days/ye~) 125 250 
ED = Exposure Duration @ears) 0.5(c) 2 ( ~ )  
CF - Canversion Factor &glmg) I 0" 1 O& 
FI = Fraction Ingested (unitless) I 1 

BW = Body Weight (kg) 70 763, 
AT = Averaging T h e  (days) 

Nowcmifnoge~c 182.5 73 0 

Some: S u p e h d 3 s  Saagndad &fad% Exposwe Factors for the Central Tendency and 
Egos= (USEPA, f 993). 

CT - Central Tendency 

vdue. 
(b) = Higher ofthe 95% upper cofBfidenee limit of the mean or &e detected 

vdue. 
(c) = Best professiod judgmentt 



C = Chemical Concenm~on in Soil (mgkg) 
SA - Skin h e n  (c&/wewt) (e)  
AJ = Skin Adherence Fator (mg/cd) 
EF = Exposure Frequency (&ys/year) 
ED = Eqosme Duration @ems) 
CF = Conversion Factor @g/mg) 

BW = Body Weight (kg) 
AT = Averaging T h e  (days) 

None~ckoge~%ic 
Cmcbogmic 

Source: Supehd's  S a h d  Default Exposure Factors fix the Central Tendency a d  
Exposure (USEPA, 19931. 

CT = Cemd Tendency 
= Rwonable Exposme 
= Lower ofth 

d u e .  
(b) = Higher of %Erie 95% upper confidence &nit. of the mean or the 

value. 
(c) = Hea& fore a and hands: CT = Mean values and Upper Bound = M e m  

values. 
(d) = Best professiobaal judgment. 



C = Chemical Concentration in Soil (mgkg) 
BR = I d d o n  Rate (rn3&siu) 
ET = Expswe T h e  @oms/&y) 
EF = Exposwe Frequency (bydyear) 
ED = Exposwe Duration (years) 
PEF = Particdate Emission Factor (kg/rn3) 
VF = Volatilization Factor (kg/&) 
BW = Body Weight (kg) 
AT - Averaging The (days) 

Noncaehogenric 
C ~ c ~ o g e ~ c  

(4 
2.0 
8 

125 
O.S(c) 

site specific 
chemical specific 

70 

@I 
3.5 
8 

250 
2gc) 

site specific 
chemical specific 

70 

d"s Standard Default Exposwe Factors for the Central Tendency md 
Exposwe (USEPA, 1 993). 

CT - Central Tendency - Reasonable M & m  Exposure 
(a) = Lower of the 95% upper cafidenee limit ofthe mean or the m u m  detected 

value. 

value. 
(c) = Best professional judgment 



6 = C h e ~ d  Concerm$.a?.isn in Water (m&) 
IR = Ingestion Rate (L&ay-) 
CF = Conversion Factor &L) 
EF = Exposure Frequency (daydye%) 
ED = Exposwe Duration bears) 
BW = Body Weight (kg) 
AT = Averaging T h e  (Bays) 

Noncxciwsg&c 
Carcinogenic 

's S m h d  Default Expswe Factors for the Central Tendency a d  
Reasonable M b a  Exposwe (USEPA, 1993). 

CT = Central Tendm~y. 
= Reasonable M 

(a) = Lower sf the 95% upper confidence 1 s t  of the mean or the rn 
value. 

g$8 - Higher of the 95% upper coni5dence limit sf the mean or the 
vdue. 

(GI = Best professional judgmentt 



E m  
FOR 

C = Chemical Csncenmtion in Water (ma) 
SA = Skin Surface Area (cm2) c 5 '  CF = Conversion Factor &/cm 1 
EF .= Exposme Fmquency (&ys/yw) 

ED = Exposure Duration (years) 
ET = Exposure T h e  @d&y) 

BW = Body Weight (kg) 
AT = Averaging T h e  (days) 

Noncscbog&c 
C a c h o g e ~ c  

S o m ~ :  Sqe&d9s Standard Default Exposwe Factors for the Cenbd Tendency afaB 
Exposure (1 993). 

CT - Central Tendency - Reasonable M Exposure 
(a) = Lower of the 95% upper confidence limit s f  the mean or the rnaxhm detected 

vdue. 
@) = Higher s f  the 95% upper csddence Binit of the mean or the rn detected 

value. 
(c) - Hands, Face Fore . CT = Mean vdues md Upper Bomd = M 

values. 
(d) - Best Professioraal Judgment, 
(e) = Best Profasisnd Judgment. 



6.5. B .4.1. The exposure point csnceatraeom are cdcdated as the 95 percent upper 
cod~dence limit on the arithmetic mean of the d y t i d  results for the rqresenb~ve mdytes 

in sdy one smpk or if ody one sample was esliected for a ce 

concentration is reported as the exposure point concenfmfion. T'he second meeptisn occurs 
when the 95 percent coddmce limit exceeds the m detected vdue f i r  

ples. h this case, the m detected copfcentmtion is comidezd ts be the 
wed as the eqoswe point concentration. 

6.5.1.4.2. The 95% upper wnfidence limit was cdcdated per supplemental guidance to 

RAGS (USEPA, 1992~) using the following equation: 

where : 

x - - mean of the t rmfomed data; 

S - - standad deviation of the $f.mfom& data; 

H = H-statistic from Table A1 2 sf USEPA (9992~); and 
n = sample size. 

' 6.5.2.6.9. The toxicity assessment evaluates the availab%e evidence rega&mg the 

potentid for particular co ants to cause adverse effects in exposed individuals and 

provides, where possible, m estimate of the relationship between the extent of exposure to a 

co and the increased likelihood andor severity of adverse cEixts. Toxicity 

infomation considered in this assessment hc8udes the reference dose ), which is used to 

evaluate non-caxhogenic eEects md the slope factor (SF), which is used to evaluate 

c m c h o g e ~ c  potentid. 



6.5.2.8.2. The values wed in %he toxici?y assessment are found in the given hierarchy of 
sources: 

I) DTSC guidance thou& either persand or witten w 'cation on cmem 
potency slope fixtors; 

2) USEPNs Integrated Risk W o  on System (USEPA, 1995a); md 

3) The .most current edition of USEPA" Hedth EEects Assessment S t u n n ~ v  
Tables @EAST) gUSEP& 1995b); 

& 

6.5.2.0.3. %Bet 
complicated and is beyond the scope of the p ~ l  screening. W e n  slope factors md unit 

risks are not available for d! patentidly carcinogenic members of an chemical class, toxicity 
values may be cdculated using toxicity equivalency factors (TEFs). These are values that 

csmpae the carcinogenic potentid sf  a given chemical in an class to the carcbage-a;c potentid 

of a c h e ~ c d  the class that has a verified slope factor m&or unit risk. USEPA has provided 

TEFs for polyarornatic hy&ocabons (PAHs) gUSEPAp 1993) as fsHBows: 

6.5.2.0.4. To calculate a slope factor for a given PAH, the appropriate TEF vdue is 

multiplied by the slope factor for bem(a)ppne.  Using the TEF approach, c m b o g e ~ c  risks 
resdting from exposure to dl wehogenic PIWs can be quantified. 



6.5.2.1.1. For chemicds h t  exhibit non-cacbgefie (e.g., systemic) effects, 

authorities consider orgmisms to have repair md detoxificatio~~ capabilities that must be 

exceeded by some criticd concenQa~ofn (a%lPeskold) before the health effect is manifested. This 
threshold view holds h t  a m g e  of exposures from slightly above zero to some finite vdue can 

be tolerated by the organism with no appreciable risk of adverse effects. 

6.5.2.1.2. Health criteria for chemicds exhibiting n o n ~ a f c h o g e ~ c  effects for we in 

risk ~ses~rnepht are generally developed wing USEPA IUDs developed by the Referace 

DoseRefe~nee Concentration ) Work Group md included in the I N S  (USEPA, 
%995%a). h general, the RdD is an estimate sf  rn average daily exposure to an individual 

(hclu&g sensitive individuals) below which there will not be an appreciable risk sf adverse 

health effects. The MD accounts for amncertahty fators (e.g., to adjust fiom animals to h m m s  

and to protect sensitive subpopanlatiom) which enswe that it is %ual&ely to mdere 

potentid for adverse nsn-cmckogenic eReas to occur. The p se of the RfD is to provide a 

bench mark against which the sum of other doses (i.e., those projected from h u m  exposure to 

various environmental conditions) might be compared. Doses that are significantly higher than 

the IUD may indicate &at m inadequate margin of safety codd exist for exposure to that 

substanee md an adverse health effect could occur. A s m w  of non-carcinogenic c h e d d -  

specific toxicity values is presented in Table 6.3 6,  

6.5.2.1 3. The potentid chemicals of concern may affect different target organs in the 

body. Under RAGS guidance, dose additivity is assumed which implies the same toxic 

endpoint target organ, 

6.5.2.2.1. For chemicds elkat exbibit cmcbogenic effects, most authorities recognize 

that one or more mofecdar events can evoke changes in a single cell or a small number of cells 

h t  can lead to tumor foma~oam. This is the amcan-keshold theory of cachogemsis pqo&g 
&at my Ilevel of exposme to a carcinogen can result in some finite possibility of generating the 

disease. Generally, regulatory agencies assume the non-threshold hypothesis for ca.rchogens in 

the absence of infomation cone g the rnech&ms sf action for the cltaeficd. 
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6.5.22.2. USEPA'S hogen Risk Assessment Verification Endeavor (CRAVE) has 
developed slope factors awd unit risks (i.e., dose-response values) for e 
cancer risk associated with various levels of l i f ehe  eqcaswe to potential h u m  cachogem. 

ate the l Z e h e  excess incremental cancer 

risk associated with exposure to a potentid czucbogn. Risk d using slope factors are 

a c d  risks 
e cancer risks me generally expressed in scientific notation a d  are probabilities. 

For exarq1e9 an excess risk of 1 x 10-6 (one in one million) represents the added probability of 
an individual developing cancer over a lifetime as a 8 s d t  of exposure to the specific 

cxckogenie shed& under the exposue condidom wed for the d y s i s .  USEPA has 

suggested developing remedid dtemtives for cleanup of S u p h d  sites using a target total 

excess l i5ehe cancer risk rm&g from 104 (one in ten tho S) to t 0-6 (one in one million) 

(USEPA, $990). A s of ezuciansgenie che~cd-speif ie  toxicity values is presented in 

Table 6.3%. 

6.5.2.2.3. h addition, there are varying degrees of confidence in the weight-of- 

evidence for carcinogenicity of a given chemical. The USEPA" system involves 

chacterking the overall weight-of-evidence for a 's carc~ogedciv based on the 
availability of 

c%asification is an attempt to dete the Ikeltihwd that the agent is a archogen, 

and thus q d i b ~ v e l y  affects the estimation of potential health risks. Thee mjor  factors are , 

considered in c$afac&khg the overnu weight-ofevidence for carcinogenicity: (1) the 
quality of evidence from studies; (2) the quality sf evidence from anhd studies, 

which are combined into a c f n a p a c ~ ~ t i o n  of overall weight sf evidence for human 
on that is assessed to dete whether 

the overall weim-ofevidence should be modified. Unce values are not associated 

with carcinogenic toieicity values because the uncertainty is reflected by the category to 
which the chemical is assigned. USEPAss f d  dasification of the overall weight-of- 

evidence includes the followkg five categories: 





6~ Group A - Haman C a w h o g e ~  - This category indicates that there is sufficient 

evidence from epidew%iolo@cd studies to support a ~ 8 ~ d  association betwzemn 

an agent a d  cancer. 
e 

o Group B - Probable Human Carebogen - This category indicates ahat there is 
at least limited evidence from epidemiological studies of carcinogenicity to 

h m m  (Group B I) or h h  in the absence of adequate data on h w m ,  there is 

sdKcient evidence of carcinogenicity in s (Group B2). 
a Group C - Possible Human Carehogen - 'This category indicates &at there is 

Iin-ded evidence of ceuchoge~ctgr in animds in the absence of data on h m m .  
ta Group D - Not Classsed - This category indicates h t  the evidence for 

carcirmogenicity h d s  is inadequate. 

Group E - No Evidence of Cawhfl~geni~i%gP to Humans - This c&egov 

indicates h t  %]here is no evidence for ~cinogeni~itgr in fat least two adequate 

animal test in different species, or in both epidemiological and ankd studies. 

6.5.2.2.4. Slope factors and u& risks are developed by the USEPA based on 

epidemiological or a1 bioassay data for a specific route of expswe (ord sr inhdation) 
The slope factor is the upper 95th percentile coddence limit of the slope s f  the dose response 

curve and is expressed as (m8kg-day)-'. The dose response relationship is linear only in the 

d therefore the slope factor is more accwate in this region. There is a high 
when extrapolating &om high dose to low dose and &om 

hmm doses. For some che~ccds, srafF~cient data are available to develop route-specific slope 

factors for i&a%ation md ingestion. 

6.5.2.3.1. Arsenic and c h o ~ m  In have been classified as h w m  carcinogens by 
USEPA and b v e  been assigned a carcinogenicity weight- evidence category of Group A. 

65.2.3.2. l,f-dicMoro&me md ca&m have been classified as pr~bable human 
carcinogens by USEPA a d  have been assigned a cmcinsgenicity weight-of-evidence category 

of Group Bf . 



6.5.2.3.3. Cabon tetmcln8oHide, cMorofom, methylene c%ll~Hi&, bemo(a)mkzene9 

bes@)fluom&ene, bermzogHe)f]luo$%~f~ene~ bis(2efiybexyl)phWate9 chrysexle, N- 
~&osodiphenyl&e, beryllium and lead h v e  been classified as a probable h 
carcinogens by USEPA, anel have dso been assigned a mckog&city weight-oEevidence 

category of Group B2. 

6.5.2.3.4. The USEPA bas placed lead in the weight-of-evidence group B2, indicating 

that it is ar probable h m a  carcinogen. There is suEcient d evidence h t  lead is 

cwci.nogenic, however the hwtp~m evidence is kdequate. Qmti$.hg lead's cancer risk 

invslves many mce es, some of which may be unique to lead. Age, bed* nutritional 
state, body burden md exposure duration kdhence the absorption, release md excretion of 
a d  In addition, current knowledge of lead p obet ics  indicates that an estimate 

derived by existing s t m h d  procedms wodd not truly describe the potentid risk. Therefore9 

a anbswpepicd eithate is not used to describe carcinogenic eEects of led .  

have been classified as possible h u m  carcinogens by USEPA a d  have been assigned a 

eachoges ic i~  weight-sf-evidence category of Group C. 

6.5.2.4.1 Conversion of HCs a d  - For inhalation paekways, reference 

cbncentratioxx (RE%) and hhdatisn unit risks (IWts) should be used when available to 

calculate hhalla~on reference doses @IUDs) met irhdation slope factors OSFs) to assess risks 

via inhdation. 

RdCs should be converted to the reference dose wing Qe following equation: 

IruD (mgkg&y)= Rf13 (m&) x 20 m3 per day per 70 kg. 

Inhalation Uplit E s b  

ISFs @g-&yhg) = (m3/ug) x 70 kg x 20 m3 per day x 1000 ug per mg 



('Table 6.141, a det on was m d e  conc the volatility of each 
compowd. Chemids having a Hem=y5s greater than 1 O" and a molecular weight 

greater than 208 wee  comieled to be srslatiie (USEPA, 1991). C h e d d s  not meeting these 

criteria were considered to be B(B%B-volatile. Chanicds without 

the Hew' s  Law Co or the rnolea.dar weight were not evdwted for the inhalation 

pathway. 1% should "be noted that each chemical is represented ody once as either a voTaai.Ie or 
particulate (nowo'latiIe). 

6.5.2.4.3 Cdc&gon of the PEF - The particdate emission fixtor VEF) relates the 
soil cs concentration to the air concentration of respirable particles due to fbgitive 

dust emissions. This relaiiomhip is applicable to typicd us waste sites md is 
dependent on the assumption that the site will provide a relatively continuous md constant 
potentid for emission over an extended period of h e .  Pdcealate emissions me generated by 

wind erosion and pre dependent on the type of surface mateid and the vegetative cover. PEF 
values are generated using the folIowing equation: 

PEP;-6&SxVxDHxCfax%fi]-(AxWx(1-G)~ l3 x Fx) 

where: 

PEF = particulate emission factor (m3/kg) 

LS - length of side sf co d m a  (site specific, meters) 

V = wind sped in mixing zone (2.25 dsec,  default) 
ion height (2 meters = average 

on (site specific, m2) 
on (constant = 0.4 g/a%t3-hr) 

@ = fraction of vegetative cover (site specific, unitless) - equivalent &$hold value 0% wind sped at 10 rn (1 2.8 dsec ,  default) 
UM = mean mud wind speed (6 d x e  - data from Defense Priority Model, 1993) 

Fx = constant (0.5, witless) 
Cfa -- conversion factor (3,600 sech)  
Cfb = eonversion factor (1,000 &kg) 



variabIes require site specific inputs 4i.e. area of c 

fraction of vegetative cove.); where site specific infomaion is not avidable, default values 

provided by RAGS @PA, 19896) were used. Site speese Somation used in this c d c d a ~ o n  

includes the length of the eo nated side of the S &OH, the 

h~t iofa  of vegetative cover, and the mem md wind speed in this area 

6.5.2.4.5. The length of +Le so was mewwed from sede 
drawings sbowhg the h o w  d locaticsnns. As EL comema~ve 

measure, the longest side of each S this distance to account for 
ed areas. The area of co 

scale elfawings of the study area. 

6.5.2.4.6. The fraction of vegetative cover is a qualitative estimate expressed as a 

percentage for the site. B a c k ~ o u d  information for each S from the R C M  Facility 
hvestigatisan Work PIm (Engineering Science, 1994a) was wed to det -this pameter- 
The mean annuid $%riald speed for this cdcdation was determined uskg meteorslogied data 

from the monitoring station. 

6.5.2.4.7 Cdcdaacdn of the W - A vo%at~htion factor was cdcu%akd to arrive at 

an estimation of %sail - to - air vola~lhaiti~n. n e  v d a a h ~ o n  factor is based saw a number 

of site-specific and chemical-specific pmperties and is calmllated as follows: 

where: 

VF = volatilization factor (m3kg) 
J-23 = length of side of co 
V = wind speed in dsec ,  default) 

DH = diffbion height (2 meters = average hmm height) 
d = @lei x E)/@ + Ps)(l - EIKas 
T = the exposure htewal(7.9 x lo4 seconds, default) 

A = area of cs ation (site specific, m') 

Dei = the effective difisivity of the chemical (cm?sec) 



E = m e  sod porosity (0.135 wed Basewide for silty clay) 
Ps = tnre soil density (2.65 g/cmf Basewide for silty clay) 
Kas = ) x 41 (g soiI/cm3 air) 
H = ~ e n r y ' s  ~ a w  ~omtant (af~fg-rn'/mol) 
Kd = Koc x OC 
CF = Conversion factor (0.00% kg/@ 
Koc = organic carbon partidon coeffirient for each chemical (cm3/g) 
OC = fraction of organic carbon (0.2 - default) 

g Showering hdwr Air Model - Exposure point 
concentrations for VOCs released from w a h  s h ~ w e k g  were modeid on the basis of 
work conducted by h d e  (1984s f 985~1, mci 1985b). In the mdei ,  the air concentration 
is dete by a balance between the rate of release from the shower water ant the rate of 
air exchange between the shower md the rest sf the house. The comtmts wcunhg  k the 
model have been set to match the observed eficiency of volatilization of triIorsethylene 
OCE) in model showers, a d  to fit the obsewd shower air concentratiom of TCE in several 
homes with con d water where measurements have been made. Scaling to sther 
csmpounds is accomplis&ed by ass the rate of volatilhtim from shower water to air is 
proportional to the Henry's Law Constant. The be-weighted average concentxation of a 
volatile compound in the shower air over a period sf & minutes is: 

C, = C, [(I + (IKtJ) (exp(-kQ-l)] for %, > 0 

where: 

C, = average concentration of a volatile compound in fhe shower air (mg//mf) over a 
d w ~ o n  of 4 (Inin) 

$ = t h e  in shower (default vdue 12 mh.) 

R = rate comtaa% for exponentid function, defied blow (I / 
k = FaNb (unitless) 
Fa = flow rate of air in shower (2.4 m3i&, default) 
V, = volume of bakoorn (12 m3, default) 
C, = asymptotic cowntration in air (nog/&) for shower ru 

c, = ~ m F w ) , ) ( c d l 9 ~ l l F ,  (mp/J3 



C., = coneenmtiom in shower water (mg/E) 
E = efficiency of release of comp fiom water to air%., defined below (unitless) 

= hdmw~cd  
%", = Row rak of water in shower (8 
& = efficiency of release of TCE from water to air 40.6, default) 

3 3 HTcE = H e q 9 s  Law Constant for TCE (9. l x $0 m - awmol)  

6.5.2.4.9. The concentration of VOCs in the water were bas& on the groundwater 
concmtra~om. 'Kgpe concentration of VOCs in the shower air will be mdeled for the adult 

resident. 

6.5.2.5.1. Currently, USEPA h a  not identified toxicity reference values for dermal 

exposwe and Somation is limited for dete-g uptake of chemicds across intact skin. 

USEPA RAGS guidance dIlows for m adjustment of ord toxicity infomation to quantitatively 

evdmte potentid d e m d  exposures (USEPA, 1989~). Shce most .IUDs md slope factors are 

expressed as the m o m t  of subsmce stered per unit h e  md unit body weight, it may 
be neeessay to adjust oral toxicity vdues from stered doses to $ibssrbed doses. Ord 
a b s o ~ ~ o n  factors me taken from the appropriate Agency for Toxic Substances a d  Disease 

Registry QATSBR) profile; when these profiles are unavailable, default values baed on the 

chemical classification are used. 

6.5.2.5.2. Of the nineteen chemicals for which there me no dermal RDs and slope 

factors available, ody owe study has been conducted concerning the de eEects. The dermal 

effects of p h e n m ~ e n e  has been studied on laboratory 

inconclusive, there are indications that chasdc exposures will result in adverse effkcts. C h d c  

dewad exposures to &ese chemicds have not been ex subjects. 

6.5.3.0.1. To characterize risk, toxicity and exposure assessments me 

integrated into quantitative md qualitative expressions of risk. To characterize potential non- 



eachogwic effects, comp&som are made between projected intakes of subsf4LPB~s md 
refaerne dose vdues. To ~hacter ize  potential carcinogenic effects, probabiliaies that an 

individual will develop cancer over a lifetime of exposure are estimated for projected intakes 

a d  chemical-specific slope facton. 

6.5.3.11,l. The potentid for won- 

exposure level over a specified h e  period (e.g., li with lt% RfD de~ved  for a similar 
exposure period. This ratio of exposure to toxicity is c d l d  a h m d  quotient according to the 

following. equation: 

E = Exposwe level or intake, md 
RdD = Reference dose. 

6.5.3.1.2. The noncaracer d quotient assumes &at there is a level of exposure 

below which it is unlikely h t  even sensitive ia&viduds wilj experience adverse health effects 

(i.e., an RJD). If the exposure level @) exeeds the threshold (is., if exceeds unity), 

there may be concern for potentid noncmcer eEects. 

5.5.3.1.3. To assess the overdl potentid for non-leacinoge~c eEects posed by more 

one chemical, a d hdex approach has been developed by USEPA. This 

approach assmes h t  s h d W e o w  sub-threshold exposures to several chemicals could result 
in an adverse health effect. It dso assumes h t  the magnitude of the adverse effect will be 

p ropohod  to the s n n  ofthe ratios of the smbhshold exposures. This is expressed as: 

Mere: 



Ei = the exposun level or intake of the i& toxicant, snd 

RtDi = reference dose for the i& toxicant 

HQi = d quotient for the i& toxicant 

6.5-3.1.4. Any single chemical with )a exposure level water than the toxicity 
threshold will muse the HI to exceed unity. For multiple chemical exposures, the HI can dso 

exceed unity even if no single c h e f i d  exposure exceeds its RfD. The assmptiow of dose 

additivity reflected in the HI is best applied to cornperm& that hdwe  the effects by the 
same rmwecWsms. Applying the to cases where the h o w  compomds do not induce the 

e effect may overe e the ptentid for eEects. To assess the overdl potentid Sar mn- 
carcinogenic effects posed by several eqoswe pathways, the totd for chronk exposure is 
the sum ofthe Hs for each pathway. 

ed as the hcrernental excess probability of an 

individual develophang cancer over a l i f e h e  as a result of exposwe to the po%ential carcinogen 

(i.e., excess indi-vidud I i f e h e  cancer risk). ?%e slope factor converts estimated daily intakes 

(averaged over a l i f e h e  of exposure) directly to incremental risk of an individual developing 
cancer. In general, it can be assumed that the dose-response relatiomhip -ail% be linear in the 

low-dose podion of the mdtistage model dose-response curve. Under this assmptisn, the 
slope factor is a co md risk will be directly related to intake. Thus, the following line= 

low-dose equation was used in this assessment: 

Risk = CDI x SF 

Risk = A milless probability of an hslii8u.d developing cancer a resdt of exposure, 

CDI = Chronic D d y  averaged ~ v e r  70 years (rn@kg=&y), md 

SF - Slope Factor(mgkg-daY)'l. 

6.5.3.2.2. Because the sbpe fator is often an upper 95th-percentile confidence limit of 

the probability of a response md is based ern expehentd 



This means fiat the 

"me risigPB is not likely 40 exceed the dsk estimate derived though this mode% a d  is likely to be 

less &an predicted. 

6.5.3.2.3. Far simdmmu exposue to several carchogens, USEPA assumes that the 

risks me additive (USEPA, 1989b). That is to say: 

RisBca = Total cancer risk, expressed as a miitless probability, md 
R i ~ k i  = Risk estimate for the i& substance. 

Addition of the carcinogenic risks is vdid when the f o l i o ~ g  assumptiom are met: 

e doses me low; 
e IEO sgr~le~gi~tk OP a f h ~ 6 h ~ ~  hfehi3~~0ElS 0CCl.U; ZUld 
e similar endpoints are evaluated. 

6.5.3.2.4, AecorcKmg to the National Contingency Plan g u i h c e  VSEPA, 1990), the 

acceptable target c x c h o g e i s  risk levels rue for a l i f e h e  cancer risk range between 10-"bto 

18-6* This represents a target risk ramge, and actual risk levels are developed on a site-specific 

basis. 

6.5.3.3.1. All risk assessments involve ?he use of assmp~om, judgments, and 

bpe$fat data $0 varying degrees. This results in uncertainty in the final estimates sf  risk. 
There axe several categories of uncertainty associated with risk assessments. One is the 

initial selections sf substances selected for m1ysis and therefore used to c&ack&e 
exposures. Uncertainties are Merent h the exposwe assessments for individual substaglces 
and s v i d a  exposures. These uncertainties are usuaHy driven by uncertainty in eke 
e h h d  monitoring data, but can also be driven by ppulatim intake garmeters. bo the r  

source of mceminty is the availability of toxicity hfomtion for the chemicals detected at 
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the . Other sowcm of uwe we inherent h the toxicity values for each 
substance used to c ~ a c ~ r i z e  risk. FWly ,  addi%ionai% mesgilinties are hco~ora ted  into the 

risk assessment when s to several subsmws across multiple pathways are s d 
and finex additivity is 

6.5.3.3.2. Uric .in Dab CoUdon and Evdua~on - Uncertainties in the 
data coll~~~PLBev%alu~on risk assessment focus on &te whether enough 
samples were ~ollCBed y cBliPE"ac&& the risk, and if sample analyses were 

the confidence in the results. Because the 

Work Plans md @ d i e  Assurance Project Plans were developed to collect s 
zones most B&ely to have k e n  affected by site activities, the samples w 
r d o d y  from areas of swpcted co tion. This biased sampling effort m y  t d  to 
overestimate the risk at certah S addition, the distinction between surface md 
subsurface soils was based Papon differences in soil horizons when inorganic baclcgroumd 
sample analysis was pedomed. This m y  lead to uncertainty in dete g differences 
between surface and subsurface exposure, and m y  over- or underesthte risk. 

6.5.3.3.3. C h e ~ m l s  h t  were never detected were el d kom the assessment. 
It is possible, but unlikely, t h e  some chemicals were present below the sample q m ~ & ~ s n  

limit (SQL) and not retained in the assessment. Shce samples were collected at areas where 
concen&atiom were most likely t9s be high, it is very unlikely that any c h e ~ c d s  were 
present at a site at health-significant levels and not detected in at least one sample. However, 
if this did occur, this as tion would underestimate risk. 

6.5.3.3.4. If an inorganic chemical was detected above background, it was retained 
in the risk assessment regardless of how frequently it was detected. All mganic chemicals 
were retained in the risk assessment. To cdmlate the exposure mncelatradom, chedcals 
were a s s w d  to be present h d l  samples within a media. When the c h ~ c d  was not 
detected in a sample, one-Uf of the SQL was used. Especially for chermicds that were 
detected in only a few samples, the 95 percent upper ~ o ~ d e n c e  internal or value 
probably greatly overes s ~e mount of the chemical present and, comeyendy, 

o%rereshates the risk from the chemical. 



6.5.3.3 3. C k o d m  exists in two oxidation states: trident ( c h o d m  md 
hemvdeHIP ( c h o ~ m  W). Each has a screen& Risk Based Concentration (RBC) s p ~ ~ c  
to that ofidation state. Sample analysis provided resula for total chornim and did not 
identify oxidation states. However, c- occurs in nature pkcipdgr as the trivalent 
fom. q%rivdent c h o d m  is the most stable form; hexavdea c k o ~ m  is a mdemW%y 
strong oxidizing agent that reacts with organic materids a d  is r e d u d  to trivalent 
c h o ~ w ,  In addition, the main source sf hexavalent c h o ~ n a  is chomte  and d ickomk  
w& in the! facture of chrome steels and aUogrs or in paha opm~om;e. These types of 
activities did not wcw at the . Therefore, trivalent c k o ~ m  is the expected 
oxidation state at the 

6.5.3.3.6. The data also include a number of data validation flags, as deta2d in 
Subsection 5.2. Qualified data were retained f ~ 1 I ~ w h g  RAGS guidance. A e o m o n  
qualifier used in risk assessment is the 9 qualifier. J-qulified data indicates uncertainty h 
the reported concentration of the c h d c d ,  but m t  in the assigned idedty. RAGS guidance 
(USEPA, 1989) d10w.s for &e retention of I-qualified chemid concentrations the same way 
as positive data witbout the J qualifier. uncertainty in the reported chemical 
concentration can over- or mderesthte risk. 

assessment is ea risks that are mnditiod upon the existence sf exposwe conditions 
analyzed. If exposure does not occur, no risk are present. Once pathways are! identified, 
exposure point concentrations must be t s  kd. There is always some doubt as to how well 
an exposure modd approdates the actual conditions receptors will be e x p o d  to at a given 
site. Key assumptions in estimating exposwe point mncea&ations and exposure assumptions 

and tbeb potentid impact on tbe assessment are described in the following pmgrapb. 

6.5.3.3.8. Exposme point conan%tratiom were bmZd on steady state conditions; 
therefore, fixture wxen&atiom are assumed to be identical to current c o n ~ n t r a ~ o m .  This 
assumption m y  tend to overestimate long-term expome csncentratiom bemuse chem&x% 

concentrations are likely to decrease over h e  ffom natural processes such as dispersion, 
a~ztenua~on, and BiBu9ion during migration to potential receptors. 



assessment is 
g Imd use. At the 

limited to official visitors. As a conservative me e h.nd use within 
wsmed to be develom for residen%hl use. This m y  tend to over=- or uderes 
at the 

6.5.3.3.3.9.1. h t b e r  u~~bam in e q o w e  assessment is the particulate emission 
factor PEF) used to the generation of fugitive dusts from surface con on. 
The PEF cdcuhtion is not c b e ~ d - s p f i c  md &erefore, it does not account for the 

different physical characteristics of the co . In this respect, d l  chedcds were 
s s m d  to have the same k h v i o r  when adsorbed to fugitive dust particles. This may tend 
to over- or undere risks Add i~od ly  there is dways uncertainty associated with 
modeled soncenpratiom. Models were wed to estimate volaahtion from soils, particulate 

tiom were made in each of these 
models that m y  over- or d e r e s t h k  Hi&. 

6.5.3.3.3.9.2. Unc Qgs in Toxicity hsasment - Some ppflcertahty k inherent in 
the toxicity values for the duration of exposure assessed. Mmy of the studies are based on 

s and ex&aplakd to , and in some cases, subcVO~c studies may be used to 
assess chronic effects. As stated the toxicity assessment section, several uncertainties 
apply in these extrapolations, Because slope fact~rs are generally based on the upper limit of 
the 9 5 & - p r ~ n a e  confidence irmtepvd, che~cal-spzific risks may be overestimated. 
Reference doses are dso chosen conservatively and W e  use of safety factors. 

6.5.3.3.3.9.3. USEPA has not published de toxicity vdues a d  tkierefore, 
made ta the oral toxicity values in order to qudtatively evaluate risks 

exposure. 'There is also ur%=mb@ associated with the Hack of toxicity data 
md studies for some of the e h d c d s  of conwm. These chemicds are unable to be 
qmtihtkely assessed ira the risk assessment. This lack of data md adjusted oral datx may 
tend to over- or underwthte risk. 

6.5.3.3.3.9.4. Risks to commcdon workers were assessed as though their exposme 
were c h o ~ c  or bng-tern rather s n k h f o ~ c  or short-term. Using a chonie exposure is 
a comernative assmpaion md tends to overestimate risks. 



6.5.3.3.3.9.5. h Risk G ~ ~ c - ~ ~ ~ o I P  - ~ncertainties in the toxicity 
on of dose addi~vi$gr for multiple substance 

exposure. That as possible synergisms md antagonism among chedcds 

aion of dose additivity, established by RAGS p i  and reflected in the HI, is best 
applied to compbnaads h t  induce the same target organ effects by the same mec 

where positive s p r g h m  between chedcds is apparent m y  under- or overes the 

ly, risks s d for ckdmls  having v ~ o u s  weight-of- 



7.1.0.1. S W U  17 is used fop burning wastes po@n.allgr co ted with 

explosives or propllmB and is subd into five separate areas (A ?hrougkt E) based on 

history and operations. The general 17 (Vicinity) discussions address the monitoring 

wells placed in and around the unit %rmd the groundwater discharge point at the New Ever as 

the dye tracing stia The discharge point is approxhately 4,800 feet west 

1% b m n d q .  U 40 is included with SWMU 17 because sf  their 

proximity and simiIar subsurface conditions. 

7 and S W U  40 in relation to the rest of the facility. A 
detailed location map of S U 40 is presented as Figye 7.1. 

\ 

within the westernost of the W s  

hdogical feature of S 

approximately 30 feet deep by 200 feet wide by 400 feet long. 

7.1.1.2. Materials consisting mostly of large metallic items and luge combustible 

i tem co ted with propellants and explosives are actccmu%ated into luge piles in the 

Stage and Bum Area. The materials are piled on the ground by crane to a height of 

approximately 30 feet and then ignited. Facility representatives reponed that waste oil and 

diesel h e %  are used to he l  the burning operatiom- Wood, paper, a d  cardboard 

contaminated with propellants and expIosives are often added to the piles to increase 

combustion. Waste oil used for these operatism was stored in the two waste oil USTs 
U 76 on Figure 7.1) formerly located along the Stage and Burn Area emba 

of the waste pile. Following burning of the waste pile, scrap metal is removed from the 
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FIGURE 7.3% 
SWMU I'I/SWMU 40 LOCATION MAP (CONTAMINATED WASTE BURNING AREA) 
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residue and accmuEated in piks to be sold for rcxychg. 1% ash is characterized as 
,>'=- 

~ u s  it is trmporged off-post for proper disposal. No ous ash is shipped off- 

post to an industrial landfill. When the USTs were removed in 1991, lead slag was detected 

in soils at the S U 76 area. 'This unnumbered S U was identified as the Fomer Lead 

Fumce Area (FWA), a facility used at the h e  of World War a. 

(as well as 17C, 17D, and 17E), is Hmted wi$B the 

ole is approximately 40 feet deep by 660 feet 

long by 350 feet wide. SWMU 178 is a sfagihg area for the ACD. It is divided into two 

bays; one is covered with a roof and the other is open. Both are csmtmcted with concrete 

floors and 6-foot high concrete walls on three sides. Materials are accumulated in $%%is 

staging area prior to burning in the ACD. Adjacent to the uncovered storage bay is a below- 

grade, concrete-line3 settling bash that collects surface water mnoff h r n  the staging pads. 

The pit is equipped with a sump p u p  that, at one t h e ,  peridocially pumped the collected 

water into an unlined &dinage ditch leading to the Rumff Drainage Bash (17E). Currently, 

mmff is collected in a sump mQ treated at 's industrid sewage treatment piant. 
,"T7.., 

7.1.3.1. Conmhated wastes small enough to feed into the bum chamber are burned 

in the ACD (17C), a large concrete pit enclosed within a metal structure. Forced ah- blowers 

efficiency. The system does not qualifL as m incinerator under E M  
definitions and is considered simply a f o m  of controlled open bu (LK4EHA5 1980). 

7.1.4.1. SWMU 17D is a staging area adjacent to the ACD. It is used for 

ammulathg a d  storing ACD ash and scrap metal prior to disposal. The staging area is 

currently composed of a storage shed with a concrete floor. Prior to corntruetion of the 

shed, the ash and scrap metal wme staged on the'gromd. 



7,1.5.1. Directly west of the ACD Ash Staging Area (17D) is S U 17E. It is an 

udhed settling bask. This unit appears to be a natural drainage depression rather than a 

consmcted bask. Surface water runoff h r n  bke ACD and Ash Sbghg Area drains into 
%T 17E; water from the settling bash at S 17B also discharges to this drainage 

bash. 

7.1.6.1. This S was identified in the R C M  Facility Assessment (USEPA, 

1989) as having a potential for releasing co into the environment md was included 

in the RCRA Permit for Corrective Action and Incinerator Operation (USEPA, 1989) as 

warranting investigation. S s a Sanitary Landfill (Nitroglycerin Pnea) located in 
the south-central section of the Main Mmufacmrhg Area. It is situated about 200 

feet west-northwest of the Contaminated Waste Bu Areas (S 17Im This landfill 

was never permitted, and was reposfedly used in the 1970s and early 1980s (fo6lowhg 

closure of SWMU 43) for the disposal of ufncontamhtd paper, municipal refuse, cement, 

and rubber tires (USEPA, 1987; USATH 1976). No known hamdous wastes or 

hazadous constituents were ever disposed of in the IadfiU. 

"9 1.6.2. The landfill is apprcsxhately 440 feet by 108 feet in size (about h atere). 

The unit was an area fill; no trenches were excavated. The unit was closed with a soil cap 

and moderate grass cover. Since closure, excavated "clem" soils have been stockpiled sra 
top of the unit by the USACE as a result of construction activities at . Hw 1991 and 

1992, a fenced enclosure for asbestos storage and other I-mxdous materials was com$placted 

near the paortheask comer of &is SWMU. 

7.2.0.1. Initial WH activities were conducted as S W U  17 between Fall 1991 and 
Spring 1992, and W activities were performed at S U 40 in Fall f 99 1. The findings sf 
the W I  program for the five different areas ih SWMU 17 (Dames & Moore, 1992a) md the 
W results for S U 40 (Dames & Moore> 1992b) are discussed below. Results of soil, 

b ... % 
surface water and sediment sampling for the five S U 17 areas are su 
7.1, 7.2, and 7.3, respectively. Also included h these summary tables for comparison are 



TABLE 7.1 
R H  DATA 1992 

ALYTPCAL DATA 
OEEECmD AT S 

Aluminum 
Antimony 
Arsenic 
Barium 
kryHiurn 
Cadmium 
Calcium 
Chromium 
Cobalt 
CQPFP 
Iron 
Lead 
Magnesium 
Manganese 
Mercla~y 

Pstsbssium 
Silver 
Sodium 
Thallium 
Vmdiurn 
Zinc 

236,000 
30 
463 

1 .m 
46. H 
40 

NSA 
4m 
0.8 

2,9@3 
NSA 
2w. 
KSA 
8,W 
20 

NS A 
200 
NSA 

6 
560 

%6,Q8(B 

** 
ees 

B 

HBN 

kkF 
HA 

NSA 
WT 
m- 
M C  
$A%. 

/+-r, a l 

Upland soil samg!es were collected from 5 locations as MAP- The m a n  mi standad devhtions we= ~&uIa&. Backgrow$ co 
seleceed from the upper 95 percent 60flfid61iC-z i w m a l  of the k k g w d  dam set, wbkb is aqs l  to the m a n  plus ewo standard deviafiom. 
Chromium I11 a d  compounds 
Nickel (soluble =lo) 
Analye was detected in corresponding method bl&: values are flag@ if h e  sample w m d a n  h less &am 10 timer the mad b W  concentmion 
for amrawsn hbmtory mmituents and 5 S e e  far dl other ans~&p1ts .  
Wea%&-bsed wmhr as defied in l e  IQeM permit. K-IE3N.s not specified in rhe p e d  wem derived using s expare an8 bake assumpiom 
cowsislenc with EPA guiddines (51 FedePal Register 33992,34006. 34014, a& 34028). 

I 
Concentratdon is rep& as less ham the esriified repaning [ h i e .  
Not available: no M C  pmvlld 
No sundad (HEN) available: health effects data wem not available for the cz(c.sIatiow of an HBN. KBNs were MPP deh(pgd for ~ C S .  
Not ~ e s d .  
Pncdcal qumPimoion limit: Phe lowest mncmfmaiars nhrt can k reliably dewted at a d e w  level of pmirion for a given 
Risk-based wmeeanwation provide4 by USEPA (USEPA.l994) 
Target amlye list. 
Micmgnms per pnm. 
Bnckeo ~dicale art the dews& cowcaatwtion exceeds the W N .  

\ 



TABLE 7.2 
RE3 DATA 1992 

P " YTICm DATA 
COELECmD AT S 17 

ABtraninum 
Arsenic 
Barium 
Calcium 
Chmmium 
Copper 
Iron 
h d  
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Silver 
Sodium 
Vanadium 

/"" Zinc 

101,500 
50 

1 e r n  
NSA 
50 

1-295 
PIS A 
50 
NSA 
3.5m 
2 

700 
NSA 
50 
NS A 
245 
7 ,m 

Total Organic Cabon 3 9,350 - 12,W . NSA NA 
Toad Organic Halogens I 3 44.9 - 86.5 NSA NA 
PH NA 3 7.41 E - 7.71 NSA NA 

Of  Nickel (soiuble &re). 
HBN KBeai&-bas& numkr defined in the RCRA permit. HBNs not specified in the peranit were derived using exposure a d  b& ~ q b m  

consistent with EPA guidelines $51 Fdeni Register 33992.340%. 34014. artsi 3402%). 
Id'meo holding time .for mlyda was missed, But data quality is not believed ta k nHectd. 
CommmPion is a%pM as less $.an the ceIPiPd reporting ihit. 

No6 avaihble. 
No sfamlaid (HBN) avaikbls: health effects data wers not available for the calmlation of m HBN. HBNs were wa derived for nCs. 
hd4  q&mtiQa limit; h e  lowest conc@ntBatian &%I can be ~Oiabably rfewcwl at a d a f d  kvd of pmkicn br a given maythd methad. 
Risk-$& conenmtion p n v i d d  by USEPA (USEPA, 199-41. 
Taper awlgo lia. 
Miemgmnu pr liter. 
Bmckess indicate that the deecf%a c o m n t k a ~ n  exceeds Phe HBN andfoe RBC. 



TABLE 7.3 
RHDATA 1992 

S ARY OF mPLLWPCU DATA 

Aluminum 
Arsenic 
BaYium 
Cadmiurn 
Calcium 
Chromium 
Cobalt 
Copper 
l rsn 
Lead 
Magnesium 
Manganese 
Mercury 
N ickcl 
Potassium 
Silver 
Sodium 
Vmadiurn 

"" Zinc 

Arsenic 
Barium 
Chromium 
Silver 

2m,w 
8.5 

1 Dm 
a 

NSA 
400 
6.8 
2.m 
NSA 
2M 
NSA 
8 , W  

20 
I ,m 
NSA 
200 
NSA 
560 

16,MKl 

b B  

e o t  

B 

LT 
N A 
N M  
NT 
WH. 
BUE6C 

, TAL 
X L P  

~ f l / L  
I I 

Upland mil samples were c011ectd fmm 5 ! d o n s  ac W, The mm and deviations were dculkd.  am88 levels were 
=kcad fmm rhe upper 95 pment conMencs interval of &s kbseruwd data aet. which is quzl to the man pius avo 
Clhmm~urn I11 and ccampesnds. 
Nickel Isolarble .%!as>. 
Amlyte was detected in mwespndiw mehod blank: values ape med 8 Ihe sample w ~ n ~ ~ r n  is lea thn 10 times the mi?&& b b k  eQ 
For KQlramOn Isborntory consaiarena and 4 dm= for all saher ~rneiaseim~ 
Health-based number as defined in the WCRA ppnnit. WNs not sp i f i ed  in the wgpe derivd using s e x p a  aar$ bmke 
consisenc with EFA guidefiner (51 Federal Register 33992, , 34014. md 34028). 
Concentration is repond as less &an h e  &gRjf& reporting limit. 
Not mvallable. M W@ provided. 
Ne sandsrd (HEN) available: health effecrs data WE not svdab$e for the d c u k t i m  of a HBW. HBNs were &t d e i v d  foe 370. 
Idw &st&. 
Bwcaicak quanwmeion Bimia: !he lowes coneengntion that c~ k reliably detected at a d e M  level of peecision b r a  given m y t h !  m&d. 
R i s k - $ a d  sswsersrwliaa pmvkkd by USEPA (USEPA, $9941). 
Taae6 amlye list. 
%xicity Characteristic Leaching Procedure. 
Micmgwms per gram. 
Miemgmws pcr liter. 
Iwcksu ~dicale hat  &e Q e ~ ~  concensmt~sn exceeds ahe HBN a d o r  RBC. 

Prom Dames d Mme. 19921 
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health-based numbers (HBNs) taken from the RCRA permit (USEPA, 1989a). Risk-based 

ckpfacemntpatioms (RE3C.s) for comercia8 kidustrial soils ape also presented h Tables 7.1 and 

7.3 (soils and sediments, respectively), a d  M C s  for tapwater are presented in Table '7.2 

(BJSEPA, 1994). Additiodly, comparison levels of upland 'soil background data, as 

calculated by Dmes & Moore (61992a), are included in Table 7.1 (soil) and Table 7.3 

(sediment). A total of 10 background soil samples were collected during the RFI from off- 
post kcations in the diate vicinity of . Sample locations from the Dmes  & 

Moore investigation are shown in Figure 7. I. 

7.2.1.1. The ash from the Stage and Bum Area was sampled in 1980. The extract 

procedure (EP) toxicity test determined that the ash was rdous (BJSAEHA, 1980). 

7.2. 1 2. Near-surface soil smples (8 to 0.5 feet) were collected from two locations 

(l7ASSI and f7ASS2) at SWMU 17A to dek e if soils bad been co 

burning activities. No deeper $03 smples were colleckd. Ml soil samples were analyzed 

for metals and explosives. Concentrations of arsenic, beryllium, cobalt, copper, lead, and 

thallium exceeded the HBN or RBC criteria in one or more smples. In sample 17ASS1, 

concentratbm of 15 metals exceeded background comparison criteria for upland soil, but 

ody four of these metals (asemic, copper, lead, md thallium) also exceeded HBNs, a d  only 

arsenic also exceeded the W C ,  Cobalt also exceeded the HBN, but did not exceed the 

background criterion. Four metals exceeded the background copmaaxison criteria h sample 

17ASS2, but ody arsenic also exceeded the HBN, and ody arsenic and beryllium exceeded 

e C Lead, cobalt, md beryllium also exceeded the ~ N ,  but not background criteria. 

Based on the data for ?hese two soil samples, arsenic, beryllium, copper, lead, md thallium 

were identified as potential contam of concern in S 17A soils. Concentrations of 

alu&um, antimony, barium, admiurn, c%nromium, iron, mercury, nickel, silver, sodium, 

and zinc in soil sample ITASS31 exceeded the background criteria but were less than HBNs 

and W C s  md were not identified as ;a concern. Samples 17ASS2 also had concentrations of 

barium, copper, and sodium above backgmnd but below HBNs a d  RBCs, One explosive, 

2,4-DNT, was detected in one soil sarpIe (17ASSI). The 2,4-DNT concentration, however, 
was slightly less h n  the HBN criterion and much less bhm the RBC. 



......T? 

"9.2. I.  3. One sample (1 7ASW1) also was collected from the surface water ponded in 
the depression Iseated jlfa the souhewn end of S U %%A to assess the potential for 

con nt migration by surface water wanoff or ididtmtion. The surface water sample 

contained 15 metids at detectable concernatism with three of these exceeding HBN or RBC 

criteria. Arsenic, chofium and l a d  exceeded the HBNs by factors raging from two to 

Wee, and arsenic exceeded the RBC by three orders of m g ~ m d e .  The explosive 2,4-DNT 
was detected in this surface water sample at a concentration slightly less than 10 times the 

HBN and three orders of magnitude less than the B C .  

7.2.2.1. At the ACD Staging k e a  (S U 17B), one sediment sample (17BSE1) 
was collected from the concrete-limed settling basin for metals md explosives mIysis to 

determine if runoff from the staging bays could transport co ts. Arsenic, cobalt and 

lead concentrations exceeded the HBN criteria, but ody arsenic exceeded the RBCs. 

Concentrations of Iead a d  arsenic were five to 28 times greater than the soil backgroannd 

criteria. Nine other metals (barium, ~aclmium, c b o ~ m ,  copper, mercury, nickel, silver, 

-. ., sodium, and zinc), although at levels less &an the HBNs a d  RBCs, were detected at 

concentrations greater than the backsurab soil criteria for upland soils. A relatively high 

concentration of the explosive 2,4-BNT in this sample exceeded the HBN; however, the 

concentration was less than the RBC. 

7.2.3.1. In February 1990, a sample of ash was colkcted from the ACD (SWMU 
%7C> and analyzed for EP toxicity (now the toxic characteristic leashing procedure [TCEP]) 

( l . T S f i W ,  1980). The cadmium concentration (2.42 mg/E) exceeded the Virginia 

regulatory level of 1.0 mg/L. 

7.2.3.2. To address the potential for soiI co resulting from aeemulathg 

burned scrap x e h l  and potentially con U 17C, a total of faes soil 

samples were collected from ltwo locations Qf7CSSI and 17CSS%], two surface and two near- 

surface, and analyzed for metals and explosives. Concentrations of arsenic, berylPllium, md 

cobalt exceeded the HBN criteria in all samples, md arsenic and beryllium exceeded the 

RBCs. C09leeratratiom of barium in one sample and thallium in three of four samples also 



exceeded the HBN criteria but did not exceed RBCs. Ody barium, beryllium and thdIium 

were detected above both HBN and background comparLTison criteria. Barium was detected 

above the EBN only in one sample. Beryllium was detected at less twice the 
background criteria. Several other metals (a1 chromanium, copper, iron, magnesium, 

mercury, nickeH, potassium, silver, sodium, and zinc) were reported at c~~)ncentrations greater 

the upland soil background criteria but were Iess ahe HBN or RBC. Most of the 

elevated metal csncenkatbtions were reported for the two samples collected from 17CSS2, 
which was located at the southem end of the site. 01x2 explosive compound was detected in 
the I-foot le colHected at 17CSS2. However, the concentration of the explosive 2,4- 
DNT did not exceed the HBN or RBC criteria. 

7.2.4.1 Two surface soil smples (17DSS1 and 17DSS2) were collected at the ACD 
Ash Staging Area (S U 17D) a d  analyzed for metals and explosives to assess potential 

soil co tion firom the storage of ACD ash and from the coal bottom ash pile. The 

results of the chemical analyses indicated that concentrations of five metals exceded the 

,&V..* 
HBN criteria and as many as 11 other metal concentrations were elevated above background 

soil criteria. Only arsenic exceeded the RBC. In both smples collected, arsenic, cobalt, 

Head and thallium concentrations exceeded tkne HBN criteria and arsenic exceded the RBC in 

both samples. With the exception sf  cobalt, the concentrati~ns of these metals dss exceeded 

the soil background criteria by factors ranging from 6 to greater than 18. Phlthough elevated 

in both smples, copper exceeded the HBN criterion in only one smple (17DSS1). 

Concentrdbbiom of mtirnongr, barium, cadmium, cdc iw,  c h o d m ,  iron, m e r c y ,  nickel, 
silver, sodium, and zinc, although less the applicable HBN or RBC, were greater &a 

the soil background criteria. Explosives were not detected in either sample. 

7.2.5.1. To d e k d e  whether eont were migrating from S 
17C, a d  17D to the Runoff Drainage Basin Q17E) via surface water runoff, one surface 

water sample (17ESWl) and one sediment sample (1EESE1) were colHeckd from the bash 

for metals and explosives analysis. Arsenic; chromium, Head, and 2,4-DNT concentrations 

exceeded HBNs in the surface water sample from SWMU 1733. However, only arsenic 
exceed the RBC. Concentrations sf 10 additional metals h the sediment sample were grater 

the soil background criteria but were less than applicable MBNs or RBCs. In the 



U 17E sediment sample, arsenic exceded the RBC and lead concentrations exceeded 
the HBkT but not the RBC. Cobalt was detected above the HBN criteria but less the 
background criterion. 

7.2.6. I. Two wells were installed into the bedrock (4 
nuwater was measured in these wells in October 1991 or Mwch 1992, and they could not be 

sampled. No soil samples were collected and no soil or aqueous analytical results were 

7.3 S Y OF RH FIELD ACT 

7.3 .O. 1. The fidd activities for S U 17/40 were not limited to the investigations 

performed at the sub-ixas discussed above, but included the dye tracing test, the sapl ing of 

the discharge point determined by the test, and the sampling of the wells installed for 

monitoring the test. The dye tracing test was completed prior to the Parsons ES RFI field 
activities, and has been described in detail in Subsection 4.5. The discussion of the smpling 
of the discbarge point and the dye tracing monitoring wells is presented below in the SWMU 
1'9 (Vicinity) subsection. S U 17E was not investigated further since it has been 

adequately characterized. $he analytical parameters for the sannplkg described below are 
shewn in Tables 4.3 md 4.4; the smpk loeations are shown in Figure 7.2. 

7.3.1.1. A total of three soil br ings  were advanced to the ~~~~bedrwk interface at 

S W U  17A to better characterize the extent of so U 17A soils. Two 
borbgs (17ASB1, 17ASB2) were located near previous RFI sod sampling Bmations to define 

the vertical extent of soil c o n ~ b ~ o n  a d  &e third boring (17ASB3) was located in the 

western portion of SWMU 17A to extend soil data coverage both Rorizon&lly and vertically, 

7.3.1 -2. Soil samples were collected at %-foot kterv211~ from each boring location and 

subfiaed for metals a d  explosives analysis; samples from 5 feet below ground surface and 

just above the bedrock surface were also analyzed for volatile organic compounds (VOCs) 

and semi-volatile organic compounds (SVOCs) to address potential sail cs 



FIGURE 7.2 
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resulting from the use of fuels to ignite the bum piles. A composite sample from each boring 
was analyzed for TOC (to evaluate ssrptive properties of the soil) a d  BTU md waste 
chracterkation (to evaluate. disposal properties). A near-surface soil sample (0 to 0,5 feet) 

was collected at 14ASB3 and anAyxd for metals and explosives. 

7.3.2.1. Two channel so2 smp1es were collected from the unlined drainage ditch 

located adjacent to SWMU 17B. This ditch was paeviouslly used to carry runoff from 
U I7E. These soil smp%es were a m % y ~ d  for meals and explosives. 

7.3.3. I .  Two soil b~rings (17CSB1 md 17CSB2) were advanced to the soil-bedrock 

U I7C near previous WI soil sampling locations to bet%er characterize h e  
vertical exteat of metals and explosives con tion in the SQ~BS. Soil samples were 

callected at 5-foot hterva1s in each boring a d  submitted for metals and explosives analysis. 

....a, 
A composite smple h m  each boring was analyzed for TOC, BTU, and waste 

characterization to evaluate remedial options for the soils. 

7.3.4.1. Two soil borbgs (17DSB1 md 17DSB2) were advanced to the soil-bedrock 

interface in the ACD Ash Staging Area near previous WI soil sampling %scatism to better 
characterhe the vertical extent of metals and explssives co ation in the soils. Soil 

samples were collected at 5-foot intervals in each boring md s u b ~ a e d  for metals and 
explosives analysis. A composite sample was collated .From each boring md analyzed for 

TOC, BTU, and waste cltzaracterhtion to help evaluate remedial options for the soils. 

7.3.5. I.  Groundwater samples were collected from four of the six monitoring wells 
in the vicinity sf S U 17/40. Wells 40MXvT2 and 4OMW4, which were installed around 

U 40 landfdl during the VI, were dry and could m t  be sampled. Wells 17P%H, 

Fa. 
3 were sampled for metaIs (total rind dissolved), expIssives, 

TOC, and TOX. These wells had not previously been sampled (l'bPZ1 had previously been 



dry, md the other three were b&lIcd to monitor the dye tracing test). Field measuremenB 
.T...," of the groundwater from these wells were. d s s  obtained. 

7.3.5.2. The results sf  the dye tracing test revealed that a spring mar the New Ever 
was hydraulialIy comected to S U 17. Dye introduced into ~ j e c t i ~ w  weII 1 (bcaad in 

k. The spring, which discharges dkec.tIy to the New Ever, is a p p r ~ x h t e l y  

4,800 feet west sf  

spring, river, md % as well a fracture traces and other s les in the vicinity. The 
spring surface water and sediment was sampled (SPG3SW1 and SPG3SE1, respetiveHy) for 
total metals, explosives, TOG, and TBX. Field measurements were aabo taken. 

'7.3.5.3. Table 7.4 s kes the field activities conducted at SWMU 17/40 for this 

investigation. 

~ ,... v,.. 
4.4.1.1. SWMU 17 comprises two large sinkholes whiek dowairaak the area, and the 

approximately 30 feet deep by 200 feet wide by 400 feet long. SWMU 14A is situated on 
the level floor of t h i s  s U "9 is located on the eastern emba 

le. A single dirt road kads down to the burning area. The southern pan of the 

sinkhole collects supface runoff water md is often ponded. 

ole is to the east and south of the I7A sinkhole, The 

oles are separated by arpprox~tely 100 feet of level groud 3040 feet above the 

sinkhole floors. Wells H"SPZ1 and 17MW2 we Issated on this high ground. This sinkhole is 

agsproxbtely 40 feet deep by 600 feet Bong by 350 feet wide. It also has a single dirt road 

%eadbg to the %eve1 floor. 

Us 17B, 17C, 132, and I E  are Iocated in PBs eastern s 

and 17C are comtphected OH a level grade slightly above the sinkhole floor. The western 
section sf the s ole collects surface water mnsfe and i s  aften ponded. 



* Field measurements of pH, amqserature, md conductivity were also esllecad. 



"14-1.4. The U 40 ImdfilI is approxhtely 150 feet west of the %3A sinkhole. 
,,,.-,.\ The highest point e Imdfdl is approxhtely equivalent to the divide between the two 

large sirdcholes. S 40 is an area of gently to steeply sloping ridges. To the north, the 

elevation decreases by approximately 20 feet at the lower boundary of SWMU 40. The 
IhJ is bordered by trees to the west and south. Numerous paved mads and 

7 .4.2.1. The geology of' the S U 48 area was mostly characterized 

through previous investigations . Dmes 
activities included the installation of three monitoring wells and two soil borhgs. The 
Parsons ES dye tracing study investigatory activities included the installation sf three 

monitoring wells and two dye injection wells. Seven additiom% s ~ i l  brings were hstalIed 
for this WI in the two SWMU 17 s les. The vertical extent sf a%E drilling activities was 
appmxinmately 190 f ~ e t  ranging from 1905 feet above mean sea Hevel (msE) ts $715 feet 

m s l  . 

..... ..- 
7.4.2.2. All geological samples were categorized under ekse Unified Soil 

Classification System (USCS) in accordance with the work plan. The USCS desigmtion was 

determined in the field by the project geologist. The information from a11 the investigations 

.was compiled to prepare the ge~logic cross section presented as Figure 7.3. The profile h e ,  

A-A' (Figure 7.2), is a northwest to southeast oriented section which spans both S 
md generally parallels the groundwater flow direction as determined by the dye $%acing 

study. 

7.4.2.3. As seen in the cross section, very little overburden is present mmplling the 
bedrock in this part of the facility. A thin yelllow-brown silt and clay (ML) Sayer or clay 
with less silt (CL) layer was generally encountered overlying a wemathered dolomite. The 
overburden thickened in the vicinity of 40 3 and hchded a gavel and s a d  sequence 

(GC) above the bedrock. It is possible the a filled-in s ole is present in this area. The 
western s U 17 contained approxbately 20 feet of fill overlying the bedcock. 

The fill is the probable result of overburden slumping into the sinkhole caused by %he 

collapsed bedrock. The fill was predo y black to yellow-brown silt and clay, with 
<...-. some sand and gavel; it was penetrated by thee soil borhgs and one injection well, The 
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astern sinkhole of S U 1'3 contained less fdl. 'Approximately 5-10 feet of black sand md 

gravel was present above a yellow-brown silt and clay (ML) layer. The ML layer did not 

appear to h fill; it overlaid the weathered dolomite fsom 10-20 feet below ground surface 

@ss> 

7.4.2.4. The EBbrook Formation bedrock underlying the entire 

predo-nay an ag2laceous d o l ~ ~ t e  interbedded with Ihestsne and siltstone. It was very 

weathered withi alternating hard and s6fi layers; the s~fier  layers were typically tan-brown 

and the harder layers were gray. Numerous fractures were observed in the cored samples 
(Dames & Moore); the fractures were usually clay-filled. A substantial number of voids, a 

typical solution feature, was encountered resulting in losses of drilling fluids md air 
ckculbatisn. Hw some cases, the voids were patidly fded with smd, silt, or clay. The cross 

section indicates voids where fluid ckcuIation was lost or where coring revealed large filled- 

in fisactures. Some calcite mineralization of the fractures was observed in the core smp%es. 
A field test of hydmcMsric acid effervescence was conducted to differentiate between 

1hestsne and dolodk.  

7 -4.3.1. Currently, there dare five monitoring wells, one piezsmeter and two injection 

wells within, or in the vicinity of9 S U B7/SWMU 40 (Figure 3.1). 40MW2 and 40MW4 
were installed during VI activities st SWMU 40 (Dames $& Moore, 1992a). Both wells were 

set at approximately 60 feet below ground surface @gs) and both h v e  been dry since 

instaBlation. The piezometer at S U 14 (14PZl) was installed during previous REl 

activities (Dames Se Moore, 1992b) at a depth of 132.5 feet bgs. A 20 foot screen was set at 

the bottom of 17PZ1, from 112.5 feet to 1132.5 feet Bags. %la May 1993, three bedrock 

monitoring welts and two dye-injection wells were installed in the vicinity of SWMJ 17 and 

40 as part of the dye tracing study conducted at the site (Engineering Science, IW$b), The 
monitoring wells were designed to intercept the regional water table associated with the New 

Ever. Monitoring we'll 17MW2 is locate cent to 17PZB and is screened between 150 
feet and 170 fee is located in an apparent downgradient f l ~ w  
direction from md is screened at depth between 97 feet and 1 17 

feet bgs. Well 17MW3 was installed along an axis (of sinkhole alignment in the area to 
evaluate the influence of structural features and/or ssHutisn features on groundwater flow. 

The well was completed to a depth of 178 feet and is comtmckd with 20 feet of screen. The 



ma dye-injection weIls md HNJ2) are losated b the sinkholes c o m p ~ s k g  SWMUs 
17A through l7E. These wells were installed to a mirn%u depth sf 23.5 feet though the 
fill-overburden to the bedrock interface. Well csmmction details for the S 

U 40 rnsnitoring welb are given in Table 4.1. 

7.4.3 -2. Groundwater occurrence md movement in the vicinity sf  these S 
complex. Observations and memremeKaB ci the groundwater are consistent with karst 
subsu6fae features. As indicated if% Section 3.6, although the concept of a groundwater table 

in karst geology may be misleading, the foll~wing discussion is presented to support 

obsel.~atiom of flow direction and flow rates. The concept sf a regional groundwater table 
in karst geology is applicable whew considering the area involved in the direct discharge sf 

U 17 groundwater to the New River (approxhtely 4,800 feet away) as shown in the 

dye $facing study. 

'9 -4.3.3. The potentiome@ic surface (groundwater able) at SWMU 17/S 
shown in cross section in Figure 7.3 and in plan view in Figure 7.4. Field data used to 

prepare Figure 4.4, photoio&aaion detector PID) readings of the well headspace in parts 
per million (ppm), pH, temperamre, md coduetivify sf the groundwater, are summarked in - 

Table 7.5, 

7.4.3.4. The groundwater table in the vicinity sf SWMU 17/SWMU 40 is relatively 

deep (typically greater than 100 feet bgs) and contained withb the bedrock of the Elbrook 
Fsmtioaa. Groundwater level measurements taken at S U 40 periodically 
between 1992 and 1995 have demonstrated that h e  groundwater elevations in this area 
Wucmate over a wide range. This is especially apparent in B'SPZI and 17MW2: which has 
been observed to display 20 to 30 feet of seasonal variation of groundwater levels 

(approximately five feet of variation was seen in the January and July, 1995 h~estigatieam)~ 
The observed groundwater fluctuations are typical s f  groundwater flow through fractures, 
bedding planes, and karst solution features. The voids encountered in the bedrock during 

dr2Hhg activities of S U 40 (Figure 7.3) have the potentid to control or affect 
groundwater flow rate and direction. 

7.4.3.5, The presence of the large s oles indicates h t  SWMU I7 is withb a 
groundwater recharge zone. Figure 7.4 depicts faae direction of groundwater flow at 
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TABLE 7.5 
SWMU 17: GROWDWATER FIELD DATA 
MDPORD A W Y  AMMWITIBN PLANT 

17MW 1-17-95 173.0 106.94 1799.35 
17PZ1 1-17-95 132.5 106.88 9808.14 
17 1-19-95 190.6) 146.19 1760.59 
40MW3 1-97-95 120.0 94.38 1763.83 
40MW 1-17-95 60.0 DRY NA 
40MW4 1-17-95 62.8 DRY NA 

19MW 7-19-95 173.0 99.76 1806.53 0.64 6.983 76.5 615 
l 7PZ-l 7-1 9-95 4 32.5 99.69 1807.33 0.0 7.M 78.5 682 
17MW 7-22-95 190.0 146.91 1759.87 0.0 7.42 69.2 298 
40MW3 7-21-95 128.0 94.44 1763.77 64.0 7.59 73.8 374 
4OMW 7-99-95 60.0 DRY NA NA NA NA NA 
4 0 W 4  7-19-95 62.8 DRY NA NA NA NA 

* Feet a b v s  mean sea level 



U 40 toward the west-noawest at a hydraulic gradient of 0.05 feedfoot 
,...5-.. 

(Wft). Tbe dye gracing study dso indicated that groundwater flaw in t$e vicinity of SWMU 
17 is toward the west-northwest (Parsom Engineering Science, 1994). The dye tracing study 
further indicated that a spring (SPG 3) which discharges directly to the New River is 
hydraulically connected to the s eJ 17A occupies. Bye placed into WJl 
traveled 4,808 feet to the spring in apgraxbatelly 24 bows. The flow path identified by the 
dye trace dosely parallels a west-rmofiwest to east-southeast trending fracture trace wzcb 
can be extended to connect both the dye injection point and the dye resurgence point (Figure 
3.16)). This condition suggests that a direct conduit exists k W e n  S U 17A and SPG 3 
which was likely created by solution opening along a subsurface fracture. The %rave% t h e  
for groundwater flow through th is  conduit, under Iow flow conditions, is calculated to range 
between 2,095 feedday md 3,716 feedday and under high Wow conditicsm is calculated to 
average about 4,800 feeuday. Because dye was not faand in any of the monitoring wells, the 
flow path is interpreted to be ow and laterally limited. 

7.4.3.6 Dye placement into the eastern s ole (TNJ2) did not infiltrate the 

subsurface. 'This may be explained by the presence of the clay rich, non-fiI1 ME layer 

i"r7- 
encountered above the b e d r ~ k .  It may also indicate a less fractured section of bedrock 

U 40 is located in the south-central section of tbe Main 

Manufacturing Area in a region of gently to steeply sloping ridges and scattered s 

Based on topography, surface water runoff in this vicinity generally flows northwest 
approximately 4,800 feet to the New River. However, the s sles which comprise SWMU 

7B through B7E capture a siMcmt quantity of surface water runoff. 
les contain minor inbermitfxnt psnded surface water bodies whiieh act as 

local recharge areas. The S U 17A s W o % e  contains a surface water drainage ditch and 

a s m l l  water-filled depression approxhtely 20 feet across. The SWMU 17B through 17E 
ole c o n h h  N o  surface water d r a h g e  ditches md a swampy mnoff drainage bash. 



7.5.0.1. For the purposes of the nature and extent dkcussiom which follow, the 
U areas have been grouped by their locations; S is assessed separately from 

the other S areas, which are grouped together (S 1%B,C,D). The S 

vicinity discussiofn addresses the monitoring wells. T'he spring location (SPG3) which has 
beem shorn to be Enyhdicdly c o r n e a  to the S been part of the 

U vicinity discussions. However, for a more det.ai.ld co 
sample h k e n  included wiB the New Rver section (Section 12), shce the results are .likely 
to reflect the river envkoment as well as the S 

7.5.0.2. Ml positive results (detected compomds) for soil samples for S W U  E7A 
U 1%B,C,D are presented in Tables 7.4 a d  7.7, respectively. The posithe results 

for the aqueous samples for S U 17/40 (vicinity) are presented in Table 7.8. The 
c h e ~ c a l s  of concern (COCs) were identified by the methods described in Section 6. The 
focus sf this section is on the CQCs determined to be p~an%pid h u m  health bea t s  as 
discussed in the subsequent Risk Assessment subsections. 

7.5.1.1.1 Ody one surface soil sample was collected at 178. This sample, I7ASS3, 
was the surface portion of ~e 17SB3 boring. However9 other data h r n  the previous Dmts  
& Moore kvestigatiofn were dso considered for 17A surface soils. Metals dekcted at COC 
levels hcludd: arsenic, lead, silver, barium, beryllium, c a ~ ~ ,  chomhrn, nickel, and 
mercury. Of these, arsenic a d  beryUium were found at. levels considered to pose a potential 
k e a t  to b u m  health. Therefore, arsenic and beryllium were dete to be the risk 

drivers. The concentrations of dl of the metals with positive results, except k q l l i u ,  
e x ~ e d e d  Dmes & Moores's backgroud levels for upland soils. 

9.5.1.1.2 The arsenic concefntpapisn was 101 -70 u/g. h a d  was found at 4721.55 

ug/g. Cadmium and nickel were detected at 4.29 ug/g and 69.13 ug/g, respectively. 
Beryllium, at a concentration of 0.98 ug/g, was less than background in &is sample. 



TABL,E 7.6 
P O S f l m  RESULTS TABLE OF S 11J 17 - Solid Samples (S 17a) 

BBAXPP0R.D A M I S  AMMUNITION PLANT 



TABLE 7.6 
POSITIW WSULTS T B L E  OF S U 17 - Solid Ssamplm (6 1%) 

UDFOHPBB ARMY m M U N I T I Q N  PLANT 



TABLE 7.6 
POSPTIW m S m T S  TABLE OF $I U 17 - Solid Samples (S 

M D F O m  A M Y  AMMUNITION PLANT 

* 17ASB340 i s  a duplicate sample of B7ASB3B5 



TABLE 7.7 
U 17 - Solid samples (S 

U D F O m  A M Y  AMMUNITION PLANT 



TABLE 7.7 
$7 - Solid sampla (S s 17b,17c9 17d) 

Wd$DFOm A M Y  AMMUNRION PLANT 

METALS (pagig) 
4.59 J4 

0.04 J4 

4.73 W 

1552.78 

* O7CSB240 i s  a duplicate of 17CS8215 



TmLE x.7 
U 17 - Solid samplm (SWMUs 17b,17c9 17d) 

M D P O m  A M Y  AMMUNITION PLANT 



TABLE 7.8 
U 17 - Aqueous Samples (S 

MDFORD A M Y  AMMUNWION PLANT 

* The positive result for amtimoray was detected during the January 1995 sampling event. 
All other results b r n  July 1995. 



7.5.1 -2.1 Positive results for t w  metals and ten SVQCs were detected ima the S 

%7A subsurface samples. Of these, the fo11owhg were considered fa be COCs: mthony, 

arsenic, barium, c a r f i u ,  c h o ~ m  (as C O ~ W  Dl), a d  e l ,  silver, 

knzo(a)ankacene , bemcsgb)f]luorm&ene, bis(2ehyl hexyl)phWak9 bemoQ, h,i)perylene? 

kmo&)fluorm&ene9 c%n%.$psene, flusranthem, a d  phemkene .  The risk drivers were 

antimony md arsenic. 

7.5.1.2.2 Eight metals eoncen%raeiom were found at levels greater than the 
esbblished background for soil horizon B (less five feet bgs). Those metals were: 

antimony, arsenic, barium, eadmiu,  c h o ~ u ,  lead, nickel, a d  silver. Arsenic, Head, and 

silver exceded the soil horizon C background levels. 

7.5.1 -2 -3 h general, the arsenic, barium, cadmium, nickel, md I a d  IeveIs in the 3-5 

foot interval from 17ASB1 @ hokon) were significmt$y higher than in any other samples. 

The only mtimony (risk driver) detection was from this boring (77.995 ug/g). The arsenic 
.,.-.. level in this 8ZUnpk was 94.87 ug/g; no other arsenic levell exceeded 17 ug/g. The lead 

concentration h 17ASB105 was 5256.41 ug/g; the next highest levd was 273.97 ug/g in 

17ASB120, which is the same boring (18-20 foot bbgs interval). The barium level was 

5128.21 ug/g in 17ASBf 05. The next highest level was 134.26 ug/g in 17ASB228. 

7.5.1.2.4. The significant SVOC detections were mostly in the 17ASB185 smple. 

N1 of the SVOC COCs were found in his  smple. Pew SVOCs were found at depth im this 

boring. Some SVOCs were found in the 17ASB2 boring, but none at depths greater than five 

feet. The other significant SVOC detections were in the 17ASB3 boring, from the 23-25 foot 

bgs interval. The SVOCs were m i d y  polynuclear aromatic hydrocarbon (PM) 
~mpounds .  

7.5.2.1.1. Two surface soil samples were collected at S U 17B,C,D. Positive 

results for nine metals were faand in these surface samples. The nhe metals, which were all 



COCs, were: arsenic, l ed ,  silver, b a i r n ,  b q U i m ,  c a & a ,  chromium nickel, and 
mercury. Arsenic md 'kryUim were found at concenmtiom considered to be a potential 

h health theat. Therefore, these meas  were catego&& as risk drivers for S 

17B,C,D surface soas. 

3.5.2.1.2. The csncentrations of the risk drivers exceded the Dmes & Moore 

background levels established for upland soils for these metals. Both 17BSS1 m d  l7BSS2 

contained arsenic and beryllium detections. The level sf arsenic (12'7.72 ug/g) 
was from the 17BSSl sample. 17BSS2 cs 

w/g). 

7.5.2.1 3.  Caclmiurra was sdy fwnd in %7BSS% (3.12 ug/g). The rest of the positive 

metals detecti~m were evenly distributed between the two surface samples, a l~ough  the 

COC mercury was not fomd in %7BSS2. 

7.5.2.2.1. Nhe metals had positive results in the subsurface s m p k s  taken at S W U  
1%B,C,D. They wee: arsenic, lead, silver, barium, beryllium, ca&m, c h o ~ m ,  nickel, 

and mercury. Arsenic and lead were CBCs. Ody arsede: was found at levels considered to 

be a hmm health faeat md therefore was categorized as the risk driver for subsurface sods 

7.5.2.2.2. Arsenic was detected h four subsurface soil samples, raging from 4.59 

ugbg in 17CSB215 to 11.98 ug/g in 17CSB105. These concentra~om exceeded the 

background level established for B horizon subsurface soils. The B horizon Oess than five 

feet bgs) background fop arsenic, 5.5 ug/g, was exceeded h the 1'7CSB105 sample. The C 
horizon bxkground for arsenic (1 1.5 ugjg) was not exceeded. The other COC , lead, was 

detected in 17 subsurface samples, ranging from 190.68 ug/g in 17CSB215 to 8.43 ug/g in 
B'SDSB225. However, no B horizon samples exceeded the background lead level of 190.56 

%ag/g, md ody a%ne 17CSB215 sample exceeded the C horizon background lead level sf 

112.16 ugfg. 



7.5.2.2.3. Of the other positive metals results, only ca&m exceded the 

backsomd level (3.5 ug/g) for the el hsrizsn, occurred iaa the I7CSB215 sample. The 
other detect% metals were distributed evenly tlu-oughut the samples taken b the 17B,C,D 

7.5.3.1.1. Positive results for five metals (lead, mth~ngr ,  se%enim, barium, and 
beqll im) were fad in the samples from the S 17/40 groundwater. Three of these 

metals, antimony, barium and beryllium, were identified as COCs. Behgrllim md antimony 

were ca tegokd  a the risk drivers for groundwater for S U 17/40. Dissolved barium 

was detected in the samples from all four monitoring wells. Dissolved barium c~ncentrations 

ranged from 31 ug/l in the sample from 40MW3 to 164 ug/l in the sample from 17 

Dissolved beryllium was only found in the 13 2 (4.26 ugll) md 17PZ1 (4.28 ugll) 

smples. Dissolved antimony was ody detected in I 

smplkg event at 60.2 ug/l. 

7.5.3.1.2. Lead and sdefnium were detected as total concentrations and were not 

found in -the dissolved state. Selenium was hsdy detected in one sample (from 17 

3.63 eagll). had.  was ody detected in one smple (6.3 ugll in 17MW3). 

7.5.4.1.1. Ody one surface soil was collected at S U 17A. The location was 

along the western edge s f  the s ole floor. Concentrati~ms of arsenic, beryllium, and lead, 

the COCs identified by Dames & Moore for surface soil smples dong the nof iem and 

ole floor edge, were similar to the l'7ASS3 results. 

'7.5.4.2.1. m e  maximum sowentratiom of the COCs were found in the near surface 

sample sf I7ASBl. This sample is Imated marest the active g operations in the 



le; the other ms bsrhgs were installed along the edges sf the s 
floor. Metals were generally evenly dk~ ibukd  tl$foughsut, with the exception of the above 
sample. 17MB3 is located west of IWSBI, in the apparent dowqradiem groundwater 
direction. Co at depth found in 1'7ASB3 m y  be the result of sM%ow groundwater 
moveme& in h e  fi above the bedrock. 

7.5.4.2.2. Some of the metals found h these mbswface smpIes were also detected in 
the p o d w a t e r  smples. Barium, kfg~Ui\lf$~, md lead were dso found in the surface water 
md sediment samples fim SPG3, the spring which has been s h o w  to be directly connected 
to S f7A by a subsurface groundwater conduit. 

7.5.5.1.1. There were s d y  two surface soil samples collected at S 17B,C,D. 
Both were taken to characterize S BJ 17B, the drainage ditches associated with the ACD 
Staging Area. 17BSS1 contained all the risk driver metals at levels above the Dmes & 

Moore backgrsmd concentrations for upland sediments. 17BSS2 contained arsenic at 
cowcersgratisns greater background. That sample contained no detectable a~~founts of 
cxhh.ml. 

'7e5.5. 1.2, %he f 7BSS t sample generally exceeded the concentrations found in the 
f7BSS2 sample for all the C0Cs except berylIium and nickel. 17BSS1 was collected on the 

north side sf the le floor area, and 17BSS2 was Wen from the south side. The 
Imatism are app ly 100 feet apart. Each sample is from a separate surface water 

drabage ditch; both ditches drain into the S U 17E Drahge  Bash. 

7.5.5 .2.1. h e n k  ody exceeded the established background level for the B hohkon 
in om sample, f 7CSBf 0%. This h u m  subsurface arsenic mncentmp3on (11.98 ug/g) 

was found at the 3-5 foot bgs interval ima the boring, which was losated on the north side of 
U 17C. lki; sample abo contained tke second highest lead concentration $41 -82 ug/g) 

md a relatively high c k o ~ m  concentration (61.87 ug/g), although not above fie 



.I .-, .. 
bgs irs&wrd9 exceded the background levels of lead a d  c a f i m .  This sample %%SO 

caan&hed the barium conentradon, 104.70 ug/g, for subsurface soils. 

7.5.5.2.2. No other metals exceeded the established baekgrod levels for subseace 
U %;BB,C,D. Of h e  other detected metals, concentratiom appeared to be 

relatively evenly d i s ~ b u M .  M e ~ u v  was found in each of the 17D boring%; the 

barium c~fpenefa~on  4142.65 udg) was found in the 17DSB215 sample, collakd from 14- 

15 feet bgs. 

'7.5.6.1. I. Barium and the risk driver kngrllim were found at sim.ilar levels in &e 
samples from 17 md 1TP21. These wells are adjacent to one ma.tner (between the two 

_ ... -.. present, at a Bevel just above the detection limit, in 117 

smpling event. Because of the uqredicQble comp 

&st subsurface, these wells could be impacted by so ts present in either s 

7.5.6.1.2. 17 
oks based on the observed dye tracing study flow direction. However, this well is also 

completed in the karst wbsudace md cou9d be impacted by Wow from other directions. The 
highest dissolved barium concentration, md the only Bead 

detection. Monitoring wdl4 which is located in the downgradient groundwater flow 
direction as determined by the dye tracing study, ody bad a posithe detection for b&m. 

and the New River. It is possible that 4 3 docs not fully intercept the preferential 

to this well. 

7.5.6.1.3 The %7A s ie is directly %inked to a spring (SPG3) which discharges to 

(>- ? 

the Mew Ever.  The SPG3 surface watr and sediment smpk r e d & ,  which are discussed in 



more detail in the New fiver section of this report, indicate positive resuHts for barium, 
begllim9 md lead* 

SPORT 

processes affecting %anem, md the media bough wMch they m&rate. At 
migration pathway. 

The bedrock C O L ~  karst features which d e  groundwater mowmmt and wcamease 
unpredictable. The dye tracing study dlemomwakd a dked comection between the S 

conduit ranged bemeen 2,095 feedday a d  4,800 feeUday. 

found in the surface md subsurface soils Rave been found in 
the groundwater in 17/40 vicinity, and also in the sediment and surface water of 
the spring (SPG3). The demomkaaed connection between these points may represent a 

preferential migration p a ~ w a y  though a relatively m o w  conduit since a m of 
CCB were detected in the groundwater sample from 3 (located directly in the 
downgradient gromdwater flow direction). Well 17 did contab detectable 

a& although it appears to be side gradient to groundwater flow. This m y  indicate 
o k r  migration pa&ways which were no% newssaagr detected h the dye tracing study. 

7.6.0.4. hhsthough the majority of the metals should be relatively 
found in the deeper 87A boring samples may be the 

result of downward leaching from the fdl at s ~ ~ l o w r  depths. Gromdwater or surface water 
tion at 

17SB 1 to the deeper intervals of boring 17ASB3. 

7.6.0.5. SVOCs were identified h the subsurface soils. SVOCs have a high aEai ty 

for organic matter and %ow wafer solubility. nese compounds tend to remain bound to soil 



p h s l e s  and dissolve slowly into ge,undwater. Therefore, the movement of SVWs is 
usually cormPPoH4 by the trmsprt of particulates. SVOCS are readily bioaccmulatd by 

living o r g ~ m .  The SPG3 sample was not analyzed for VOCs or SVOCs, so it k not 
hown 8 these co (some 0% which were detected in S 1'7 subsudace soils) 

smpks  co%Eected from the New Rver dowm&em of the discharge point, but these m y  
b v e  oher sauces. smples are dhcussd h Section 12. 

analyzed for this .risk assessment. For .risk assessment purposes, U 17A, h e  Stage md 

B m  Area, is being evdwted separately f om S Us f 7B, 57C and 17D, which me being 
u p  d a d  t e e  'This is due ta the close proximity of S s 17B, $76 md 

U 17A) and Plme potential co 
migration pathways bvolvd. S U 17A is a below-grade ( ~ W o l e )  bu 

If& migratbg from 
explosives-con kd ash and fuels to the atmosphere, soils a d  groundwater. 

Us 17B, 17C and 14D are located in mother s le adjacent to 

17B is partially covered md contains a concrete staging pad which 

collects surface water moffF. Con would be Ihited migrating to soils and 
groundwater, but c migration to the atmosphere m y  still wcw from con ted 

n, concrete-Qhed controlled b&g area. Again9 the only 
migation pathway is to the atmosphere. U 17D is a metal shed 

with a concrete floor which is used for ash staging. The migatisfa pathways for this S 

are effectively limited. 

U 17 is sumenfly in use and th is  hnstion is expected to continue while 

the plant exists. It is unlikely that t h i s  plant will close as it is the ody remaining propellmt 
and explosive w u f a c  facility in the comtry- Therefore, hme % a d  lase is assanmd to 

remain industria1. /ph 



7.7.1.0.1. The chemicals c~midered in the risk evdwtion for poundwater at 

U 1'3 include mhony,  barium and b e ~ l l i m .  The chemicals sf concern for surface 
U 17A are 8 m t d s  (arsenic, barium, , c h o ~ r n  lead, mercury, 

nickel and saver). The c h e ~ c d s  of coxem for submflam soils at 

metals (antimony, arsenic, b ~ m ,  bqlfim, a e m ,  cho~um ID, lead, nickel and 

phemkene). 

metals (arsenic, bi%rim, beryjlium, cacbiw, cbo~lxwp El, lead, mercury, wickel and 

silver). The chemicals of concern for subsurface soils at % 17B,C,D me arsenic and 

Bead. 

U 17E Enctiom as a surface water runoff drainage bash which 
P . appears to be a natural drainage ditch rather a commckd system. The s a p % h g  

protocol did not include sqIing the surface waters or sediments associated wit$ this area. 

In additian, during the July sample event, there was ~ f s  standing surface water in this 

7.1 1.1.1. Groudwater in the vicinity of is not used for 

25 popIe a d  herefore MCh md MCLGs are not conasidered as 

relating chemical concen@atisns in soas to t o ~ c  effects snn vegetation or wildlife. TBC 
criteria considered for health I%& evalua~oe included reference doses S) and 
slope factors (SF@ Born USEPA9s Integrated Risk Idowp~a~on System and Health Effects 
Assessmen? S Table (USEPA, 1995). 



7.7.2.1.1. The current exposwe pakknway at S 
cowidered to have a Mgh probability of completion is site worker exposure to surface soils. 
The current comtmction worker exposure to surface and m b s d a ~  so2 scenarios dso have 
a high probabgiPg, of completion shr ~ l d  commc~ora activities m w  at this S 

current exposure pafiwagrs are eonsidered to have a low probability 0% completion md 

therefore$ these scenarios were not quantified for current receptors (area residents and 
U is still active md site workers h v e  ss to poLnatid9gr 

ted surface soils. S 
properry which effective%y limits public access (residents and fishemen) to potential 

The current g o d w a t e r  pathway is not comp%ek as gromdwater is not used 

7.7 2.1.2. ashe potential exposwe scenario quantified for S 

fume site worker exposure to groundwater through ingestion and d e m l  conact. This 
exposure scenario has a low probability sf completion since &inking water at is 
obtained from the New River However, evalua~on of tb exposure scemrio allows for 

quantification 0% the risks due to groundwater exposure. Evaluation of other future exposure 
seewaios woukl not be approporiate based on hmre land use assumptions. 

7.7 -2.1.3, The conceptual site model s U 1'9 is presented in Figure 
7.5 and includes exposure rmtes, potential receptors md the medium containing the potential 

con ts of concern. All chemicals not el ted by data validation were considered in 

groundwater (see Section 7.7. I)  are listed in the tables in A p p d k  1. These conce8Patiom 
range from 0.00155 mg/E ghPevnim) to 0.0771 mglL (b 
concen&atioa% for the con of concern h surface soas at S 117A (also see 

Section 9.7.1) range from 0,329 ppm (mercury) to 4,720 ppm (lead). Exposure point 





Figure '7.5 
Concephal Site Model for Current and Future Expasure Pa&mp 



17A subsurface soils range from qSs073 

ppm (fluorm~ene) to 5,260 Wrn (lead). 

7.7.2.2.2. Eqosure point cslsncenmtioi for the 

B,C,B surface soil r a g e  h m  0.0941 p ~ ~ g l  (mercury) to 290 ppm (lead). Exposure point 
concentrations for &e chemicals sf concern in subsurface sods range from 8.13 ppm 
(msenic) to 27 -4 gpm (lead) - 

7.7.3.0.1. The wch~gen ic  risk and d index were calculated for the 

gomdwater ingestion md contact pathways (future site worker receptor) a d  surface 

and subsurface soil ingestion, dermal contact, inhalation of vo1ati.k~ and particulates 

(construction worker, site worker and hunters). These calculations mse presented in 
Appendk 1. A discussion of the results of each pathway for non-cwcboge~c md 

c m h o g e ~ c  effects is presented below. 

7.7.3. 1. 1. The dcu%akdi hazxd index for the hpo&e~cal  future site worker 
growdwakr bgesaisn exposure scenario exceeds acceptable levels due to the presence of 

mhc~ny. The receptor bazmd index is 1.01. The dem1 conact exposure scenario 
hazard indices are withh acceptable levels. The calculated d hadices for current site 
worker surface sod exposwe scenarios at S Us f4A a d  17B,C,D do not exceed 

acceptable levels. 

7.7.3.1.2. The edcdated hazard indices for the comtmctim worker surface soil 
ingestion expome sce&o exceeds acceptable leveHs for receptors at S l7A. At 

S W U  f7A, the surface soil ingestion d index for RME tors exceeds one 
primarily due to arsenic (1.59). 

7.7.3.1.3. The aIcuIlate8 d indices for the com%p%%c~on worker subsurface soil 

ingestion and de contact. scenarios exceed acceptable levels for CT and M E  receptors at 

U 17A, with the exception of the CT ingestion s ~ ~ i o .  The subsurface soil ingestion 
k a d  hdex for receptors exceeds one p 



risk driver and hazard index at 

U %"S for CT and pee tively). Arsenic, 

barium, ca3.m.i~ and nickell mdiees abs contribute to the index, 

7.7.3.2.1. The cdcuBaM cancer risks for the hp&esicd fi6tu.1-e site worker 
o are within the USEPA t a g &  risk xmge 

primarily due to kryIIium, for . Beryllium was cdcmlated to h v e  ingestion 
receptors of 2.32 x 1u5. Dermal contact 

exposure scenario cancer risks fix receptors are 1 -06 x 18". 

7.7-3.2.2. The cdcuBakd caner risks for the current site worker surface soil 
ingestion and demd  contact exposure scenarios are within the USEPA target risk range at 

,D. The primary ingestion risk drivers md cancer risk for CT md 
178 are arsenic (2.67 x 1 0 ~  an8 5.33 x 103 and beryllium (7.40 

x 10-' and 1.48 x 103. These c h e ~ c d s  also have cancer risks within the tvget risk range 
for d e m d  contad with surface soils at S 

drivers afnd cancer risks for CT and RME receptors at S 17 B,C,D are dso arsenic 
(1.16 x lo4 and 1.51 x loJ) and beryllium (1.34 x . Calculated cancer 
risks for site worker ingestion of are also within the 

USEPA target risk r age  of 1 x Hy due to arsenic and beryllium. 

7.7.3.2.3. Cmar risk for the hunter d a c e  $02 exposure s w d o s  are within the 

target risk range for ingestion of d a c e  s ~ i i s  at S A md 1'7 B,C,D. The primary 
148 is arsenic (1.66 x 10~'). 

U 17 B,C,D, the primary risk drivers and cdcukkd cancer risks for M E  receptors 
are also arsenic (7.88 x 103 and beryllium (1.32 x 109. The de 
scenario dso shows cancer &b within the target risk range for CT and 

17A, primarily due to bnyllim (1.05 x lod and 1.15 x Beryllium is also 

contributhg to the risk for this exposure s w k o  at S 
cancer risks for CT and receptors are 3.02 x 10' x 1 U5, respective1y. 

7.7.3 2.4. CTommction worker cmcm r isks are within the target risk range fox the 



risk drivers and cancer risks for CT and U 17A are arsenk (4.91 x 

amad 2.5% x 109 and ltaeryHlium (9.35 x lo-' and 4.85 x 183. The risk drivers and 

cancer rish for CT md M E  receptors at S 17 B,C,D are also arsenic (2.33 x 19)~' 

and 1.21 x 109 a d  beryllium (2.68 x lod and 1.39 x 10-'). The h8esiion of surface soil 

expowe scenario dso exhibits s for 
receptors. At S 17 B,C,D, the 

risk drivers are arsenic and beryllium. Calculated ~ c e r , r i s f a  for the comfHloaioa worker 

risk driver is arsenic, with CT and 
king  9 9 5  x lom7 and 1.91 x lV5, respectively. At %B %7A, the de contact with 
subsurface so2 is dso witbin the target risk range with the primary risk driver being 

beryllium. CT ;lad M E  receptor cancer risb are '7.02 x lo4 and 3.64 x lom5. 'Wae RMB 
receptor cancer risk for the subsurface soil ingestion expome scenario at S 
is also within the target risk range, due to arsenic. 

7 .7.4.0.1. Data colBectiodeva1uation unmmhq m y  be relevark d 
to the types and numbers of smpIes colected met evaluated. As a comenative measure, all 
mbop~gedc c h t ~ c a l s  detected in surface soils at S 17A were included in the risk 
evdualion, regxd1Iess of whether RBCs were exceeded. %'his was peP%Omed to dlow the 
fml risk cdeulatim to determine the risk drivers for the site. In addition, data from the 
4 groundwater sampling event was hcluded that was not de&ca%d during the July 
sampling event (e.g., antimony). These de the inclusion of data PO be 

evaIuated m y  overes the risk for th is  site. 

7.7.40.2. Many metals detected at t i i s  site in grrs~lppdwra~r, swfaee and subsurface 

soils are naturally o m e g  and in some cases Qi.e., subsurface soil), statistical methods 
were used to disthguish site-related from ~OIP-site-related metals. All metals detected in 

groundwater and surface so3 were hcIuded for evaluation in the fm1 risk edculaeiom, due 
to the. absence of b a c k ~ o u d  data in these media. I3i.i~ m y  overes the risk for this 

site. 

7.7.4.0.3. The hunter s c e k o  was hc%ueteb for evaIuatbn in the risk evaaIuaticm as a 

potentially complete exposure pathway. S 17 is an active area of the plant, md is 



located b i d e  the bounwks; %herefore, it is presently not accessible by remeatiomi 
hunters. The d t and ingestion of surface soils exposure scenarios exhibit risk for 
th is  receptor. AS with all modeled concenthatism md exposure s x ~ o s ,  there are 
assumptiom based on best professioml judgment and this m y  over- 68 undereshate risk. 

9 .7.4.0.4. bother  area of uncertainty in evaluating 
1-i% toxicity assessment. &a% and d e m d  slope factors are not available for some s f  the 
meas  (i.e., lead) aid sernivslatiles which were detected in gromdwater and subsurface 
soils. However, lead generally exists in a state h t  is rejatively bile unless site soil 

conditions approach very high or low pH. Most studies me baed on a 

extrapolated to hum= and also sukihaoic studies m y  be used assess chronic effects. In 

addition, exmpo%atiom are ebracterhd by ugllemhQ factors which can be as large as four 
orders sf magnitude. This m y  tend to over- 81- uderesthilk risk. 

7.8.0. I .  C a c h s g e ~ c  rkh and nonxwchsgc~c d indices were a1cdated for 
various receptors potentially exposed to mPaltipIe che.cds in gomdwater, surface and 
subsurface soils. These cdculatiom we su a d  presented in Tables 7.9 and 7.18. 
Under the NCP, the gsrababaig of excess cancers over a lifetime of exposure within or below 
USEPA9s target risk range of 1 x lo4 to 1 x 1 0 ~  are wnsidered to pox a low &at while a . 

probability of excess cancers over a lifetime of exposures greater lo4 may pose ara 
mccepuble threat of adverse health effects. For noncachogem, 4t d index below one 
is considered to pox a Isw thre%lb of adverse health efftxts, while a hazard index greater than 

one may pose an umcap@ble threat of adverse halitb effects. 

7.8.0.2. At S Us f7A and 17 B,C,D, the site worker CT and receptors9 
total hazard index is greater than one far M E  rmepto~ and the cancer risk is within the 

target risk range. The M E  receptor exposure s m M s  exceeds the target cancer risk range 

Us. These vdues indicate a potentid for carcinogenic adverse bu 

effects for t h i s  receptor. 

7.8.0.3. The hunter CT and M E  receptors'totaI el hdex is 'less ttam one at 



TOM for $: 



earcbogenic adverse 

7.8.0.4. The c o m ~ ~ o n  worker CT and M E  remptors9 total 
greater than one at S 17A. The W E  receptor 

,D. The CTmB 

U 1'7 is subdivided into five separate meas based on history, 
operations, a d  topography. S U l7A located in the western-most sf two sifificmt 
sinkholes was considered separately, while S 

e, were cconsidered together. S $4 48 was grouped with % U 117 because of 

7.9.0.2. The groundwater associated with S 17/40 is comh& within the 
fractured dolomite of tbe karst aquifer underlying 
Wow direction appears to be west-nofiwest toward the New Ever, groundwater movement 
and occunence in this area can be unpredie&b%e because of the karst features. A dye tracing 
study demonstrated a comectbw between gromdwater at the western s 17A.I 
a d  a spikg located on the b I e  of Pfae New River* 

7.9.0.3. Growdwater, surface soill md s u b s ~ a e  soil smp1es were cof%ecteBf to 

U 17/40. The sampling of the spring was included with the New River 
dixussiora in Section 12. Barium, antimony, and beryllium were identified as the COC 
compomds for groundwakr at S 
four wells; beryllium, which was a risk drives, was detected in the smpks from two of the 
four wells. h ~ o n y ,  a risk driver, was only detected i~ one well during the J m w  1995 
sampling event; this metal was not d e ~ ~  during the July 1995 s q % i n g  event. Ody  a 

1 barium detection was found in the sample from the well directly downgradient of the 

dl by the results of the dye tracing study). This m y  indicate a m o w ,  

BateraUy limited, groundwater preferential migration pathway. Con detected in the 



co &am the S to the New River. 

7.9.0.4. Arsenic and beryllium were identified a the risk ~ v e r  ~~ppfpoundls for 
surface sails at S 

~ ~ k s s d ~ e  soas. me highest meds GO~~-P$Q~~O= were f68u.d in the near surface smp1e 
from tlse boring nearest the active b u h g  aperatiom- Arsenic and beq.gr8Iim were dso 

deb? to be the risk driver compounds for surface soils at S l17B96,D. Most sf 
the surface $02 high meas  cspacen~atiom in this U were from one smpk (glSBS%f). 

P"I%B,C,D. 'Re 
m a b m  csencen&aeion was in the near surface sample from bring 176SBBl. 

"B.B.0.5. The hmm health risk assessment bdicated a potentid for nonczcksge~e 

surf= soil, or subsurface soil by site workers, comtnection workers, or Ifmkrs. 



S m  C OF 31 
gco LAG 

8.1.0.1. The Cod Ash Settling Lagoons ( 31) are located in the northwest 

section sf the Horseshoe k e a .  Plate 1 sbows S 31 in relation to the rest, of the 

facility. A di&Tkjl location map of SWMU 3! is presented as Figure 8.1. The unit has 

previously been referred ts as both the "fly ash settling lagoon" and the "bottom ash settling 

hgoon." The S U has been referred to as the Coal A h  Settling Lagoons throughout this 

investigation, reflecting the probability &at both fly ash md bottom ash have been discharged 

into it. In addition, the flocculahg bash mder&ahge and filter backwash water from 

Water Plant 4330 reportedly flawed to this unit (USATHMA, 1376). 

U 31 is associated with Power House No. 2, which burned low sulfur 

coal to supply steam at 150 pounds per square inch @si) to the buildings in the Horseshoe 

Area. Power House No. 2 has not been active for approwhtely two years. Prior to 1971, 

when electrostatic precipitators were installed at the power house, fly ash eo ated 

wastewater was discharged directly to the New River (USATHMA, 1984). 

U 31 consists of three udked settling lagoons. During active use of 

Power House No. 2, water carrying fly ash from the power house Wowed down a below- 

grade, concrete-lined sluice waterway to the small pr settling lagoon (approximately 

100 feet long by 50 feet wide), which was crcemmckd in 1962. At one h e ,  the supernatant 

from the primary settling lagoon was emptied directly into the New fiver via Outfai% 024 

(Permit No. VA W0248). In 1978 or 1979, additional coqonew& were added to the unit; 

waskwater now flows from the primary settling kgoona bough  a below-ground pipe to a 
concrete sump. The s u p  is 18 to 20 feet deep, 2 feet of which is abave grade. From the 

concrete sump, water is discharged to the secondv settling lagoon, which is approximately 

158 feet wide by 200 feet long. From the secondary settling lagoon, water is discharged to 
the tertiary settling lagoon (approximately 150 feet wide by 258 feet long). 
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RADFORD ARMY AMMUNITION P U N T  
WDPORD, VIRGINIA 

NEW AWER 
Q 

FROM RIVER 
INTAKE BOX 

r.. 

@ MONITORING WELL 

0 TREES 

-- SUBSURFACE PIPELINE - SWMU B O U N D M  

P M O N S  ENGINEERING SCIENCE, INC* 



8.1.0.4. Facility representatives indicate h t  the water currently flowing into the 

primary settling lagoon consists of either overflow firom the dr 

backwash from the cleaning of the filters at the drinking wate 

20,WO gallon% of ovedow water per day is released to the primary lagoon at a relatively 

constant flow rate- At a urn, the fi'alters require cleaning once every three days. This 

process involves passing 28W gallom of water per minute through the filters for 20 tes 
to remove accumulated river sediment. The 56,000 gallom of turbid sediment-rich water 

yielded by this process is discharged to the p settling lagoon. The yield is then split so 

&at equal volufnes of Phis water are discharged to the secondary and tertiary settling lagoome 

$. 1.0.5. The effluent from the tertiary settling lagoon is designed to discharge to the 

New fiver through the new location sf Outfall 024 following pH adjustment with sulfuric 

acid. However, facility representatives indicate that there has never been a discharge. All 

water discharged to the bash apparently percolates though the basin into the sunoundhg 

soils or evaporates. 

8.1.0.6. Coal ash h t  settled out in the three lagoons was periodically dredged and 

disposed in Fly Ash h d f d l  (FAL) No. 2 (S U 29). Previously, coal ash was disposed 

8.2.0. I. A waste chrxterkation study was conducted at SWMU 3 1 by Dmes  & 

Moore in F e b m v  1992. Dwhg this study, three composite sediment samples were 

collected, esne from each of the three lagoons (Figure 8.2). Samples were col1ected from the 

top one foot sf sludge beneath the water/sludge interface along the edges of the lagoons. 

Two of' the samples (31SL2 and 31 SL3) were cornposited from three subsample locations in 
the secondary a d  tertiary lagoom respectively, md the third sample (3fSL1) was 

cornposited from two subsample locations in the primary lagoon. These samples plus one 

duplicate were analyzed for metals and semivolatile organic compomds (SVOCs). No other 

types of samples were collected at this SWMU. The results of the 1992 sediment sampling 

are s bed in Table 8.1. Nso included in alae s u m a v  table are the HBNs from h e  

R C M  permit (WSEPA, f989a), compksom levels of soil background data calculated by 

Dmes & Moore ((%992a), and RBCs for co rcid a d  industrial soils (USEPA, 1994). 



FIGURE 822 
SWMU 31 SAMPLE LOCATION MAP (COAL ASH SETTLING LAGOONS) 

RADPORD ARMY AMMUNITION PLANT 
RADFORD, VIRGINIA 

FROM RIVER 
INTAKE BOX 

@ MONITORIN@ WEU 

e W SEDIMENT W P L E  

@ RFI SEDIMENT S.UPLE% 

RFI SURFACE WATER/ ' SEDIMENT W P L E  

---9-- SUBSURFACE PIPELINE 

w SWMU BQBINDrnY 

B--BD CROSS SECTION PROFILE 





T B L E  8.1 (C D) 
VI DATA 

S W M m Y  OF mfimICfi DATA 
FOR SEDMENT SMPEES COLLECmB AT S 

M D F O D  Y 

No. of 25 Feb 92 - 10 In 
P Q h  S m p l e  1.0 A I-IBN 

I -Msehytnaphthaienc: 
2.6.lO.i4-Tetrame~hyIpenbadeeane 
Gyslokexenc Oxide 
Dtcnne 
Henrlcosanr 
Hcpladecanr 
Hexadecanoic Acid. ButJll Ester 
Ocr%ldesan(s~s Asid. Butyl Ester 
Peaucosnne 
Tridccane 

Toml Unknown TICS 
,,c.Tc* 

NSA N A 
NS A NA 
NSA NA 
NS A N A 
NS A N A 
NS A N A 
NSA N A 
NS A N A 
NS A NA 
NS A NA 

L f 
NW 
MD 
m-r 

NSA 

PQL 
s 

TAE 
n c s  
~lleo 

( 

Alsuvlai so!! samples were soltec~ed from 5 locations at W P .  The man a d  standard deviations were cakulaoed. Background c o m ~ s o m  Isvets wene 
selected from b e  upper 95 percent confidence interval of the backgmrmd data set, which is equal te the mean plus two stmdard deviations. 
CRrnsssliern II a& a r r twpds .  
Analyte was detected in cornspoponding mehod blak;  values are Wagged if che sample sonsenmthn is l a  than 10 tiPrws Phe sglgshod Mank m s r m m ~ o n  
for common lrbralory comeituents and 5 aims for all other eamnwenrs. 
Health-bas& number as defined In the R C U  gemit. HBMs not specified in the permit were derived using sumdad expsi re  and innrake asnrqdons 
conslscnl wrrh EPA gu~delincs (51 Fedemt Register 3399%. 340%. 34014, and 34028). 
Concenara~!on 1s reported as less ban the cmified r e ~ d n p  h i t .  
Not available: BQLr Ire not available for TICS detested in b e  libmy a s .  
Amlyle was not detected. 
Not wssd. 
No standard (HBW) avnrlable: heal& effsess data were not rvailabie for Le al&ulrtisw of a HBN. HBNs were not derived for "F%Co. 
Bwctbcai quantiation limit: the lowesa concentmoon aha can be relkb!y dessed art r dsfmd level d precision far a given m y t i d  method. 
Resulrs are based on an inlernal s~ndard: flag is used for gICs d e w M  in library m s .  
$age! nnrly~c l ist .  

T ~ ~ t ~ v e I y  identified cornpour.& thai were dewred in the GCIMS libmnpr 
Micmgmrns pea  gram. 
Parentheses 1ndi6abg h e  number of unknown TXCs h t  wene detected in sirher h e  volatile or semivolaae WMS libmy scaans. me number b i d e  the 
prensheses is the mml sonsewmriow of all TICS detected in each mpective mi. 
Bsatskets Indicate that the detected comentntion exceeds tk HBN. 



8.2.0.2. The results of the chemkd analyses for metals and SVOCs indicated that 

concernations of m e n k  and beryllium exceeding HBN a d  RBC criteria, and cobalt 
exceedimg HBN criteria were found h all three smples. T M i i u  was also detected at a 
eoncentration above h e  HBN in sample 31SU. The arsenic a d  cobalt levels were less than 

or slighdy greater the backpomd soil criteria. Several other metals such as a% 9 

c%aKomnnium mercury, selenium, md vm&anaa were detected at concentrations above 

background levels but below HBNs and B C s .  Several SVO@s and SVOC tentatively 

identified compounds (TICS) were detected but not at levels above HBNs or RBCs. 

8.3.0-1. To dete the migration of any metals from the Bagoom, three 

dawrgradient and one upgradimp groundwater monitoring well was imt%lkd at S 
Two soil samples were collected from each well boring. During the drilling of 
Poring, one s a l e  was collected in a Shelby tube for geotechmical testing. 

8.3 .O.2. Groundwater smples were collected from each well. Field measbaremems 

SF.?. 
of the groundwater were taken. To determine potential disposal characteristics of the lagoon 

sediments, two composite sediment amples representing the total sedhent c s l u m  were 

collected from each lagoon. The mlfical  parmeters for these samples are shown in Tables 

4.3 and 4-44. %he sample locations are shown h Figure 8.2. A s u m a v  of the field 

activities for SWMU 31 is presented in Table 8.2. 

8.3 -0.4. After installation sf the wells, an aquifer slug test (hertion md removal) 

was conducted on the newly-installed wells to evaluate potential migration rates and other 

hydrogeologic characteristics. %%a addition, each well was sumeyed to determine elevation 

and location c o o d b k s .  Staff gauges were placed in each of the lagoons. These gauges 

were sumeyed to facilitate the study of groundwater flow from the lagoons to the river. AH1 
of these field activities were cornplead h J m u q  1995. 



S 31 WI HEED ACTMTES 

ION PE 

* Field measurements of pH, temperame, and conductivity were also recorded. 



U 31 is Iwated on a nearly level terrace adjacent to the New River at 

an a p p r o x h k  elevation of 1,700 feet above mean sea level. The New %giver flows from 
northeast to southwest along the mo&em boundary of the S U. The river is 

approxhtely 100 feet from the lagoons. The facility's New a v e r  water intake (No. 2) is 

approxbkly  300 feet upstream of Outfall 024. 

8.4.1.2. Railroad tracks (inactive) run along the southem b o m d q  of SIW'biU 3%; 
the tracks are ekvated appro ly 15 feet above the Ievel terrace. South of the tracksI the 

elevation increases further, so that the SrWMU vicinity is a "stepped" Emace leading down to 

the New River. 

8.4.2.1. The geology of S U 3 1 was chxacterked by drilling four groundwater 
. ..Z,>2 , monitoring wells for the RFl. Samples were either col%ected conihuously or at five foot 

intervals in each boring as described in section 4. The vertical extent of all investigatory 

drilling activities was approximately 53 feet, ranging from 1715 feet above mean sea level 

( m I )  to 1662 feet msI.  

8.4.2.2, MI geological samples were categorized under the Unified Soil 

Classification System (USCS) in accordance with the work plm. One gmtechical smple 

was taken from monitoring well boring 31 1 at 10-12 feet below ground surface figs) and 

submitted for laboratory analysis to determine USCS designation. All other samples, 

including those collected for chemical analysis or general site characterization, were given a 

USCS designation h the field by the project geologist. The compiled infomatism was used 

b prepare the geologic cross sections presented as Figures 8.3 and 8.4. The cross section 

profile Ihes are s h o w  0x1 Figure 8.2. 

8.4.2.3. The geology of S U 31 was consistent across the study area; the 
subsurface generally comprised ~1nconsoIidated. alluvial sediments overlying the weathered 

,./.-.~ limestone of the Elbrook Formation. The SWMU 31 vicinity displays the characteristic 
terraces of the uncomslidated sediments at . Crass section B-It%' (Figure 8-41 reveals 
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the terraced morphology aid the sediments gently dipping to the New Rver (south t s  north). 

There is a general firing up wad^ textural sequence as silts and clays overlie gravels and si8ty 

smds. Below the gravels md smds, the bedrock interface was encountered. The 

u~lcomolidated sediments were 25-28 feet thick along the New River as shown in the west to 

east crass section A-A' (Figure 8.3). 

8.4.2'4, A dark brown silt layer conti? v q h g  r -our& of clay @dl,) was 
typically encountered overlying %I silty s a d  (SM). At appro ly 6-8 feet bgs, a dark 
brown sand, silt, and gravel layer (GM/SM) was present. h was 5-7 feet thick. Below this 

layer was a brown silt, clay, and gravel (g;MB/ML) section, which extended to the bedrock 

interface. To the west, the GMJSM internal was absenat. 

(CL) was observed at 5-8 feet bgs between well borings 

layers often contakd the cobbles or boulders (river jack) that occur throughout the alluvial 

strata along the river. The bedrock was a gray weathered limestone which was partially 

penetrated by hollow Sam augers in some borhgs, but which requkd air drilling methods to 

complete the wdls in other borhgs. The rock samples at the bedrock interface were 

determined to be limestone by hyBrocMsric acid effervescence testing. 

8.4.3.0.1. Thee of the four wells btalIed at S 

31MW4) were screened h h e  alluvial sediments overlying the Elbrook Fomtion bedrock. 

The fourth well (31 1) was screened at the bedrock interface. Groundwater was 

encountered apprsxhately 23 feet bgs at wells 31 2, 31MW3 md 31 
l~cated along the New River. 31 1 was installed on the terrace a p p r o x ~ t e l y  15 feet 

higher in elevation the other three wells at this site; groundwater was encountered at 

approxhately 32 feet bgs in this well. 

8.4.3.0.2. Groundwater mcunence and movement does not appear to be complex at 
U. Groundwater is present within a relatively shallow uncodmed aquifer 

consisting sf uncomolidated alluvial sedm overlying %he Elbrook limestone. The 
potentiome$.ic surface of the groundwater at U 31 is shown in cross section in Figures 

8.3 (perpendicular to flow directin) and 8.4 and in plan view Sn Figure 8.5. Crowdwater 
elevations have been observed to fluctuate seasonally from 2-7 feet at this SWMU (January 
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and July measurements). The groundwater elevations presented in the figures are from the 
.,.n., 

July 1995 smplbg  event. 

8.4.3.0.3. Sulxmr%ace conditions in the vicinity of 31 1 were slightly different 
for the wells dong the river. Nthough the same layers were emomtued at similar 

elevations, the GM/SM layer was considerably drier in this area than near the river. The 
well bring was advanced into a wet zone of the bedrock to emure that the well would not be 

dry. The result was a screened hkmd lower the other wells. After apprsxhb%Iy 24- 

36 hours, the gourdwater stabilkzed above the screen as shown h Figure 8.4. The 
groundwater potentiometric level in tkis area is consistent with flow towad the river, h t  the 

overburden m y  contain more clay, or the bedrock m y  have fewer fractures, resulting in 

slower recharge of groundwater 1. Shce light non-aqueous phase liquid 
comp~unds (floaters) axe not a co of concern at thk S I;, the stabilized 

groundwater level relative to the top of the screen is not significant in this well. 

8.4.3.0.4. The direction of groundwater flow at S U 31 is worth to northwest, 
towad the New River. The hydraulic gradient is approximately 0.01 Wft. The 

C-. 1 potentiometric surface of the groundwater is approxhte~y the s elevation as the 

secondary and tertiary lagom sediment levels. Since these lagoons were excavated to the 

bedrock surface, the bottoms of the Sagsons are essentially at the groundwater table; the 
surface water elevations of these two lagoons are comiskntly above the groundwater table, 

although the discharge of water into the lagoons from the dr water settling tanks 

(Subsection 8.4.4) contributes to h i s  condition. The primary lagoon was constructed at a 

higher elevation. The relationships between groundwater and sediment and surface water 

levels in the lagoons cr;un be seen in the cross sections. 

8.4.3 -0.5. Well commction details for the S U 31 monitoring wells are shown in 

Table 4.1. Field data collected during the January a d  July 1995 sampling events is 

s rked in Table 8.3. Field data hc8uded the groundwater elevations used to prepare 

Figure 8.5, phetoio ion detector VXD) readimgs of the well headspace in parts per milli~n 

@pm), pH, temperature, and conductivity of the groundwater. 



TABLE 8.3 
SWMU 31: GROUNDWATER FIELD DATA 

AMMUNITION PLANT 

* Feet above mean sea level 
NA: No data due to instrument ma%hwction. 



.A?," 

8 -4.3.1.1. In order to further investigate the gromdwater characteristics at S 
31, four fallbg-head (injection) and two rising-head (withdrawal) slug tests were conducted 

on wells 31MW1 through 31 in January 1995 as discussed in section 4.7. Data are 

included for falling-head slug tests 31 4, however the results were deemed 

invalid due to quick recharge resulting from a heavy rainstom. 

8.4.3.1.2. All four wells btercept groundwater flow from a shallow, uncoMmed 

zone sf uncomoZi&ted alluvial s&hen€s. The bottom of the screened interval is positioned 

h the bedrock for d l  wells; the screen of 31 1 is almost entirely in the bedrock. The 

hydraulic conductivity and t ~ a m ~ s s i v i v  data for these wells are sumarbzed in Table 8.4; 

calcullations md type c w e s  from the slug test data are Imakd in Appendix E. 

8.4.3.1.3. The highest hydraulic conductivity value calculated at SWMU 3 1 was at 

well 3 1MWZ (2. 11 x lo4 cdsec  or 0.6 May).  The lowest hydraulic conductivity value at 

SWMU 31 was at 3 1MW4 (9.18 x 1 0 ~  cdsec  or 0.026 May).  The average hydraulic ' 

cowd~pctivity calculated at S U 3 1 (7.80 x 1 o - ~  cdsec) falls into the range of silt, loess, or 

silty sand for unconsolidated deposits or alluvium and Cherry, 1949). The hydraulic 

conductivity value of 8.15 x 10-5 cdsec  for 3 which more fully penetrates the 

bedrock, falls into the silt md loess range (unconsolidated) and into the limestone md 
dolomite range (bedrock). 

8.4.3.1.4. Trarnfi~sivity~ the rate at which water moves though a annit width of 
aquifer material under a unit hydraulic gradient, is the product sf hydraulic conductivity and 

aquifer thickness. The highest t r a m ~ s s i v i ~  value calculated at SWMU 31 was in well 

2 (11.98 ft2/day), and the 1 was in well 31MW4 (0.52 ft2/day). The average 

calculated trammissivity vdue for 3 1 is 4.65 fi2/day. 

8.4.3.1.5. The hokomabal groundwater flow velocity can be calculated by using &e 

average hydraulic conductivity (7.80 x cdsec), the hydraulic gradient (1 percent) as 

measured from Figure 8.5, and an estimated effective porosity of 35 percemat. The estimated 
porosity of 35 percent for the uw6omolidated layer is based on a range sf porosities typical 

for unconsolidated sand and silt mixtures (Freeze and Gbelggi, 19759). By using the Darcy 



TABLE 8.4 

S m M A R Y  OF SLUG TESTING DATA 
U 31 (COAL ASH SEmLmG LAGOONS) 

* The averages do not include 31MW3 and 31MW4 injection/fallinghead bests, as a heavy rainstorm significantly affeccbed those test results. 



8.9.0.3. In general, the highest m b s ~ a  soil metals wn~ntraeiom 
from the dwngdiemat well brings. N&ough most of the metds detected in the 
gomdwater were from the downmient  well les, the , concenaeiom of two 
of the groundwater C8C metals and the only sample with a positive deection for antimony 
were found in the sample from &e upgradient well. However, the wen is close enough to the 
hgsom to suggest the possibilty that seasod groundwater level Waa@maiom dlow the 

A d d i ~ o d l y ,  the Mdtratioaa of the Ilagoon surface water may be adversely hpacthg the 
upgradient well. 

8.9.0.4. The health risk assessment indicated a potential for wchogen.ic and 

nonc$chogeenic adverse health effects for S U 3% pmndwater imgestion or 
contact for site worker receptors. 



,<.".. Equation and standard equation of hydraulics (V=KQn) where V is veilocity, K is hydraulic 

conductivity, i is the hydraulic gradient, and n is effective porositygP, the estimated 

groundwater flow velocity was calculated to be 2.23 x 1a4 cdsec or 2.3 1 Wyr. 

8.4.4.1. TFke New fiver is app tely 90 feet northwest of tHBe boundary of 

about 30 feet lower in elevation. The New River in this vicinity flows 

U 31 from northeast to southwest. Flow in this section of the river is 

generally c a h  with relatively deep poole 'This is one of the widest parts of the river 

(approximately 600 feet) in the vicinity of 

l3.4.4.2. Thee settling lagoons are present at the S%WU as shown in Figure 8.1. 
The surface water e%evaPisn in the settling lagoons decreases from east to west during both 

high and low flow conditions, as indicated by the data 

Lagoon Surface Water Eleva~on (feet A&1SL) 

1/19/95 1690.3 1685.9 1683.7 
7/15/95 1690.1 1682.2 1679.9 

The settling lagoons m y  act as groundwater recharge areas, however, the daily discharge of 

into the lagoons makes it difficult to dete 
. 

water fism the dr water settling 

this based upon relative. water levels. Surface topography in the vicinity of S W U  31 
indicates a surface water flow nofiweswad, toward &e New River. However, within the 

boundaries of S U 31, the settling lagoons capture a significant quantity of surface water 

runoffiFff As indicated in Figure as discussed in Section 8.1, there aare numerous 

subsurface pipelines throughout S 

8.4.4.3. As discussed in Section 8.1.0.4., approximately 38,670 gallons of water is 
discharged to the lagoons each day from the dr water treatment plant. Average daily 

net precipitation results in an ad8i"on.d 1,800 gallons of water per day to the three lagoons: 

Thus, on average 40,490 gallom of water per day we added to the lagoom. Because the 
lagoons are at a relative steady state (i.e. neither going dry nor requymg water release 



through an outfall), the quantity of water input to the lagoom is equivalent to the output. 
Output of- water is either in the %om of evapomt.io%a or inf11Itration. The quantity of water lost 
to evaporation has beem amunted for in the net precipitation vdue given above. Therefore, 
if these c o d i s m  are true, an average of 40,476 g&om of water per day idiimte the 
substrate s f  the three lagoom. The g~omdwafer table has ken  observed 80 cornistenfly lie 
below the surface water elevation of the Bagoom (Figure 8.41, demomtrahg that infiltration 
of water $%om he lagoons is feasible. The infiltration rate has been dcgmhkd b be in the 
range of 1.9 inches per day. Under these ccsditiom, the water re1 by the lagoons 
recharges the under1ying iquifer md is discharged to the New River. No direct meckmni~l 
discharge of the I~goon contents to the river occurs according to facility penomel. 

8.5.0. I .  N 1  positive results (deleted c o q o d s )  for soil and aqueous s m p k s  for 
S 3 1 are presented in Tables 8.5 and 8.6, respectively. The positive results md the 

chemicals of concern (COCs) as' identified by the methods described in Section 6 are 
discussed below. However, the focus of the section is m the COCs identified as potential 
hmm health threats as detailed in the subsequent Risk Assessment subsections. 

8.5.1.2.1. No CBCs were ident5ed in the subsurface soils at U 3 I.  Positive 
results were detected fm eight metals in these soils, but none exceeded the established 
background levels for these soil types. The metals were wsenic, lead, silver, barium, 
beryllium, c%ap~mrnim, nickel, md mercury. Ml of these metals except mercury, silver, md 
arsenic, were found in every subsurface soil sample. Arsenic was fomd in two smples, 

* 

silver was fomd in two 
same smples. 

8.5.1.2.1. Positive results for nine metals were detected in the S groundwater 
smpks.  Of these, sel , b&m, antimony, and k r y l l i w  were identified as COCs. 

Beryllium and antimony were found at concentrations considered to be a potentid Bnwm 



TABLE 8.5 
POSITIVE RESULTS TABLE OF SWMU 31 - Solid Samples 

RADPGBRD ARMY AMMUNiTION PLANT 

METALS (uglg) 



TABLE 8.5 
POSITIVE RESULTS TABLE OF SWMU 38 - Solid Ssmp%a 

WDFOIWD ARMY AMMUNYlkllON PLANT 

* 4 8 MW4C40 is a duplicate sample o f  3 IMW4A12 



TABLE 8.6 
POSITm RESULTS TABLE OF SWMU 31 - Aqieamaas Samples 

ALBBDIFQFW ARMY AMmNfTION P U N T  

Total Oganis Carbon 2040 
g Total Organic Halogens 15.4 
k 4  

+ 3 1MW5 is e duplicate sample of 3 1MW3. 
+* The psitivt m l t  for antimony was detected during the Jmuargr 1995 m p l h g  event. 
All ohm results from July 1995. 



e l  risk Therefore, these metals were cckgorkd as the Ask drivers for 
goundwater. Dissolved selenium was only f a d  in the sample from 31 
concentration of (5.4 ugbl). Diss barium was detected in all four monitoring well 
smpies, rangkg from 19.7 ugIl(3 to 264 ug/l (3 1 11, Totd beryllium was found 
in the samples from dl wells, but dhsol 
the samples from three of the wells; 3 did not contain dissolved beryllium. The 
m dissolved Ixry l$ i~~~.~  concentration (3.98 ug/Q was in Hfe 31 
Dissslvd antimony was ody detected in 31 1995 sampling event at 
65.2 ug/l. 

8.5.1.2.2. The other metals detected in the groundwater, but not considered to be 
COCs, were arsenic, mercury9 lead, chonniw, md nickel. However, none of these metals 
were fomd in the dissolved fraction of the metals analysis for the samples. Arsenic was only 
found in the 31 2 sample. Nickel was 

3. Mercury was only detected in the samples. C h o ~ m  was 
detected in thee smpies, with a maxiranu concentration of 9'7.3 u,a/l(3 1 

8.5.2.1.1. Positive results for metals were found in the well $ o r b s  as described 
above. Two soil samples were collected from each bring, one shallow and one deep. Hn 
general, no obvious pattern of metals occurrence in the samples could be observed when 
comparing shallow to deep samples. En four instances, metals were detected in the deep 
smpie which were not present in the sb%low sample. In one m e ,  a metal was detected in 
the shallow sample which was not found in the deep sample from that boring. Overall, the 

metals conanBatiom in the thee well brings dong the river (in Hfe apparent downgradient 
groundwater flow dirztion from the settling Iagoom) were Mgher than those found in% the 

1 well boring samples (upgradie~ sf the lagoom). However, this was not me for all 

metals. The deepst samples Wen which had positive detections for metals were from the 
same approximate elevation as the bottom of the secondw and tertiary lagoom. 



8.5.2.2.11. The h u m  concentration of dissolved behgplllium, the risk driver metal, 

was found in the sample from b u m  concentration of dissolved barium 
was abo in the sample $morn 31 The only detection of m h o n y ,  a risk driver metal, 
was also from 31 1 ,  j4% the sample collected during the January 1995 smpEhg event. 
Selenium was not detected in this well sample. well has k e n  shown to be hy&aulicdly 

The three wefh along the New Ever, 31 are downgradient of 
the lagoons. The ody sBenium detection was in the smplle from 3% ; d l  three of the 
dovlp~gradient wells contailned detectable amouts as% IxryUlim, an identified risk driver 
metal. With the exception of lead, which was dso detected iaa the upgradient well sample, all 
of the other detected metals were from these downgradient well samples. 

8.6.0.1, The envkomenM fate and transport of chemicals is dependent 0s the 

physical and chemical properties of the compomds, the envkconmenta1 %ramfo 
processes affecting &em, and the media through which they n-&rate. At S 
the surface water md groundwater are pastentid migration pathways to the New fiver. 
Flooding of this area by the river is possible. Groundwater in the vicinity of S 

appears to be dischagkg directly to the river. Co discharging to the New Ever 
would likely be significantly d2uted before reaching c % i s ~ t  downgradient receptors. The 

river is appro By 100 feet firom the lagoon area and the groundwater velocity is 
estimated to be 2.31 %eet./year. 

8.6.0.2. The source of b e  relatively high metab co tion in the upgradient 
1) is not clear, however, the groundwater gradient at SWhaU 31 is Iow. The 

sediments in the secondary and tertiary lagoons are approxhtely five feet below the 
potentiometric surface in 31 I. The well is approxhately 140 feet from the nearest 
lagoon. h is possible h t  seasonal groundwater fluctuations d1ow for impact of the slightly 
upgradient groundwater in 31 1. It is also possible that infdtratisn of the lagoon surface 
water is impacting the groundwater quality in the upgradient well vicinity. 



8.6.0.3. Beryllium and antimony, the risk driver metals for U 3 1 groundwater, 
were not detected in the surface water sample collected from the New Xver at @ likely 
discharge point of S 31 groundwater. Metals were found in the sa$sudae:e soils, but at 
levels below established background concema~om, The lagoon sediments were within 
TCW replatory limits for all  pmmeters. ~igdioma sf meds to the mver by the 

g o u d w a e r  pathway would likely occur as dissolved ions. Movement would be at a lower 
rate due to dispersion and adsorption to the aquifer matrix. Metals are generally immobile in 
the clayey soils which are interbedded throughout the mcomlia ted  dluvium. 

8.6.0.4. Nickel, which was one of the New River sediment C W  compounds, was 
found in the sediment sample mS%) collected just dowm&em sf the lagoon area. 
However, although nickel was found at detectable kvels in the S &F 31 groundwater a d  
soil smples, it was not found at GOC levels. C h o h l ~ ~ l ,  barium, silver, and Head were 
foud  h both the S &F 31 soils a d  the E6 sediment sample. b a d ,  c b o ~ m ,  md 
nickel were found in the S 31 groundwater a d  dso in the NRSE6 sediment sample, 

8.7.0. I. The coal ash settling lagoons are unlined and uncovered which does not 
limit the potentid for emissions to the atmosphere and con migrating from settled 
ash to subsurface sons and groundwater. In the kture, these settlhg lagoons m y  be 
removed from operation and completely dismantled. 

8.7.0.2. At present$ fiature land use at this S is uncertain; Power House No. 2 
has k e n  inactive since January 1983 a d  is currently scheduled for layaway. A potential 

o would consist of the deco s s iodg  of ehe settling lagoons dong with this power 

house. Future uses of the land in this area are expected to remain industrid. 

8.7.1.0. I. The chemicals wmidered in the risk evaluation for S U 31 include 4 

metals, antimony, barium, beryllint and selenium in goundwater. Volatiles, semivoIatdes, 
and explosive constituents were not hc1uded in the m4yticd program for groundwater at 



8.7. l .€I. 2. Subs%nafae soil smpIes were collected durhg well drilling activities; 
however, the metals detected in these smples were either not detected or were bdsw 10 Ret 
in depth. Sediment samples were also collected firom the settlbg iagsomfs, but these were 
co%Eated for disposal classification purposes md the r e d &  are not quantifiable for risk 
assessment purposes. 

$.%.I. I. 1. G r o d w a k r  in the vicinity of is not used for 
5 people anrd therefore MCLs and MCLGs are not considered as 
C criteria considered for human health risk evaluation included reference 

s) md slope factors (SFs) from USEPA9s Integrated Risk Info ion System md 
Bd& Effects Assessment Su Table (USEPA, 1995a). 

8.7.2.1.1. Current exposure pathways at S U 31 are considered to have a low 
probability of completion md therefore, these ~ ~ i s s  were not quantified for current 
receptors (site workers, recreational surface water users, hunters and fishemen]. M&ough 
current site workers have access to potentidly con sediments and surface waters 
from the settling lagoons, co concentrations are u ~ o m  and therefore 

health risk is not quantifiable 31 is completely conspined within ProPeq 
which effectively Bkn.its public access (recreational surface water users a d  fishemen) to 

. Surface soil samples were not appropriate at th is  S 
ion results from cbemicds migrating from the lagoom to subsurface soils 

and groundwater. In addition, the current groundwater pathway is m t  c~mplete as this water 
is not used for dr purposes. Potentid frame routes of exposure which were 
considered for S 1 include site worker ingestion and xposure to potentially 
co ted groundwater. However, this expome scenario is expected to have a low 
probability of completion due to present d water use. Future pathways for subsufface 

ability of completion if this area were to undergo fbme development; 
ts detected in this medium were below the upper 95% talermce limits 

established thrca~ngh background sampling and therefore were not included for evaluation. 



,'. " . .. 8. 7.2.1 2.  The comqt%lal site mdel  s U 3 1 is presented in Figure 
8.6 md includes exposwe routes, potentid re 

of concern. c e m i d s  rn 
screening were cosiderd in the risk assessment %or tlais S 

8.7.2.2.1. Exposure p i n t  concentrations for the three metals evaluated at S 3 1 
are listed in the tables in Appndh I. These c~ncentrations range from 0.00161 mg/L 
(beryllium) to 0.0432 mgR, @aiu). 

8.7.3.0.1. The carcinogenic risk and index were calculated for the 

groundwater ingestion and de I contact pathways. These a11culatiom are presented in 
Appndk I. A discussion sf the results sf  each pa&way for nm-carcinogenic and 
carcinogenic effects is presented below. 

8.7.3. I. 1. B m d  indices %or the hypothetical future site worker ingestion scenaria 
exceed acceptable levels primarily due to antimony far RME recqtm. The calculated 

d index is 1.03. Barium, beryllium and selenium hazard indices are at least two orders 
of mgHhitude below acceptable levels. 

8.7.%,2. I .  The cdcdakd cancer risks for the ihno~etical future site worker 
ingestion a d  d are within the USEPA target i s k  rage  primarily due 
to k q l G m ,  for CT and receptors. The other metals evaluated do not &ow a cmcer 
risk which is due to a lack of toxicity info on. The CT and RME ingestion cancer risks 
for beryllium are 1.21 x lad and 2.42 x respectively. Calculated de 
for beryllium for CT and receptors arc 5.50 x lo-' and 1.10 x lo-5, respectively. 



Figure 8.6 
Concceptu J Site Model for Cumnt and Future Exposure HBad~ways 

%%ad ford 
hdford Virginia 



8.7.4.8.1. Data ml%w~odevdwtion u9nw m y  be relevant at S 

to the types and nllxwkrs of samples collected. Analyses peaformed on the &ace water and 
sediment samples fim the settlbg lagoons only hcluded total organic cabon and waste 
c ~ r a c t e r ~ t i o n ,  These analyses 90 not yidd resd%s h t  are usable for risk assessment 

purposes. merefore, current site worker risks from potential co tion through 
exposure to lagoon surface water md sediments are no% quantifiable a d  u&own. 

8.7.4.0.2. Some of the metals detected at this site in groundwater are naturally 

oecannhg and h some cases, statistical me&ds were use8 to dist fsh site-related from 
ma%-site-related metals. In this case, all metals detected in gou&water were retained as if 

they were site-related. The cdcuH%l$ions have shown to present umccep&ble r i sk  due to 

these metals md this could be m overestimate due to natural metals eoncentration in 

groundwater. 

8.7s4.0.3. One of the main meas of uncertainty is in exposure assessmenat as relates 

to dete hture lmd uses at a co a d  site. m e  majority of the land at is 

comercid  or industrial and used for support of the explosives mmufaca-utrbg process, with 
few scattered residential communities located in Montgomery md hlaski counties. Access 

U 3 f is restricted and therefore the use of a cumem residential exposure scenario 

is unlikely. 

8.7.4.0.4. hother  area of uncertainty .in evaluating human health risk Rom S 

31 is toxicity assessment. O d  and de slope factors are not available for b e e  of the 

four metals which were dekdd in groundwater. Most studies are based on 1 data and 

extrapoIatd to hu and dso s u k h a o ~ e  studies m y  be used assess chsnic effects. Pa% 

addition, extrapslatieam ms c ~ a c k r ~ d  by urncemhw factors which can be as large as four 

orders of magnitude. This m y  tend to over- or underestimate risk. 

8.8,O.I. Cuchogenie risks md n o n ~ ~ c h o g e ~ c  d indices were calculated for 

site worker receptors potentially exp~sed to multiple chemicals in groundwater during 

domestic use. The groundwater pathway @glcuIatiom were s and are presented in 



Table 8.7. Under the NCP, the probability of excess cancers over a l i f e h e  of expowe 
- witbin or below USEPA's target risk range of 1 x lo4 to 1 x lo4 are considered to pose a 

low ha while a probability of excess cancers over a lifetime of exposures greater 
lo4 may pose an unacceptable threat of adverse health effects. For noncackogens, a 
index below one is comiderd to pose a Iow threat of adverse health eEect.s, while a hazard 

one m y  pose an unacceptable theat of adverse health effects. 

U 31, the site worker RME receptorsbtal M e w  is greater 
one for ingestion of groundwater. The total cancer risk value for these sce 

within the target risk range. These values indicate a potential for n o n m c h o g e ~ c  m d  

carcinogenic adverse health effects. 

8.9.0.1. The groudwater associated with S U 31 resides .in e%le alluvial sediments 
overlying the limestone bedrock. The groundwater is approximately at the same elevation as 
the boaom of the ma1 ash settling lagoom; flow direction is toward the New River. 
Groundwater, s u b d a c e  soils, and lagoon sediment samples were collected to characterize 

U 3%. AdditiomUy, a surface water and sediment sample was Wen from the New 

8.9.0.2. Eight metids were detected in the subsurface so2 smples, but 
concentrations were less the established background levels for B md C horizon soils in 
this area. Bery1liw-n and m h o n y  were identified as the risk driver cornpods for S 

3 f groundwater. The hgoon sediments were only sampled for TCLP parmeters. However, 
the previous Dames & Moore c h a a c t e ~ t i o n  smplhg found beryllium at simcmt levels 
m u n d w a k r  risk driver). The lagoon sedbents were w i W  regulatory limits for aI1 TCW 
pameters. Metals fmnd in the S 3% subsurface soils a d  poundwater were Ass 
detected in the surface water a d  sediment sample m11akd downstream sf  the S 
New Ever. 





SECTION 9 

SITE C CmUATION OF S 48 
(OILY WNmWA'FER DPSPOSL 

9- 1.0. I. The Oily Wastewater Disposd Area (S 

Horseshoe Area, appro kly 3,600 feet east of the m h  bridge over the New fiver. Plate 

U 48 in relation to the rest sf the facilityg.. A detailed location map 
48 is presented as Figure 9.1. The USEPA reported this unit as contipous $0 

(Bottom Ash Pile) and U 58 (CaIcium Sulfate Disposal Area), with no disbinctisra 

possible by visual observation (USEPA, 1987). However, based on a review of historical 

aerial photographs and discussions with plant personnel, it bs been dletermiaed that the unit 

consists of two separate disposal meas. The asrthern (upper) ddispo~al area is a long, mmow 

raised wound approximately 30 feet north sf S U 50 a d  75 feet west sf S 
southern (lower) disposal area is subs&nntially smaller md is located approxhteEy 38 feet 

$1 59 md 75 feet east of S 

9.1.8.2. Between approximately 1975 and 1985, prior to off-post waste oil 

on procedures, oily wastewaters removed from oiliwater separators throughout 

were disposed at S U 48. Trenches the width sf a b8alBdozer were excavated. The 

oily wastewater was disposed in these trenches and thew the trenches were baemled with 

soil and revegetated. Each new trench was dug adjacent to the previously b a ~ ~ l l e d  wench. 

Backfill soils consisted of sandy silt or clayey silt soils obtained from either Pline 

area or an onsite borrow site. R is estimated that 2 W , W  gallons or more of oil- 

con ted wastewater was disposed of in u d h &  trenches at t h i s  unit. 

9.2.0.1. This U was identified isl the WCM Facility Assessment (USEPA, 
11987) as having a potential for releasing contaminants into the envkoment md was included 

in the WCM Permit for Corrective Action and Incinerator Operation (USEPA, 1989a) as 



FIGURE 9.1 
SWMU 48 LOCATION MAP (OILY WASTEWATER DISPOSAL AREA) 
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9.2.0.2. During &e W, three soil h-s; (48SBZ,4$SB2, and 485B3) were installed 

in the two disposal areas, as shown in Figure 9.2. Samples from bo-s 48SB1 and 48SB2 
were collected at depths of 9.5 and 12 feet, respectively, in soil suspected to be co &d 
at ~e upper disposal sea .  At boih lma~om,  samples were also obtak.-d from sod below the 

suspected co n at depths of 14 and 22 feet in 48SB1 and 48SB2, respectively. Only 
orne sample was collected (from 13 feet in depth) from boring 48SB3, which was Imated in 
&e smaller lower disposal area. soil sample exhibited a hel-like odor. The five soil 

samples coUected were analyzed for target amlyte list $PAL) metals, toxicity characteristic 

leaching procedure (TCLP) metals, volatile organic compomds (VOCs), and semi-volatile 
organic cornpo~~nds (SVOGs). The results of the 1992 soil s a p l i n g  are w ked in 
Table 9.1. Also included in the 

1989a), comparison levels of soil backgoud data calculated by Dmes $Z M r n ~  (1992a), 

md RBCs for comerciaH and industrid soils (USEPA, 1994). 

9 2.0.3. The results of these cbemicd analyses indicated the presence of 19 metals. 

Soil sample concentrations of arsenic, beryllium and cobalt exceeded the HBN criteria, and 
arsenic and beryllium exceeded the RBC. The conantmiions of beryllium, ca%ciw, copper, 

magnesium, mercury, and sodium exceeded background upIands soil concentrations in at 
least one sample. BergrH1im a d  sodium were the ody hasorganics to exceed background 
concentratism in the underlying soil in 448SB.l md 48SB2. Sodium was found in the method 

and beryllium was Kgbr in the lower swples the upper oily simples. TCEP 
metal concentrations did not exceed R C M  waste ~Enauracterhtion replatory levels. 
Explosives were detected in 48SB2 md were the ody co of concern, baed ow 

EBN criteria; they did not exceed the RBC. 

9.2.0.4. VOCs were d:ct& in soil smples collected in boring 48SB2, located in 

the eastem portion of the upper disposal area, and boring 48SB3, located in the lower 
disposal area., E&yl$emne, toluene, a d  xylenes were detected in sample 48SB3 but 

toluene was detected at a coancentration below the PQL, and the sther two compounds were 
detected at thee to five orders of magnitude &low the HBN or M C .  Toluene, eke only 

known V K  found in 448SB2, was detected at a conacentration equal to the detection limit and 
below the PQL arad was not identified as a concern. Nine VOC tentatively identified 



FIGURE 9.2 
SWMU 48 SAMPLE LOCATION MAP (OILY WASTEWATER DISPOSAL AREA) 
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,A,.7x3 
compounds (TICS) were detected in sample 48SB4, but with a to&l concentration less than 

0.23 pg/g. Two VOC TICS at a concentration less than 0.04pg/g and one VQC TIC detected 

at 0.009 pg/g also was found ima the deeper 48SB1 sample and the shallow 48SB2 sample, 

respectively. 

9.2.8.5. Trace concentrations of p t r o l e m - e l  SVOCs were detect8 at the upper 

disposal area, but were below EBN or RBC criteria md limited to 48SB2 at a depth of 12 
feet. The SVOCs and explosives were present ody in the shallower of the two samples 

~ l l e c ~  from each boring in the upper disposal area. Moderate Bevels of petroleum-related 
SVOC TICS were found in the soil sample 48SB3 at a depth of 13 feet. 

9.2.0.6- A subsurface so2 gas survey was performed on a 100-foot by 100-foot grid 

(56-foot intervals) around the lower disposal area. A total sf eight samples, from a depth of 
4 feet, were all below detection limits for penme, methyl tertiary butyl ether (MTBE), 
benzene, toluene, ethylbemene, and xylewes, except for one sample. This sample bad a 
concentration of total volatile compounds slightly above the detection B e t  of 1.1 pg/L. 

9.3.0.1. The WI was undeaexl at S the source and extent of 

the cowtamhatiota beneath the lower disposal area md to address my impact ow groundwater 

quality, and to further assess the possible presence of oily waste and explosive contamhation 

in the upper disposaH area. To support the IEI objectives, two soil borings and four 

monitoring wells were installed, and six ssurfce soil samples were collected. Locations are 

shown in Figure 9.2. 

9.3.0.2. One soil boring was placed in the center of each of the disposal areas. Two 

soil smples from each boring were collected (deep and shallow), A composite soil sample 

from each boring was collected for disposal chracterhation. Thee groundwater monitoring 

wells were placed around the lower disposal area; one was hstalld in the center of the upper 

disposal area (next to the boring). Two sod samples were colkcted from each of the well 

borhgs associated with the lower disposal area wells. A total sf  Wee geotecbical samples 
were mllected horn the soil or well borhgs, as shown in Table 4.5. Six surface soil samples 

...-. were taken, thee  from each disposal area. 



9.3.0.3. Groundwater samples were coIlected from all four m o ~ t o k g  wells. Field 
Pn 

measurements sf the pundwater were also recorded. Slug insertion and removal quifier 

tests were performed on the three lower disposal area monitoring wells. MI wells were 

surveyed for elevation and locadon coordinates. Additionally, the two soil b o h g s  were 
surveyed for elevations. All field activities were completed in January 1995, with the 

exception of 48MW4 (the upper disposal m a  well) which was htaEBed amd sampled in July 

1995. The analytical parameters for all of these samples are indicated in Tables 4.3 md 4.4. 

A of these field activities is presented in Table 9 -2. 

U 48 is situated in a cluster of S in the astern Horseshoe Area 

sf the facility. SWMUS in P a s  general vicinity hc1u s 50, 59, 51, 30, 16, 52, 27, 
28, 29, md 53. S U 50, w$ich is contipsus to b 48 disposd areas, is located 

to the south and west of the upper md lower disposal areas, respectively. Sim.daly, SWMU 
59 is located contiguously to the east a d  north of the upper and lower disposal areas, 

{ .7".?, respectively. 

9.4.1.2. The S 48 area is generally flat, sitting on gh bluff overlooking 
U f 3 md the New River. The iipproxbte elevation of the is 1,820 feet above 

mean sea level. m e  New River is approkately 120 feet below this level. mere are few 

bugdhgs in the vicinity; the sunoundhgs are veloped grasslands sr woodmds. An 
asphalt road plans east-west to the north of the . A dirt road leading south from &is 

road mm between the uppa and lower disposal areas. 

9.4. f -3. The upper disposal area is a p r o x h t e l y  350 feet long by 100 feet wide. It 

is mounded so that it is 10-15 feet higher than the lower mound. The lower mound is 

Iy 75 feet long by 50 feet wide, dthough the exact dimensions are not known. 



TABLE 9 2  

S U 48 R.Rl FIELD ACTIVITES 

W D F O m  A M Y  

* Field measurements of pH, temperature, and conductivity were also recorded. 



9.4,2.1. The geology of S W U  48 was ehwacterked by drfilhg four monitoring 

wells and two soil bohgs  for the WI. Additiomlly, data collected by Dames & Moore 

fiom soil bsrkgs installed for the verification hvestigatbn 0 supplemented the 

geological characterization. Samples were either collected continuously or at five foot 

intervals in each boring as described in secticon 4. The vertical extent of all investigatory 

M ? h g  activities for the RFl  was amroxhtely 152 feet, r a g h g  from 1830 feet above 

mean sea Bevel ( I) to 1678 feet 

9.4.2.2. M1 geological samples were categorized under the Unified So2 

Classification System (Uses) in accordance with the work plm. One sample was taken fiom 

each of three boring (48 3, and 48SB5) and sheb~md for laboratory analysis 

to determine USCS designation. A11 other samples, hclradhg those colleetd for chemical 

analysis or general site charactehtion were given a USCS designation by the project 

geologist. This h%omtion, supplemented by the lithologic logs from the W, as well as data 

from various investigations at Us in the vicinity ( U 51, SWMU 131, was used to 

prepare the geologic cross sections presented as Figures 9.3 and 9.4. The cross section 

profie lines are shown on Figure 9.2. A west to east profile (A-A') was comtmcted to show 

the relative locations of the tw s d  aleas (upper a d  lower) of SWMU L%S9 while a north 

to south profile @-B') shows S 48 relative to the New Ever. 

9.4.2.3. The geology of the SWMU 48 area was more complex than that of the 

Us along the New fiver. The subsurface consisted of unconsolidated alluvium md 

residual deposits gg>hysically md chemically weathered bedrock) overlying hterkdded 

sfitstones, lhestcones, and d o l o ~ k s  sf the Elbrook Formation. The Max Meadows Breccia 

was evident in outcroppings along the slope leading to the river, however, it was difficult to 

distinguish during the drilling activities, The tectonic breccia was generally brown-red and 
highly weathered with many solution cavities (see Table 3.5, reference locality 1, and also 

Figure 3.6 which is a photograph of the breccia). 

9.4.2.4. Geologic cross section A-A' (Figure 9.3) shows the shallow fill of the upper 

disposal area overlying a red-brown clay md silt layer (CL). Below the fill of the lower 

disposal area, less clay and more silt and sad was emountered in an orange-brown ML 
layer. The CL layer coarsened into a red-orange silt and clay (ML) at approximately 1800 
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FIGURE 9.4 
SWMU 48 CROSS SECTION (B-B9)  
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feet ml. The MIL Eayes, which was b ~ r k d d e d  with a gravel lens (GM), overlaid a 
weathered siltstone bedrock beneath the upper disposal area. In the eastern portion of the 
cross section, the orange-brown MIb, layer is shown grading into a silt, sand, and gravel layer 
(GM/SM) before bec the rederange sat and clay ME layer found beneath the western 
portion of the cross section. However, before encountering the weatbered siltstone below the 
l w e r  disposal area, a t$ick orange-brown clay and silt (CL) layer, h k r k d M  with some 
sikstoae, was found. This CL layer extended to approximately 1755 feet 
siltstone bedrock interface was encountered. ~ 6 e  western portion of the moss section shows 
the k&mk interface at approxhely  1770 feet m l .  The siltstone was red-brown-green 
and contained interbedded dolomite. 

9.4.2.5. The sfitstone, which k thicker in the western portion of the study area than 
in the eastern end, overlies a weathered gray dolomite or gray-brown limestone. 'The 
limestone was not encountered beneath &e upper disposal area (48 boring). Towad 
the eastern end of the study area, a ebick argillaceous dolomite was found above the 
limestone. Below the limestone, the weathered gray dolomite which was present at 
approximately f 740 feet m s %  h the western end, was encountered at 1705 feet ms l .  Ifn 
general, the bedrock below the study area consisted of interbedded siltstone, limestone, and 

dolomite, variably hard and soft, moderately to highly weathered, containing numerous 
fractures, md ranging in color from red-green to brown-gray. Hydr~cMaric acid testing was 
performed to distinguish dolomite h r n  limestone. 

9.4.2.6. Geologic cross section B-B' (Figure 9.4) is a worth to south depiction of 
strata relative to the New fiver. The figure generally displays the s m e  weads s f  

overhrden and bedrock as the west to east section. However, the 48 

shows a lems of dob resent at a higher elevation than mywhere else in the study area. 

The slope leading to U 13 was accessible and much of the ippfomatisn concerning the 

Max Meadows Breccia, fracturing, faulting, md jointing was gathered from studyimg fie 

oukroppibags along the hillside. 



9.4.3.0.1. The four monitoring wells hal1ed at SWMU 48 were screened in the 

interbedded limestone and dolomite ~f the Elbrosk Formation. 48 

3 were installed h J 1995; 48MW4 was ktalged in July 1995. The J m u v  
wells were screened mstly in the dolomite, while the July well, which encountered 

groundwater at a bigher elevation the others, was screened mostly in a weathered 

siltstone interbedded with dolomite. 'This sihtone .section was not as extensive in the 
vicinity of the January wells. Gmundwater occurrence was unpredictable during the drilling 

activities. Therefore, longer well screens were used in an attempt to psition the top of the 

screen above the stabilized groundwater level. However, due to relatively slow infaltrafion 

rates, this was not allways possible. Well comn%mction details for glhe monitoring wells are 

given in Table 4.1. 

9.4.3.0.2, Groudwaar mcumence and BtPhPvtrneut in the vicinity of S 
complex. Observations and measurements sf the groundwater are consistent with k m t  
subsurface features. The following discussion of the groundwater table is preseated to 
support observations of flow directions and Wo s. Outcroppings of limestone md 

dolomite along the slope diately south of 48 contained numerous solution 

cavities and fractures that were oriented in various directions. Prominent exposures of %he 
Max Meadows tectonic breccia found along the slope displayed extensive solution cavities 

forming a sponge-like texture indicative of intergrmulaf. dissolution. The breccia may be the 

site of preferential pathways for groundwater flow due to solutionizatisra. These features 

demonstrate the complexity of the karst aquifer underlyhg S U 48. A %facture trace 

eomecthg several sinkholes has k e n  identified iately west of S U 48 (see Figure 

3-18]. h the vicinity of S U 48 this fracture trace is oriented north to south. A Iess 

prominent east to west fracture trace has been identified east of the S W U .  Alaough these 

features can have significant impact on groundwater occurrence and movement, within the 

vertical limits of the drilling activities, no major voids were encountered, and the monitoring 

wells apparently did not intersect these fiacfmes. 

9.4.3.0.3. The potentiometric surface (goundwater table) at S U 48 is shown in 

cross-seetion in Figures 9.3 and 9.4 and in plm view in Figure 9.5. Field data used to 

prepare Figure 9.59 photoio ion detector @ID) readings of the well headspace h parts 



NOTF: 1. GROUNDWATER ELEVATION MEASURED 
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per million @pm), pH, temperature, and conductivity of the groundwater, are s 
,/ -'.-.- 

Table 9.3. 

9.4.3.0.4. Based on potentiometric d z e  m p s  (Figure 9-5 md Plate 2) it appears 

h t  the direction of groundwater flow is uhhte1y towud the New Ever. The hydraulic 

gradient as de d from Figure 9.5 is approxhtely 0- 13 Wfi. However, groundwater 

wcme~lce  .in sl vicinity of Us l6$ 30, and 51, slightly north 'sf the sandy is not 

cornistern with the bedrock gomdwaar ~ b k  f o d  in the S 48 wells. Groundwater 

in monitoring wells 16-4, 5 1 was encountered as much as 98 feet higher in 
elevation tbm the U 48 wells. It is possible that this area represents a different 

goundwater zone md that a perched water able may be present in the sediments overlying 

the bedrwk (although these wells were partially screened in rock). It is likely %$at this 
groundwater zone eventually discharges to the New River as well, bpt he hydraulic 

rdatiomhip between the shallow groundwater and h e  groundwater measured h the S 

48 wells is m t  completely understood. 

9.4.3.1.1. In order to further investigate the goundwater characteristics at S 

48, three falling-head (injection) a d  one Pisingbead (wihdrawal) slug tests were performed 

3 in Jmwq 1995. Wells 48 1,48MW2 and 48MW4 
htercept grb)undwater ROW through competent limestone and dolomite Mrsck .  F r a c ~ r e  

flow is likely 9r these wells though fractures from open conduits. The hydraulic 

conductivity $rd trmnaissivity data for S arized in Table 9.4; calculations 

and type curves from the slug test data are located in Appendix E. 

9.4.3.2.2. The highest hydraulic conductivity value cdcuIated at 

1 (4.66 x 16" cdses), awd the lowest value was a6 well 48 

cdsec). Tbe average hydraulic conductivity (2.65 x 10" cdsec) calculated at SWMU 48 
Mls kt0 the range of limestone and dolomite for bedrock groundwater flow (Freeze md 
Cherry, f 979). 



TABLE 9.3 
SWMU 48: GROUNDWATER FIELD DATA 
MDFOlt%I.b ARMY AMMUNITION PLANT 

" Feet above mean sea level 
(I) 4 8 W 4  was not constmcted until July 1995. 
NA: No data due to instrument malf~enction. 



TABLE 9.4 

ARY OF SLUG TESTING DATA 
48 (OILY WASTEWATER DISPOSAL AREA) 

%gADFOm A M Y  AW/IMmITION PL 

I[njiectionlfalling-hmd 

Withdrawal/risirag-head 

Ynjectiomlfal ling-head 



9.4.3.1.3. As &at the representative water-& 
lhestone and dolomite bedrock, the horizontal groundwater flow velocity can be dete 
by using the Dacy Equation, as d k w s d  in SImbswdon 8.4.3. The horkontaI groundwater 
flow velocity is cdcdafgd by using tlme average d c u h a  hydraah: cormductivity (2.65 x 

cdsec), the hydraulic gradient (12.5 percent) as d from Figure 9.4, and the 

estimated effective porosity (10 percent). The es d porosity of BO percent for the 

be&mk wells is based on a range of porosities typical for hestone and doled@ b&wk 
(Freeze md Cherry, 1879). By utilizing the Dmcy Quation and standard equation of 
hydraulics (V=Wn)s the es ~omdwate r  flow velocity at S U 48 was cdculakd 
ts be 3.31 x 1U5 cdsec  (BP 34.25 My. This velocity is an estimate only since measurements 

of the bedrock conductivity w ~ U  be variable due to irregular water-be fiacmres and 
solution features. Groundwater flow velocity will be si@ficdy greater where 
highly fractured md contains m r e  solution c h e i s .  E s W e d  groundwater velocity values 

U 48, should be considered app 

9.4.4. 1. Baed on topography, surface water moff from U 48 is expected to 
Wow a p p r s x d y  700 feet southwest to the New Ever. The New River in this area of the 
facility is relatively shallow and fat-moving with numerous sections 00% rapids. Accordhg to 

utility maps, there does not appear to be my manholes, catch basins, or stom drains 

9.5.0.1. A s  of all positive results (detected cornporn&] for soil and aqueous 

samples collected at S 48 is presented h Tables 9.5 md 9.6, respectively. The 

chemicals 0% concern (COCs) for S U 48 were dete in a c c o r h e  wi%h the 
methods described in Section 6. The focus of this section is on the COCs identified as 

potential health beats as detailed h the subsequent Esk  Assessment s u b ~ ~ c t i ~ m .  



Tm%E 9.5 
POSITIW RESULTS TABLE OF SWMU 48 - Solid Samples 

RAQFORa A M Y  AMMUNITION PLANT 





T D L E  9.5 
P O S m M  MSULTS TABLE OF SWMU 48 - Solid Ssampla 

WDmm ARMY AMMUNmION PLANT 

METALS (asgig] 

Total Organic Carbon (uglg) 
ToPI Petroleum Hydro~whns (udg) 4 14.09 

* 48SS8 is a duplicate sample of 48SS2 



TABLE 9.6 
P Q S I T m  mSULTS TABLE OF S W W  48 - Aqueous Samples 

RADPORD ARMY AMMmITHON PLANT 



9.5.1.1.1. n COCs were identified in the surface soils at S 

hc%PaBhg arsenic, barium, beryllium, c h o ~ u  (as c h d u  ID), lead, mercury$ nickel, 
sel silver, md the semivolatile mmpom& (SVOCs), bis (2-ethyl hexyl) phlate, 
cbrysene, &-n-buVI ph cad phemkene .  Of these, arsenic and 'beryUiw were 
found at concentrations considered to be a potential health risk. Arsenic and 
beryllium were also m i d e r e d  to be the risk Brivers for surface soils at S 

9.5.1.1.2. Arsenk was detected b four of the six surface soil smp%es at 
r a n g e  in csnnceaataati~n from 4.35 ugig in 4$8M to 9.78 uglg in 48SS2. Beryllium was 

detected h five surface soil samples, raging in coancentration from 0,77 ugig in 448SS5 to 

2.15 uglg in 48SE1. Only one simple (48SS2) had a detected arsenic value greater than the 
bckgromd level fol arsenic, which was established at 9.00 uglg by Dmes & Moore for 

upland soils $Fable 9.1). 

9.5.1.1.3. The four semivolatik compunds detected in surface soils at S 

were considered COCs. However, mane of these was found at levels considered to pose a 
hmm health threat. Bk (2ethyl hexyI) pbIate was detected at t t e e  surface $02 smp%hg 
bcatiom ranging in concentration from 1-40 uglg ta 1.99 uglg. Chugisem was detected at 
thee surface so2 sampling Imtions with d l  comn&a~om less than or equal to 0.11 uglg. 
Di-n-butyl phwate  was ody detected at $8352 at a concentration sf 12.27 uglg. 
Phemnkene was detected at thee surface soil sampling locations with all concentrations 

or equal 80 Q43"9g/g, 

9.5.1.1.4. Other C W s ,  whkh were not considered to be a h e d h  threat, 
included b ~ m ,  mercury, c h o d u  El, nickel, selenium, lead, a d  silver. Barium was 

found in six surface soil ks, ranging in concentration Rom 6Q6.63 uglg in 48SS5 to 

757.62 ug/g in 48SS1. Mercury was detected in four surface soil samples, ranging iaa 
concentration from O. 13 uglg in 48SSS to 1.47 ug/g in 48SS1. Ct%lpo~m ID was detected in 
d l  six &ace soil samples, r q h g  in mncenmtisn from 58.65 ug/g in 48SS2 to 7.07 uglg 
in 48SS1. Nickel was found in d l  sir% surface soil smpIes, ranging in conwalkpation from 

6.7% uglg in 48SS6 to 31.17 uglg in 48SS2. However, no samples k d  nice1 concentrations 



greater the backgomd level for this metal, wEch was established at 37.23 ug/g (Dames 
& Moore, 1992a). Selenium had a detected vdw 0% 0-79 ug/g at 483%. Lead 
was detected in A1 smpks, ranging in concentration from 5.83 ug/g in 48SSl to 196.33 
ug/g irn 48SS2. Silver was found at concentrations at or below 0.03 ug/g. Mthough total 
petrolem h y k m b o m  QBH) were dewtxd at 48SS5 at a concentration of 414.09 ugig, 
these c o q o u d s  were not eonsidered COCs. 

9.5.1.2.1. Bemuse all the ~ b ~ a ~  soil samples from S 48 were collected at 
depths greater W ten feet bgs, these soils were not considered .in the baseline risk 
a s x s s m d  presented in Section 6. Therefore, no CWs for the subsurface soils at S 
48 have been identified. 

9.5.1.2.2. Seven SVOCs md total p t r s l e m  Bpgrkwzbns were detected in the 
subsurface sods at S 

of ten samples, ranging h concentration fhom 1.96 ugfg in 48 A42 tm 48.60 ug/g k 

48SB5A19. Di-n-butyl phhlate was deleted in ody two samples, at 2.31 ug/g in 

3M2 and at 7.26 ug/g in 48SB4B21. NaphWene was only detected in 448SB5A19 at 
24.30 ug/g. N-%li~osodipBeny1 was dekckd in ody two samples, at 1.79 ug/g in 
48SMAll a d  at 2.04 ug/g in 48SMB21. Phemthrene was s d y  detected in 48SB5A19 at 

1 1  u Phenol was only detected in 48 2A42 at 0.14 uglg. Pyrene was ody 
detected in 48SB5A19 at 0.97 ug/g. TPH was ody detected in 48SB5Al9 at 4337.79 ug/g. 

A levd of 100 u@g has k e n  established by the State of Virginia for TPH h sofb as a 

general guideline; TPH action levels are established in accordme with identified risk. 

9.5.1.3,l. Eleven COCs were identified i . ~  the groundwater in S 
included b&m, beryltllim, the SVOC bis(2ethyl hexyl)phhhk3 and the volatile 
compounds (VOCs) I,  1. l-trichlorm*e9 l , l - d i c ~ o r ~ ~ e ,  I, l-dichloroethene, carbon 
ktrackdoride, rnetbylene eMonide, cMosofom, k&acMorm&y1ene9 md tricMorm~ylene. Of 

these compounds, bery Uim, %,14icMoroethene, and carbon tetmeMoride were found at 
macentrations comidered to be a potentid health risk. BefgrlBium md carbon 

*.,- tetrachloride were considered to be the risk drivers for groundwater at S 



9.5.1.3.2. Beryllium was detected in two well samples. Dissolved beryIZium was 
detected at concentratism of 4.05 ugll in 4 I md 2-69 ugil in 48 
tetrachloride was found at relatively high concentrations at two wells, but was not detected in 

the other two weus at S 48. This cornpod was detected at a concentration of 92 ug11 

1-10 ugIH, 

9.5.1.3.3. Other COCs in groundwater at S U 48 that were not considered to be 
a potential health risk include, barium, l , l , l -~cR%oroeah%me I, l4icMoroehne 
cMorofom, mthylene cMoride, &tgacMarw&f.ne, and trikloroe&ylem. Of these 

concematiom less 2.5 ugll (Table 9.6;. haethylene chloride was only detected in 
2, at a concen&a~on of I. 10 ugll. T~ichloroethylene was detected in three sf the f ~ u r  

well samples at U 48, ranging in concentration from 11 ugll in 48 2 to 37 ugil in 
3. 1,1, l -tricMoroeWe was detected EfP m0 wells, at a concentration sf 4.18 ugll in 
1 and at 0.98 ugll in 48 2 ,  CMorofom was detected in two wells at S 48. 

CMalorofom was detected at a concentratisw of 6.70 ugll in 448 md at 30.W ug/l in 
3. Barium was detected in $1 four well samples. The m a x h m  dissolved 

concentration was 816 ugll, found in the sample from 48 In eke rernahhg samples 
dissolved barium concentrations ranged from 69.58 rag11 in 4 8 W 1  to 295 ugll in 48 

Bis(2ethyl hexyl)phhda& was detected in 4 8 W 2  md 48EvEWr3. Positive results far 
groundwater samples at S U 48 that were not CBCs include the aanfidtered (total) metals 
lead, se'lenium, and chof%lim. 

9.5.2.1.1. B8111 six surface soil samples at S U 48 were collected within the top 
0.5 feet of sod. The concentration of arsenic in the surface soils at 

(9.78 uglg) was found in 448SS2. 'TEs sample was collected at the center of the mound 
which makes up the upper disposal area. Approxhakly 150 feet west of that sampling 
Imtisn, within the upper disposal area, the next highest concentration of arsenic was found, 
4.53 ug/g in 48SS1. The other two sampling locatiam at which arsenic was detected were 

48SS4 and 48SS6, 'both located along the perimeter of the lower disposal area at S 
These smples had detected arsenic comewtrations of slightly less h n  4.5 uglg. 



9.5.2.1.2. Several of %he C W  metals for surface soils at S 48 @arim, 
beryllium, md mercury) were detected at theif. concentrations in sample 43SSI. 
The concentration of these &e metids in 48SS1 were at least twice as high as the 

concentrations detected at any of the other su rhce  so3 smpILkg localities. Barium was 
detected in d l  the surface smples collected. The concentration of barium at 48SSI was 
757.62 ug/g; it ranged .in concentration from 66.63 ug/g to 138.18 ug/g for other 
sampling locations. Beryllium, the other risk driver met&, was detected i~ d l  the surface 
samples collected except 48SM. The concentration of k ryUim at 48SS1 was 2.15 ugg, 

while it was detected at a concentration of approximateHy 1.00 ug/g or Ias  for .dl other 

sampling lmatism. Mercury was detected in a11 the surface saziples collected except 48S83 
md 48SS6. The concentration of m e x ~  at 448SS1 was 1.47 ug/g; it ranged in 
concentration from 68.13 ug/g to 0.59 ug/g f i r  a11 other sapling locations. 

9.5.2.1 .a. In general, all sf b e  meas  of prbmq concern were detected at 48SS1 
and 48SS2, located in the western md central regions of the upper disposal a.rea,respectkely. 

The &ost significant results were in the samples fPom 48SSl. Neither a s e ~ c  or mercury 
was detected in the surface soil sample from the eastern region of the upper disposal area 
(48SS3). The surface $02 smples fgsm the lower disposal area (48SS4, 48SS5, and 48SSd) 
showed less co tion than those from the upper area. Sample 48SS displayed the most 
significmt co tion in the lower area, having relatively high levels sf arsenic, barium 

9.5.2.2.1. Seven SVOCs and %oQl petroleum hydmcwbom were detected in the 

subsurface soils at 5' U 48. Of these eight compou&s, four were only detected in sample 

48SB5AI9. mese cimpoaafl8s include mphWene, phem&ene, pyrene, and totid 
Bis (2ethy% hexyl) pblate was detected in 9 of the 18 subsurface 

48; however, the maxima% concentration (48.60 ug/g) was also 

observed in 448SB5A19. The next two highest detected csnce%atfatiom of bis (2-ethyl bexyl) 
g) were obsemd jfP the $Wo samples from soil boring 

was detected 

oncentration 62-86 uglg) in 48SMB21. The s d y  sample with a detection 
of di-n-butyl pPnWate was dso 483MB21. 



9.5.2.2.2. CkneraIIy, the bighest conan&a~on of subsurface soil co doe was 
obsewed in the sWow (17-19 feet bgs) sample b r n  48SB5, located in the lower disposal 
area. The deeper sample (19-21 fa bgs) from 48SB4, located in the upper disposaI area, 
displayed next highest concentration of subsurface soil co tion. Bre&dow products 
f om the oily wastewater U 48 m y  be aamddthg at approxbtely 17-21 
feet bgs across the S 

9.5.2.3.1. The concentration of dissolved kry-$pllim was found at 448 

(4-65 ug/I). The ody other sample with detected dissolved beryllium was 48 
ug/l). Carbon tetrachloride was observed at relatively %sigh concentrations at two wells, but 

was not detected h the other two wells at S 48. "Fhis compound was detected at a 
concentration of 92 ugfl in 48 2 and at 1043 ug/H h 48 3. The fanaxhum dissolved 
concentration of barium was 816 ugf 1, found h the sample from 48M136'2. The n e a  highest 
concentration ~f b & m  was 295 ug/l, 

48 . Barium was also detected at 4 3 at a mncentratioa of about 70 

ugfl. 

9.5 -2.3 -2. Generally, the m s t  ~ i g ~ c m t  groundwater con don at SM3U 48 
was found in 48 which can be considered to be downgradient from both the rapper md 
lower disposal areas* Significant VOC co tion was dss apparent at 48 
However, based on the poe%ntiome&ie surface map for this site (Figure 9.4) it does not 

U 48 would migrate i~ the direction of 

9.5.2.3.3. It is possible that the co ts detected in S 48 groundwater 
originated from some other upgradient source. Nuerous other S s, which are not pa? 

of this investigation, are in the vicinity sf  U 48. However, the source of the VOC 

co 48 bas not been dete d. Carbon tetracloride 
and cMorofm were not detected iEB monitoring wells upgradient from S 
previous investigations. F u r t h e m e ,  these c o q o d s  are not cornpomnb of oily 
wastewater. Carbon tetrachloride and cMorofom were detected in downgradient monitoring 

U 13 during previous 
concentrations Iswer than those obsemd at 48. Carbon tetracMs%dde was detected at 



3. C%%Isrofom was detected at 1.33 ug/I in 13 3 and at 0.605 ug/l in 
. The highest concen&ation of beryflina aKnd the second highest concentration of 

9.6.0.1. The envbomend fate and 
physical md ch&cd properties of the compomds, the envhomental 

surface water and groundwater are potential migration p&ways to the New Ewer. The 
areas of ~mrfaw so2 con on are susceptible to tfmprt by surface water m o E  
%hlthc%ugh g r o u d w a ~ r  movement is ~ontroIUd by h s t  subsurface features, and is therefore 

unpredictable, direct discharge to the New River is likely. However, the exact location 
U 48 groundwater might enter the New Ever is anmacertain. The estimated 

groundAter flow velocity at SWMU 48 is 34.25 fedyear. 

9.6.8.2. Metals of concern identified at S 48 (arsenic and bex-yl%im) are 
generally bile in & day-rich residuum underlying this S U. A low solubility is 
expected for arsenic due to coprsipitation of the xsemre anion with iron species in the soil. 
Surface water m o E  couM be effective in mob2khg metals present in the surface soils at 

U 48, either a dissolved ism or absorbed'on suspended sediment. DissoIved metals 
present in gomdwakr are mobile. 

48 (carbon &&aeMo~de) tends to have a 

low residence t h e  h surface soil andl surface water envbomen&. VOCs can be persistent 
in groundwater. However, there is evidence h t  non-cMorhted volatile organic compounds 
may degrade rapidly h the vadose zone above gromd~%~&r phmes. Carbon tetrachloride has 
not k e n  detected upgradient from S U 48, but these csmp~unSs have been deteasstd in 

groundwater sampled dompa&ent from this area, at % U 13 (Dames & Moore, 1992a). 

'This suggests a hydrobgic com&~on between these two areas. 

9.6.0.4. The s m p k  collected from the New River near the likely discharge point of 
groundwater (in the vicinity of S 
numerous metals and some SVOCs in the associated sediment sample. However, many of 

csmpomds were also found h the S U 13 smples. It is not possible to 



differentiate between possible impacts to the quality of the New Ever frm S 
U 13 where the co are similar. Suds water and sediment sampling results 

for the New River are dhcusgd in Setion 12. 

BJ 48) was used to dispose of 

wastewater from oil/water s~parators hto trenches that were dug on site. site has been 
inactive since 1985; cumentgy, site workers can be exposed to surface soils at ate facility. 
Future l a d  use at this S is mcemh;  this area m y  be used for 
development. ComequentHy, gromdwatm and m a c e  soils are potentid sources of concern 

9.7.1.0.1 . The chemicals considered in the risk evaluation for groundwater at 
U 48 include 2 metals (barium md beryUiw), one selsnivcalatile 

@is@ehyuhexyl)phhlak) and 8 volatiles ( I ,  1, %-trickdorse~ee 1, l4icMoroe-e9 %,I- 
dichloroethylene, carbon k&acMo~de, cMorofom, methylene chloride, &&ac%oroe&ylene, 
and ~cHsroe&ylene). 

9.7.1.0.2 . The chemicals considered in the risk evaluation for surface sods at 
U 48 imlude 9 mea1s (arsenic, barium, beryllium, c h o ~ m  DI, lead, mercury9 

nickeI, selenium, and silver), md 4 semivolatiles @is (2e&ykexyI) p h h l a k ,  &-n-bug1 

ph&alate, ch-ysene, md p k m k e n e ) .  

9-7.1.1.1. Groundwater in the vicinity bf is mt us& for & 

25 people and therefore M C h  and MCLGs we not comiderd as 
addition, there are %no federal QT Comonwede$ of Virginia standards 

reIating chemical comen%&ttions in soils to toxic effects on vegetation or wildlife. TBC 
criteria considered for h d t h  risk evaluation included reference doses S) md 
slope factors (SFs) from USEPA" hegrated Risk M o m a ~ o n  System and Health Effects 

Assessmefag 



9.7.2.1.1. Current exposure pathways comidered at S 48 include site worker S, 
commctim workers and hunters, The remaining pokntiaf receptors have a low prebab2i~ 
of completion and the are not q m M ~ e d  for m e n t  recep ea residents and 
recreational users). 48 is csmpletdy contained within property which 

to' potential co . Subsa~ace soil samples were taken 
, but d l  samples were taken at depth that are not appropriate for inclusion in 

this risk evaluation (> 10 feet blow ground surface). pa, the current groundwater 
pathway is not complete as %his water is not used for d purposes. Potential future 
routes of exposure which were mmidered 48 include site worker 
ingestion, inhalation md de exposure to potentidly co kd groundwater. 
However* this exposure scenario is expected to have a low probability of completion due to 
present dr water use. 

9.7.2.1.2. The concegtknaf site model summary for S U 48 is presented h Figure 
9.6 and includes exposure routes, potential receptors md the medium contaking the potential 
con &.s of concern. All chemicals not el 

9.7.2.2.1. Exposure psht concentrations for ?be chemicals of concern evduated for 
U 48 are listed ira the tables in Appendix I. These concentratism range fiam 0.W609 

mgJ& (methylme c~or ide ,  f ,%-dicHorw~yIene) to .I 85 mg/% @miurn) in groundwater md 
. W 5  mgkg (silver) to "658 mgkg @arim) ifa surface soils. 

9.7.3.0.1. The carcinogenic Hisk md hazard index were cdeulaed for the 

groundwater ingestion and dermal contact pathways. These cdcdatiom arc presented in 

Appendix I. A discussion of tibe resuits of each pathway for nonachoge& and 

carcinogenic effects is presented below. 



Figure 9.6 
Conceptual Site Model for Current a d  Future Expsswre Pa&ways 

48 I 

hdford hmunition Plmt 
bdfordl, Virginia 



9.7.3.1.1. The &erala& indices for the current site worker expowre to 
surface soils through ingestion 1 contact exposure s c e h o s  do not exceed 

acceptable levels. d indices for thks receptor are generally om to two orders of 
magnitude below acmptab1e kvels . 

9.7.3.1.2 . Scenarios for surface soil exposure to construetion workers and hunters 
were d y z e d  at S 48. The cdcdated d indices for c o m m c ~ o n  worker 
exposure to surface soils through ingestion, md inhalation we dl below 
acceptable kveb. The commc~on  worker dermal contact exposure sce 
showed the highest d indices. However, these callcullations were one order of magnitude 
bellow acceptable levels. 

9.7.3.1.3 . The cddated  indices for h e  current scenario of hunter exposure 
to surface soils through ingestion W 48 do not exceed acceptable 
Bevels for CT a d  M E  receptors. The totals for this site are at least two orders of 

magnitude below acceptable levels. 

9.7.4.1.4 . The cdeuhted d indices for the gdypotheticd future scenario of site 
worker exposure to groundwater %BPfou@ ingestion md Bern1 contact while showering at 

U 48 do not exceed acceptable levels for CT md receptors. Cdcdated hazard 
indices are at least one order of magnitude below acceptable levels. The inhaladon of 

volaeiles Mex  exceeds one for the site worker RME receptor, due to frk$%oroe&ene 
@I = 3.38). 

9.7.3.2.1 . The calculated cmcer rish for the current site worker expome to 

surface soil though de are above USEPA target risk rmge p 

evaluated do not exhibit m hcreased cancer risk due to a lack of toxic 
because they are k'low the USEPA target m g e  for cancer risk. Beryllium was a lcuhkd to 
have the highest cancer risk for the exposure th.rough de-1 contact scemis with 
dcuIatiom of 1.0% x lo-' for CT md f -32 x $0" for RME. Arsenic also shows 



within the target risk m g e  with calculations of 3.06 x 80" for . The emcer risk for 
current site wmkr ingestion is dso within the USEPA target range for cancer risk. 

9.7.3.2.2 . The cdcdatd  cmcer r k b  for the hunter expome to surface soil 
though demH comet scenario are within USEPA mget risk range p 

on or because they are 
below the USEPA target e for cancer risk. Beryllium was calculated to Mve the fighest 
m c e r  risk for t ~ ~ e  exposure through e em^ contact scenario witfi dculations sf 2.30 x 
fcr CT and 2.50 x 10" for W E .  The calculated cancer risks for the hypothetical future 
hunter exposure 6s wrfaw so2 though the ingestion of surface soil sce 
USEPA target risk range for IXME $eceQrs, p y due to beryllium. 

9.7.3.2.3 . The caIctdatd cancer risb for the hpstheticd hare  site worker 
exposure to g ~ ~ d w a k r  throu8~ ingestion are w i ~  t ~ ~ e  USEFA target risk range, for CT 

and M E  receptors, pr l y  due to bery$rlliu. lhll other c h e ~ c d s  of concern eva1mkd do 
not exhibit an increased cancer risk due to a lack of toxicity id" w or because they are 
bdow the USEPA mget range for cmcer risk. Beryllium was cdculakd to have the highest 
cancer risk for the expswe through ingestion exwswe scenario with cdcmlatiom 0% 1 .eB% x 
10" for CT and 2.04 x for RME. Cabon k&a~MQride also has cancer risks within the 

target risk range for ingestion with cdcula~om of 3.15 x 18" for . The cdcdated 
cmcer risks for the h p ~ e t i a l  future sit% ~0X'keI' exposure to goundwakr through demd 

contact exposure sce are within USEM target ~ s k  m g e  primarily due to high levels of 
beryllium, for FME receptors, The cancer risks for beryllium for this e x p o s e  s c e h o  
were 9.32 x 10" f ~ r  M E .  

to surface so l  through ingestio%s and dermal conact are witihln h e  U S E P  target risk range, 
for CT md receptors, with the exception of the CT receptor for the ingestion exposure 

s w k o .  Illis is p due to kqllim. N other chemkaIs of concern evaluated do 
ma exhibit an increased cancer risk due to a lack of toxicity hfomation or because they a e  
below the USEPA mgd range for cancer risk. The cancer risk for beryllium for the d e m d  
contact exposure scenario was 2.04 x for CT and 1.06 x 10" for RME. Arsenic and 

kry1Eim exhibit cancer risks within the target risk rmge for &e ingestion exposure scenario 
for RME receptors, with caner risks being 1.97 x 1 0 ~  and 1.24 x lo4, respectively. 



to the types a d  numbers of smpIes collected. Many metals detected at this site in 
a d  no analysis was accoqlished t~ 

differentiate between site-related and non-site-related coment-ratiom. h this case, dl metals 
detected in momdwaK and surface soils were retained as if they were site-related. Some 
dcdations have shown to present unacceptable risk due to these metals and &is could be 
an overestimate due to natural metals concentration in ~ ~ m d w a k r  a d  surface soils. 

9.7.4.0.2. One of the main meas of uncertahty is in exposure assessment as relates 
to deie g future Imd uses at a co ted site. The mjofiq of the 1md at is 
ckssified as c smerc id  or hdustfhl to supprt the explosives g process, with 
few scattered residential c o m d t i e s  located in Montgomery md hlaski counties. Access 
to S M f U  48 is restricted md thesefare a current residentid exposure scenario is unlikely. 
A future residential exposure scenario is dso unlikely; therefore, future land use was 
assumed to remain industrid. 

9.7.4 .O. 3. hother  area of uncertainty in evaluating human health risk from S 
48 is toxicity assessment. Oral and d e m l  slope factors are not available for seven of the 

m e a s  which were detected h groundwater, including lead. Most studies are based on 
data md extrapolated %Q h m  and also subckoic studies m y  be used assess 

chronic effects. h addition, extrapolations are chmcterized by m ~ ~ i n t y  factors which 
can be as large as four orders of mgnitude. This m y  tend to over- or underestimate risk. 

9.7.4.0.4. Modeled concefatpaticm used in exposure assessment dso have a certain 
degree of uncertzthfy. The ation of vdatiles from groundwater while show 
expasme scemuigs uses modeled mnceneatiom of airborne volittiles to assess h m m  health 
. These madded cof~~en&atiam use assumptions which are based on the. physical and 

chemical properties of tricbloroethylene. Therefore3 the model is more precise when 
showing risks due to the of trichloroethylene in groundwater, and less precise for 
other volatile chemicals detected in groundwater. This may tend to over- or underestimate 

risk. 



9.8.0. I.  Gar~rcbogemic risks and nsan-cschogenic 14 d i c e s  were cdculated for 
site worker receptors poteIs$idIy exposed to multiple c h e ~ m l s  in groundwater during 

domestic use. The groundwater pathway cdcuhtiom were s 
Table 9.7. Under tihe NCP, the probab2iQ of excess cancers over a lifetime of exposure 
within or below USEPA'S m e t  risk range of 1 x lo4 to 1 x are considered to pose a 
low theat  while a probability sf excess cancers over a lifethe of exposures greater f x 
lo4 m y  pose an umccept%lble threat of adverse health effects. For n~nareinogens, a hazard 
hdex below one is considered to pose a Iow Weat of adverse health effects, while a hazwd 
index greater than one may pose an umcceptable 

9.8.0.2. At S U 48, commction worker a d  hunter cancer risb are within the 

target risk range. The hazard index for the site worker is greater than one for W E  
receptors. The site worker W E  receptor is also greater 1 x lo4. These values indicate 
a potential for noncwcinogeHlic md cmbogenic adverse h health effects for the 
exposeare scenarios discussed abve  at S 48. 

9.9.0.1. The groundwater associated with S 

Bhestone and dolomite of the karst aquifer underlying this xea. Although the groundwater 
. 

flow direction appears to be toward the New River, poundwater movement and wcarmence 

bas not k e n  cornp1etely defied h &.is vicinity Groundwater, surface soils, md s u b d a c e  
soils were collected to characterize this S . Additiodly, a surface water and sediment 
sample were collected fiom the New Ether at t$e likely discharge point sf groundwater from 

9.9.8.2. Pusenk md beryllium were considered to be the risk drivers for surface 
U 48. Seven SVOCs and total petroleum hydrocabm were detected in the 

subsurface sails at S U 48. Subsurface sons were mt considered in the risk ssessmenk, 
however, because the samples were collected at depths greater than BO feet bgs. Beryllium 

and cubon ktracMoride were identified as the risk drivers for gromdwa 

Carbon tetracMoride was not detected in moHai%orhg wells upgradient from 
p. 

previous investigations. However, &is compound ww detected, at concentrations bwer tl~m 



Total for site Wgnkcp 



those obsemd at B 
previous hvestiga~om. 

6 

9.9.0.3. In general, the greatest surfa432 soil metals concesa&a~om were observed h 
the westem and central regions of the upper dkqmsal area. The highest concentran of 
saZa&a~ soil es tiow was observed in fn 17-19 foot interval in if%& the upper and 
lower d ispsd  areas. highest conceltl~~tions 8% V E S  md metads were observed in the 

48. However, the highest kryUim mnmtration and second highest barium 
mmntrsation was observed iP1 the upgradient wells. This suggests the pssib2iq s f  an 
upgradient s o w  impacting puMwa&r quality n S W U  48. S W U  48 is situated in a 

9.9.6.4. The he&& risk a;zessment kdicated a poteatid for noncmcbogenic 

and cuchogenic adverse n health effects for ingestion, dn%d contact sr vo%atile 
ation of gromdwater for site worker receptors. A potential for carcilnogenie adverse 

human health effixts for d e m l  eontact or ingestion of surface soil was dso identified for 

site worker, hmms md comthblc~on worker receptors at S W U  48. 



SECTION 18 

SITE TIBN OF S 54 
DISPOSfi 

10.1.0.1. The Propellat Ash Disposal Area (SWMW 54) is located in the 

tion of the Horseshoe Area, just outside Gate 19-D of the fence. Plate 

54 in reHagi~n to the rest of the facility. A detailed location map of S 

54 is presented as Figure 10.1. The total area sf the unit is estimated to be less than 1 acre. 

Ash from propellant burning operations at the Waste Propellant Bu 

was reportedly disposed o this unit during the late 1970s, prior to stamp of the 

Hmardous Waste Landfill ( U 16) in 1980. The quantity of ash disposed of in this unit 

is estimated to be 10 tom WSATHMA, 1976). According to plant personnel, disposal 

sccuned sn  ?he surface with no routhe disposal in pits or trenches, Ash residue is visible 

where surface soils have been disturbed. 

18.1.8.2. The propellant ash is the residue sf the burning of waste explosives, 

propellants, and laboratory wastes (gpropellant and explosive residues, samples, and mail ytical 

residues). A sample of the ash disposed of in the Hzardous Waste Landfill was analyzed for 

R C M  rneta%s @P toxicity leachate analysis). Results hdicakd that the ash content exceeded 

the Virginia m i m u m  allowable TCLP concentration far lead (51 mgbl, compared ts  the 

maximum allowable concen~ation sf 5 mg/%) (WSEPA, 1987). It is likely that ash disposed 

U 54 exhibits similar chza~teristics. 

16.2.0.2. Dmes  & Moore conducted a W at this SWMU in August 1991. During 

this investigation, three wells were installed, one upgradient f54hN1) and two downgadient 

2 and 54MW3) of the disposal area, to e v a j t e  whether groundwater quality has 

been impacted by ash disposed in the unit. Locations for the three wells are shown in Figure 

, .T.% 

20.1. Initially, the upgradient well was 54 1A. However, it was replaced by 54MW1 
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FIGURE 10.1 
@ EXBSTIHG MW~TOWIB~C WELL SWMU 54 LOCATION MAP (PROPEEUNT ASH DISPOSAL AREA) 
@ EXISPINO PBEZOUETEW RADFBBRD ARMY AMMUNITION PUNT 
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whew it was discovered that problems encountered during comtfbaction of the well had 
,,.,.:.55-- 

c o m p r s ~ s e d  the quality of the poundwater. 54 TA is still used as a pkzometer. 

10.2.0.3. Results sf the I992 groundwater sampling at S 

Table 10.1. Upgradient well data, HBNs (from the R C W  permit), and RBCs for tap water 

(USEPA, 1994) are also listed in the table for coqxison .  The results of the chemical 

analysis of the poudwater samples collected during the W by Dmes  & Moore (1992b) 
indicated &at low co:en&atiom sf two explosives and one VOC were present in 
poundwater samples collected downgradient from the disposal s e a .  Eleven metals were 

detected in the thee soundwater s m p k s  colIeced at S U 54. Four of the metals 

(alux-ninum, arsenic, sgver, and zinc) were detected in the upgradient sample ody,  but were 

reported at levds slightly greater than the analytical detection limits. Concenwatiom of 

metals in both downgradient samples were similar to tRose in the upgradiea sample 

I). ConcentratiBsns of all metala in ddsmgradiea wells were one or more orders s f  
magnitude less than HBN or RBC criteria and were not identified as a concern. Two 

explosives, 2,4,6-TNT and HMX, were detected in downgradient groundwater samples 

3, respectively, but were not detected in the upgradient sample. The 

concentration of 2,4,6-TNT was nearly one order of magnitude less than the HBN criterion 

but exceeded the RBC. HMX was detected at a concentration nearly thee orders of 

magnitude less than the HBN criterion. 

10.2.0.4. Geophysical methods were employed at S U 54 during the VI to 

delineate the bundarks of the area or locate buried materials. Electromagnetic (EM) md 

magnetic surveys were conducted to m p  possible locatiom of ash disposal. The survey 

covered m area I35 feet by 300 feet. Dmes & Mesore concluded that ?he anomalies in the 

EM and magnetic data centered at the southern mound and pit appear to be from a 

combination sf burbd conductive materials and metals, and the anomaly in the EM data 

found at the nodern  mound md  pit appears to indicate barrid of nan-metallic material 

(Dames & Moore, 1992b). The pits in these two areas appear to be borrow areas for cover 

material for the mounds (Dames & Moore, 1992b). 



TABLE 10.1 
VI DATA 1992 

'....'," .. 

Aiumiwu~. 
Anenie 
Barium 
Cdciurn 
Iron 
Magnesium 
Manganese 
Potassium 
Silver 
Sadiurn 
Zinc 

246 TN'F 
HMX 

2 LT 14% 154 I01 ,980 
2 LT.2.54 5.4 50 
2 104 97.2 1 ,m 
2 71,6433 - 74.W 59,IKl NS A 
2 63.6 - 44.5 81.7 NSA 
2 25,W - 34*5W 26,300 NSA 
2 4.38 - 59.5 17 3,500 
2 1.9% - 2,320 1,636 NSA 
2 LT 8.25 0.255 50 
2 5.420 - 6,358 3,140 NSA 
2 LT21.1 23.1 7 , m  

NSA 

Cyclopn~mone N A 2 N D - 5 3  BOS . NSA NA 
MesityI Oxide N.4 2 ND 4 S NSA NA 
Total Unknown TICS NA 2 ND (116 NSA NA 

Other 

Tou! Orgamic Carbon (pg/L) 1,000 2 3.67' - 5.45 10.5 NSA NA 
T a d  Organic Halogens ( p g l L )  1 2 117 - 1'38 158 NS A NA 
PH NA 2 6.89 - 7.62 7.29NSA NA 

HBN Hal%k-ba& n;imbef as defined in the RCRA pmir. HBNs not specified in Phe ggmic were demvd using r ex doma 
%esasietemr with EPA guideIines (51 F d e d  Register U992.34006.34014. a d  34028).BO S 

L.T Concsnuatise is r e p d  as less than the hemifid repnjrag limit. 
NA Not available: 
Nba Amlye was net detected. 

NSA No stsr&srd (HBN) available: k a l s k  effects dam were not available for Phe d c u l a d ~ u  of r HBM. HBNs we= not dedvd for TICS. 
L Practical quanDimdon h i t :  t%ne lowerr mwentparian chat ssm k d h b l y  detected at a d e f d  kvel ofpmL%oo for a given w y t i d  mefhd. 
M C  Risk-$a& w m m P i o n  provided by USEPA (USEPA 89%) 

TAL Taqet amlyfe list. 
37Cs Temaively identified mwnpoundr were detect& h the tXM% Iibnry ocans. 

/,. MIL Mkmgaar~ns per iiter. 
( 1 h ~ n r h e s s  8s used !a idieass h e  nurmbsr of unknown TICS wem detected in either Pke volppile or mtGvolat3e WM% libmy scams. 

ksae &e pentheses is the me1 concentntion of dl WCs detected b each reqecPive scan. 
Brackets indicate ekaa the &wed eeweenmdon exceeds B%lg HBN OD RBC. 

Fmm Darns & Maore. 1 W b  



.. ....-* . 

10.3.0. I .  To define the extent of ash and the limits of soil con tiow for the RR, 
discrete soil samples were collected from around a d  below ?he worth and south mounds. A 

tat21 of 16 soil brings were hstzdkd. The smple locations shown in Figure 10.2 were 

based on the previous W field smpBkg m d  geophysical hvesbigatiom of S 

soil boring proposed for the center of the north mound cauld not be obtained because of drill 

rig access p ~ ~ b l e m ;  a band augered soil sample was collected instead. TWO soil samples 
Qshllow and deep) were taken from each boring with the exception of the hmd auger& one 

(5433 1 5). 

10.3.0.2. One composite sample of the ash was collected from each mound for waste 

terkaiiort purposes. Groundwater samples were c@%%ected from each of the three 

mnitorhg wells. The analytical parmeters for all the smp1es are hdicated on Tables 4.3 

and 4.4.' A su of the WI field activities is presented in Table 10.2. 

U 54 is generally a level area with a ground surface elevation of 

approximately 1,700 feet above mean sea Bevel. The SWMU is an elongated trimplar grass 

covered area, approximately 400 feet long by 100 feet wide with two pro nt piles of soil 

and ash beside two 3-5 foot deep pits. The soi8/ash piles are referred to as the north and 

south mounds; the pits appear to be associated with bomow areas for each mound. The north 

mound is approximately 6-10 feet high md the south mound is approxhately 4-6 feet high. 

U is bordered to the east, west, and worth by tree-covered areas 

and to the south by a grassy flat area which leads to a tree-covered area appmxhate1y 150 

feet father south. The triangular area is physically outside of the facility (outside the gate), 

with direct access from the New River. 'The river is approxhately 150 feet east of the 

S W U ,  flowing directly north before meandering westward. There are essentially no other 

buildings or active areas in the vicinity. 



FIGURE 10.2 
MI $Olh B M W  SAMPLE LOCATION SWMU 54 MAP (PROPELUNT ASH DISPOSAL AREA) 

W P O R D  ARMY AMMUNITION PUNT 
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'Field measurements of pH, temperature and conductivity were also cd l~oed .  



10.4.2.1. The geology of U 54 was characterized by drilling 16 soil borbgs for 

the R F I  a d  utilizing existing on obtained from the installation of three modtoring 

wells for the V'I (Dames & Moore, 1992a). ' The vertical extent of all drilling activities was 

approxhkly  60 feet, ranging ksm 1708 feet above mean sea Ievek ( 1) to 1648 feet 

I. 

10.4.2 -2. Gological samples were categorized under h e  Unified Soil Classscation 

System WSCS) in accordace with the work plan. One geo tec~ca l  sample per b o ~ g  was 

collected from 15 of the 16 borhgs at different discrete depths (see Table 4.5) and submitted 

for laboratory mlysis to dete USCS designation. All other samples, including those 

obtained far chemical analysis or general chacterimtion by split spoon or Moss spoon, 

were given a USCS designation by the project geologist. 3 3 s  h f 'o rn t i~n ,  supplemented by 
the Iithologic Hogs from the monitoring wells, was used to prepare the geologic cross section 

presented as Figure 10.3. A west to east (A-A') cross section profile line is shown on Figure 

10.2. 

10.4.2.3. The geology of S U 54 generally consisted of unconsolidated alluvial 

sediments (river terrace deposits) overlying a weathered limestone of the Elbrook Fornation. 

The geology was very cornisant across h e  study area. The cross section displays sediments 

, gently dipping toward the New River. Generally, a dark brown silt wi%h some sand and clay 
(JML), 5 to 1% feet thick, overlaid a brown silt a d  smd (SM). Below the SM layer, a thin 
gravel sequence (GM) with some silt md little sand was encountered. The GM layer was 

typically wet. The be&ock beneath h e  GM layer was lhestone, but in some cases a 

weathered gray siltstone was found. Directly below the St h%, eke hestone bedrock was 

encountered at approxhpely 20-23 f t  below ground surface mgs). The limestone was a 

distinctive gray-green in color. It was penetrated by the monitoring well bsrhgs, but not the 

16 soil boHffBgs which encountered auger refusal at the bedrock interface. The rock samples 

at the be&ock interface were determined by hydrwHoric acid effervescence to be Ihestone. 

10.43.1. The three rnonitorhg wells present at SWMU 54 (Figure 110.1) were 

,".-- - installed during the W conducted by Dames & Moore. In July 1995, groundwater was 



meawed at 118.7 feet bgs at the upgradient well (54 1) a d  at about 23 feet bgs at the two 
.m.. 

adient wells (54 2 and 5 4 W 3 ) .  In the soil boring locatism, the groundwater 

abk was encountered within a gravel layer. The gravel layer was consistently obgmed 

directly above the weathered limestone bedrock, between 17 and 22 feet bgs. 

10.4.3.2. Groundwater occuwence a d  movement at S U 54 does not appear to 

be complex. Groundwater at &is S W U  is present within a relatively shalPow unconfined 

aquifer consisting of uncomolidated alluvial sediments a d  the underlying weathered siltstone 
and Ihestone of the Elbrook FQ ion. The poantiornetric surface of the groundwater fm 
S 54 is shown h cross-section in Figure 10.3 a d  in plan view in Figure $0.4. 

Groundwater consistently occurs in the gravel Iayer overlying the bedrock. Groundwater 

flows to the east, toward the New Ever, at a hydraulic gradient of appro aaly 0.826 Wfi. 

Groundwater appears to discharge directly into the New Ever. 

10.4.3.3. Well construction details for the S U 54 monitoring weHs are shown in 

Table 4.1. Field data collected during the July 1995 sampling event is s w . w k e d  in Table 

10.3. Field data included photoionbation detector PID) readings of the well headspace in 
.. ...-... parts per million (ppm), pH, temperature, and conductivity of the groundwater. The 

groundwater elevations used to commct the peptentiornetric surface map (Figure 10.3) are 

also shown. 

10.4.4.1. The New River is a p p r o ~ a t e l y  150 feet east 0% S 

vicinityl the New fiver flows parallel to SWMU 54 to the worth before> meanderkg 

westward. Based on topography, surface water runoff is expected to Wow eastward towad 

the river. According to ability m p s ,  there are no m d o l e s ,  catch ba sk ,  or s tom 

d r a b  located in the vici 
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* Feet above mean sea %eve! 
NA: No data due to instrument malfundisn. 



10.5.0.1. A s 
aqueous smpks  coH%e enkd in Tables 10.4 and 10.5, respctively. 

d in aceorhce  with the 

met%mods descdbd h Section 6 .  The focus of the section is on the COCs idenad as 
potentid health threats as detailed in the mbsquent Risk Assessment subsections. 

10.5.1.1. 1. Six CCOCs were identified in the mbwace  SOBS at 
merf.g~, l a d ,  a d  the explosives, 2,4-Di~&oto%uex 2 ,4 ,6 -T~&ot~ lwne  , I and 
KDX. Mercury and 2,4,6-Tdtroto1uene were f d  at concentrations considered to be a 

health risk. Both compouEI<%s were considered to be the risk drivers for soils 

10.5.1.1.2. 2,4,Q-TNT was detected in eight soil boring smpks,  ranging in 
concentmtian from 2.85 uglg h 54SB7Ba2 to 6527.78 ug/g in 54SB4B15. Mercury was 
found in six soil b~ring samples, m g h g  in comentration from 0.09 ug/g in 54SB1M to 
72.13 ug/g in MSB6M. The backpound concentration for mercury in soils at sbl%ow 
depths (23 horizon) is 1.5 ugl g . The C horizon backpound for mercury is 2 ug/g. 

10.5.f.1.3. h a d  was not f a n d  at Ie~e%s comideM to pose a health threat, 

d ~ o u a  it did exceed b a c k s o d .  The B horizon backgomd concentration is f 6%. 81 ug/g; 
the C horizon backp~md  lwei is 140.67 ugfg. h a d  was detmkd in aU samples &on% d 

so2 borhgs at S 54. Concen@ations ranged from 5 .77 uglg in 54SB1B22 to 3789.73 
ugBg in 54SBQM. The TCLP %ad colacentration exceded regulatory levels in a composite 
waste ash sample collected kom the southern momd. Positive results for 2,4-Dfi&ot~luene 

. The m con~np~patiola (56.67 ug/g) was 
detected in sample 54SB615. This explosive was dso detected in the shallow sample taken 
from b o ~ g  54SB6 at a concentration sf 25.31 ug/g. The third positive result was in sample 

54SB3M. 
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TABLE 10.5 
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10.5.1.1.4. was detected in two soil bring samples, 54SB3M and 54SB6B15. 
hum concentration was 5.28 ugig in 54SB6B15. RDX was ody found in 54SB3M 

at % .98 ug/g. Other wmpag~~ds with positive resdts, which did not exceed background 
levds or levels cormsidered to be a health theat, included arsenic, saver, barium, 
beryllium, a ~ m ,  c k o d m ,  nickel, and %,6-D~&otoluene. 

10.5.l.2.l. Seven C K s  (six metals md one explosive) were identified in the 
gromdwakr in 
(as chomrnim El), l ad ,  md the eqlosive, Antimony, arsenic, and beryllium were 

54. 

a concentration of 15.1 ug/l (dissolved) a d  97.5 ug/l (dissolved), respectively. BeqUim 
was found in the smpks  from all three m o ~ t o h g  wells, ranging fiom 2.82 ug/l to 13.2 

...c.,c. ugA beryllium (dksolved). The 

1. Barium was also fomd in the smples from all three wells. The 
detection was from the 54 dissolved smple, 519 ugjl. The explosive, was 
found in the samples from 2 (4.63 ug/l) and 5 

COCs, dissolved lead was only detected in the sample 
1 (6.33 ug/%). Total lead was detected in 5 2 at 116.6 ug/l and 

9.31 u@l, respctively- C b r n i m  was ody detected in the sample from 54 
positive result for nickel was not at levels considered to be a COC. It was detected in the 

10.5.2.1.1. The hum concentra~ona of 2,4,6-TNT was found in the 12-13 feet 
bgs sample (taken from h t  intend in a five f s t  Moss spoon) of boring 54SB6. This 

(<..,.. boring was located in the center of the s~uthern ash disposal mound. Approxhately 48 feet 



west of that boring, the next highest comentra~on was found, 2988.51 u d g  in 554SB3A.2. 
However, this sample was collected fiom 1-2 fed bgs. The next highest resdts were found 
in. the deep sample from 54SB3 and in 5GB9A7 (mid-way between the two mounds at 5-7 
feet bgs). The other expbsives ide&ed as COCs, RDX md , were cady found 
together in 54SB3M; was dso found in the d q  sample Rom b o ~ g  54SB6. That 
boring sample was &so positive for 2,4-D~&otoiuene. 

18.5.2.1.2. The highest mercury detection was found in 54SB6M, in the southern 
mound; this le dso contained the h u m  lead concentration. The next highest 
mercury concentration, 25-66 ugig was detected in the 54SB3AZ sample. Mercury was 
generally fmnd at significant levels the shllow B horizon samples. None of the deep 
boring smples exceeded the mercuq background level. 

10.5.2.1 -3. In general, the metals and explosives c tiom was found in the 
sMEow samples, appro y 1-3 feet bgs. The most simcmt results were in the 

smples h m  two borhgs, 54SB3 and 54SB6. Of these two, only 54SB6 contained notable 
co nt concentrations in the deep sample (12-13 feet bgs). These borhgs are either in 
or near the southem disposal m o d ;  the sample from the center 0% the mfiem mound, 

dl only one COC, but at levels below backpomd. 

10.5.2.2.1. Ofehe risk driver compoun&, dl of the metals comef3tPatiom 
. were found in the samples from 54 I .  This well has been shown to be upsadiex%a from 

the ash d i spsd  meas of S U 54- Ody one sf the risk driver metals @eqUim) was 
found in &e dow=radiea well samples. The explosiie COC comwmd, was found 
in the samples from 5 3. The highest concentra~on was found in the 
sample from the nearest the southern momd where most of the $03 

tion was identified* 

SPORT 

10.6,0. I. The e n v ~ o m e n w  fate md tramport of chemicals is depenknt on the 



the surface water and groundwater are potential migration pathways to the New River. The 
tisn and ash layers are suscep~ble to periodic floo 

New River a d  &mpo The river is appro 
Groundwater appears to be dischging directly to the river. 

10.6.0.2. So2 and sediment are i m p o m t  media for chedcd transport of the 
they have a high affinity for organic matter d a low water 

solubility. Wen present in so3 or sediments, explosives tend to bound to the soil 
particles and dissolve dowly into groundwater. Because sf the high affinity for organic 
m m r ,  the fate of these explosive csmpomds is often conPokd by transport of pa t i cda~s .  
2,4,6-TNT, the explosive risk driver compmd for subsurface soils at S U 54 was also 

found in the sediment sample (NRSE5) coUected from the New Ever, just d o m e e m  of the 
SWk4X.J; $%ne concentration sf 2,4,6-TNT .in that sample was the highest detected in the New 
Ever sediments. Explosives, however, are not readily bioaccumulaM by living organism. 

10.6 -0.3. Mercury is generally 
U; it was not f m d  in the New River sediments dowm%f- of S 

metals in Eae groundwater are mobile, but the risk driver comp 
groundwater were mt  found in the surface water samples do 
barium, which was identified as a COC for dissolved concenwa.olas at 

& e m  d a c e  water smples. PBssenic a d  &qUim$ which were risk drivers 
for dissolved groundwater at S U 54 were detected in the sediment sample 

10.6.0.4. Subsurface tramport of bead is generally because of its low 
solubility and tendency to sorb t . ~  aquifer materials. %j[owever, lead was dete d to be a 
COC in groundwater and subsurface soils at S U 54; although lead was not detected in 

&e New fiver surface water sample, it was found in the associated sediment sample. h a d  
dso exceeded the TCLP regulatory knit in the waste ash sample, 

18.7.6.1. The propfimt ash disposal. area is d i n e d  a d  contains areas where ash 
residue is visible on surface soas. hEB disposd repofiedly c ~ ~ u m &  on the soil surface at 
this area. This does not limit the potentiid for emissions to the amosphe~e and co 
migrating fZom disposed ash to surface a d  subsurface soils, surface waters and groundwater. 



118.7.0.2. At present, future land use at this S S%WU 54 is 
located outside the fence and within 200 feet of the New River. ntly* ash is no 
longer disposed at this area. Potentid kmre see os m y  consist of removing the ash and 
m y  associated cs t%d soils, or installing a cap and closing this disposal area. 

10.7.1 .€I. 1. The chemicals considered in the risk evaluation for groundwater at 

and one explosive The cheficds of concern for s~bswface soils include 2 metals 
(lead and mercuy), one volatile ( 2 , 4 4 ~ ~ t o B u e m )  and three expiosives (2,4,6- 
trinitrotoluene, and RDX)- 

10.7, I .  1.1. Gromdwater in the vicinity of is not used for & 

serving more him 25 people and therefore M C h  and MCLGs are not comidered as 
for S 31. h addition, there are no Federal or C onwealth of Virginia standards 
relating chemical conca~atiom in soils $0 toxic effects on vegetation or wildlife. TBC 
criteria carnickred for h hedth risk waluation included reference doses s) md 
slope factors (SFs) from USEPAss Integrated Risk Info ion System and Health Effects 
Assessment Stmunary Table (USEPA, 11995). 

10.7.2.1.1. Current exposure pathways at S U 54 are considered to have a low 
probability of completion, with the exception of the commction worker exposwe scenario. 
At present, this area is no longer wed for propUmt ash disposal. NBnough cunent site 
workers have access to potentially co ted ~ l f a ~ e  5038 w i ~  d seas of meovered 

ash, surface soil smp6es from this SWMU did not exhibit positive detects for dy- tes  other 
reactive sulfite. U 54 is located outside the b 6 w d w  and within 200 feet 

of the New Ever; &US public access is not k i t e d  to exclude recreational users of the New 
River. However, the area between this S U and the river is densely vegetated which 
would prohibit cs exposure by recreational rker users. This exposure pathway 



was d e e d e d  to have a Eow probabdiegr of completion and was not quantified. In addition, 
the current p o d w a k n :  pathway is not complete as this water is not used for dr 
purposes. 

10.7.2.1.2. Potentid future routes of expsswe which were csmidered for 
U 54 include site worker ingestion and ted 

flsmdwater. 

18.7.2.1.4. The c o n a p M  site model 
10.5 and includes expswe routes, potential receptors and the medium con& 
potentid co tx of concern. All c b e d d s  not e f ~ ~  by data validation were 

10.7.2.2.1. Exposure poht concentrations for the seven meals and one explosive 
U 54 (see Subsection 10.7.1) groundwater are listed in the tables in 

Appendix I. These cocenbatiom rmge from 0.00158 m g L  ) to 0.1% mg/L @&urn). 
Exposure point coweneatiom for the co of concern in subsurface soils (also see 
Section 18.7.1) range from 0,943 ppm (RDm to 22,2118 ppm (lead). 

10.7.3.0.1. The carcinogenic risk md d M e x  were calculated for the 

gromdwakr ingestion md dermal contact pathways (future site worker receptor) md 
subsurface soil ingestion, de 1 contact, and inhalation of volatiles and garticdates 
(construction worker). These cdculatiom are presented in Appedk I. A discussion of the 
results s f  each pathway for nsn~arc inoge~c  and carcinogenic effects is presented below. 

10.7.3.1.1. The cdcdatd d indices for the hypothetical future site worker 

groundwater ingestion scemk exceed acceptable levels p k i . I g r  due to antimony and 
arsenic for CT md r e  The p " risk driver for the ingestion scenario is 



Figure 1 10.5 
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antimony, with calculated d indices for 6T and W E  receptors being 0.27 and 1.09, 
respecPely . 

10.7.3.1.2. The cdcdakd d index for the corntruetion worker subsurfzce soil 
ingestion scenario exweds acceptable levels y due to 2,4,6=-Q%.S&otoluene [2,4,6- 
TNT) for receptors = 3.64). Mercury is the ody other compound which shows a 

el index, and this is &low one for he%% CT and r e  The p ' risk 
drivers for the commction worker de contact exposure scenario are mercury a d  2,4,6- 
TNT. The cdculatd d indices for CT and RME receptors for mercury are 1-77 and 

2 29, respxtive;ly. The cdcdated indices for CT and RME receptors for 2,4,6-TNT 
are 1.20 and 1.55, respectively. The commc~on worker inbiatisn of volatiles and 
pmiculates exposure sce os did not result h hazard indices exceeding one. 

10.7.3.2.1. The cdcu%atd cancer risks for the hypothetical future site worker 
groundwater de o are within the USEPA target risk range primarily due to 

beryllium, for CT mel receptors. Beryllium was cdculated to have the highest cancer 
risk, with calculations for CT aod M E  receptors bekg 1.64 x 10' and 3.28 x IO", 
respectively. Total cancer risks for the hypothetical future site worker groundwater ingestion 

scenario are also within the USEPA target risk range due to arsenic and beryllium. Again, 
the primary risk driver for this exposure scenario was beryllium, with risks for CT and RME 
receptors being 3.60 x 1 0 ~  and 7.20 x IO", respectively. 

10.7.3.2.2. The cdcuIated cancer risks for the eommction worker subsurfae soil 

ingestion exposure stx are withh the USEPA target risk range for RME receptors, due 
to % , 4 , 6 - g 1 ~ ~  (1 -57 x 109. ~dcollatd cancer rish for &e 1 contact exposme scenario 
were below t?ie USEPB target risk range. There were no cdcdated cancer risks for the 

future comtpuctiom worker 

54 due 

to the types and numbers of samples co%leted. ses performed on the surface soil 

samples from the propellant ash disposal area ody yielded positive results for reac.ve sulfite 



and these results are not qmmai$le for risk msessma purposes. It has dso hean reported 
h t  the propellant ash is uncovered in several places at aPs S U md current site workers 
m y  be exposed to residual ash. ent site worker risks from potentid co tbn  

wn, md this m y  

10.7.4.0.2. Many metals detected at this site in gomdwakr m d  subsurfam sons are 
naturally oe and in some cases (i.e., s u b s d m  soil), statistid m ~ &  were used to 
d ~ t i n p i s h  site-related from nsn-site-related metals. h this case, dl metals detected in 
grodwater  were retained as if they were siterelated. The ~AcuIatiom have & o m  to 
present unacceptable risks due to these metals and this could be an overcs 
mtmd meas  concentration in groundwater. 

U 54 is Iscated outside the bomdx5es a d  is within 150 feet 
of the New River, which is used by recreationid users and f~hemea. M&ough there is 
dense vegetation serving as a natural barrier which m y  prevent recreational users from 
coming into contact with potentidy co ted surface sods, there is the possibility of !.he 
comp1etion of this exposure pathway. This patlsway was d; d to be low probability 

10.7.4.0.4. hother  area of uncertain@ in evaluating 
54 is toxicity assessment. Ord and slope factors me not available for some of the 

metals and explosives which were detected in groundwater and sBP$sudace soils. Most 

studies are baed on data and exepapoIIated to h w  and dso mk'EBHo~c studies m y  
be used assess chronic effects. In addition, exmpcslatiom are c k a c k  
factors which can be as large as four orders of m a t u d e .  This m y  tend to over- or 

undertimate risk. 

10.7.4.89.5. The hbalaeion of volatiles and pafiiculaks &om soils m y  also be 
of uncertainty for this S . This exposure scenario was evaluated for 

c o m m c ~ o n  workers in this area. The chemicds of concern in subsurfam soils do not have 
assmkted inhalation WdDs or slope factors, and therefore the risks from this pathway are not 
qumtif~ble. This m y  tend to underestbte the risk. 



18.8 .0. 1. Caah~hoge~c ~ s b  M n ~ n - t ~ ~ h ~ g e i c  indices were mlcuheed for 
site worker receptors poelt~tially e x p o d  to mItip%e c h e ~ m 1 s  in g~oundwiakr during 

domestic use, md csmmction workers po&nWy exposed to multiple chemicals in 
subsurface soils. The goundwakr and subudace mil ppatway calculations were 

ed and are presented in Table 10.6. Uder  the NCP, &e probab3iv of excess 
cancers over a l i f e h e  sf exposure within s r  below USEPA9s target risk r a g e  of 1 x 10' to 

1 x lo4 are consided to pose a low threat while a probability of excess cancers over a 
l i f e h e  of exposures greater tban 1 x 104 may pose an unacceprable threat of adverse health 

effects. For kdcsnwcinogem, a one is considered to pose a low threat 
of adverse health effects, while a index greater one may pose an urncapable 
threat of adverse health effects. 

10.8.0.2. At S U 54, the site worker M E  rmptms9 total hazard index is 

greater one for ingestion of groundwater. &so, the total cancer risk vdue for these 

scenariss is within 4he USEPA target i s k  range of 1 x lo4 to 1 x 10'. These values indicate 

a potential for n o m a c k o g e ~ c  md cmcin~genic adverse health effects for this 

receptor. 

10.8.0.3. The mmtmction worker CT md receptors' total hazard index is , 

greater than one. The RME r=eptmsP total cancer risk is within the USEPA target risk 

range. These values indicate a potentid far ~aomarchoge~c md ewchogenic adverse 
health eEects for the eiposure scemios for ~ e l M E .  

10.9.0.1. The groundwater associated with S U 54 appears to reside in the 

alluvial sediments overlying the limestone bdrwk; ,groundwater flow direction is toward the 

New fiver. Groudwater, subsurface soils, and waste ash smp8a were collected to 

U 54. Additionally, a surface water and sediment sample was ~~IIec ted  

&om the New Ever at the likely discharge p i n t  of groundwater $Porn beneath the S 





10.9.0.2. Me to be risk drivers for the 

floundwakr. A waste ash sample contained a TCLP Bead concen~afion which exceeded the 
t o  e v e .  Lead was catego as a 8W in the &&ace soils and in the 

g o U w a & r .  

$0.9.0.3. In general, the metals and explosives aion was found in the 
s M o w  subsurface soil smp1es. The bighest ~ownmtlom appeared to be in the samples in 

the risk driver co suggest@ an n? source c o n ~ b u t ~  to S 

gr~undwaer quality; however, only the do 
detectable c o w n & a ~ o m  of the explosive risk driver cowed, . Arsenic, bery.grl%ium, 
and 2,4,4-TNT, which were risk driver compobpppds in either the subsurface soil or the 

goundwater, were found in the New Kver sediment sample collected dowmtream of the 
migration. 

10.9.0.4. The health risk assessment indicated a potentid for n~nwchogenic 
md carcinogenic adverse health effects by the d and ingestion exposure 
scenarios for @omdwakr and S U ~ S ~ ~ W  soils for comtmc%ion worker and site worker 
remptors. S 54 is outside of the facility security fence md is accessible from the New 
f iver.  



SECTION 1%. 

$1332 C 

1 1.1.0.1. Smub%es Creek is the largest local tributary of the New Rver and flows 
618Pougb the sou?heasf sector of (Figure 1 1. I). This creek is fed by several brmches 

that originate. OD md off the facility. Stroublles Creek consists pr Iy of stomwater 

o Groundwater discharging from the karst bedrock m y  also supply significant stream 

flow. Prior to entering the facility, branches of Stroubles Creek Wow through mmI areas and 

through the City of Blackburg. m e  creek empties into %he New River within and 
contributes significant loading of domestic and industrial wastewater (%JSATHMA, 1976). 
The Blachblrg Municipal Wastewater Treatment Plmt discharges agprsxbteHy 5.7 million 

gdHom per dsy (mgd) of water into the New Rver just upstream of where Stroubles Greek 

empties into the river (Personal Communication, 1995). The Cornonweal& of Virginia has 

classified Stroubles Creek and the portion of f i e  New Ever passing through the confimes sf 

P as water generally satisfactory for beneficial uses; these hciraQe, public or municipal 
water supply, secondary conact recreation, and propagation of fish and aquatic life 
( U S A W M A ,  1976). 

11.2.0.1. A verification investigation (W) of the Red Water Ash Landfill (SWMU 
41) was conducted by Dames & Moore in the Fall of 1991. S U 41 is locaad in the 

eastern section of the Main Manufactmhg Area near a portion of Stroubles Creek. During 
the Vl, one surface water sample was collected from Stroubles Creek at a location 
approxbteIy 75 feet east of the U 42 lagoon. No other sampling s f  StPoub%es Creek 

is known to have occuned. 

I f  -2.0.2. Figure 11.1 shows the a p p r ~ k t e  location of the  troubles Creek 
smplhg  point (41SW1). The S U 41 lagoon was an ash disposal unit. Leachate from 

+-. 
the hgoon had reportedly been observed along the downslope bank; sample 41SWT was 



FIGURE 11.1 
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collected at a point where the seep m y  have entered the creek. The smpie was analyzed for 
metals, explosives, SVOCs, TOC, TOX, and pH. 

11 .%.0.3. h total, seven metals were detected above the P Q h  in the surface water 
sample $Fable 11.1). The metals are common earth elements that were = p o d  at 
concentrations less tbm the HBN criteria. One explosive (2,4,6-TNT) was detected in the 
a q l e  but was reported at a level less than tk; HBN criterion. The source for the 2,4,6- 

TNT in the surface water could not be attributed to S 41 since no explosives were 
d e w a d  in any of the on-site samples. Dmes B Moore suggested &at materid in Stroubles 
Creek or a ~ b u w  was adversely hpacted when the TNT area was deswoyed by the 
eqission in 1974. TOC and TOX were reported at 6,010 pg/l and 82.4 pg/1. No SVOCs 
were detected in the creek sample. 

11.3.0.1. Two surface water samples a d  their associated sediment samples were 
coUecped fiom Stroubles Creek at two locations for the R H  in Jmuq 1995. Smpks 
SCSW1 and SCSEI (surface water and sediment% respectively) were taken at the upsbaem 
facility born-. This location is upstream of A1 active area of . Samples SCSW2 
and SCSE were taken d o m e e m  just prior to Stroubles Creek's discharge to the New 
R e .  A duplicate surface water and sediment sample were dso collected at this lwaticsn. 
Both sampling locations are shown in Figure I 1. I. The aywus  samples were analyzed for 
total metals, explosives, VWs, SVOCs, TOC, TOX, cMoHide, and k h e s s .  The sediment 
samples were analyzed for the same parmeters with the exception of chloride md hardness 
(see Tables 4.3 md 4.4). Field measurements sf pH, conductivity, md temperature were 
dso recorded. 

11.4.0.1. A s of all positive results (detected w m p o u ~ s )  for sediments and 

surface water of Stroubles Creek is presented in Tables 11.2 and 1 1.3, respectively. The 
chemids of coxern (COCs) for Stroub1es Creek were d by the methds discussed 
in Section 6. This section focuses on those COCs identified as potential human health threats 
as detailed in the subsequent Risk Assessment subsections. 



"Pa h r g m b  

BAR KJM 
W U M  
IRON 
MAGNESIUM 
MArnrnW 
POTASlleBM 
S C p g a m  

TABLE f 1.1 
b m m a y  of daasabakal Deaa W r  %dace Water bmplcr Cbilledd At W M U  41 

R d f d  M y  Ammnlabn Plant, V i i n i r  

SB"FB ID 
FIELD ID 

S. DATE 
DEPTH (a) 

MATR%X P Q b  
UMrTS jYc& 

WBN 
UGI, 

1m 
MSA 
N M  
N M  
35m 
M W  
M M  

b m t e s  : 
CSV Chmtri spsrfm water. 
HBN = Health $ s d  number asdermal in the RCRA permit. B4E)Ns not qmifid Iss ahc permit were derived usbg abndanl expmrc md b take 

rsmpiom mmshtgwl wilh EPAguidclines ( 51 Fa len l  Regisam 33992, UW, 3-40141, m d  M6LB). 
NA b t  milabk; P Q b  arenot avallabb fwTBQ detected h the I lkmag( occlws. 
NSA = b?a stsadad (HBPB) awiBaUq heasla effects data w e  not available Fcx t b  caialaabn of r IlBN. kfl3Nr w e  mot derivd fwTl0.  
PQL P m b l q r r w t P a t h  I ld t ;  L e  bwest amcentrnabn that can b% rclisab@deWod at rde f ind  Bevelofprmkskm fa a g h  ma@iml m&d. 
TAL =Target h a w s  ebck 
UGL = Mhgkaumo per Utec 



TABLE 11.2 
POSITIVE IWNJLTS TABLE OF STROUBLES GREEK - Sediment Samples 

RADFORD ARMY AMMklNBTlOW PLANT 

* SCSE3 is a duplicate sample ofSCSE2 



TABLE 111.3 
POSHTIW mSULTS TABLE OF STROUBLES GWEK - Aqueous Samples 

M D P Q m  Y AMMmITION PLANT 

METALS (u@) 

*TOTAL ORGANIC WLBGENS 

* SCSW is a duplicate sample of SCSW2 



I 1.4.1. 1. I .  Eleven COCs were identified in the sediments of Stroubles Creek: 
arsenic, ba r iu ,  beryllium, chromium (as c h o i m  Dl), chysene, di-n-butyl ph&dak, 

fluormthene, lead, aickel, phembene ,  and saver. Arsenic and beryllium were considered 
to pose pokntkd health risk. Arsenic md beryllium were ~omidered $0 be the risk 
drivers for sediment in Stroubles Creek. 

$1.4.1.1.2. Arsenic was found at 10.59 ugig in the s m p k  &om SCSEl and at 9.03 
ugig in the sample $om SCSE2. A beryllium concentration sf 1.38 ug/g was detected in the 
sample from SCSEB and 1.4% ugfg in the sample from SCSE2. Barium was detected at 
141.45 ug/g in the sample from SCSEl and at 240.41 ugig in the sample from SCSE2. 
Nickel was dso found .in both sediment samples; SCSEl contained 32.60 ug/g and SCSE2 
contained 26.99 ug/g. 

_._.. , 11.4. I .  % -3. The other metals categorized as COCs were detected in maximum 
conemptfatiom as follows : as 39.53 ug/g, lead at 95.87 ug/g, and saver at 0.18 

ug/g. A1 of these results were found in sample SCSE2. Other maximum ceoncen$ratiom of 
COCs were for SVOcs as follows: clxyserne at 6.22 ug/g, di-n-butyl phhla?.e at 7.82 ug/g 

fluorm&ene at 0.27 ugig, and p k m t h e n e  at 0.29 %eg/g. These SVWs were only detected 

in sample SCSE2. 

11.4.1.2.1. Four COCs were identified for the surface water of Stroubles Creek: 

barium, kryUim, c l x o ~ ~ l f g  (as chomirn El), and . Of these, only beryllium was 
categorized as a risk driver. Barium was detected in both samples. The m a h u m  
concentration was 47.3 ugfl in SCSW2. BegrUim was also found in both smpks;  the 

hum detection was 2.22 ug/1 in SCSW2. EDdX was found in both smples at 5.3 n%g/l. 

C h o ~ m  was only detected in the SCSW2 sample (30.9 ug/l). 



11 .4.2.1.1. Sample SCSEB was mUected upstream .from the facility. Mf of the 

metals C X s  were found in this upstream sample. Arsenic, a risk driver, and nickel were 
detected at higher Ieveb in this sample & e m  sample. None of the SVOC 
COCs were found in the upstream smp%e. Upstxem from the SCSE1 location, Stroubles 
Creek h s  flowed through rural areas a d  the City of B1cbbwg. 

11.4.2.1.2. The do 
?be hum eoncentrations of the risk driver beryllium. The upstream b k m  
concentratiom was 141.45 ug/g and the dowllcrtrem concentration was 248.41 ug/g. The 
upseem beryBlium concentration was 1.38 ug/g md the dowmuem concentration was f -45 

ug/g. Dowmtrem lead and silver concent~a~om were much higher upseem 
concentrations, but they were not found at levels considered to pose a potential threat to 
human health. 

11 .4.2.2.1. The risk drives compomd for Stroubles Creek surface water (beryllium), 
barium, and , were found in booth samples. Concentrations sf these coqounds were at 
simi.lar levels in both samples. The dowmtrem 
contained e h ~ m i m .  

I I .  5 .O . I .  The efavkomentaB fate a d  transport of' chemicals is dqendent on the 

processes affecting them, the media though which they m&ak. Co 
hi Stroubles Creek are subject to transport do as dissolved constituents, particuIaks 

or suspend& solids. Stroubles Creek discharges to the New fiver within the facility 
boU&es. Dilution of co when mmiderhg New River receptors dswsr%&ea of 

, will be significant. 



1 f -5.0.2. The source of the explosive GOC compund, in SS s d a e  water is 
not known. Dmes 8% Moore suggested in the previous smplbg investigation of Stroubles 
Creek that residual explosives kom the TNT area m y  have Ntmed into the creek as a result 
of Fhe 1974 expfosion. However, this would not ~ 6 m t  for the presence of 
upstream sample. does not show up in the New River samples do 

are not readily bioaccuulated by 
living organism. Explosives are u s W y  ox?ed though the movemeraf of pwtimlates, 
however9 no explosives were found in the associated sediment sample. This m y  indicate 
Hl%igration to the creek by surface water m o E *  

11.5.0.3. Barium and kry$l%%im ~ % L ~  water concentrations are slightly higher in 
the d o m e e m  samples the upsmm ones. However, the difference h c~ncentrations 
do not suggest that the S 41 ash disposal lagoon has contributed significant mouna  of 
metals to Strsubks Creek. B a i r n  was d s s  found in the New River samples downstream of 
the Stroubles Creek sample locations. 

11.5.0.4. The dsmtrem sediment sample does appear to contain kvels of 
con ts not present in the upseem sample, pmipnlmly SSVQCs. When present in 
sediments, SVOCs tend to remain bound to the soil particles and dissolve slowly into the 

overlying wafer. Because of their a K i t y  for organic matter, SVOCs are readily 
bioaccmaalated by living organism. Barium and beryllium coacenbatiom are higher 

upsmm. Those metah have also hew found in the New River sediments 
downstream of the St-roubles Creek sample bcatiom. The mobilkation of metals would most 
likely be though suspended sediment- 

11.6.0.1. Stroubles Creek is the largest tributary m&g into tihe New %Bivm. The 
a d  is largely made up of atomwater run-off. As a result, the 

water quality of the creek can be greatly affected by on-site operatiom. Moreover, Stroubks 
Creek also feeds the New Kver md %US an a E s t  on the &a= water md sediment in the 

river. 

1 1.6.0.2. Future land use in the Stroubles Creek area of the Is uncertain; the 



undergo residential development. CosnsequentJy, surface water and sediment was analyzed 
for all current exposure possbili~es. 

11 -6.1. 1. The c k ~ c d s  considered in the risk e v a l u ~ o n  for sediment at Stroubles 
C m k  include 7 meeds (arsenic, b ~ m ,  kqa~fh, c h o ~ m  Ill, lead, nickel, md silver) 
and 4 semivslatiles (chqsene, di-n-butyl phthdate, fluora~].thene, and phe ne) . 

1% .6.1.%. The c h e ~ c d s  considered in fae risk evaluation for surface water at 
Stroubles Creek hclude 3 meas (barium, beryllium, md c h o d u m  DI), axxi one explosive 

11.6.1.1.1. Grodwater in the vicinity of is not used for 
25 people and therefore MCLs and MCEGs are not considered as 

for Stroubles Creek. In addition, there we no federal or Co 
standards relahg chemical concematierns in soils to toxic effects on vegetation or wildlife. 

TBC criteria considered for- human health risk evdutisn included refereme doses 8) 
;and slope factors (SFs) from USEPA'S Integrated Rsk Infomation System and Health 
Effects Assessment S Table (USEPA, 1995a). 

11 .6.2.1.1. nt exposure pathways considered at Stroubles Creek are site 

workers, construction workers, fishemen, a d  other recreatioDif% users of the creek. The 

pf%ntid receptors have a low probability of completion and therefore, are not 
quantified for current receptors (area residents). Str%.subles Creek rum though the 
and public access is dIowed to recreational users sf surface water h the sea .  ent routes 

of expome which were considered for Stroubles Creek include ingestion, and de 
expome eo potentially co d surface water and sediment through the uses described 
ahve.  



11.6.2.1.2. The conceptual site model for Stroubles Creek is presented in 
Figure 1 1.2 md includes expsure routes, 
gotentid co of cornem. AU 
comide~d  in the risk asmsment for his 

11.6.2.2.1. Exposure p i n t  concentratiom for the chemicals of concern evaluated for 
Stroubles Creek are listed in fa tables in Appendix 1. These concentrations rmgc from 
0BO208 mgA, @evB%im) to 0.046 m g L  @&m) in surface water and 0.066 mg/kg 

11 .6.3.0.9. The carcinogenic risk and indices were calculated for the surface 
water ingestion and de contact pathways. These calculations are presented in Appendix 
I. The calculated hazard indices for the sediment pathway exposure though dermal contact 
are blow .risk levels for CT M E  receptors. Moreover, the h m d  indices for the 

surface water pathway exposwe thrmgh ingestion m d  dermal contact are below risk levels 
for htb receptor goups. The cancer risk numbers are &so outside the USEPA target risk 
range of 1 x lo4 to 1 x 10& by at least one order of magH11mde for the CT. For s few 
exposure s os, the cancer risk values are with the USEPA'S target m g e  for WdE 
receptors. A discussion of the results of each pathway for mn*archoge&c and carcinogenic 
effects is presented below. 

11.6.3.1.1. The calculated d kdices far the current site worker exposure to 
surf= water through ingestion contact scenarios are below acceptable risk 

levels. The hazard indices cdculated for the cumaat site worker exposure to sediment 

though ingestion md de contact sm&os are dso below acceptable risk levels for both 

CT and W E  receptors. 



Figure 1 11.2 
Conceptual Site Model for Current md  Future Exposure Pahways 

Stroubles Creek 
hdfford h m u ~ ~ o w  Plant 

hdford, V~giaia 



6:.zz. ... 11.6.3.1.2 The d indices for cwent mreational user of surface water do not 
exceed acceptable risk levels for either of the exposure s c e k o s  (hgestion or de 
coatact) analyzed for Stroubles Creek. 

11.6.3.1.3 The d c d a e d  exposure to surface water 
contact at Stroubles Creek does not exceed acceptable levels for W E  or CT 

reaptors. The index for fihe exposwe to surface water kough ingestion dso 
does not exceed acceptable risk levels at Stroubles Creek for either receptor goup. 

11.6.3.1.4. Th mlchted indices for the commctisgl worker exposure 
scenario to surface water through hges 
exceed acceptable levels for both CT and 

11 -6.3 .%. 1. The cdculatd cancer risks for the cuwent site worker exposure to 

surface water through ingestion and de contact scenarios are bebw USEPA mger risk 
range. m e  calcuhted cancer risks for the emend site worker exposure to sediment through 
d e m l  contact scenario are within USEPA target risk rmge due to the presence of beryllium 
and arsenic for M E  receptors. AH other chedcds of concern evaluated do not exhibit an 
kreased c'acer risk. due to a lack of toxicity SO on or because they are below the 
USEPA mget range for cancer risk. ent site worker exposure to sediment though 
ingestion scenario also exhibits elevated cancer risk for Stpoubks Creek for receptors. 
However, the cancer risk is within the USEPA target range due to the presence of arsenic 
and beryllium in the sediment. 

11.6.3 2 .2 .  The caldated cancer msks for the current recreational user exposwe to 

surface water though dt .contact a d  ingestion mmri~s are below USEPA target risk 
range for amptable cancer risks kvefs for these exposure sm os at Stroubles Creek. 

11.6.3.2.3. 'The dcda%s:d c expowe to surface 
water through demd  contact scenario is above the U S E I  target risk range for M E  
receptors due to tihe presence of beryllium. M1 other chemicals sf concern evaluated do not 

on or because they are 



exposure to surface water th-ough ingestion sce o are bdow the USEPA target smge for 
cancer risk. 

11.6.3.2.4. The cx4culated cancer risks for the comd.metion worker exposure to 

range for and CT receptors 

m y  be relevat at Stroubles Creek 
due to the types and numbers of samples coUected. Many metals detected at tiis site in 
surface water and sediment are naturally occurring and no analysis was accomplished to 

differentiate between site-related and non-site-related conmn&atiom. In this case, dl mews 
detected in sediment and surface water were retained as if they were site-related. The 
cJculatiom have shown to present m w p m b % e  risks due to these metals md tihis could be 
an overestimate due to natural metals concentration in surface water and sediments. 

11.6.4.0.2, One of the main areas of uncertainty is in exposure assessment as relates 
to &te g future l a d  uses at a co site. The majority of the land d is 

rcid or Mustrid to support the explosives m u f a c  g process, with few scattered 
residential co ties located in Montgomery md hLasE counties. Access to the 

Stroubles Creek within is restricted, and therefore a current residential exposure 

s c a r i o  is ud&eIy. For the purpose of assessing Ask, future lmd use was assumed to be 
industrial. 

11.6.4.0.3. Another area of u ~ ~ t y  in evaluating health risk from 
Stroubles Creek is toxicity assessment. Ord and slope factors are not available for 
seven sf the nine metals which were detected in g r o d w a k r ,  hcludhg lead. Most studies 
are based on data md extrapolated to and dso mkhonic studies m y  be 
used assess chronic effects. In addition, ex&apslatiom are characterized by unncertairsty 
factors which cm be as Barge as four orders 0% magnitude. This may tend to over- or 



1% .6.4.0.4. For the chemicals detected in surface water at Stoubks Creek, rn 
exposure s m m ~ o  was evaluated for fishemen ingesting co ted fish. This was 
amomplishd using USEPA (1989) standard default exposwe values and txlcuiating an 

expected comentration iw fish due to uptake. As wit3 all mdekd  eoncen&atiom, &ere is a 

degree of uncertainty associated with hese calculations md assmptiom, Ody chromium ID 
could be quantified in this r Bane to the kck of 

of the other detected chemicals. This m y  tend to d e r e s t h t e  the risk for this exposure 

o at Strsubks Creek. 

d hdices were cdcarlated for 
current site worker, current fishe , current r~reatioml, and current construction worker 

receptors potentially exposed to multiple c h e ~ c d s  in surface water and sediment during use. 

The surface water pahway ca%cdatioms were s u m w h e d  and are presented in Table 11.4. 

Under h e  NCP, the probability sf  excess cancers over a lifetime of exposure within or below 

USEPA'S target risk range of l x 10" to 1 x lo6 are considered to pose a low threat while a 

probability of excess cmcers over a lifetime of exposures greater o4 may pose an 

unacceptable threat of adverse hedth effects. For nor~s%~~cbogern, a index be%ow owe 

is considered to pose a low threat of adverse health effects, while a hazard X e x  greater 

one may pose an umcceptabie theat of adverse health effects. 

f 1 .'7.0.2 . At Stroubles Creek, no pathway presents a total hazard index for the creek 

of greater than one. The total cancer risk values for one exposure scenario was in the 

USEPA target risk range (site worker RME). Total cancer risks for fishemm W E )  were 

above the USEPA target risk range. Consequently, &ese values indicate low potential for 

noncarchoge~c and a greater potential for archogePLic adverse human health effects for 

exposure to saarf&ce water or sdhewt  at Stroubles Creek. 





11 .8.0.1. Stroubles Creek flows through the sou&ea% section of ; it is the 
largest local tributary of the New River. Upstxem of the facilitygv, StroubBes Creek Wows 

the City sf Blackburg. Two surface water and sediment m p k s ,  upstream sf 
at the point of discharge to the New Ever, were co%lected to help 

characterize the creek. 

to be the risk driver compamds 
for Stroubles Creek sediments. Several SVWs were categorized as COCs for the sediments. 

11.8.0.3. The upstream sediment sample eon&hd aHI the metals CQCs and higher 
levels of arsenic and nickel the downstream smpIe, but no SVOCs. The downstream 
sediment sample contained aEI of the SMOCs detected in the creek md the maximum 
concentration of one of the sediment risk driver compoun&. BeqESim was detected in bo%$ 
the upstream and d o w m ~ ~  surface water samples. 

11.8.69.4. The health risk assessment indicated a potential for cxcimgenic 
health effects for ingestion md dermal contact of sediments for site workers, 
contact with surface water for fishermen. Both sample Iocatiom were within 

the fenced facility b o m d q ,  and were therefore from areas sf the creek which have limited 
public access. 



SECTION I2 

W W  R 

12-1 E 

%2.1.0,%. The New Ever  is the most s i g ~ ~ r c m t  mr%ae water feature within 

The facility is bust within md adjacent to a prombent meander Imp of this river. Within 

the rive; width varies from 200 to 1,000 feet, but averages apgroxhate1y 480 feet. 

The river flow varies due to water gement at Claytor D m ,  approxbately 9 miles 

up~adient  (south) from m from the Claytor Dm, typical flows of the 

New Rver range between 3,208 md 8,000 million gallons per day (mgd). During typical 

flow conditions, tihe depth is approximately 4 to 6 feet; bowever, p o l s  m y  be 10 feet deep. 

There are 13 miles of river shoreline within the boundaries. 

12.1.0,2. The headwaters of the New Rver are in noahwestem North Carolina, near 

the Temessee state Ihe.  h the vicinity of the New Ever  flows northwesterEy 

cutting cliffs though the bedrock. The path of the New River, which is generally 

perpendicular to the ridge lines of the Valley and Rdge province, indicates that the river 

existed prior to the Paleozoic foldkg of these rocks. h some areas, this river has eroded 

4ClN.l feet of rock. During the Paleozoic9 tbe erosion rate of the river was higher than the 

uplift rate of the rocks. This p r o d u d  the entrenched river channel present today. The New 

River is perhaps the oldest river in North America, estimated to be 350 million yeas  old. 

12.1.0.3. All water used at is taken from the New Ever. Separate water 

system are provided for the Main Mmuf%rhg Area md the Horseshoe Area. Intake 

No. 1 is located approximately 2 miles upstream of the mouth of Stroubles Creek. Intake 

No. 2 is located approxhtejy 6 d e s  do t r em of the mouth of Stroubles Creek (Figure 

3.1%). Upstfern of the New Kver serves as a source of dr water for the 
of Bbcksburg a d  Chistimburg. 

12.1.0.4. Both hdustriaI and domestic wastewaters are discharged into the New 

fiver from the Peppers Ferry Regional Wastewater Treatment Plant (P TP). This 



discharge is located within ahe b o m ~ e s  of , just downensbbem faom intake No. 1. 
*..,.. , , U P B P ~ ~  1987, the city s f  %gadford provided only pr sewage treatment before discharging 

2.5 mgd into the New River (USAT A, 1976). Secondary treatment is now provided at 

the P P. Currently this plant discbrges approximately 4.5 mgd of water into the New 

River ~ e r s o d  Communications, 1995). 

12,1,0:5. disch~ges approximately 225 mgd at fifteen industrial wastewater 

outfalls along the New fiver and Stroubles Creek mder WDES p d t  number '66AWO0248. 

The effluent consists of various treated process water, wash water, eoolhg water, run off, 

sanitary wastewater, and stomwater. The approximate locations of the discharge outfalls are 

shown in Figure 3.11. For internal use and reference, has identified a total of 135 

outfalls to either the New River or Stroubles Creek from the Main Manufacturing and 

Horseshoe Areas. These outfdls discharge stomwater, sprhg-fed groundwater, and minor 
mounts of s t e m  condensate. 

12.1.8.6, The upper re,scbes sf the New fiver and its tributaries have water of 

excellent quality. These stre have less than 56 parts per d l i o n  (ppm) of dissolved solids 

due PO the underlying metamorphic rocks, which eontribute very little to natural pollution. h 
the balance of the region, dissolved solids increase to the 50-199 ppm rmge as water drains 

from areas underlain by shale, sandstone, and limestone formtiom. Where carbonate rocks 

occur, ahe bicarbonate content sf the water is particularly high, resulting in 1100-199 ppm of 

calcium carbonate (CaC03) found in the waters of Waker Creek, Sinking Creek, Wolf 

Creek, and the New Kver dsmgadient of (Figure 2-21. 

'12.2.0.1. In July 1994, fish, clam, sediment and water s m p k s  were collected from 

%he New fiver and analyzed for the propellant ingredients 2,4-DNT and 2,6-DNT 

$kTSAEHA, 1994). The samples were collected dong the shoreline that receives P 

discharge, The smpI[es included 12 sediment and water samples, 5 composite clam smples, 

and 5 composite fish samples. There was no 2,4-DNT or 2,6-DNT detected in the sediment 

samples. There was no 2,6-DNT detected in my fish or clam smples. However, low levels 

of 2,4-DNT was detected at two smplhg  sites for clam (0.07 mgkg and 0.0693 mg/kg) 
md one sampling site for fish (0.0081 mg/kg). These levds were determined to be well 

.-- below the concentration required to exceed the reference dose for 2,4-DNT. No 2,6-DNT 



was detected in any sf the water smpks .  2,4-DNT was detected below outfail 29 (Figure 
,.,,7>7.. 

3.1%) to a point about 2 miks do & e m  at 6 discrete sampling locations. For the water 

samples, 2,4-DNT was observed hs the range of 0.1 1-2.4 pg/l. These levels are well below 

the 108 pgll d water advisory a d  the 113 pgll discharge permit requirements. 

12.2.0.2. A R C M  Facility Investigation (RFI) sf  the Waste Propellant B u a g  

U 13) was ccora&acted by Dampa & Moore in the Fa11 of 199 1. 

unit where active burning of waste explosives, propellants, and laboratory wastes is 

conducted. It is situated on a bank of tihe New River within the 100-year flood plain. As 

part of the W, Dmes & Moore collected thee surface water samples and their associated 

sediments from the New River- Additiomlly, one sediment sample with no associated 

surface water sample was obtained 

12.2.6.3. Figure 12. % shows the approximate location of S U 13 and the surface 

water and sediment samples collected durhp the W I .  The New Ever  samples were from 

up-river, adjacent, and down-river locatiom in areas predicted to be most impacted by 

con~mipa%lplbs migrating from S U 13 groundwater. The samples were analyzed for TAL 
.>- metals, explesives, VOCs, a d  SVOCs. 

12.2.0.4. The mlytical results of the four sediment smpIes are presented in Table 

12.1. In the sediment samples, arsenic, beryllium, cobalt and lead concentPations exceeded 

HBNs. Concentrations of arsenic and cobalt were less &an haif the background comparison 

criteria for aUuvid soils. BeryHiaann was detected ody once, at a concentration less &an 5 

percent greater than the c o m p ~ s o n  criterion. h a d  was detected at a concentration 2 

percent above the HBN in NRSE3, but at a concentxation less than the background 

comparison criterion. According to B m e s  & Moore, even though l e d  conscentrations are 

ammlously high in S U 6113 soils, the Iead concentrations h the four New River samples 

are essentially the s m e  as the five background alluvial soil samples collected from New 

River alluvium off-pst. No explosives or V W s  were detected in the four New Ever  

sediment samples. Five SVOCs were detected in the downgradient sample NRSE4, but each 

SVOC was detected at conce~trations less than their respective HBNs. Two SVOCs are 

phWates md three SVOGs are likely kel related. 



FIGURE 12.1 
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T& BwwraaLs 
auMrNnuM 
ARSENIC 
BAx%BBM 
BERYLLIUM 
CALCIUM 
CWOMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAONWIUM 
MANGANESE 
N H C W  
POTASSIUM 
SODIUM 
VANADWM 
ZINC 

TABLE 12.1 
Summary ofArsalyke1 Data Fw Sediment Smples g3apllaaed Ar SWMW 13 

Radbd Army hrnunir  bas Plant, Vkgirnia 

SITE ID NRSE1 NRSE2 NRSB3 NR$E.$D NRSE4 
PELD ID R DSEQ 1 W DSE02 RDSE*3 R DSEV W DSEm4 
S. DATE 116-~pr--?B 186-ape-92 86-apr-92 16-ape-92 116-apr-9'2 

D E P ~ ~  gn) o .[I I .0 1 .o 1.0 B .o 
MTRIX P Q ~  CSE cse CSE CSE cse HBN 

UGG UGdli UNITS ____ - UGG - UGG - WGG - WGG - UGG 

w 
w 
PBT 
PBT 
NT 
NT 
NIT 
NT 
m 
m 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

Z 3 W  
0.5 
I (IXD 
0- 1 
NS A 
4w 
0.8 
2 ~ n  
NSA 
m 
NS A 
m 
1 im 
NSA 
NSA 
5m 
1am 

N A  None Detected None Detected None Det~ ied  None Detected None Detected NSA 

VohtiksM NA None Detected None Detected None DeBascBed None Detected None Detected NSA 

SOURCE: DAMES & MOORE, DMW RCW B ~ ~ ~ C K I W  S~B;ATBOM, 8 ~ p T  1992 



TABLE 12-1 (Casntsd) 

SITE ID NRSEl NRSE2 NRSE3 NRSE3D NRSE4 
FIELD BD ,R DSE' 1 WDSEe2 RDSE83 RDSEe7 RBSE.4 
S. DATE 16-arpr-92 16-apr-92 16-ape-92 Id-apr-?Z IIA-apr-92 

DEPTH (n) B .(B 1 .O 1 .O 1 .BB 1 -0 
MmIX P Q b  CSE CSE CSE CSE CSE 

UNIm(#) %IGG UGG - UGG UGG - UGG - UGG 

%mhlaai!e TlCs 
NA 039 5 0388 S ND NT ND 

TOTAL UFBmOW NA ND ( '7)aO.J ( 2)8'7.2 NT WD 

HBN 
UGG - 

NS A 

NSA 

Fmmoltes : 
C = Indkaaa that analybwas c o n m e d  aasing a second column. 

P 
M CSE = C h m t a l  sediment. 
I 
m HBN = Health based number as defined in the RCRA permit. HBNs not spcacidied in the p m i a  were derived using standard expasure and intake 

assumpaims consisteal with EPA guidelines Q 51 Federal Rgb le r  33992,34006,34014, and 34328). 
LT =. eowscnsaatb is reported as 1w than the cwllfii repmtin~ limit. 
NA = Not amlhbl~  PQBS itre not available fex TICS deleted in the library scam. 
ND = Analye was not detected. 
NSA = No standard QHBN) availaMe; health effects data were mot amilabb far the cakulaiisw ofa HBN. HBNs were ml dmrtlvcd foe TICS. 
NT - Nor tested; prometws were not resled Qisaeiosded) in the sample analyses. 
PQL I Pncrkal quanrimaion limit; the lowest comelamation that can be reliably QeBeeaed aa a defined !me1 of prmkbn for a gken amlytkal m e l h d  
S = Resusls we base4 on an htermal standard; flag b used fw TICS ddtecacd in libaey sans .  
T& = Target halye List. 
VCs = Tentatively identified c m p u n d s  that were detected in the GCMS library scans. 
UGO = Micrograms per grm. 
(a) = b l 2  Data. 
( = P x t n t h a b  are used to indieate the number of uwknwn TICS Bhal wwe deamlcd in cithcr the vocBlali!e M s m h l a l i k  GCMS l lbary scans. The 

number beside the prenaheshs is the b ta l  cesssreenlraaiow of all TICS detected in each sespmtive saw. 
[ ] = Brackets indkate Qaa the detected comenauarbn elgccds the WBN. 



12.2.0.5. The analytical results of the three surface water smples are presented h 

Table 12.2. Nine T L  metals were detected, but of the four metals with established HBNs, 

none were found at concentrations exceeding the HBN. No explosives or SVOCs were 

detected in my samples. Carbon disdfide (a VOC) was detected in smples NWSWI and 

W3 at csmentratiom less than one percent of the HBN. Cabon disnlfide hs not been 

associated with the co found at U 13. 

12.3.0.1. Six surface water samples a d  beh- associated sediment samples were 

collected in July 1B5  from the New Ever  at various points for the Pusom ES WI. The 
locations are shown .in Figure 12. I. The samples were generally collected from locations up- 

river sf the facility or at the potential entry point of contamhants from the four SWMUs 

addressed in this report. In some eases, the sample lsscafiom were in areas where the river 

was likely to be impacted by mare than one SWMU. The sediment smples were analyzed 

for total metals, explosives, VOCs, SVOCs, T o e ,  and TO)$. m e  surface water samples 

were analyzed for the same pameters  plus cHoride md h x h s s  (see Tables 4.3 and 4.4). 

.. ...m 
Field measurements of pH, conductivity, and temperaare were also recorded. 

12.3.0.2. S m p k s  NWSW1, NRSWZ, and NRSW3 (and their associated sediment 

samples NRSE1, NRSE2, and NRSE3) were collected up-river sf the facility. Samples 

NRSW4/NRSm were taken at an area down-river sf S M U  48, in the general vicinity of 

SWMU 13. Samples NRSMvSINRSm were collected down-river of S U 54, and samples 

NWSW6fNRSE6 were taken down-river of S U 31. The locations of the river samples 

associated with S Us 48, 54, md 31 are also shown on the S U sample location maps 

(Figures 9.2, 10.2, and 8.2, respectively) for better scale. A duplicate of NRSWS/NRSES 

was collected for QNQC purposes. Table 12.3 presents a summary of the field activities 

conducted on the New Rver for P$is W%. 



LUMBNIUM 
ARSENBC 
BrnBUM 
CALC! UM 
CrnOMlWM 
COBaT 
COPPrn 
R O N  
EFAD 
MAGNSIUM 
MANGANBE 
NICK= 
POTASS1 UM 
SODIUM 
VANADWM 
ZINC 

24DPdlT 
26DNT 
HMX 

T U L E  12.2 
Summary ofAnnlysCas! Data Fw Surbce Waaex Samples ColSwted An SWMW 13 

RadBrd k m y  Ammunilbn %"lam, Virginia 

.13%W1 
RDWAbtl  
IS-jan-92 
0.0 
CSW 

NWSWl NWSW3 NRSW3D NWSW4 
WDSW91 RDSWa2 RDSW+4 RDSW93 
16-apa-92 16-apr-92 16-apr-92 86-apa-92 
0.0 0.0 Q,B) 0.0 
csw csw csw esw HBN 
Uej;L - UGL - hlGL UG& - UGL 

NT 
EIT 
EIT 
NT 
w 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
E4T 

1 0 1 m  
50 
1m 
NSA 
50 
0.35 
12% 
NSA 
50 
NSA 
3500 
7M 
NSA 
NSA 
244 
700 



TABLE 112.2 (Canssted) 

SITE 1D BBW1 NRSWI NRSW3 NRSW3D NRSW4 
FIELD ID .RDWA*I I RDSWBI RDSW'Z RDSW94 RDSW83 
S. DATE . 15-jan-92 16-apr-92 16-aps-92 16-apr-92 16-apr-92 

DEPTH (ft ) Q.0 0.B1 0.0 0.0 0.61 
MTB%IX P Q b  CSW CSW CSW CS $RI CSW HBIN 
UNITS (R) =I, m~ - UGL - UGL - UGL =L 

N%mIm,NBTWAm 1M 5.30 NT NT 
TOTAL ORGANIC CARBON IW 12 NT MT 
TOTAL ORGANIC W L W E N S  1 33.5 NT NT 
PH NA 7mK NT N?' 

N D  NSA 
N D  NS A 

NT 1MB881) 
NT NSA 
NT NSA 
NT NSA 



CSW = C h m k a l  suahce wata.  
HBN - Health based number 8s; defined h the RCRA permit. HBNs no1 spmified in the pesrnit were derived using saandard egosurc  and intake 

assumptions conshlent with EPA guidelines ( 51 Federal Rqbaea 33W2,340MB346Bl4, and 34028). 
K = Hndkata hdding time fm e x l r x t i ~ n  and preparation was not met, but data quality is not hlicvcd to k affmred. 
LT - Comenatation ki r e g a r i d  as less thaw the cmtiCid reporting !hit .  
NA = Not amilble;  WLs ape not awPable f a  TICS d c m t e d  in !he Bikary scam. 
ND = Analpa was not detected. 
NSA - No standard (HBN) available; health ellfaas dam were not availahb fm 8hccakolaaion ofa HBN. HBNswere no1 derived far TICS. 
PB$ = Not tested; parmeaers were not Bested giwiuded) in t h e  sample a n a l p a .  
PQL = Practical quanti~8llon limit; the la~westcomen@ation ahat can be reliably detected at a defined b e !  ofprecbicsm f a  a given amlgrokal meshod. 
S - WesuBe are Msd on am intermiel standard; flag b used for TIC3 delecscd iw iihary scans. 
T& = Target Awaiflga~a Lit. 
$la = Tmsatively Mentifled cmpounds  uhar were detected in the GCMS Iihary scans. 

P UOL = Mkrogrms per liter. 
m 

D (a) = b e !  2dasa. 
P 
Q g ) = Pwenckaie are used to Bwdkrte the number of u r s k s a ~ ~  TICS that were detected in either ahe voletile m smbolatile C3CMS library scam. T%a: 

number W i d e  the parenthash is the total corscerstratim of all TICS detected In tach respectbe scan. 
[ I  = Bf8.lckeF-s iradkaae that the detected c s ~ ~ : e n a a t i o n  e x e d s  the HBN. 

SOURCE: D & MOORE, D 



Up-river sf facility 

Down-river of S W W  48 

Down-river of S W U  54 

Dom-iver of SWMU 3 I 

Duplicate of NRSWSlNRSE5 

" Field measurements sf pH, temperame, and conductivity were also recorded. 



12.4 .O. 1. The positive results (detected coqounS) for sediment and surface water 
smbks collected from the New River are shown in Tables 12.4 and 12.5, repctively. The 
spring, sample (SPGSSEISWI) bas been discussed as part sf the S 1'7 (Vicinity) see% 
because of the identified hy&aulic comm~opn witti S U 17. However, the analytical 
results have been presented here &cause sf $.he proximi@ of the spring to the New River a d  
the p e n t i d  for the results to be kpaeted by the river (SPG3SEiSW1 was me sampled for 
dl the same parameters as the river samples). 

12.4.0.2. ]Ira carder to assess the results satistiaUy, three samples were collected 
upstrem mackgroud) of Statistied mlysk was performed to dete 
dowmbem results were s ignXcdy different from upstream of the facility. Those 
compomds not detected at levels greater the background distribution were not 

r. Those compouwds which were not detected in the backgound sampks 
were analyzed from a risk assessment perspective a d  are included in %me following 
discussion. 

12.4.0.3. The statistical analysis was perfom& using, a tag area probability 
cdculaeion in h e  tail area pmbabili~ cddation, a specific smplkg point is compaed to 
the backgrouandl dis~ibution, and the percentage of the backgromd distribution falling below 
the smplhg point is dete . '%"he null hypothesis is that kss 95% of the 
background d i s ~ b u ~ o n  will fall below the sampling poht; if this is true, then the sample 
will be comiderd tcs be "within" the bacmomd distribution. ConverscEy, the d k m t e  

hyp~this  is t h e  more 95 % of the background distribution f d b  below the sample value; 
if this is me, $$en the s m p k  will be considered to be different backgomd. This 

s s 

concept can be m d e r s t d  simply as dete where tfae sample vdue lies relative to the 

background distribution. For example, if 50% of the backgroud distribution lies below the 
sample value, then the sample value is in the exact middle of the backgrsud dktribution a d  
&e sample is considered to be "in" the backpound distribution; if, however, 95% of the 
backgromd distribution lies below the sample vdue, then the s m p k  is not h the 

backgomd distribution. 

12.4.0.4. A Tail Area hobability vdue was calculated fm each sample for each 
m1yt.e which had a positive hit h the backpomd sample; if d l  backsound samples were 



TABLE 12.4 
P081[TPW E%.ESUETS TABLE OF m W  MWR - Sdiment Samples 

WIQDF(QRD ARMY AmUNITIION PLANT 

* F9aSE8 i s  a duplicate smpk of NRSE5 



TABLE 12,s 
POSITW RESULTS TABLE OF NEW R - Aqueous Ssamplw 

WHBFOW ARMY AMMmHTHgBN PLANT 



TABLE 12.5 
POSB9%W WSULTS TABLE OF NEW R - Aqueous Samples 

W D P O m  ARMY AMMUNPTIBN P L A N  

METALS (aagA) 

Total Organic Cabon 
Total Organic HaIogms 



nondeteca, then the back~obllpd h d  no distribution and that mlysis cmld not be mn (in 

these cases, however, the co was mlyzed by -risk assessment). As described 

above, if the Tail Robability was below 95%, then the ndl hypothesis was accepted 
and the simple was not ansidered to differ from b ~ k g r ~ u n d ;  however, if the Tail Area 

Probability was equal to or above 95 76, then the null hypothesis was rejected and afne smple 

was considered to be different from background. 

82.4.0.5. Results of the tail area probabiliv tests for surface water are 

in Table 12.6. Barim, beryllium, and lead bd positive hits in New Rver surface water 

smp1es muor the Spring sample (SPG3). Ml of the backgomd beryllium md lead 

samples, however, were nondekct, so no r analyses codd be conducted for kad or 

beryllium. B a i r n  had et values for the three background and the thee downriver 

samples. Both sample W4 md the spring sample SPG3SWI exceeded the 95th 

percentile of the background dktribution for barium, indicating that these smples contab 

significant levels sf barium. 

12.4.0.6. Results of the tail area probability tests for sediment are 

Table 12.7. Several amlytes, hcludhg arsenic, barium, bemo (a) mthacene, beryllium, 

bis(2-ethyl hexyl) phhlate, c h o ~ m ,  chysene, di-n-butyl phthdate, diethyl phhlate, 

dimethyl phthdaa, fluorm&ene, lead, mercury, a%-Hni~os&iphenyl 

phemthrene, pyrene, selenium, silvers md 294,6-fr*%f~tol~e~e, had positive hits in New 

Ever sediments. ksenic, bis(2-ethyl hexyl) phhlate, di-fa-buVI phthalate, diethy1 

pHathalate, dimethyl phhlate, mercury, n-~Qosodiphenyl and 2 ,s$,Q-tx~tfotoluene , 

were not detected in the background, so they could not be er analyzed. Tail area 

probability values were calculated for the other amliyks. The 95th percentile sf  the 

background d k ~ b u ~ o n  was ex ed by smple SPG3SEI for barium, k y U i m ,  and 

silver; and by samples a d  SPG3SEH for lead. This hdkates that sediments from 

these samples contain significant levels of these co 

12.4.0.7. The positive results and the chemicals of concern (COCs) as identified by 
the methods described in Section 6 are discussed below. However, the focus of the section is 

OW the COCs idefatified as potenthl Zmmm health risks as detailed in the subsequent Risk 
Assessment sections. 



TABLE 112.6 
New River Surface Water 

Samples Exceeding Background 
Radford Army Ammunition Plant 



TABLE 12.7 
New River Sediments 

Samples Exceeding Backround 
Radbord Army Ammumltiom Plant 

* Contminmk not analyzd for in this sample 



f 2.4.1.1.1 a Twelve COCs were identified in the sediment smp%es co%$ected from the 

New fiver. They included the metals arsenic, barium, beryllium, %aid, mermq, and silver, 
the SVBCs bis (2ethyI hexy%) di-n-buty1 phthdate, diethy% phthdate, dbe&yl 

md the explosive 2,4,6=Trinitrstoluen%ee Two 
csmpomds (arsenic a d  kql~im) were found at kvds considered to be a potentid 
health risk. Of these, beql l im was identified as the risk driver for the New River sediment 
samples. 

12.4.1.1.2. The explosive 2,4,6-TNT was only found in BlRSES at 28.89 ug/g. 
hsenic was found h ?.his s m e  sample at 6.92 ug/g md in SPG3SEI at 17.40 uglg. 
Beryllium was found in $ow sediment smples ranging from 0.99 ug/g in 
ug/g in SPG3SE1. Mercury was only detected in sample SPG3SEl at 0-13 uglg. Nickel 

was found in d l  the samples ranging from 12.49 ug/g in NRSE6 to 52.98 ug/g in SPG3SEl. 
The other positive results were in smpIes NWE3 md NRSES. 

12.4.1.1.3. Barium was detected in all the sediment samples, raging from 97.14 
ug/g in NWSU to 700.63 ug/g h SPG3SE1. For the remaining metals COCs, the maximum 
results and sample are as fol%ows: lead (4415.58 ug/g) in NRSM and silver (0.22 uglg) in 
SPG3SE1. C h o ~ m  was detected in dl of the New River sediment smp1es, but was not 
comi&red a C W  because the dowmeem smp1es did not e x c d  background. 

12.4.11 -1.4. F Q ~  the SVOC CBCs, bis (2-ethyhexyl) phWate, diethyl phthalate, 
were all detected only i92 

M- Other positive results were for s d e n i u  (found ody in sample 
at 1.85 uglg) md the S V K s  be~s[a]mltbrace~ chrysene, fluormthene, 

NMEf, k6WSa, 



12.4.9.2.1. Barium, beryllium, ad lead were the only COCs identified for the New 

Ever surface water samples. Of those, only beryllium was detected at levels comi&red to 

pose a potentid threat to health. 'ThereforeB beryllium was identified as the risk 

driver fbr the water of the New Ever. Barium was found in a11 of the New fiver 

simples md in SPG3SW1. Concentrations ranged from 21.10 ug/l to 26.60 ugil. The 
deteetiom was in s m p k  SSPG3SWI. Lead was found 3na samples 

SPG3SWI. BeryUim was only detected in the SW'3SW1 sample at 1 .a ugil. 

12,4.2.1.%. E5 was h e  only smple where 2,4,6-TNT was detected. It contains 

all of the metals listed as COCs except mercury. This sample was ml11ected 

dowmtrem of S 54 where 2,4,6-TNT was identified as a risk driver in the subsurface 

soils. NME4 kt3 the highest lead concentration and contained all of the SVBC COCs. This 

s a l e  was collected near S U 13 a d  d o w & e m  sf where S 48 potentidly 
discharges groundwater. 

12.4.2.1.2. The ~~ beryllium (risk driver), arsenic, nickel, barium, 

c b o d m ,  mercury a d  silver detections were in sample SPG3SE1. This s m p k  was 
collected fism the s p ~ g  which has been shown to be bykaulically linked to S 

The spring discharge j o b  the New River at the s q l e  loatism. 

12.4.2.1.3. Samples NRSE1, NXSE2, and E3 were collected upstream sf the 

facility. Howeverq E'3 had the only positive selenium detection md contained the second 

highest beryllium detection (3.63 ug/l). Many of the SVOC detected were from these three 

upstream s q % e s .  

12.4.2.2.1. SH33SWl contained most of the positive results for the New fiver 

surface water samples. It had the S g b s t  b a i r n  concentration and the s d y  beryllium 



detection. 'This sample also mmatahed lead, as did %9%QSW4. SPG3SW1 is hy&adicaEly 
c o w c k d  to S 

12.5 COW SPORT 

12.5.0.1. The envkomtnd  hte  a d  & m p ~  of chemicals is dependent on the 
physical chemical properties of the compo~lff&, the e n v h m e n M  processes affecting 
tbm, and the media though which they migrate. Co fomd in the sedhents or 
surface water of the New River in the vicinity of are subject to trampoat d o m w e m  
as dissolved constituents, pmicdates, or s u s ~ n d d  solids. The dilution sf my of these 
compomds is significant when considering distant d trmn receptors. 

12.5.0.2. The explosive compound 2,4,6-'TWT was fsund in one of the sediment 
smpks .  Explosives have a .high affl.16~ for organic matter and low water solubility. h 
sediments, explosives tend to remain bound to the soil particles and dissolve slowly into ttie 
overlying water; no explosives were detected in my of the surface water samples. 
Movement of these compounds is usudly gvntroH by %re t ~ m p o f l  of puticdates. 
Explosives are no% readily bi~aectp%wuBated by living organism. Metals identified as s-isk 
drivers or COCs for New River sedhents would most likely mobilize as suspended 
sediments or possibly as dissolved ions. 

12.5.0.3. Beryllium was the identified risk driver compound for h e  New River 
d a c e  water. However, beryllium was only found in the spring sample @y&auIicdly 
connected to S 17A). Barium and lead were identified 8s COCs. These metals could 
be rnob2izd as dissolved ions or as adsorbed corntithaen& of the sediments. 

12.6.0.1. The New Ever has not k n  classified as a S 

b m d ~ e s .  The river is being evaluated as the likely receptor sf discharges &om S 
to the d a c e  water and sediment. En addition, connections have been established through a 
dye tracing study 1 to the New fiver. Supface waters are open to the 

atmosphere and therefore, se8 that migrate to this medium may be transported to 

the atmosphere. The sediments in this area m y  fluctuate between being covered and 



)LC..,.,. 
uncovered with surface- water; fhh dcxs not limit the potential for emissions to the 

nts to surface waters zinc3 groundwater. 

12.6.0.2. At present, use of the New River as a recreational water body a d  a 
water source is expected to remain unchanged. M1 water used at is taken 

&offa the New Ever, from intakes located 2 rides upstream of Stroubles Creek and 6 d e s  

downstream of Stroubles Creek. Water from the New Ever ups of dso supplies 
water for the towns of Blacksburg and Chistimburg. Future uses of the Mew 

ted to remain consistent with current uses. 

12.6.1.0.1. The chernicds considered in the risk evalutiow for New River surface 

water me thee metals e $ ~ m ,  beryllium a d  liead). Chemicals considered for New Ever 

sediments include 6 metals (arsenic, barium, beryllium, lead, mercury, and silver) one 
explosive (2,4,6- toluene) and five se&volatiles @is(2e&ybexyll)phhlateP di-%g-buty$P1 

12.6.1.1.1. 

New fiver from 15 loca~sm dong the New fiver and Stroubles Creek. Effluent from 
consists of various treated pmess waters, wash waters, cooling waterss stomwater m o f f  a d  

sanitary wastewater. The state water quality criteria establish a rn 

concean~tion for V ~ O B I S  p ekrs andl these minimum standards me considered state 

Federal water criteria are non-enforceable guidelines and they are considered TBCs 
far cleanup gods. Other TFH3C c r i i a  comi&& for heath risk evaluation included 

reference doses s) from USWA9s Integrated Risk Info 

System a d  my Table (USEPA, 1985a). 

c.v.. 12.6.2.1.1. Current exposure pathways at the New River are considered to have a 

big$ probability of completion (site workers, mmtmction workers, recreational users, 



fishemen). At present, recreational users and fishermen have access to the areas of the river 
c ~ a c t e ~ d  by surface water and ~ k d h o i %  s q H h g .  nt site workers have access to 

d surface waters and sediments the course of their no 
ly 112 d e s  of shoreline w i t h  . Surface water 

from the New River is &SO used by for water. However, exposure to 
co though this e x p o s e  pa%hway are p~t&ntiaUy hcompIete bmuse the surface 
water is treated prior to king used for domestic purposes. h addition, routine sampling is 
p d o m &  at the water treatment plant to e m r e  m y  p~fential chemicals in water 

* 
are within acceptable levels. 

12.6.2.1.2. The c0~16epW site model s for the New Rver is presented in 
Figure 12.2 a d  includes expome routes, potential receptors md the medium cowa&g 

of  COB^^. $PU chemicals not e1 d by data validation were 
considered in the risk assessment for this body of water. 

12.6.2.2.11. Expornre point csncematatiom for the three metals detected in New Ever 
(see Subsection 52.7.1) surface water are %istd in Appendix 1. These cancentrations range 
from 8.W733 mg/L @ery%Him) to 6.0246 mgbE @aim). Exposure point concentrations 

of concern h sedheHPf% (also see Section 12.7.1) range from 0.6936 

ppm (mercuay) to 701 ggm g$ariu). 

12.6.3.0.1. m e  ca~chogenic risk and d index were calculated for the d a c e  
wader ingestion md de mntact gafiways (current site worker, recreationid user, 

and construction worker) a d  sediment ingestion and densnal contact (current site 
worker). These dmlatiom are presented in Appendix I. A discussion of the results of each 
pathway for non-cxckogeni~ md carcinogenic effects is presented below. 



Figure 112.2 
Gloncepbd Site Model for Current md Future Exposure P a h w s  

New fiver 
hdford hmudt ion Plmt 

hdford, Virginia 



12.6.3.1.1. The calculated d indices for the site worker surface water and 
sediment ingestion and de contact exposure scenarios do not exceed acceptable levels. 

A1 alculaed d indices are at least two orders of magnitude below acceptable levels. 

12.6.3.1 2.. The a lcukkd h a z ~ d  indices for the current recreaeiod user and 
kgestian a d  contact of surface water exposure sce os dso do not 

exceed acceptable risk levels. Again, the dculakd d indices are at least two orders of 

magnitude below acceptable levels. 

12.6.3.1.3. The calculated d indices for the construction worker surface water 
ingestion exposure s a h o s  do not exceed acceptable levels for CT and RME receptors. 

The hazard indices we at least two orders of magnitude below acceptable levels. 

+.>n.. 12.6.3.2. I. The calculated cancer risks for the site worker sediment ingestion 

is within the target risk range primarily due to beryllium for RME 
receptors. Beryllium RhlE cancer risks for the ingestion exposure scenario are 1.27 x lod.. 
Beryllium was also found to have the highest cancer risks for the site worker de 
with sediments scenario, with calculated m c e r  risks for CT and M E  r tors being 1.07 

x lo4 and 1.44 x 10'~~ respectively. Cancer risks for the site worker surface water ingestion 

and dermal contact scz os ape below the USEPA target risk range for receptors. 

12.6.3.2.2. The calculated cancer risks for the recreational user surface water 

ingestion and dermal contact expowre smmios are below the USEPA target risk range for 
CT and receptors. The caIculated cancer r isk for the fishe de contact with 
surface water exposure scenario is within the USEPA target risk range for M E  receptors, 

due to bey%m. Beryllium RME cancer risks for the de& contad with surface water 

o are 4.16 x I@'. 

12.6.3.2.3. Construction worker cancer risks do not exceed the USEPA target risk, 
,.p.-.+ range for ingestion and de c o r n  with surface water. Cdcdated cancer risks are at 

least two orders 0% magnitude below the target risk range. 



m y  be relevant at the New Ever 
due to the types and numbers of samples collected. The New Ever flows through 
md rewives poht a d  non-point discharges kom tbe plant. There are approxhtely 12 
miles of New fiver shoreline within the bomMes sf the plant. A Ihited er of 
surface water and sediment samples were used to c e the river from areas related to 
suspected discharge points &om S 

not be representative of the risk for the entirety of the river which flows though the plant, 
and therefore, the risk m y  be overes 

12.6.4.0.2. St.mhd default expo d u e s  for recreational surface water users or 
fishemen have Bast been established by the USEPA as th is  is not a co 
pathway that is ex health risk assessment. These pathways were quantified 
using exp6mp.e parameters based upon best professional judgmentpt, which m y  over- or 
underestimate the representative risk for these two receptors. 

. 12.6.4.0.3. hother  area of u c e m  hedth risk from the 

New River is toxicity assessment. Oral and rs are not available for some 
of the metals which were detected in surface water and sediment. Most studies are based on 

and also m k k f o ~ c  studies m y  be used assess 
cHnrsnic effects. In addition, extrap~Ia~om are c ~ a ~ r ~  by m6e facbrs which 
can be as large as four orders of magnitude. m y  tend to over- QP underes 

12.6.4.0.4. The ation of volatiles and particulates from surface water and 

sediments m y  dso be mother sowee of m c  for the New fiver. exposure 
o was not evduated for cwent a d  future receptors in this area,. due to the 

assumpdon that exposure times and contact rates would l e t  the potential completion of this 
pathway* This may tend to d e r e s t h e  tbe risk for these exposure scenarios. 

12.6.4.0.5. As with ail modeled concentrations, there is a degree of txrie-he 
involved in assessing expowe s ~ m i o s .  Fish ingestion sf e d fish was 
evaluated by assessing uptake of 60 preset in surface water though n o m l  

activities. Ushg a bioconcentratisn factor, 8 simulated chemicd concentration k fish tissue 
is derived. However, for the c h e ~ c d s  detected ia New Ever surface water, 



bimoncentration infom~orn is $imithg md the risks froin this exposure scenario were not 
fied. 'This may tend to d e r e s  

12.7.0.1. Cafchoge~c risks md non-mcinogenic d indices were cdculated for 
various receptors   tent idly exposed to rlllttiple c h ~ c i b l s  by various pathways in surface 
water a d  sediment- The risk dmlatiom were ed and are presented in Table 12.8. 
Under the NCP, the probab2iQ of excess rs over a lifetime of exposure within or k40w 
USEPA'S target &k mge of lo4 to 1 red to pose a low t wMe a 
probability of excess ers over a l i f ehe  of expmures greater 
unacceptable threat of adverse health effects. For noslcarchogem, a d hdex below one 
is comidered to pose a low threat sf adverse health effects, while a 
one may pose an m m p & b l e  threat of adverse health eRects. 

12.7.0.2. All calculated hazard indices for d l  exposure pathways evaluated for New 
fiver are less one by at l e e  two orders of magnitude. These values indicate a very 
low potential for adverse noncarcinogenic health effects h m  this site. 

12.7.0.3. C d d a k d  total er risks for exposure pathways at the New River that 

are within the target risk range are fishemen and current site workers. All other exposure 
pa~ways ex d are below the target risk range. These values indicate a potential for 
adverse mchogenic health effects for the receptors mentioned above. 

12.8.0.1 The New River is the most significant surface water featme within 
The New Ever is the s of all water used at the facility; two hWes  OW the river are 
located within the hciBity boundaries. Hndmtriai and domestic wastewaters are discharged 
into the river at l m ~ o m  within Six surface water and sediment samples were 
collected from the river upstream of the facility or near likely discharge points of the four 

Us investigated for the R H  to help cIn%f.ack&e the river. Additiomlly, the spring 
U 17A was kclradd for discussion in this 

section since it discharges directly to the river. 





to 'k tihe risk driver c s q ~ m d  for New fiver 
sediment. Numerous metals and 2,4,6-T ~ t e g o ~ d  as COCs (2,4,6-TNT was only 
found in Eae sample just d o m w e m  sf  % 54). Several SVOC COCs were detected in 
various sediment samples. Beryl1iw was i i a e n ~ ~  as the 

risk driver comwud in the New Ever surface water. Barium was found in all &e %es ; 
the detection was h the spring sample. Beryllium was only detected in the spring 
sample. h general, the sprhg sediment and surface water s m ~ 9 e  contained 
eoncentrations of most of the C W s  identified for the river. 

12.8.0.3. The health Hisk assssmnt indicated R poter,tid for carcinogenic 
adverse health effects for ingestion and dermal cornea of surface water and sediment 
for site workers md Ashemen. 



SECTION 13 

H3,8.0.% The followirag r e c 0 ~ 1 1 ~ ~ l e n d . a  are based on an evdmtion of d l  site 

chaacteimdon data collected during the WH md the hmm health f i sh  d e t e k e d  to be 

associated with each S or a e a  sf  concern. The mt iode  for each recs 

considers the nature of obsewed releases and adverse human health eEixts, md the prac.cd 

aspects s f  an active facility. Table 13.1, which is included at Bee end of the section, presents a 

ants of concern, a d  the recomenhtions that 

have been derived h r n  them. The human health risk m n m m  were determined by the 

methods described in Section 6; detailed descriptions of the risk analyses muse provided in the 

~ s k  assessment subsection of each S or area sf  concern. 

ATED WASTE B G AS 

1) Recommenda~on Interim Measures 

The h w m  health risk assessment indicates a potentid for noncacbogenic a d  

carcinogenic adverse hmm health effects for ingestion a d  dewad contact s f  surface 

a d  subsdace soils and gomdwakr. The dye tracing study demomated a subsurface 

connection between S 47 and the New River; c h e ~ c d s  of concern found at 

17 were dso detected at the discharge p o h ~  indicating a release of 

ants. S d c e  and near s d x e  cs ation of soils in areas of active 

operations indicates the need for k t  measures to control potential h e a t s  to the 

health s f  site workers. 

Interim measures are intended to control or abate h e a t s  to h w m  health while long 
tern solutions are developed or implemented. The interim measures reco 

which would be classified as faonemergency actiam, would consist of the 

hplemenbtion of relatively simple engheehg controls to prevent or 



contact with su-fiace sails, ~c~ssd~fag: protective clothing (appropiate gloves and 

coverd%s] md wash stations at easily accessibIe Iocatigtns. 

migration from 

S 14. Shce the active operatti:,a represent a continui.ng source of c%s 
to the soils and gomdwateq wrrective measures should be developed which can 

mitigate co releases while 

Such corrective measures might include: 

e &Tom$.slctiow sf a cmcrete pad ~4th appropriate chinage con%po%s for d l  b 

operations; 

Construction of m impemeable cap to prevent idlltra~on of precipitation and 

reduce co 4 flushing; md 

Excavation of the shallow fifl materials md htdlation of m impermeable h e r  40 

abate h t u e  co 

The objective of the CMS is to identify md develop proposed c~nec ive  measures md 

alternatives by screening available technologies, assessing site conditions, md 

ex fZ ci& insaitutiond, a d  Health impacts. A CMS wodd justify the 

recornended corrective actions on a techicd9 envbowmewtd and hmm health basis, 

hcluding applicable cleanup levels. The CMS wodd provide complete idomation on 

the status of remediatian activities and establish a system for regular reporting, record 

keeping, and complimce requirements. Finally, the CMS wodd provide su%cient 

idomation so hat remedial design md implementation mhhd proceed. 



U 31 (COAL ASH SETmmG LAGOONS) 

1) Reconermearda~sn: CoBeet Addi~armral WH Data 

The Hmm health risk assessment indicates a risk based on the hwo&&cd h t u e  site 

worker gomdwater wage sc &om the cod ash 
lagoon sediments to the gsmdwatm and eventwdly to the New River appears to be 

led for TCLP waste disposal 

characterization during the WI, they eodd not be considered in the hmm h d t h  risk 

assessment. Although the previous investigation included sedhmt  sampling &@ this 

infoma~esn codd not be idly, assessed for health risks. Additionally, the 

composieq procedure w d  in the previous hvestigabtiomm to collect the samples may not 

have been approp~ate b chmsncterize the sediments. Therefore, additional sampling is 

ended to define the name a d  extent sf ;o 31. 

Based bpaa the available sampling data, a '%lo Furher Actiod%cgsmendatiopa would be 

inappropriate. However, smpE.ng of the sedments, coupled with the additional 

safllpltbg of the New River> wodd allow for risk assessment of the sediment pathway 

and may . provide sufficient infomation to support a W o  Further 
e 

recommendation. The sediments should be sampled for TAL metals; a um of two 

additional New River sediment a d  surface water samples should be collected dong the 

area of likely groundwater discharge from S 3 1. 

Should the supplemend data demommk a significant release of co~~tamhmts to the 

action alternatives should be considered: 

e Elimination of the discharge of filter backash md g water oveBow to the 

lagoom.. The discharge to the lagoom is a flimBning sm which facilitates the 

migration of metals h m  the sediments to the g-ouwdwater; and 

Closure of S m  3% tka~ugh eeavatkn of sediments and tPacMHinng of the 

lagoom. 



Beater defHanition sf the ~oaandmter flow at the S 48 area md iden~fication of 
specific discharge points me necessary to Mly evaluate site mnditions in this vicinity. 

Therefore, a dye tracing study is recornended for the S 48 area. Although this 

dd not necessarily identify the source of VBCs found in the % 48 andl 
'83 gomdwater, it wodd help to quantify risk analysis by defining the 

pahways of co ant migation. Tfae study would also provide weEd groundwater 
characterization S o m a ~ o n  for S s 13, 16,27,28,29,30,50, $1, 52, 53, and 59. 

2) Recommenda~on: Access ResQ~c~odSudaee  Water Runoff Drainage Control 

Hmm health his& analysis suggests the potential for carcL~ogeric adverse human 

health effects for ingestion md d m d  contact with surface soils (the most significant 

sur5atce soil co aticela appears to be fiom the upper disposal mound). However, the 

risk mdysis determined that ?he ation of particdates pathway is not a concern. 

Therefore, restriction of access by installing a fence around the tapper oily waste 
disposal mound at this S is recornended to minimize contact with surface soils. 

13.4 S 54 PROPELL ASH DISPOSfi 

Risk analysis indicates the potentid for f~oncitpchsge~c and c a c h o g e ~ c  adverse 

human health effects for demd md ingestion exposure scen&os for subsdam soils 

md sther chemicds of concern identified for S M  54 

were dso found in New River sediments indicating mnataminarit migration. One of the 

waste ash composite samples exceeded the TCLP regdatory limit for lead; the ash is at 
the sux-ke in places and S 54 is prone to flooding which may transport 



fence md is accessible &om the New River. Therefore, a CMS is 
nded to d e h e  methods of source remediaeion, 

The objective of the CMS is to identify and develop proposed corrective measures and 

dtemtives by screening available techologies, assessing site mnditions, and 

including applicable cleanup levels. The CMS wodd provide complete idomation on 

the status of remediation activities md establish a system for regular reporting, record 

keeping, and mmpEimce req+menb. Fhdly, the CMS wodd provide sufficient 

infomation so that remedid design and r"mplernentation could proceed. 

13.5 STROWLES CREEK 

1) Recsmmenda~csn: Additional Samphg 

Risk malysis suggests a low potentid f i r  carcinogenic adverse human health effects for 

and hgestigsn exposure scenarios for sediments and for de expo sure 

os for surface water. However9 since co ants were found in the sample 

taken upseem of md since only two samples were collected, additisad work is 
required to fully characterize the creek. A1 potentid sources contributing to the quality 
of Stroubles Creek have mot been investigated. Additional sampling may indicate 

con sources unrelated to activities a$ . Complete chmcterimtion of the 

creek should include a detailed analysis of the eEects of dilution on the co%~tanhatmrts. 

Risk analysis suggests the potentid for carcinogenic adverse human 1iaedt.h eEects for 
d e m d  mci ingestion e q o s u e  see os for s e h e n b  md for demd exposure 

scenarios for surface water. However, since s locations were chosen to 

cornspond to the likely discharge point of the four S s investigated for this report, 



not been Mly explored, Therefore, d i t i o n d  work is necessary to completely 
characterize the river. Additional sampling of the river may provide essential 

s as the basis of 
sources unrelated to activities at 

Complete characterization of the river should hclaade a detailed mdysis of the effects of 
dilution on the eo & a  



TABLE 13.1 
SUMMARY OF RFI RECOMhlEhiATIONS 
RADFORD ARMY AlLIlCZUNITIOlV PLAIT 

-WFORD, VIRZFNZA 

Waste Burning Areas and Interim Measures 
Antimony and Arsenic (Subsurface Soil) 

1 - For compounds with hazard indices > 1 or cancer risks > 1 x lo4 

2 - F = fisherman, H = hunter, R = recreational surface water user. 

3 - Risk driver compounds are discussed in h e  risk assessment subsections of Sections 7 - 12 of this report. 

(I) - Ingestion 

(D) - Dermal 

(IH) - inhalation 
(SE) - Sediment 
(SW) - Surface Water 
(GW) - Groundwarer 
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