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-", AtTERNATIVES, ANAlYSIS SUMMARY 
: (:..' , . 

This Alternatives Analysis Summary identifies the environmentalmedi~ ~nq Chemic~Is"qf Concerri (CQC) 
) !t ,! ',- -. . ' ... , . ' " ~ - > '. - • , , 

currently being evaluated in the on-going Feasibility Study (FS) for Site 16 and provides a preliminary 

,~Gr~~nir~, Qf :tE;l~~npIQ~iC?:~ a'?d :~,ro8,ess,\:dP~i9~& ~rp a I, desc;r,iRtio,Q"pf"the,J:~r;ne~i,<;i1 ;!i!~erl)~~ix~·s YD9W 
I cons,ip~rption: in."me> FS::;.Th~s,d9,cum,e!1t is, >~~iq~ forw,a,r~~(t tOt,~l?giqn l.}l,f tile, U(\it~~_,W;9tes 

Environmental Protection Agency (USEPA) and the State of Rhode Island DepartmelJ~,9f. ~I1Y.irQnlJl~m9-1 

Management (RIDEM)to support and expedite risk management decisions for the Site 16 . 

. ,'; 
, 

1.0 EXPOSURE UNITS AND GENERAL CONCLUSIONS OF THE PHASE III RI 

1.1 
","'.J "'.",' ,:,", 

I' .,.... :,' ',: 

In the -Phase III Remedial Investigation (RI) Report, risks at Site 16 were evaluated by dividing the site 

into exposure units (EUs). An EU is the area over which -receptor activityl~ expecfed't~obcur and iis 

medium specific. Theriskfor each EU was calculated using the contaminant concentrations present in 

the EU. 

'-l; , 

-_ .1.1.1 Soil Exposure Units 

~'~Se(f O~' th~ \di~t'ributilNldf Goritgminants in sbil, th~;\ Ndrlh2~\~tral'Are~'tNCA)~asdi~idedintotwbEUs: 
'-, < .. ,,;. " -'l ;~-;._,," '.-r: ;~"'-'l;' ;;"'i,, ;", .,:- ,'-."' , .;,' '; .. _' .. -.:~.~. 

the northwest area (NWNCA) and the southeast area (SENCA). Therefore, including the Developed Area 

EU, three EUs were identified forevaluating exposures to soil in the Phase III RI. 

• NWNCA - includes the former creosote dip tank area, former fire fighting training area, Benzene, 
'. " .·i}t s\; _,' .. ';C:; " ~~ ':':< ;~~ ;~(;'~-,i _ "'.;"".' :,~:i ", :','1/ :<'.;': ; .:,. ; ;;';',..;:;,;-; ~ L;;:':-.'~ :.~: .,; j.' ~" 

Toluene; Ethylbehzene, and Xylene (BTEX) Hot Spot Area, and the septic tank removal area. 
-', ' .• " , '. ~~! 

• SENCA - includes the remainder of the Undeveloped Area. 

,j. Developed Area -evaluated as a single EU, with the exception that the analytical results. from one 

sample location south of former Building 41 (SB16-A3-12) were not included in· the risk 

calculation. The polycyclic aromatic hydrocarbon (PAH) profile of ~he soil in the vicinity of this 

sample location ~ distinct from (and considerably higher than) concentrations reported for other 

locations in the Developed Area. The elevated concentratio~s of PAHs in the soil sample appear 

to be related to asphalt, and this location is pending fUrther evaluation. 

1 CT0418 



01/06/09 

Surface soil and subsurfac~~pUl\oX~re ,evaI4at~9l;iepa,ratelyfor;a~phof.l th.E1l Jhree EUs. These EUs will be 

the units for which remedial decisions are based upon in t~e alternatives analysis. 

'GrbLindwaier~as "eval~afed;'iis"twb":'EUs each' 66nslsting ofth~lh:idilIY contiuninated areas of the 

g~oDridV\tatfk chlorinated i ;Vb'latile 'OtganlC'CortiPb'und . (VOC) 'pl'um~ 'in th:e D~vel()ped Ar~a arid 

;tJndevelop~dArea'.!' "l{ , " '. ", 

1.1 ~3 Soil Gas exposure Units 

Soil gas was evaluated as three EUs: t~e Building E-107 area, the Undevel.oped Area"c;:lnd the former 
" , . ,~:' -' .' '-, ! ,,"', ;. ," '-', 

Building 41 area. 

1.1 .4 Sediment ~xposure Units 
":,-~" ,·;t <~~. .:-.;' ~ ,~~,; " >-_·;':',-'~L_ ; /) :u~, . -, -~ 0'" 

·'1 \ 

:'1 ~r ,:-.... ;~) v~-:·, 

Sediments in Allen Harbor were evaluated as a single EU. 

1.2 CONCLUSIONS FROM THE AI 

~- . 

1.2.1 Soil 

Based on risk, theareaof conta~inated sqil warranting evaluatio~.in the FSislim..ited tothe NWNCA. 
c '" ':""i( - -'\", '.j: ;,;:~:- ,{\ " ;;:-. r- i /c:- ':\: ·:.~l; ,~>,~O), ~::;' ;,.,-).:~ .. - ','.' t:-'-'\'-:~" ". 

There were no unacceptable risks associated with the soil in the SENCA and the Developed Area. The 

risks are summarized on the table below. \ 
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E)f~E!~ds'RlOEM's : 
Cumulative Risk Level of 10-5 

Hypothetical Child Residents 

Hypothetical LJf~19ng, .8esipents 

Subsurface Soil Hypothetical Lifelong Residents Industrial Wofke'rs " 

SENCA 

'.:: c"' 

. 
Surface Soil 

Adult Recreational Users 

UfeldhgiRibr~~ii6riMtJ$&rs ,J 

Hypothetical Child Residents 

Hypothetical AduIVRe$idents'; 

Hypothetical Lifel6rlg Residents 

Subsurface· Soil . No Exceedances No Exceedances 

Note thafwBsteinaterial' fnth~fdrm6rlragments()rWood/ metal;pl~sHc,'and"cgramlcsViterefOund , 
.. - '",.' .-', ", '." -- '. " - .-, . ',,; .. "'.-.' -- ~ ,":. '. , - " ~'" : - ~~~: ,',' .-: '." "; .:: 

dispersetrthrough tne soil in the NWNCA'Ttjls'wa:$tematerjal~ppearsfbbeWell\m'ixed'Wifhtht3soilahd 

isriofcons'idered' as .~. sep'arate ni~aiuni. , 1:. -' ,'~ 

1.2:'2' ; Groundwater 
., " "'.,, ;"~ , , 

,Uhacceptabls'}rlsk was identified for Elxposllrei%g\rd(md~ater irfboth'\thebev~'rgp:ed Ar~a E'tJ and the 

TJhd~velo'pedA'reaEU.;H6wever, becaus'e'tha ;gro'Undwat~ifVoc I contamlhatIdn-: is d3ntiriuous i through 

the entire site, the groundwater is evaluated as a single unit in the F$. 

1.2.3' , s6n Gas ",',".; .. 
\ " ',' 

'I The risKevalciation/of ~oll gas daHfindic~fes thaHhereis also potentiaftor'expbsut"e'tbCOcs h't'igrating 

: Jfromgrdundwatertothe indoor air 'dt' ~·buildihg'(e.g.:' a:hypoth~ticaJ furtlier re$iden'ce . br 

iti8ustrial/commetciarbulii atbpthe VOCplume). 'This exposure'pathway m;ust ~Isobtraddressedintlie 

, 'I" 
; Ii 
~.JJ 

.: ..... ". . ',' ,'''' . , /-':' .. :' ." ' .'. ' . .'" .,... ( 
FS. HOwever, the voe plume has notreached existirlg idOwngradieritbuildin'gs; therefore, this exposure 

pathway is n6t currently ~omplete. i • ' ." 

1 .2.4 Sediments' 

The potential for direct contact huinanexpo$ure 'to sediments is v~rY'limited; 'so S~dfrnents are not 

considered as a. medium of concernfdr' the Site 16 FS. 
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NoecologjcalrecePt6r$()fCPhb~rn for exposure to s6i10'f;groundwateff~'erEi)ider1tified during the Fl!. 
~ r 

1.2.6 

. Ins\iiJ1ma:;;,thEl.f~*dW~s,$~S~Oilin th~ NWNCA and groundwat~r beheaththEl enti~e site.' 

.2.1 . Ct:lEMICAtS'OFeONGERN 
,.i ., 

.' COGs' were select~~'bas~c;tp'rin1arilY ont~ecancer aMci'noncancElr risk~stitJ,~t~~ provided in theHu~an 
:'J<J.~.(:: __ <,.'- ,".:,.-; _ ':'~-.::~_<--i.".'··,J;~:)·;<·.~ :C'jr j : .. ~ __ . '-:.:;_o.·.-.. -".J~<-<,: : 

Health Risk Assessment (HHRA) section 'of the Phase III HI Report. Initially;rece~tbrs with'cumulative 

canc~r.·Ji,~k "es.~I~~'t:si,,,p(ce~pin!). 1.p. x, 1 0',5 ,J~Jld!or target" 9rg~'l/target :efteql 'sPEl9j~iq~,,~alp.rq,indic~s 
e~p,e,y9ir;1g, t :W,ere ,i~~ntified,;:Thep the" Ite~?jl~~ C?nCElf .~ln.d:lilon •. ca,nc;:yr ri~~ ~stir[tatElsw~re, ~?<a,lJlioed t9 

identify the risk drivers (Le., chemica~s contributing substantially .to ri~k)l i;:or ,s,9JI,. 9h~rniSii\!'~. 8f J~otential 
Concern (COPCs)' were selected as COCs if their Incremental Lifetime Cancer Risks (ILCRs) were 

greater than 1.0 x 10.6 or if the chemical-specific hazard indices (His) contributed S,I,.I.bst~mt,iaJI¥:to a:1otal 

receptor HI greater than 1. It' should be noted that the USEPAtarget cancer risk range is 1.0 x 10.6 

to,.1 ,O.)~ 1Q,'4;the f1,lq§M,.Gumul~tfiY~\P9r<f,El~cr\l?~b~;~G~r:nCJr.k .I~GR is" 1.~.o~,JJ)':."Th£;)purpl:'I,~.tiY(3'J1P~- . 
, , -, • . ' • - • - • • • ~. T , ", • • • ", 

c,a.n9~r. ris~.; q~n;qhmar~,i~ :\for.PRth, the .l)Si;;Pi\ an.d .. j=lIOl=.M, (Cc;llculqted; .Q'l,il,tar~eto,~g~Dlyffe9r, speqitic 

basis). 

The COCs initially selected for evaluation of soils in the FS are listed on Table 1-1;alopg with the 

chemicaFspecific clean·up goals currently under consideration in the FS. Both direct contact risks (as 

,d,el(>criped ,abOv'e)" an~.,9()'ltar;t;Jjrflnt ,IT)i~rqtion from,130il to grqufJ.d:~at~! iss~f3~,yver,ec()n~i~Elre~inJhe ' 

selection of CQC~ to be.addre~sed in the FS .. ,For example, if a cher:nical Was, identifjep ,asCOC for 
, ' . '< -, , f > , :- i .: i' ' .• ~. '. _' ., " I' , ,: , ,': . ~ I ; .-', ,. ' .. ' '" '"_, . '. > -..,' ,'" ; • " ',- • ,.; '. • : , 

g~?undwater, thepptenJial J9~ f,~ernical. migration frpm I3Qi,I~Q. gwundw.atElJIJVa,~. i:ll~o " copside,red in, the 
. / . 

selectiqn of soil. COCs,. The following items b(ieflysulTlmariz~IiMRA GQfJ.GIUsipns rE:)levc;lnttq the FS for , ' .' - .', , . . , .' " , . .' '. , - -",. . . " ' . . - , - , ' . , :". ~.,.: ' ;, \. ' , ' : . '. 

Site 16 (and selection of COCs) as well as the information presented in TabJ~.J <I-, Note that Site 1.6.i$ 

located in an area with an RIDEMgroundwater classification of GB. (Groundwater with this classification 

may not be suitable for drinking water use without treatment due to known or presumed degradation.) , 

• The HHRA cQnch.jded:that expOSUre ~o c;:lrcinogenicpoIYfluclei:lr aromatic; hydrocarbons (cPAMs), 
;',. "." ," ',_ .' ", "'_"" - ... " _.' , t",", 

dibxins/furans, and arsenic in surface soil in the;~Wf'J;QA' presents, unaGGeptable ris~s to 
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, hypdtlietibalfuture residehts'8.htVrecreati6nal' users; Exposure to cPAHsand dioxins/furansin 

subsunace,sbihn·.theNWN€A a:lso prese'nts unacCepta:blerisks tbindustriarworkers,xecreational 

, users, 'and hypothetical future residents. cPAH and arsenic concentrations':in'NWNCAsoils 

exceed RIDEM direc.t contact (DC) criteria for industrial/commercial (I C) reCeptors (i.e., RIDEM 

DC/IC criteria). ',\ 

• Although dioxins/furans in soils were selected as GOGs ill the Pha&e,\ll ~m,they will nbtbe further 

addressed in the Site 16 FS because the maximum detected dioxin/furan concentrations in ,soils , . . 

do not exceed the USEPA goal of 1 (lg/kg (expressed as 2,3,7,8-tetrachlorodibenzodioxin 

equivalents) presented in OSWER Directive 9200.4-26 (USEPA, 1998). '" " .. 

• Several additional soil contaminants (trichloroe{henef[l'GE],tetrl'lchlbroetnene,,[PQE] Ci8-1,2-

dichloroethene [cis-1,2-DCE], vinyl chloride [VC], benzene, lead, naphthalene, 2-

methyl naphthalene, and total petroleum hydrocarbons [TPH]) were initially evaluateqJof ;inclusion 

in the FS even though they were not identified as direct contact risk CbCsin~he Phase 1.11 RI. 

TCE, PCE, ois-1,2-DCE, and VC are primary g'roundwater COCs and/or TCE degradation 

products. These YOCsand naphthalene and 2-methylnaphthalene (also selected as GWQOCs) 

were detected at maximum concentrations exceeding RIDEM ,LC (GA) but not RIDEM LC (GB). 

These organics in soils'are:not~ furtlil,eradd(eSsed irHne FS, 

• The Phase III RI identified the BTEX Hot $P9t Area in the NWNCA. In the BTE~,HottSppt,ArE;la" 

concentrations of benzene; toluene, ethyl benzene, xylenes, and lead were much greater than in 

other parts of the NW~CA.', ,Jh~refor,e,. t~e",eval.uation 9f [eme,dia,la,iternalives in. the BTEX Hot 

Spot Area needsto consider these contaminants. In the BTEX Hot Spot Area, benzene and lead 

y.'ereal~~hidel)tifieda:~QPCs~, B,en,ze[)e;was;sele€,te~' as .~" grql.U1Qwq.ter;,QO<;" w,asdetect~d at a 

• 

" rnaximumeOnG,eQtration e~ceef:li,1i19il~_hefUPJ':ry1l..GdGB),~l;ld is, sele,gted;f()r. fyr,ther eY<jllua,ti99 ,in 

, the FS,,·The lead ,reslllt&ir;lJheBT~~ Hot SRot ~r~9 »,ere;evalg~tedwith tQE}.1 S.QEK,.lea,d, mot;l,EilI. 

This evaluation showed that risk estimates for lead in soilsil1;tt)e~}!1lmec:liClte; ,vicinity oHhEil,Hot 

Spot Area would exceed acceptable levels when a hypothetical future resident is evalua:tedasthe 

.i recePtor ofconcem. In,a,q,~ition;, the highestconce,ntrmions of i lead;, detected iQJhe' ST9X Hot 

Spot AXeaat c9ngentrations~x,ceE3stthe RIDE:fv1 Q(U)C criterion. 

Total petroleum hydrocarbons (TPHs) were detected at concentrations exceeding RIDEM DC/IC 

. and LC criteria. (It should be noted that the groundwater table at Site 16 is shallow. Most'YeC 
I 

concentrations exceeding LC criteria were actually reported for soil samples collected in the 

saturated zone.) 
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Insuml1larYlthefoliowing soiICOC${or eachE.U w.ilLb~ oC~.qdre,$se.d bYJElrnedifilaltlilJOglives in the FS 

. based on the unacceptable . r:i$~ • estimate$" for: the NWNQA:. (!,oo' exc:eedances lOt· R II;)EM oem:; and/or 

RIDEM GB.etiteria:i ;' 

NWNCA (excluding BTEX Hot Spot Area) 

cPAHs (asl:;)enio~a)py~eheequivalents). 

... "'. Arsenic 

BTEX Hot Spot Area) 

• cRft:Hs(asbenzo(a)pyreIilEl'eql!iivalents) 

.: . (Arsenic, .. : ;~')1: ' 

. "~ ! ," 

\ 

• 'No COCs - not furth'er eVfiluatediinfthe FSba:serd'of.l 9xpdSLlre'to'soiL , ' 

'TPH w'illalsbbeconsidered"in'theNWNCA>inc'iuding'fthe'BTEX' HdfSp01Area::'AlfhOugh TPH is not a 

contaminant under CERCI::A;there; are ; s e,,'e raj k)caii'6ns"whS'ft3·TPH conCerltiatiorl'sare!greater than 

A IDEM' direCt eiposu'rei3.HdleachabiliWcriteria: in; mbSt of these 'Ibcatiorispbther COcsare present at 

concentrations reqUiring rem'ediation; 

The current :Iand Use for Developed Area' '6fSite16 . is . comi'nereiallili'Cl usttlal.· The'aoticipated· future land 

use for the, Undeveloped Area of Site'16is ials'd comfuercialliri'dustrial.'Cdnsequently; RIDEM DCIIC or 

RIDEMLC(GB) criteria are currently being evaluated as potential cleanup goals (Table 1-1 for soils). 
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SOIL REMEDIAL ACTION OBJECTIVES 

Toproteot:the' public from potential current' and· future. hea:lth, risks; as' Well as,t0protect. the ehvironment, 

{he' following Hemedia:I;Actidri Objectives (RA0s) have been developed,for,soHin'tme:NWNCAand the 

BTEX Hot Spot Area at Site 16.f' i 

) 

NWN(l;Ai(~)(cll1dihg':8;PED(Hot,SP0t' Areal':" 

Soil ~RAo Nt>; r: :Prevent:s)(p0s\Jreidf,:inaustrialrworke'rstosurfa:ceanebsubsurfac9':soikin the:.NVVNCA 

{e)(ClLiding:the' B"'PEXH6t:spot· Area} c::oRtaining: 'concerntrations . ofC00s( oPAHsqUld ,a:rsenic) ',arndrII?H 

that cause unacceptable risk (total site ILCR greater than 1 x 10.5 or HI greater than 1). 

Soil'RAO:N(); 2:: p,feveht exposure;dfihypotheti,cal:residential(Jsersto:surface ar;l,dsubsurfacesoibiFltt:Je 

NWNCA (excluding the BTEX Hot Spot Area)containingconcentrationsof:'GOG~,:(cPAHsandarsenic) 

. and TPH thatcause unacceptable risk (total ILCR greater than 1 x 10.5 or HI greater than 1). 

BTEX Hot Spot Area 

Soil RAO No.3: Prevent exposure of industrial workers to surface and subsurface ,s()ii in the ST;EX Hot 

Spot Area containing concentrations of COCs(cPAH§, lead,?nd:arsenip) ano JPH U;Jat;cause 

unacceptablE) Tisk(totall';ite,dI.:CR:,we?ter-thflr;lt x 10.5 0rHIgreaterthrn 1}. , , 

Soil RAO No.4: Prevent migration of surface and subsurface sOilcontaminahts(penzeJle)-in,the BTEX 
• ' ", ~ .'" < " 

Hot Spot Area to groundwfiter that would result in concentrations greater than acceptable. groundwater 
. . , ' I 

criteria(!iEl·,RIDEMG~clq§Sification). , , 

Soil RAO No.5: Prevent exposure of hYPQmetic;al re$ider')tia,lusE)r$ to sl!rj?c~:arld subsu~acesp!lin ~he 

BTEX Hot Spot Area containing concentrations of COCs (cPAHs, lead, and arsenic) and TPH that cause 

unacceptable risk (total ILCR greater than 1 x 10.5 or HI greater than 1) . 

. There are rio RAOs for soil for the SENCA andJhe Developed Area; although LUCs Will be cpntil1ued to 
, , . I. .', ' ~ ", '. : . , " _ .' 

maintain the site for industrial uses· only; 

2.3 SCREENING OF TECHNOLOGY AND PROCESS OPTIONS 

Technologies and process options for soil were screened based on implementation with respect to site 

conditions and COCs. The screening was first conoucted at a preliminary level to focus on relevant 
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technologies and process options, then the screening Wi:i.s'CQnducted/a1' 'a more detailed'lev.e.1 basedPn 

certain evaluation criteria. The evaluation criteria for detailed screening, of technologies and process 

optionsAhaLhave'beeniretainedafter thepreliminary:;$,cre!3ning,Wece. effectivenel'ls{ implementa,biliW,a,nd 

cost, : FinaIlY;,'prooess ,options;iare selected to' represenhthetecbnologies that "have, passed the cletai,le9 

evaluation and screening. 

, Table 2-1 summarizes the prelimihary screening of technologie~;'C1np;Pf(),cess9@ti9n~,13.ppljc,abli3.tQ's()il:. 

The table presents the general response actions (GRAs), identifies the technologie~ and process options, 

and provides • a', brief',description, of, ea'oh process optionfolioiNed, byspreenin9' ,commenfs. ,Process 

dptions,and',techn'ologies"retained' from preliminary 'scr~~liI'ing,were! ,evalu!1ted, further< ill the Pelailed 
" , ,-, screening step; . l .. , 

Afferdetailedscreening"the following technologies and process options\,Under the GRAs' asnQted;, Were 
. . . '. .' I 

retained for the' developmentof soil. remedial alternatives: ' 

'r: .' 

• No Action 

• Limited Action: Land Use Controls (LUCs) 

• Containment: Gover andlor Cap 

• Removal: Excavation ' " • 

• 'Ex-Situ Tre~tment:Sj.zeRed(JctionandScreeriing ;;:" ,." 

• Disposal: Off-Site Non~Ha:iard6us Landfill (OH-SiteHazardousWaste Landfill; if-needed) 

2.4 "ALTJ:RNATIVES" ' 
,_"J 

Based on the detailed screening' of soil technologies and process, thefolldiNingsoil:r~'rnedial alternatives 

'are being evaluated in the Site 16 FS. For all alternatives, the active remediation components (e.g., 

.._.exccivation)apply only to the ddntamihated soH in the NWNCA.' 

• Alternative S-1: NoAction 

• Aiternative S-~: Soli GoVerand/or Cap,Moriitoring, and Lues' 

• Alternative S-3: Excavation, Off-site Treatment and Disposa!, and LUCs 

• Alternative S-4: Soil Cover, Selected Excavation and Disposal, and LUGs 
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, I 

AlternatiiieS..:1 wasa'na.lyie'd to serV'eas 'a baselinetforcomparison'tootheralterna:tives, as:required by 

Comprehensive Environmental Response, Compensation, and LiabilityAct!~CERCLA)"andthe'NatiOtial 

Oil and Hazardous SLbstances Pollution Contingency Plan (NCP). Alternative S-2 wi.s developed as the 

leaSi'aggressiVe \ alternative 'that minimizesexposutepathMi9s;'Alternative£c;3iwas~developed and 

. analyzed to providEhremoval1dVCOC ddncentratidns~greater,thariiRIDElM DG/IGJE)(poslijre'al1d GB LC. 

Alterna:tive S~4 was· developed to prdvide1removal of·soilWith>containinanVidonce'ntratit:ms:@reater than 

leachability criteria, rerflovaloN~onta)tfina:ntst0\; a> depthofj\,zAeet;lo:ma:inta:in,e~i$t1ng; 'groUnd s'urface 

contours after placement of cover, and exposure pathway and LUC minimization. Table 2-2 summarizes 

the soil alternatives. ""l'; . F' 

An ,alternative for "unrestrictive property; use ,wasnotconsid!3red"Ai significal]t 'J!lortionof' £ite; 16, has 
, , 

alrs'ady 'been transferred; (he.\·4rneIDeVeloped; Area)/and theGurrentlantidtpate'(1l!future:u~!3sof the site is 

indUstrial/comrnercial(rWrne\NG'h. already,t:Jas lUGs to :preventresidentlaj 'develbpmehHi Such; <;l0mtrols will 

be a, COrTJPc,nent: ofiany.future;;:land;transfer docurrrentation' prepared/fbr;Site16~ahd will.be 'included as 

part of the soilalterna.tives: 

3~O ;~ . '. ; \ 

3.1 CHEMICALS OF>CONOERN· . 
" 

, . " . '.', ~ . 

COCs were sel~cted ba.sed prima.rily on, the cancer,andnoncancer risk e'stirtlates'pfovide,din(the HHRA 

section· of the Ph,ase III, RIReport .Initially,.receptors with. cumulative cancencrisk .estimates;cexceeding 

1.0 x 10-5 and/or target organ/target effect specific hazard indices exceeding 1 were identifietL 'Then the 

detailed cancer and non~cancer risk estimates were examined toidehtify the risk drivers (i.e., chemical,s 

contributing sub·stantially to:risk): Fo(groundwaterla: COPC;waSi se,leete.qjlgS[,aCOC:if the .ILCRwas 

greater thari,t.0 X:'10~6j' if. the,concentratiQn.'Wasgr.eater thcir;l·the;'SafeDrinkin~r Wc:lt~r Act>(SDWA) 

MaximlJm 'Contaminant Level (MCL), or it the Ghell1ical~specjficHls; contribu.ted substantiallYiJto a total 

re.ceptocHlgreaterthan1,ltshoulej b~n!;>teGl.',that the; USE,I?.A.'target cancer<;risk range is ~.Ox ~ 0-6 to 1.0 

,x 10-4
; the RIQEMcLJml;llativecancerris.k penchmarkll;CR.is1.Q x 10-5~. The CLJr:Tlulatiye inon"cancer risk 

benchmark is1 for both the USEPA and RIDEM (calculated onatargetorgan/effect specific:basis): 

The ,COCS'initially selected foreva,luation'of groundwater inthe'PS are liste,d,o'1,Table 1-2 along with the 

chemical-specific clean-up goals currently under consideration in the FS. Direct contact risks issues were 

considered in the selection of groundiNater COCs. The following items briefly summarize HHRA 
, ) 

conclusions relevant to the FS for Site 16 (and selection of COCs) aswell as the information presented in 

Table 1-2. Note that Site 16 is located in an area With an RIDEM groundwater classification of GB. 

CT0418 
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(Gr01,mowater with this classific~tiQn. may notbesuit:q.ple fqr cl rinking water llS~ . .without treatmEimt due.to 

Uhdevelo.ped Area.EU. T. theHHRA concludeq)hatexposurejQ RQE,TCE, vinyl chlorio.e,· cPAHs, 

2~meth,ylnaphthale:r19;,:naphthalene,hexachlor.Q.P,enzene, ':aILlmiollm, "ars,enic, lead; and 

mq",garte.se:dn"grour)dwatgrprese.ots",unaccePtaole.;.;risks; to: itwpotl;JEltical fut.ure. resi,dehtial 

c recep,t,(i)~§'that,may:u.se the,groundwater,a~a domestic.-water,sl;Jpply spUJce., 

• Developed Area EU - the HHRA concluded that exposure t01 ,2-dichloroethane (DCA), bem:ene, 

chloroform, PCE, TCE, vinyl chloride, aluminum, antimony, arsenic, iron, lead, manganese, silver, 

; an€!: thallium.'ingrm,ihdwater alsO present .unacceptable:risks tp'hypotheticalresidentialLlsers. 

'.' Many~but"noLall)of,:these, dlemicals were,~also\ deteotedAnoClln,cemtrations exoeeding,. SDWA 
. . 

;MCls)(»!' RIIJEM ;GA.criteria; TOE was detected at amqj<imumOdncentratioh,exceedirrg RIOEM 

GB criteria.fTCEand.VC:were Cjllso selected,as COCsc.f011;the vapoFt'imtrusioh pathway'(Le., the 

migration of vapors from the subsurface into the indoor air of a hypothetical. building} .. 

• Although, several metals were identified as COCs in groundwater,' mast elevated metal 

concentrations appear to be the result of elevated suspended solids concentrations in unfiltered 

groundwater samples. In most cases where total (unfiltered),imetals icoh6ehtrations were 

elevated, the corresponding dissolved (filtered) metal concentrations were less than screening 

criteria or SQWAMCLs.' Based"on,this''oconsiderafion,i tneor)ly;metal iin' groundwater with 

'.' dissalved 'concentrations corisistently'greater:than:MOL.s'isarsenic :ihshallow>groundwat~r in the. 

NCAI 

" iQfM9 COC~ing'rQlindwatet identified in the Phase III'RI, several Will:Mtbe'fLlltheraddresSed'in 

the·FS Jor'Site 16.'Allcohcehtrations.· of .li2-DCA 'aritl chloroforma.re less than their respective 

:SDWA' MCLS~ Hexachlorobehz:snewB;sdhlydetecteddnbrie well at an estimatedcdncehtration 

'eqllcfl to;its'$DWA MCIL All Herizo(a)Pyrene(BaP);iahq Bento(a)Pyre'neequlvalenti(BaPA~q) 

. concehtratioh'S'a:re less than tile SDWAMOu.:'DisSblvetVarsenic cOl1centrationsw~te less tha:n 

the MCIJin'the Developed Area EU., • 

In surnmary; the followinggroundwaterCOCs will be addressed by remedialaltetnatives developed ihthe 

FS: 

., ; ; 
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UndevelbbedicArea EU,:; 

• peE 

• TCE 

• ' 'cis~1\2-DCE;' 

• vc 
<; ~...-t ,-' 

• 2~Methylnaphthalene 
., ~ ~ l. -' -., 

Developed Area EU 
.<: 

• PCE 

;.J':.' '.- ~:. 

• Benzene 

'~. ;: ;"; , - ~ ',! : 

Note that cis-1 ,2-DCEhas been included as a COG because it is a d~wad~tjonproductof :rCE, and the 
',;,,' 

potential concentration of cis-1 ,2-DCE could be greater than the RIOEM GBcriterion. 

, The FS will addr~~~':the chlo'riilated vee plurne bene~th ~nost of the Sit~ and the, 10catiQns' of high arsenic 
! ) '" " .. _. ,'. . ,--: < -,: . :._ . . .;., . . -. , ~ . '1 • : ,- _: • ~ , , ' .; :"0 - ( " ~ :/ -. - ~ -,' .--. 'j 

concentration's locatedfn 'the shallo~groundwater in the NCA. ' ,I' " " " 

. .71" ;' ~ :',- . " , '{-,; /.,' ~": ~ 

As noted, Site 16 is located In an area with an RIDEMgroundwater classification of GB. Consequelltl~, 

for most chemicals, RIOEM GBcriteria are currently being evaluated as potential cleanup goals (Table-2 

or groundwater). 
p', 

-:: ~ '\. 

LUCs are required to address the-hypothetical futureresidentialland use and the migration of s~bs~rfac~ 
vapors into the indoor air of a hypothetical structure built atopthe chlorinated VOC groundwaterplume. 

3.2 REMEDIAL ACTION' OBJECTIVES 

To protebt thep~bliCfrbhl potJ'ntial currentand future health risks, a~weil' as toprotectthe environment, 

the following RAOs haVe been developed for groundwa:ter at Site l' 6. ' 
': '" 

'11 eTa 418 
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Groundwater RAO No.1: Prevent exposure of industrial workers and hypotheti(')CI,I:Je$ipents to 

groundwater containing concentrations of COCs that cause unacceptable risk (total ILCR greater 

than 1 x to-5 or HI greater than 1). 

Groundwater RAO No.2: Ensure that the discharge of groundwater to Allen Har~J:?:rrcIJ1di N~Jragansett 

Bay continues to pose no unacceptable risks. . r 

Groundwater RAO No.3: Prevent exposure of industrial workers and hypotheti9:fb~Y;~i~~Q~,~' to YOCs 

, re$ulting from ~apor 'intrusion' into buildings that cause unacceptable risk (total ILcR grea~y,r)hi1n 1 x 10-
5 

or HI greater than 1). 

3.3 SCREENING OF TECHNOLOGY AND PROCESS OPTIONS 

T echnologiesand process options for groundwater were screened based on implementation wi~h respect 
• ~> , "-- ~ ~ "",: 

to site conditions and COCs; . The screening was ·first conducted at a preliminarY JE3vet to focus on 
.' . . . '.' . . .' . -i." i"'y' \ >:'.' 

relevant technologies and process options, then the screE3ning Was conducted at a more q~tailed level 

based on certain evaluation criteria. The evaluation criteria for detailed screening of technologies and 

process . options that have been retained after the preliminary screening were . effectiveness, 

implementabilitY,and cost .Finally, processoptions a~~selected to represent the t~Ghnol(Jgies that have 

p~ssedthe detailed eV~luatio~a~d~9r!~fni~~.; ,;: f~,V." " < 1 ", ,::,' ) .' '.' 

Table 3-1 summarizes the preliminary screening 'of technologies and process options applicable to 
'~-;2'>i~'F .. i.:-~·':d i.- '-'~~~';,i- __ .> ~~·.;.;:_'c,nrr~-; ""< _~:/~-: :.;:(';' ···-:.··-·:·!(-'-}·;!:;.;··n:t;·,,~;/-·;:,!~-\ "".: ,¥.-' ! 

grdu'ndwkter.' Tlie table presents the GRAs, identifies the technologies arid process options, and 

provides a brief description of each proces~oPtion follow~~ -b~' screening com'men~~.' 'p';~~ess options 

and technologies retai~ed ,from preliminary screenin~were~valuated further in the detail~d screening 
'~tep:" ;" . , ",'; '".--'., '.''',- ,'.-.",.l.. ii··.· !-". ;.,. . ': ,-, 

. :.F' ~.;, : .f~' 

After detailed screening, the following technologies and process options, under the GRAs as n~ted, were 

retained for the development of groundwater remedial alternatives: 

• 
• 
• 
• 
• 

. -';'.,! "~. . . ,.~ 

No Attion 

Limited Action: LUCs, Monitoring, Monitored Natural Atte(lYCition(MNA) 

Removal: Extraction 

In-Situ Trea,\ment: Enhanced Bioremediation, Chemica,l Oxidation, Permeable Reactive Ba,rrier(PHB) 
• ,'. f .' . ,." ", < .:' .,\:" ...; : ,,' "; •• •• ~:" :; ". • - , ." '> :,,; '. 

Ex-Situ Treatment: Filtration, A\r S,trippiog,Liquiq-Phase Granular. ActiY9-ted.Carbon(GAC) 

Adsorption, Vapor-Phase GAC Adsorption, pH Adjustment 

• Disposal: Surface Water Discharge 
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3.4 ALTERNATIVES 

Based on the detailed screening of groundwater technologies and process options, the following 
L, 

groundwater remedial alternatives are being evaluated inthe'Site 16 FS: 

• Alternative G,1: No Action. 

• Alternative G,2: MNA and LUCs. 

• AltemativeG,3: In,Situ Chemical Oxidation (High-TCE Concentration Areas), MNA, and LUCs. 

• Alternative G-4: Enhanced Bioremediation (High-TCE' Concentration Areas), MNA, and LUCs. 

• Alternative G-S: PRBs (Overburden High-TCE Concentration Areas), In-Situ Enhanced 

Bioremediation (Bedrock and Remote High-TCE Concentration Areas), MNA, and LUCs. 

( 

• Alternative G-6: Groundwater Extraction and Treatment (High-TCE Concentration Areas), MNA, and 

LUCs. 

Alternative G-1 was~developed and analyzed to Serve asa baseline for comparison to other alternatives, 

as required by CERCLA and the NCP. Alternative G-2 was developed as a limited action approach. 

AlternativesG-3 through G-6were developed and analyzed to evaluate active remediation of the areas' 

, with the highest TCE concentrations. The high-TCE concentration area treatment in Alternatives G-4 and 

G,S would last several years as groundwater flows through the treatment zones, and treatment of high­

TeE concentration are,as in Alternative G-3 would be completed in tess than 1 year. The duration. of 

treatment in Alternative G-6 is expected to be shorter than Alternatives G-4 and G-S but longer than G-3. 

The high concentrations of arsenic are addressed by MNA in Alternatives G-2 through G-6. Table 3-2 

summarizes groundwater alternatives. 
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CANDIDATE CHEMICAls OF CON(;ERIII AND CLEAN-UP GOALS FOR SOILS ' 
, . SITE 16 FEASlsiLIWS'Fl.fQV ALTERriAT"fESANALVSISSUl'JlI\'ARV 

. . NCBC'DAVISVILLE :. ·· ..•.. . ... .. . . 

. NORTH KINGSTOWN, 'RHO[)E IS~AND . 
. '" )A6E10F3' 

. 

/ -::" 

cac fila"se~fon 
I?rofessional 
judgment? " 

Background : ' ,:" Risk-B.asedClean-up(RBC)·· 
.co(~e;~:;h)n:;~,~ i ~~.~dS"lnf;.~:~)~.nrtlerCial · Industrial/Commercial· 

x 

NA · :~ l j1 E~06 t011i:.()4 cahcerllisK Range: 
Q~2H021 ' . . .'. 

NA 1 E.06to tE.P4 Oancar ·.Risk Range: 
5 . ll_BE-05 to fBE-03 

Formal background' 
stiils study has not . , __ . __ '. , ' . , . 

.I been conducted, lor Site ·.N.b.n-c. a. n. Cer ~BC < ... H ..• · .. '.liard. Index = 1): 
, ,16: However, a limite~ ' 260 ()RNLRSLs presented.) · '.' 

NCBe Ba"$ewide 
'background dataset is 
available. 

Fbrmal bac_kgr6und . 'rypiCaNhdustrial Worker: 
soils study Has riot 800 :(Assumas250 days/year) . 
been condocted lor Site 1000 (Assumes 150days/year) .' 
16. However, a limited, C~nstruc:tioriwOrker: " 
NCBe Basevvide · . (AssUhleSl250days/yearj· 500' 
background dataset is (Assumes 150days/Yearj . 800 
available, ' . . ' " . . ' 

.r~-

(1Ti9Jl<g) . 

/ 

' ... 

oj 

I 

Cot:nments 

poe. addressed I" FS. Primary risk dfiver f<;>r:slJrfacaand 
~hallbw'subsurface soilsJn tha North-Central Area. . . 
r.UJEM O'CIIC C,riteridn is belng'evalJated asihe poienti~1 
'f lean ..... -.•... u ... p .... . gOill(approximates1 E"05 RBC .. ' Goal and isbelo' 
eachabilitycriteria), ". -. 

'.' . '. ' .... ___ - -: > "l" • 

rOCnotfurtj)eraddressed-in the Fp-; Consentrations 
CI.etected dono! exceed the USEPA goal of 1 uglkg 
!lOSvl,rER Directive 9200A'26,1~98J; ' . . 

A prilnary risk driver'lor surface . 
~nd shallow subsurface soils iii the. North' Central Area" A 
lormal b~c~groundstudy has .notbeeri~Ondl!ciJed 10rSil~ I; 
\16 soilS,. Howe. v. er, the .RIDEM D~ lie criteriOn i~ .si.m. ilarto " 
iha maxlmur:ndetectedconcentratlonreported for 7 Base~ ;. 

'~de. s. oil s. ~m~. les .histQrfcaliy'.icien.· tilied a,S ti~ck~rou~it 19r. · 
fIICBC·Davlsvllle. TheRIDEM pC I/Ccntenon ls being 
~valuated ~sthepoteritialcleari.up 99al arid appears to be 
Un general. agreement with·av_ailaplebackgro\Jnd 

. i.nformaiion fo~ I'-JCBC .and Site 16. .' 

IP6C.~dd~~ssed in ~S . . Althoughfead VVClS not formally " 
1gentllled asa CDC In the RI, elevated I~ad ConcentratIons 
in ' subsurface soils are associated with .the BTEX."hol 
~pol' area il) the North-Central portion l:>f Site 16 andlElad 

l
iS .the ,most obvious ~ite-relatl;ld ~etal,contami~<in.t.in .Site 
!16sods, Oonservatlvely,lead)V11i be Included In tlw·PS '. 
~val\Jation -pendirig further delineation:ol Ihe STEX "hoI . '. 
spot" and associatM areas and pendlngSPLP evah.iat.ions I 
:01 t~e potenii.al lor leQching; ' II, Sh?Uldbeno~ed: Ihat the 
currently. available groundwater data do not Indl<;:ate - . 

Is. j9.n.ific .. ant.l.ead. mi.g. r.ati.O.n.ff.om. SO .. ilS. io g.ro. u.n ... dwClter, The:.· . 
. :RIDIEM DC IICcriteriorr"is rec'orrimended as the/clean-up, 
goal;il is similar 10 the RBC goal calculated lora . " , . 
onstruciion worker assuming~50 daysJyear exposure ' . ' 

',lrequency,(Note: The Sile t 6riskassessment assumed . 
)5ci da'ystyear.) \ . 
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CANDIDATE CHEMICAUi OF'CDNCERNANDCLEAN~UP GOAl.S FOR SOILS 
. SITE 16 FEASIBILITYSTUDYAL TERNATIVES ANALYSis SUMMARY 

-... ;; 

.,coc .l;ia~ed; on ' :'~ 
Professional . 
Judgrtu:mt? 

NA 

'':.~ 

NA' 

-, 

NA. 

.f 

NA 
) -. 

r 

\. 

.. ' ....... , . NCBCPAVISVILLE " ' 
, NORTHKING$T.O)YN,RHC)DE ISLAND ' 

. ' PAGE20F3 . 

:\" 

.. .-.:::. '" .. 

lE"06'IO'lE,04 Cancer Risk Range: 20 110,000 
to 2000 " ....... ' .. 
Non;cancerRBC. (Haiard:lndex= 1): 
670(ORNlRSLS presented} . '. 

Non-cancer FlBC (Hazard Index =1): 
4Hio(ORNL RSLs presented.) 

10,000 

.1 E-06 t.o 1E-04 Cancer Risk Range: 14 .1.520 
to .14oo (ORNL RSls· presented~ )' 

, / 

j .. 

. \ 
. 1 

. Comments , 

. OC addressed in FS. Benzene was selected as a GW 
t oc in the RI. Although not identified as a DC COC·for 

• $oils, the AI documented that benzene was detected in . 
soils of the BTEX "h0t spot" area at concentrations 
! XCeeding the SSLS for' GvV prOiection andtt\ilRIDEtvlGB 

\Leacha.6.iU.· .. ty .. C.' ".le.·ri.a' .T .. . h .. eR. I.D.·.E. MGSl.· .. e.· aChabilil
y
. c ... rit~ria 

~ppr6ximates the lE·06 RBC goal, addresses a primary 

·I,·,o.n. l.a .... m ...... i ... n ... a .. n.tp .. .. a.' .. h .. Way .•.... .o. f . . >.C. o.n .. cerll.'.' a ...•. nd. i.S. b .. e.i.n ... geValu .... a .... t.ed , sthepote,nlialc!ean-up goal. Only,the .maidmum . >' . 
,: enzenecpncentralion detected (4;8JTig/kg) exceeds the ' 
iElcommended clean, up goal. . 0;' . .' 

'C ... 

"?O .C-not further addre~setliri ~S:Naphthalen.~ wa~. ' 

~e .. lecte.d .. .. a. ~ aG ... w .. COc .. I .. n .. t.h6:HL ...• A ... ltt)OU9h ....... n. ot,ldentlfled ' 
s 'aDCC,OCf.orsoils, the Rl. documented that . 
aphihalenewas:detected In' soils 01 Ih~ NorthcCentral .' 

~rea at concentrations exceeding SSLsfot GVj . protection 
~ndtheRIIJE:MGA LeachabilityCriterioh .. ·.ln seve.ral . 
qases. naphthalene contamination i~ co' located With 
QPAHcontaminationand soils containi,ng naphthalene 
¢oncentratlons greater than 0;8 mg/kgare already targeted 

fp r ". acti?il. • pe. c .. ause ot. .the presence of:1he:CPAH 
contamination: c " . ' , . 

l
oCnotfUdlJer a<!dj-~$sedj in FS_ 2"Methylriaphthalene 

'. as selected as "8 .GW COC ,nthe I'lL . The compound wC!s 
ot idenUfiedas a DC COC .f.or soils. Thereare no, 

•.... ubi iSh . . ed .. AIDE.M. · ... ·.Cf'Ao.r •. : GBL.eaC .... h .. a. b.ility.· .cr .. I .. ten.' on for2-
> ethyl naphthalene: Thlsco.ritamlnant appears to be 
'. eneiallY c<Hocaied with CPAH contamimition. . 
", -:.;: - , - ";.:. -- . - '. -" ", ',' 

coe not further addressed in FS, .tCE is the 
predOminant groundWater COC fortheRI atSite ·16, 
'f:1 owever, the vast majoriiy olthe residual CVOC . 
. o~tamim1tl()[l hasmi!:JratedtoJ hestiturated 

!' o"e/g~ou\1c:1water; . TheHIDEM: GB Le~chabiliiy criteria 
i*pproximat~ll the 1 E~06 RBcgoal,acldresses a primary , 
<!<>otaminant rnigrati.on pathway ofconcem,apdwas 
~v~lu.ated as the ·potentiillclean-upgoal. NonE) of the Site 
.16co'ncentrations exceed the recomm~ndedgpal: . . . 
~Iowever,lhe TCE concentrationatlocation SB16;A3-06 
<!171:'i1g/kg) dOes approach theGS criterion. 

! ' 

l 

'. 

'\ 



) 1 
i . ) 

. -"1-', 
J 

iJ 
0-1 
i_"..! 

CJ 

~T 
. r"" .' 

tJ. 
1 

r-]' 
i . 
~- , 

. ~] 

"-.1'" .. 

,J 
1-} 
'''';''" 0. ' 

\"1 
'- j 

TJ 
, I 
'..] 

fJ" .'.-

J 
f] 

IJ 

< • .... 

.\ 

' ..•... 

.-

cis~ 1,2~Dichloroethene 

Vinyl Chloride , 

Total Petroleum Hydrocarbons 
(TPl:lh . . 

" 

,--, .) 

" 

, eOCSased tin· L 

, Dire~t Contac(D9> 
Risk? . 

~ , 

:--

,-: 

~ 

" 

', -

!-. 

"j 

\ ' 

! . 

.... :; 
" <. 

. , 
.... 1-;: • 

COC~ased on Migr~tionJ 
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. sO.il:at concentratfon$ >. , I'. 

HIDEM leachate 
Criteria)? 
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TABLE'1-1 
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CANDIDATE CHEMICALS Of. CONCERN AND CLEAN-UP GOALS FOR SOILS 

-' 
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sn'E 16FI:ASIBILI1Y STUDY ALTERNAl!VESANALYSISSUMMARY 

'NA 

FNA 

NA 

.... .• ". NCBC.DAVISViLLE .. ' 
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,+ 

Rislc-l3ased Clean-up (RBC), 
Go~ls~ Indus~riaIlCOlTimerci~1 

(mg/kg) 

1E,06101E-04 Caricer'Risk Range: 2.7,1110 
10270 
Non;cancerRBC '(Hazard .Index =1 ); ' 
::!400(ORf\JLRSLs presented.) 

_ . .J 

Non.cancerRBC (Hazard Index =1): ' 110.000 
to.OOO (DRNL R$Ls presented.) 

lE-06to 1E-04 Cancer RiSk Range: 1.7 13 
to 170 . . 

,Non.cancer RBC,(Hazard Index =1):' 
400 (DRNL RSLS presented.) 

'-
Not calculated. Toxicllycriteria (cancer 12500' 
slope factors and referenceioseS) 
have not beEln publil)hed by the EPA. 

~ 

\ 

.:-' 

1.7 A 
B 

2500 

.: 

I: , 

: "... -.;, 
.... , 

:-. 

c.O(;h!lt.furtMraddressed'in FS; PCE isa groundwater 
~()Gfcir the Rl.ai, ~ite16 . . (However. the vas!"!aj.ority 01 
the ~siduill. CVOQcontaminationhas migrated to the . 

~~lur.~.I~d z. (me. :./grOUrl.dwater)" The RlDI:~ G. ,B.L. eachabilitYI', 
" ~I$nten!lappr()xlmates ~he1E·06 . RBC j;!Oal; apdre~sesa , 

ptimal)ic9ritamincmt migration pathway, an,d was . 
fy~luatectasthe potenti~lcle.ari·~P9oal. .Noneof the 
rasldualPCI: concentrallons. lnSlte16'solls exceed the 
GBcritarioti .. The maximum concentratioiii!ithe BTEX 
\ . - - ' , - - : " ,~ " ' ..;,; - - - . -. - - " - ' : :. 
jhot spot" area does exceed the. GA criterion • 

. ,COCn!)t further addressed' iil FS. CisA,2~DCE was 
~eiecledasagrbondwaterCbC aiSite 16 because it 'is a 
m'ajordegradalion 'praduGt lor TCE.· (However. the vast 
majorily:of tl)eresid(JiilCVDC co.ntamiiialion has riiigrated 
t,o the saturated zope/groundwater.) • The RIOEM GB 
leaChability, criterion addresses' a primary contaminant 
tnigralion,pathway 01 concem andWcts evaiuated as the 
~oterllial clean-up goal. None 01 the Site 16 soil · · . 
¢6ncehtratior'ls exceed GB cnterion. few exceed ihe GA 

. "~ilterion. 
:fqC not further add~esse~nn FS. VGis one orthe, . . 
~roundwatercontaminants' a.t' Site 16 and adew~dation 

· ... IJl>ro~uct for TOE; . (~owever, t~evast majorilyof the 
. '. rtE1sldu,<llcontarnlnatlol1 has migrated to the saturated' . 

~one/grOundwater, ) The.RIPEMGA Leachabilitycriter;on ' 
, oJ,exc,eeded. 

OCaddressecnn FS; TPHis an obvious site-related 
,.fo~ta;"inantf()r Site 16; TPHanci PAI·l contarr.'inatiOn ~re 

' I~ ... ' ,.Plc.al.IY c~-. IOC. a .. led. A.I.th.OU9. h cance. f .. and. non-cancer. rrsks 
. are not tYPically calculated lor TPH. The HIOI:M DC 
9iiieri9ri is beingevalua!edas, the ,potilnthilclean-up goal 

. ,i'as there are 'nO EPA rec,ommendedtoxiCity criteria for Ihis 
~arameter(Le., an HBCgoal Cannot be calculated.) 

\.... 

.~.~ 

.,/' 
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COC' BaSed 9ri 
Direct Conta~. (pcj 
Risk (i.e ~ .. l;)on'lf~sti¢J 

U$$Of ' .. ,' 
Grou~dwater)? 

x; 
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: , . .. l 

',- X 

c' , 

':: ' 1' 

! .. .. 
r::· x 

" 
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" 

: I ' 

:.:'; "i-_. 

. COC Based,on 
, Vapor IhtrusiQ~" 

~ Pathway? 

- / ' 

x 

x 

." . 

. . . ~ ". 

. CANDIDATE CHEMICALS 'Of'CONCERN ANOCLEAN-UP GOAlS~FOR GROUNDWATER-
SITE 16 FEASI8U~iTY SfuDYALTERNAilV~S ANAa;,Y$ISSUMMARY' ...... '. 

. .· ,NeBC DAvISVILLE .•.. .. . 

"', ,doc Bas(!d 'on' 
, r' Professional. 

" Judgment? 

NA 

~ORTH 'KINGSTQWNiRH()DEIStAND 
. " PAGE'10F3 .. ' . 

.', 

5/540· 

. ' 

CalculatedgOai ba$ed for 
industri~iworket"basedon 
,vapOr il)trUl,ion mOdel: . . 
250 {1E-05 GanCerriSk9.0alk 

" 

NA . 

. . ,.-:-. .,. 

x-

NA 

.. 

\, 

NA 

') 

70/2,400 

" . 

2/-' 
,Galculated goal based tor 
industrialworker.based on 
vapor intrusionrt\odel: ." .. . ' 
12 (1 E-05 Cancer risk goal) 

1E·06to 1 EC04Cancer Risk Range:' 15/150 
0,09 to 9 
Nonrca:ncer RBC(Hazarci1ndex=1): 
120 ~, 

.. "": 

" 70 

.j 

I 

j 

;1 
\ .-.:,,1 

coe 1ddtes$edin>Fs.Pri!naryCVqCinth8: ., 

grou~. , ateruhderlyingSite 16;'Theealcillated 
riSk.b sed gpal for]he vapor intrusion pathway is . 

. • more. ,onserVaiive .tllantheRID'EMGBgOaland. 
thus, i' Aeing evaluatedilsapotiintilll~ clea(l"up 
goaLI ... slitl,itional con~rols willberec.ortnn¢iidedto 
preve, t,·dom(3stic.useof grOllndWllterilncfto · ' 
requir, yertain ' engineering :controlson,I:!UildinQs 
10 ~i.tipa\e v.ap()r intrusioninto hyp()ttl~ti.calfutlJre 

bUlldl~gs. (If ... the .. gr~lUn. dwaler, was ... . des.lgnatedGA, 
ttle re~ommendedClean-up goal wourdbe·5;.the 
Curre"'t SDWA MCL) . " : . . . 

cae addressed.inFS.Cis-l.2-DCE was not 
seleCi~(fasa GW coe in. the R1.HO'weY~r.cis· . 
1.2~D~E is a priinarydegradation Pf()ljilctQI'TGE, 

'. btlepr~;n~ry~iteco .. n. tarninan. LTh~CUrrent ~IDEM 
[GB,cnteflonls being evaluated as apOten,bal . 

.clean'~p.· goal; Instifution.al con. trOIS. will be 
recomrnended to prevent domestic use of. 
grounGiwater, (If the groundwater wasdesignaied 
as GAl, the. recommended cleqn: lIP goal would be 
70. ~ttl$ cUfrentSDWAMCI..,.) ' , " .' 
COC~ddressed . in FS.VC was selected as a . 
GW Cpc in t~e RI.AGB cnterion,haS not been 
publis~ed;, the calculated ,risk'based ~al for the 
vapor Intrusion pathway is being evalUatf3<i as a 
potent!alclean·up goat Institutionalcontr?IS will . 

" b~ ~ec;ornmendedtopre~~nt do~.estic~se ~f ' 
grou!l~water and ·to reqUire Certam englf'leenng 
contro!stomitigate vapOr intrusioh .ioto , .•.. 
hypot~etical Cfuture buildings. (If the grouflcjwllter ' 

Wa.S. df' s. ig. na .. ted as. GA,tt)e recommende .. · dC. lean­
up go I would be 2,. the current SDWA MCL.} · 
, - ..... 

... , 

. " , iCOC~ddres5edin FS. PCE was se'ected as a 
GW CDC iothe AI. The current RIDEM GB clean 
up c~i(eria: is being evaluated ~s alJOtentiai Clean~ 
up goal; lnstitutionalconltolswill be ;' • '. 
re.cominendedtoprevent domestic use of . 

" groUI)~ater, (If Ihegro(Jndwat~r w~s ~signated ' 
a~ G~, the. recommended clean-up goal would bEl 
S, the ;currentSDW A MCL.) . 
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TABLE 1-2 . 

CANDiDATE CHEMICALS OF CONCERN ANPCLEAN-UPGOALSFOR GROUNDWATER 
. .. SITE 16 FEASIBiliTYSTUDY)~J;.l'ERNATIVES ANALYSISSIJMMARY . ' . 

,cot Bas~d,o~ 
Profe$$iorlal ' 
Jl:Jdgment?· . 

.-~- :;~ 

,,< 

' .. . '. . NCBC, DAVISVIL.LE .. 
•. NOFlm: KINGSTOWN, RHODE iSLAND 

.. ' ",' 

• Backgroul1(1 

PAGE20F3 ' 

'. Ir-

, RisJ(~Basect' Clean-uj> (RB,C) .­
, G~als ;; Residential. Land Use '. Concenthition 

(uglLf S'cenario " (uglL)c • 

!-":" 

lE'06't01E-04Cancer Risk Range; 
1.1 10110 

.. Non"caricer RBC .(I·lazard In~K=I'): 
130 .' . 

5/140 

i' 
",&06 to 1 E-04 Cancer Risk Range; 
0:72t672 

5/1 10 ) 

NA 

NA 

NA-

NA ' 

NA 

fE-0.6 to 1&04 Cancer Risk Range; 
2 to 200 . 

Non-caricier RBC (Hazardlndex-";1"); 
.. 230. 

Non-caricer RBC (Hazardfndex=1j: 
.~6 

NA 

lE-06' to lE·04Cancer Risk Range: , 10.21-
0.00.3100:3 . 

lE.06t(jlE'04CancerRiS~ Range: . 111' 
0..01101 . 
Non-cancerRBC (Hazard Index =1'): 
3.5 
.lE-QS to .l E-04 Cancer Risk' Range: INA 
0.0.45 to 4.5 ' 

.• Non·cancer RBC (HaZ<ird Index =1 ): 
4:7 

') 

1 

10 

i .', 

CommEints 

". 

CO .. .eTa ......• ... orm!lI.'.Y. ad~re. s.se .. d .in FS.. . Benien. ~ was 
selectbd as a GW CDC in the RLThe current 

' I'RIPE~ ,~B6Iean-l.lpc~iteria 'isbeiri~ evaluated~s [ 
.' apot~ntjaIClean,UP goal. Institutio(l~lcontrol$ will 
• berec10mmended to prevent dorn~s\lcuse .. of 
groun~water, (If the groundwater war;; desigilated ' •. 

ISSG.· ~., .tM~.ecommendedc.lean.upgOaIWOUld be 
. p, the/etirrent SOW A MCb). " 

coc..t0t further-addressed illfS:. Aill;2·DCA 
.concl .frations are I~SS lhan cumint SbWAMCL 

CO.C 1,19tfurther addressed inFS; AIldeteCied 
'. [chlor~form concentrations are · less thancuiterit 

SPWAMCL. . 

toc'~' ornia"y addressed.in FS.Arsenicwas 
selec ecl'as a COC for Site 16 s'ol/s: Filtered . 
insell cconcentrations, (particularlyiri"- the North 
Centr~tal'ea)exceedlhe currentSPWA MCL a.nd 

" packground concentrations. Arsenic in s9ils may 
have. been mobilized' as a reSUlt of re.Oucing . 

. • cOllditfons created by site~related contamination. 
Ther~is no RIPEMGBcriterlon lor this non­
,~olatil~ chemical. lhe SPWA MCL is ' 

'. 1 recQr;tjn'lended as the. clean-up)gpal. However. 
,the groundwateN Jnderlying Site '16 is classified as 
GB;iqsti,tutionalcontrols will be recommended to 
prever t receptor exposure/risk. It shbuld be noted~ 

that o)her metal$ (p.outitularty iron and 
mang.fl' neSE)maybemobilited l:Jy COn~it.ions in 
the Nbrth Central area. However. the risk-based 
.. " .. -(". " . - ". : ' 

90ncentrations for arSeniC are among.the",mosl 
6ons~i-vatlve 'valiJeS av~ilable tor metalS. I " ', ". ' . 

I • 
\. 

... " ~ 

',:.., 

•• - ::1 



J 
IJ-
[1 

. LJ 
n 
L J 

ll' , 
\ - - _ . 

"J 
T1 .1. 

,r" j 

:'], 
- J 

:] 

~J 
f'J 
.~. 

.J 

.. 

.-

Ch~mic~I .. 

-1.Aluminum, Antimony, 
. Chromium, L!!ad; 'lron, 

;/ IMari~e~, Sily!!r, anc! 
. Thallium 

.... 

- J ,-- ,,- . -.. ----- --;--.-=- -~--- -
' . '--- . 

i Y' L..> 

''--'1 i· 

LJ 

(J 
] r 

-. 

.. ' 

~ , 

coo .Based on 
~. -';: . ' . "'\ 

:DirectC,9ntacf(D.9} .. c9C B~s'~· oriJ.· ' ,. 
:'Risk (i.e., O()meStic : :Napor Intrus.ion ' ' 

Use·of ·\ PathWay.? 
Groundwater)? " ' . . ~I " 

.' 

.. 
-t 

x 
, I ' 

'-. 

TABlE.1~2 

CANDiI)ATE'CHEMICALSOF CONCEFlN'ANDClEAI'J~UP G.OAlS FOR GR0UNDWATER 
. ',.:. SITE 16 FEASIBILITY STUDY AlTEFiNAT\VES ANALYSIS SI,IMMARY . 

' .. . . .. . 'NCBCOAvisVlllE ' . 

NORTH KiNGSTOWN, RHODE ISLAND 
PAGE.30F3 

M~)fimum 
.. ·' Contarriin~nt. 

.-. Ley¢t ' . 
(SDWAMCL) 

(ug/L) 

"'1' 

,j 

i 

;1 
.[ 

-i 

- '. 

M~ta,l llco:cs)ot a~dre~~~di~ FS,. Although . Itllot,calcuiated becaliseih~e metals 
.were notselectedas .COes for 
~yaluatjollin tMFS . . 

. .' . these, metals were Identified as COes. for . . 
COCsfor ~y~llIationinth~FS. I Ji1$t~lIs were .001 " 'grOU~~tef iothehuman health risk assessment 

selecteit as coes prep~a ed forS ite 16" rnetal$ concentrations in iow 

. ..:.--. 

6, . 

forevaluation int~e - ilJ,", rbid •...•... Iy .•.. ... , ... ,a"n".,d •... ,.f .... i. '~.e .. ,red .... •... s .. a .• m, Pies. ge,ner.a,uvtlo.n .. ot .,FS. ; " . . f:lxc ., ' f?D",!A MCLs. The metals concentratibhs 
.' - in lhe unfillel'ed/higll tu$idity samples appear to 

be pri arify. a consequence of suspended 
pal1ic\I'ate;matter in the g(QundWSter samples, 
Thepr"em,pJm~talsc6ncentrai!(')ns a7ross Site 
16. su~gests thatthe metal~ concentrations 
report~ if),the Site 16 grolindwater are not site-
related: .. ' '. ' ' 
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General 
Response 

Action 

No Action 

Limited Action 

\ 

Containment· 

i.····: 

-----------
:~ '~ 

PRELIMINARY SCR.EENING OF REMEDIAL. TECHN0tOGI'ESANEl PROCESS OPl'IONS' FORS·OIL 

.None 

Monitoring 

,Natural 
)Attenuation 

Cover/Barrier 

Erosion Control 

SITE 1'6 FEASIBILITY ST:t!JD¥;;ALl'ERN~TllVES~AN;Al.YSIS!S:t:JMMARY· . 
cNCBe.'DPl~ISVILLE: •. ' .' '. 

NORTHKINGSTQWN,' RHOO:EISLAND: • 
. . ,RAGE t.·O,F·.S 
.' ,," .. ""''":.; 0."' 

.. Not Applicable 

.,... . ...Descripti()n~. 

"No "activifies con"auctea aftlie site 'to 
'address contamination. 

Engineered Controls: Fencing;mar.ker.s, wal'li1ing signs, and 
. mdnitoringto. restrict site acces$,< Physical Barriers/ 

Security'G\::Iards, 

Administrative 
Controls: 
Deed or Site Use 
. Restdctibns 

. Sampl.ingand analysis of soil to evaluate if. 
additionaLrem:edia) actio AS: wouLd;cbe ; .",-,. . 
wafranted;',.~: ; '.' 

. Naturally Occurring :Mo'ni!orirf~{oVsoillOassess'th~iredtitffonih 
Biodegradation and conce'ntra!JonsbfCOCs tHrough' n'aJural' . 

;" " :,.. $;""';: . .', '"-, ., ,,, .. ,'.' - , 

Soil Cover/Multi­
f\\1eBiaCa.: r

' .. . ' .",_." .. p 

~ :'. 

Rip-Rap 
CoverN egetation" 

' .. ",p~()c~ssl?,~: .. 
, tJ§e6fsemi~perm~able '6r"irnperm~able 

. . ... ~.q?rrl~is t(Lrn'r~i;"iz~.clj.r~c.L~~pb@re{to, .• '''~'.' 
,contaminants and potential migration from 
soil to groundwate:r..· 

Use of grave:l1coobl!3s or dense plant 
growlhto rnilliir:FiizeHni,@iratien:zofl:·)r 
contamin'ated;~$6ik .:'if r 5: 

,:j.;~~r~~ning Con;tment, ...•. 
. ~'C, :-' 

. Require;d by lawrHi?~~tn fqr,paselil1e 
CPflilPRr[spn ~oQt~er)ech[l9I:Ogie~~ 
'61'iminate .. Site"is,8inticipa:tedtobe reused 

. .f0F cOr:r;jm,ercial.;acti~iti·es. Full·site.'musf still. 
ibEl(accessib!e:'C: 

: Hetail'l. ' 'Protlibitin.g;tiilttlre:residential land 
; use.will-help :to-,pre:veht unacceptable'.irisks 
'. fr€5n:l.:expos~J'rett>cgntai:nihafed 'soil. 
; E'xistir:lg,l1:tlGS':tM\l\F,lAlila'g!r,eemelilt Md 
;L,lfo.q·::woul~:t.bEf'us!3G1c, 

. Eliininate·.·Soil"COCs with low mobility, . 
:andgroundwaterwouldbe monitored to 
iwaqrof'r:T;ligrafi:omtfrom soil.. 

.• Elirtlrnat~: 'SblJ;e'€>t~s(PAHs:'~ano\metal~:) ," 
• a}enofreduceo' effectiv~ly Byibiold~iba}' . 
, proc,~~~«¥s ~ ... ::A<~: . 

Ret'tifin'!"Sti iiacel.66vering or capping of 
COJit?rn il}~!~9',a:r~as'wb~I'd~t~~ LJ#e'" .... 
exposure of human and animal receptors 
to site cont~rnir;ra!f1tsa:ndp[evel'lt:infiltration. 
Cover and cap systems could be 
rncorp6raletfi nto oVEfra.:l1 site reuse. . 

Eliminate. Site 16 is not steeply sloped, 
and erosion is not a concern. 
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General 
Response 

Action 

'--

TABLE 2-1 

PRE IMINARY SCREENING OF REMEDIAL TECHNOLOGIES AND PROCESS. OPTiJONS FOR SOIL 

Physical/- .' 
CWemicaf 

r -- -
: I 
'------' 

SITEt6FE4S1BILITY S"[UDY,l\:~l":ERNAIIV:ESAt)lALYSIS SUMMAR!Y ... 
;NCBC,ElAVISVILLE 

~ ,.':» ~ "NORTH~·KI'·N-GS~OW·N """RHl1e'eQSICAND 
.' , 

Process Option 

Electrical Resistance 
Heating 

"ScinFlushingr 
Gh~lITillcaLExtraction 

Dynamic 
Underground 

·?tripping 

; : 

'--------' 

. PAGE.20FS'" 

';' .. 'S~reen,ingCom:meI\lL,,< 

". r,A'eansfonemoval ofbontarTfii"latlid'soil by'Retain:WoMclHef effective'tf5<remove 
. E~~~I"Ic)e,Qull(fo~e!";ldc:t~er;~!9?~:::,_..,,.. co~tc3:minated sO:il~ ,<,c:c 

.. USEh)fni'Qh~temperature melting to fuse ,'-Eii~i'ilate because vitrified mass would 

. iodiganfc: conlamInants lnto:a'glas~{rHMrix ;"l'm~adt'febse'of <site.u:s~, ()fthlsit~chnology 
~ltb in. xt®g~.~~()n~_9(the';usecif jlJg~;~rate'J~;tyP@a;tiY1iinit~~;,t~':h!gf:l1y!c9ntarniliat~'~.o~ • 

}temperature. heating to volatilize 
'~ontaminal"its,ar:Jd remove them from the 
;yados_ezone .. 

Use of radio-frequency energy to. heat soil 
and cause volatilization of contaminants 

Use of an electrical blanket or electrical 
heating,elementswithin slotted pipes to 
volatilize contaminants' 

-Useof waterlsOlvents to 'remove' 
contaf11inantsfJQrn;the,y,agose zone by 
flushing and collecting the contaminated 

"wastewaterinthe saturated zanefoUo.wed· 
by ab9y~~grouHR.pumping and treatment. 

'.rtadjoaGtivekmatercials. 

·1;!il1niriate:. rhe shallow depth to 
:9rqundwaten£ombin,e;o wi~h,salidy soil 
';reri~:fe'rsthls' technQlogy,d iW'ctIlt'tC, ' . 
irnplementat:ihe8site; .'. N0teffective'fot·,··, 
·tre$.tmentQf.;f'AH$Sir::rd,m·etals.~ 

• TElirlninate\).i;Bhe shallow depth to 
grQUndwSite:r;combitledwithsandy:soil.'··, ' 
::rer.iders this'.feehn'o'logy'difficultto ' .. :" 
;i:i1j:~J:e:rn,ent anMsit~.]5Jpt!~Hectivef()r 

,Jr:e?tmi~n~;QfPAH:s9:lil;dlrr;Je!gJ$ ... ; 
EI imina.'te. "1 ncreasespotentialf()rmigration 

\ of contamjnp"il~§lf,[or:r;lsoiktQ:Q;rPlJndwater:-­
Absence of confining I'ayer atthesite wOuld 
makerecoveryofflushingsolutiondifticult . 

Stearn:1JJJeQtIO:ri:at,ttrep.er,ip;hety~of the Eliminate. Impracticar in regard to cost 
contarninated:arear.esulting in the: versusmass removal. limited vadose 

tvapornzatidrl:'0f;;vo:tatilec.bm'lDoiindsbbttlii'd':zone would make vapor extraGtion diffiGult. 
toison ariid~the~riTol6Ve.ment ofeonlamiriants' NoCeffective'ferfreatment of PAHs and 
to a centrally located extraCtion well. metals. 

'.; 

.~~~.~-"­

'._' _..J i~--":! 
~ 

r-!...-:~\ 
~ 

, , , 
.~ 
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Process Option 

'SVE 

Chemical Fixation/ . 
Solidification 

Chemical Oxidation 

Phytorernediation 

Description 

Use of vacuum and possibly air sparging to 
volatiliz-ecoritaminants. 

Mixingofchernical"agehts in the vadose 
zone,tO"chernicallyb[nd/so1:idify, aricl: 
redUc8contaminant mobilit,Y. " 

;Injectionof oxidizer such as Fenton's 
Reagentihtovados.ez6ne·sbfl"to:oxidiz'e 
PA:Hs~ 

Nutrients)andar:nendments are added to 
suff?c~:'soirt9"proniote bi6deg'radationo( . 
PAHs",' ,~i 

. Use' of seleCted plants for enhancement of 
biodegradation of Or9?pipGontc;lminants 
and uptake of metals by indigenous 
microorganisms in the. root zone or 
transpiration, process in trees. 

Screening Comment 

Eliminate. PAHsand'nietals,are:hof'highly 
volatile, and ·the (eff·ectivefless<bf. S\lE ' , . 
wo.uk!;beilimjte~., " 

Eliminate .. Mobility of PA~sa~dmetals is 
not a concern at't~is site; Mbr~6ver,the 
.treatedmateriCl:1 ~\"JQ\1I(jnb(R~'~0,iia:bre, tal ' 
reliJse~: 

Elimihate~DiffiCuifthdiSfflbutss6lGtion in 
. heterogeneoussoiJ; Thih;layer()f'sbil'and: 
shaJfoliV-j nlE3~ticin~~'pth~at:Jlct~Ls() InlE! r:ters, _ . 

,.' witfr"applicationof :method. 

Eliminate. Lowsb'lubility'otP A'14~,'$it()B~L.' 
te'ndencyof pAHs-to bind to soil organic 
matter,.and $)pw,degradation rate for multi­
ringed' PAtlslWlakes. this; an· ulilfalJorable 
techoology.'Not'effective for'::me,~als.'" 
Distributiomanq ap~lication issuessim:ilar 
to, che,m ical oxidation .. '-

·Elimkiate.Growth and 'maintenance of 
trees and plqJ1ts,;wO;wldlimitre.useof site for 
commercial purposes. 
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. Process Option 

SotIWashihg/· -_. 
Chemical Extraction . 

Use 6f sol.iJbiflzationand. cliemical" 
(oxidatibnlreduction/neutralization) 
processes to removecoritaminants from 
the solid phase and convert them into more 
cq.ncentrated forms or less toxic forms in 

.•. th~ ligl!JGI:p~a$~,." .. 

··:Ellm.loa:te.ElIminated c:lue·to the cost 
. ass.ociated.with;l:awtreatm;eni"V0Iume:s.· 
'. T;~is,teGhnoJ0g¥ci~;morecost::effe0tive for· 
.. I~frgers.0il.treatm:e:nt;-areas ;U:Jan'those: 
. present at Site\t6 . 

: Chem:icalFixationl "Mixing'ot'chemical'ager:llsfobind;'solidify, [Eliminate.· Mb~ilitiof:pAI:I:sa:l1c:1mei~rsjs. 
······SoHdificali6n· ancfi"edUceconfamihanf-mobility. .. '.' ........ ·notac()ncern·atthjsj~ite. 

Biological On-Site LandfarmingTilUng of contaminated soil and waste in • ;Elirriinate>Bidlo@'l6arpr6'cess~sara;ndf" 

Bioslurry Treatment 

... layersto'remGlVe PAHsi~lJid:biodegfade . veryeffettivefbr treating·pAHs'and' metals. 
: or:ganics;~Also,large ·land·areaisreci[Jire~)or:: ... ' 

·Iandfarming,whlch wou'ldaffect site reuse. 

Treatment of soH·in a slurry reactor under ,Eliminate. Bi6log'ical pf06e'sses·a:r'8 hot 
conttolled;cdhditlofls·Usirig:'microorganisms. 'Very'effective'for'treatirig'pAHs' and 

. ,to biod·eg·[,a:deo'FgaAlcsCmetals; ': .; , .. 

Use of high temperatures to pyrolize or '!EJiimirlate~ .·Thls technology ism~re cost 
.oxidize: orgaRic contaminants into less toxic . ,effective fdr:largerc'dnfariiih:ant vdkimes 
gases.than;those.~p;r.es:entat:Site16; "Process is 

riOfeffectivEHor metals..' ... 0. • ••• , 

,----- l 
~ 
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General 
Remedial 

Response 
Technology 

Process Option 
Action " 

Ex-Situ Thermal Off-Site 
Treatment ( continued) Thermal Desorption 
(continued) 

On-Site Incineration 
or Thermal 
Desorption 

Solids Size Reduction 
Processing 

Screening 

Disposal Off-Site Landfilling 

On-Site Consolidation 

Beneficial Reuse 

LlFOC - Lease in Furtherance of Conveyance. 
LUC - Land use control. 
MARAD - Maritime Administration. 
PAH - Polynuclear aromatic hydrocarbon. 
SVE - Soil vapor extraction. 

Description 

Use of moderate temperatures to volatilize 
contaminants and remove them from the 
solid phase into the gaseous phase. 

Mobile equipment is brought to site for 
incineration or thermal desorption. 

Crushing/grinding/shredding of wastes as a 
preliminary process to aid in downstream 
treatment. 

Removal/segregation of material based on 
size as a preliminary process to aid in 
downstream treatment. 

Disposal of excavated material at a 
permitted off-site landfill. Recycling can be 
incorporated if scrap metal is present. 

Excavation and relocation of contaminated 
soil to minimize space and closure 
requirements. 

Reuse of treated soil as fill material. 

Screening Comment 

Eliminate. This technology is more cost 
effective for larger contaminant volumes 
than those present at Site 16. Process is 
not effective for metals. 

Eliminate. Process has high cost and is 
usually applied to sites with high 
contaminant concentrations. Would not be 
effective for treatment of metals. 

Retain. May need to be used in 
conjunction with excavation and off-site 
disposal. 

Retain. May need to be used in 
conjunction with excavation and off-site 
disposal. 

Retain. Disposal is a viable option for 
addressing soil contamination. Soil is 
expected to be a non-hazardous waste. 

Eliminate. Leaving contaminated soil on 
site would limit site reuse. 

Eliminate. No soil treatment processes are 
proposed. 
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REMEDIAL ALTERNATIVES FOR SOIL 
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Alternative 
Alternative Component Descriptions 

Components 

No Action • No Action. 
Soil Cover and/or • Install a 2-foot thick soil cover over the limits of 
Cap, Monitoring, and contaminated soil greater than Industrial Direct Contact 
Land Use Controls Criteria in the Northwest Undeveloped Area. 
(LUCs) • Install caps with a 2-foot thick soil layer and low 

permeability liner over the limits of contaminated soil greater 
than Leachability Criteria to eliminate infiltration in the 
Northwest Undeveloped Area. 

• Monitor groundwater to verify effectiveness of caps. 
• Application of LUCs to restrict use to industrial uses only 

and prohibit digging within the boundaries of contaminated 
soil greater than Industrial Direct Contact Criteria. LUCs 
would also require inspection and maintenance of the caps. 

Excavation, Off-site • Physical removal of contaminated soil greater than 
Treatment and Industrial Direct Contact and Leachability Criteria in the 
Disposal, and LUGs Northwest Undeveloped Area. 

• Transport offsite for disposal. (If any soil is hazardous, 
treatment may be needed to meet Land Disposal 
Requirements.) 

• Application of LUCs to restrict use to industrial uses only. 
Soil Cover, Selected • Physical removal of contaminated soil greater than 
Excavation and Leachability Criteria and contaminated soil greater than 
Disposal, and LUCs Industrial Direct Contact Criteria to a depth of 2 feet in the 

Northwest Undeveloped Area. 

• Transport offsite for disposal. (If any soil is hazardous, 
treatment may be needed to meet Land Disposal 
Requirements. ) 

• Install a 2-foot thick soiL cover over the limits of 
contaminated soil greaterthan Industrial Direct Contact 
Criteria in the Northwest Undeveloped Area. 

• Application of LUCs to restrict use to industrial uses only 
and prohibit digging within the boundaries of contaminated 
soil greater than Industrial Direct Contact Criteria. LUCs 
would also require inspection and maintenance of the cover. 
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Process Options Description 

Not Applicable No activities conducted at site to remedy 
or monitor contamination. Site is released 
for unrestricted development. 

Sampling and Periodic sampling and analysis of 
Analysis groundwater to track changes in the extent 

of contamination. 

Active Controls: Fencing, markers, and warning signs to 
Physical Barriers/ restrict site access. 
Security Guards 

Passive Controls: Administrative action using LUCs to 
Deed and Land restrict future site use and to prohibit use 
Use Restrictions of groundwater as a source of drinking 

water. 

Naturally Monitoring groundwater to assess the 
Occurring reduction in concentrations of COCs 
Biodegradation through natural processes. 
and Dilution 

Screening Comment 

Retain. No action is retained as a baseline 
for comparison with other technologies. 

Retain. This technology could assess 
natural attenuation and/or migration of 
contaminants and evaluate progress of 
active remediation. 

Eliminate. Restricted access would not 
reduce risk of exposure to grounqwater. 
Physical barriers would affect site reuse. 

Retain. Groundwater is currently not used 
as a drinking water source and classified as 
GB. This technology will limit all future uses 
of groundwater and thus limit human 
exposure to groundwater. Existing LUCs 
(MARAD agreement and LlFOC) would be 
used. 

Retain. This technology may decrease 
concentrations of TCE and other VOCs 
overtime. 
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Process Options Description 

Slurry Wall Low-permeability wall formed in a 
perimeter trench to restrict horizontal 
migration of groundwater. 

Sheet Piling Metal sheet piling driven into the ground to 
restrict horizontal migration of 
groundwater. 

Grout Curtain Pressure injection of grout to form a low-
permeability perimeter wall to restrict 
horizontal migration of groundwater. 

Hydraulic Barrier Use of extraction wells and/or collection 
trenches to restrict horizontal migration of 
groundwater. 

Physical Barrier Injection of bottom-sealing slurry beneath 
source to minimize vertical migration of 
groundwater. 

Screening Comment 

Eliminate. This technology would not 
restore groundwater quality. Groundwater 
treatment would still be needed. Difficult to 
apply to fractured bedrock . 

Eliminate. This technology would not 
restore groundwater quality. Groundwater 
treatment would still be needed. Difficult to 
apply to bedrock. 

Eliminate. This technology would not 
restore groundwater quality. Groundwater 
treatment would still be needed. 

Eliminate. This technology would not 
restore groundwater quality. Groundwater 
treatment would still be needed. 
Heterogeneity would affect capture of 
groundwater. 

Eliminate. Not applicable. Contaminants 
extend through surficial groundwater to 
confining unit (unfractured bedrock) below. 
Confining unit prevents further downward 
migration of contaminants. 
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Process Options Description 

Extraction Wells Series of conventional pumping wells used 
to remove contaminated groundwater. 

Collection Trench A permeable trench used to intercept and 
collect groundwater. 

Screening Comment 

Retain. May be effective in reducing 
concentrations to relatively high GB criteria 
in combination with ex-situ treatment. 
Requires BRAC PMO-Ievel approval for 
implementation. 

Eliminate. A deep trench would be needed 
to capture the full depth of the plume, and a 
trench would not be effective in capturing 
the bedrock plume. 

In-Situ Treatment Biological Anaerobic/ Enhancement of biodegradation of Retain. Anaerobic reductive dechlorination 
Aerobic organics in an anaerobic (oxygen- is effective at removing TCE and other 

deficient) or aerobic (oxygen-rich) chlorinated VOCs. 
environment by injection of electron-donor 
compounds or oxygen source. 
Microorganism cultures may need to be 
added. 

Physical/ AS or AS/SVE Volatilization and enhancement of Eliminate. The heterogeneous subsurface 
Biological biodegradation of organic compounds by would make effective implementation of 

supply of air with or without capture and this method difficult. 
treatment of volatilized compounds. 

Dynamic Steam injection at the periphery of the Eliminate. The heterogeneous subsurface 
Underground contaminated area resulting in the would make effective implementation of 
Stripping vaporization of volatile compounds bound this method difficult. 

to soil and the movement of contaminants 
to a centrally located extraction well. 
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Process Options Description Screening Comment 

In-Situ Treatment Chemical Chemical Chemical destruction of organic COCs Retain. This technology could remove the 
(continued) Oxidation through oxidation with hydrogen peroxide chlorinated VOCs, although the subsurface 

and ferrous iron (Fenton's Reagent), heterogeneity would affect the distribution 
catalyzed percarbonate (RegenOx™), or of the chemical. A pilot study is typically 
potassium permanganate. needed. Also, oxidation might also be 

effective in immobilizing arsenic. 

PRBs Use of a permeable barrier with zero- Retain. Size and depth of contaminant 
valent iron, which allows the passage of plume would make construction of PRB 
groundwater and reacts with the difficult, but this option is retained for further 
contaminants. consideration. Could not be applied to 

bedrock at the site. 

Thermal Electrical Volatilization of organic COCs through Eliminate. Large volume would be costly to 
Resistance groundwater and soil heating with treat with this process. Low concentrations 
Heating electrical electrodes in combination with of VOCs are more readily removed by other 

vacuum extraction of volatilized material. processes. 

Ex-Situ Biological Aerobic! Natural degradation of organic COCs via Eliminate. Biological treatment of low 
Treatment Anaerobic microorganisms in an aerobic (oxygen- concentrations of contaminants would not 

rich) or anaerobic (oxygen-deficient) be cost-efficient. 
environment. 

Physical Filtration Separation of suspended solids from Retain. May be useful in combination with 
water via entrapment in a bed of granular other ex-situ treatment options. 
media or membrane. 

Air Stripping Contact of water with an air stream to Retain. Proven treatment method for VOC 
remove VOCs. removal. 
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Process Options Description 

GAC Adsorption Separation of dissolved contaminants from 
water or air streams via adsorption onto 
GAC. 

Solvent Extraction Separation of contaminants from a 
solution by contact with an immiscible 
liquid with a higher affinity for the COCs. 

Sedimentation Separation of solids from water via gravity 
settling. 

Coagulation/ Use of chemicals to neutralize surface 
Flocculation charges and promote attraction of colloidal 

particles to facilitate settling. 

Neutralization/pH Use of acid or base to counteract high or 
Adjustment low pH conditions. 

Chemical Use of reagents to convert soluble 
Precipitation compounds into insoluble compounds. 

Ion Exchange Removal of dissolved ions through 
exchange with similarly charged ions held 
on the active sites of a synthetic resin that 
is contacted with the liquid to be treated. 

Enhanced Use of oxidizers such as ozone, hydrogen 
Oxidation peroxide, or potassium permanganate to 

break down certain organic compounds. 

Screening Comment 

Retain. Proven treatment method for VOC 
removal from contaminated groundwater 
and air stripper off-gas. 

Eliminate. Not proven to be cost-effective 
for VOC removal. 

Eliminate. Large quantities of suspended 
solids are not present and are not likely to 
be generated. 

Eliminate. Large quantities of suspended 
solids are not present and are not likely to 
be generated. 

Retain. May be needed for final pH 
adjustment prior to discharge to surface 
water. 

Eliminate. This process is not used for 
VOC removal. 

Eliminate. This process is hot used for 
VOC removal. 

Eliminate. Treatment costs are much 
higher compared to typical treatment 
methods for VOCs, such as air stripping. 
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General 
Response Technology Process Options 

Action 

Discharge/ Suriace Discharge Direct Discharge 
Disposal 

Indirect Discharge 

Off-Site 
Treatment Facility 

Subsuriace Reinjection 
Discharge 

BRAC PMO - Base Realignment and Closure Program 
Management Office. 

cae -Chemical of concern. 
GAC - Granular activated carbon. 
LlFOC - Lease in Furtherance of Conveyance. 

Description 

Discharge of treated water to suriace 
water. 

Discharge of collected/treated water to 
local sewage treatment plant. 

Treatment and disposal of water at an off-
site treatment works. 

Use of injection wells, spray irrigation, or 
infiltration to discharge of treated 
groundwater underground. 

MARAD - Maritime Administration. 
PRB - Permeable reactive barrier. 
STP - Sewage treatment plant. 
TCE - Trichloroethene. 
VOC - Volatile organic compound. 

Screening Comment 

Retain. Treatment of other constituents, 
such as metals, may be required to meet 
effluent limitation requirements. 

Eliminate. No publicly owned treatment 
works sewers are nearby. 

Eliminate. Separate facility not available. 
Large volume of water would be too costly 
to transport by tanker. 

Eliminate. Injection field or infiltration 
gallery would limit development of site. 
Because of relatively shallow depth to 
groundwater, mounding may reach ground 
suriace. 
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Alternative Alternative Component Descriptions 
Components 

No Action • No Action. 
Monitored Natural • MNA would be conducted until cleanup goals are achieved. 
Attenuation (MNA) • Groundwater use prohibitions would be incorporated into 
and Land Use LUCs until cleanup goals are achieved. 
Controls (LUCs) 
In-Situ Chemical • Inject sodium permanganate to chemically treat the 
Oxidation (High- chlorinated VOC high-concentration areas. 
Concentration • MNA would be conducted until cleanup goals are achieved. 
Areas), MNA, and • Groundwater use prohibitions would be incorporated into 
LUCs LUCs until cleanup goals are achieved. 

• Groundwater with elevated arsenic concentrations would be 
addressed through MNA. 

Enhanced • Inject oil-based electron donor substrates as barriers to 
Bioremediation (High- stimulate biological degradation of chlorinated VOCs as the 
Concentration groundwater passes through the barriers. 
Areas), MNA, and • MNA would be conducted until cleanup goals are achieved. 
LUCs • Groundwater use prohibitions would be incorporated into 

LUCs until cleanup goals are achieved. 
• Groundwater with elevated arsenic concentrations would be 

addressed through MNA. 
PRBs (Overburden • Install ZVI PRBs at overburden high-concentration areas to 
High-Concentration treat groundwater as it passes through the barrier. 
Areas), In-Situ • Inject oil-based electron donor substrates as barriers in 
Enhanced bedrock and remote areas to stimulate biological 
Bioremediation degradation of chlorinated VOCs as the groundwater 
(Bedrock and passes through the barriers. 
Remote High- • MNA would be conducted until cleanup goals are achieved. 
Concentration • Groundwater use prohibitions would be incorporated into 
Areas), MNA, and LUCs until cleanup goals are achieved. 
LUCs • Groundwater with elevated arsenic concentrations would be 

addressed through MNA. 
Groundwater • Pump water from high-concentration areas until 
Extraction and concentrations meet RIDEM GB Groundwater objectives. 
Treatment (High- • Treat groundwater by air stripping and GAC. Treated 
Concentration groundwater would be discharged to Narragansett Bay. 
Areas), MNA, and • MNA would be conducted until cleanup goals are achieved. 
LUCs • Groundwater use prohibitions would be incorporated into 

LUCs until cleanup goals are achieved. 

• Groundwater with elevated arsenic concentrations would be 
addressed through MNA. 




