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ALTERNATIVES ANALYSIS SUMMARY

-

This Alternattves Analysis Summary |dent|f|es the enwronmental medla and Chemlcals of Concern (COC)

currently belng evaluated in-the on- gomg Feasibility Study (FS) for Slte 16 and provides a prellmlnary

,:screenlng of technologtes and‘process options. and a descnptlon of, the( remedlal alternatives. under

Envnronmental Protectlon Agency (USEPA) and the State of Rhode lsland Department of Enwronmental

Management (RIDEM) to support and: expedlte risk. management demsrons for the Site 16

10 Exposuns UNITS_AND GENERAL CONCLUSIONS OF THE PHASE" wRl

1 EXPOSUREUNITS

plaea Tl by

' In the Phase NI Remedial Investlgatlon (RI) Report risks at Srte 16 were evaluated by leldmg the srte
into-exposure units (EUs). An EU is the area over WhICh receptor actlvuty is expected to occur and lS '

medium specuflc The l’lSk for each EU was calculated usrng the contamlnant concentratlons present in '
the EU. A T : cok i

( "CAl was d|V|ded mto two EUs
the northwest area (NWNCA) and the southeast area (SENCA) Therefore mcludrng the Developed Area
EU, three EUs were identified for evaluating exposures to soil in the Phase It R

Ot contaminants in soil, theNorth eintral A

e NWNCA - mcludes the former creosote d|p tank area, former flre frghtmg tra|n|ng area, Benzene
‘;’r?rﬁf’Toluene Ethylbenzene and Xylene (BTEX) Hot Spot Area and the septlc tank removal area .

Y SENCA - includes the remainder of the Undeveloped Area,

«/ e Developed Area ;'evaluated as a single EU, with the exception that the analyticalresults from one
Sample focation south of 'former Building “ (SB1 6-A3-12) Were not lncluded in “the lrisk
calculation. The polycycllc aromatic hydrocarbon (PAH) profile of the soil in the vicinity of this

Vsample location s distinct from (and considerably hlgher than) concentratlons reported for other
locatlons in the Developed Area. The elevated concentratlons of PAHs in the soil sample’ appear

" tobe related to. asphalt and this location is pendrng further evaluatlon ‘
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Surface son and subsurface sorl were evaluated separately foreach of the three EUs: These EUs will be'

the units for which remedial decusmns are based upon in the alternatives analysis.

12 Groundwater ExposureUnlts

"Groundwater was evaluated as two EUs each consrstlng of” the hlghly contamlnated areas of the
""groundwater chlorlnated Volatlle Organlc Compound (VOC) plume in the Developed A‘rea and

7 gUndeveloped Area

©1.1.3 Soil‘Gas exposure Unifs

EETE RN SR NG S ER A A BN R AL R S T

Sail gas was evaluated as three. EUs: the Building E-107 area, the Unde’velo»ped'Area_,:iand(the former

* Building 41-area.

114 Sodiment Exposure
'Sedi‘rnent's in Allen:l;larborleere evaluatedas a'single EU.

12 CONCLUSIONS FROM THE Rl

Conclusmns of the Phase 113 Fll for each medla and exposure unlt are summarlzed below.. COCs for each -

'medlum and EU a". des | wmg sectlons

121 Soil

Based on nsk the area ofc’;ntamlnated sonl warrantlng evaluatlon |n the FS lS llmlted to the NWNCA

There were no unacceptable risks assomated wuth the sorl |n the SENCA and the Developed Area The

risks are summarlzed on the table below

B i
LR
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Exceeds USEPA’s Target ‘ " Ex @eds RIDEM's

Area Media Risk Range of 10*to 10° - | Cumulative Risk Level of 10°

NWNCA .| sufaceSoil [, .. - NoExceedances .. | Lifelong Recreational Users ,

Hypothetical Child Residents -

Hypothetlcal Llf long Resudents'

;Subsurface Soil Hypoth_eticall_ifelong Residents

' Adult Recreatlonal Users

an iz ey TIi::_f oy J HoRA l EE T e "'\ é RO T P e Llfelong Recreaﬂona ‘ ..g;‘;“;.v,{é

_ Hypothetical Child Flesudents

?Hypothetlcal Adult Residents

- SENCA - Surface Soil | -~ No Exceedances

' Hypothetlcal Llfelong Resudentsi

_Subsurface Soil | - No Exceedances |

| 'Devélbpeé,.t\rea, __Surface Soil | - -No Exceedances -

V’Subsun‘ace Soul ’ NoExceedances F

;IS not conS|dered asa sep‘arate medlum

122 Groundwater |

The risk eVaIuatlon of son gas data’ mdlc &5 that' there'is also potentlal for' exposure'

Note that ‘waste’ materlal i “the’ form of fragments of WOod " metal, plastlc “and’ ‘ceramics were found

‘ ‘dlspersed through the soil in the NWNCA ThlS waste materlal appears o be well' mlxed W|th the sonl and

fthe entlre s:te the groundwater is evaluated as a smgle unit in the FS ,

COCs migrating

'from ‘groundwater to° “the " indoor air of ‘bwldlng (eg,' a’ hypothetlcal flrther tesidence or

: mdustrlal/commercnal built atop the VOC. plume) This exposure pathway must also be’ addressed in the

/
FS. However the VOC' plume has ot reached eX|st|ng downgradlent bulldlngs therefore thls exposure

pathway is not currently complete ey
1.2.4  Sediments”

The potential for direct: ‘contact human exposure ‘to sedlments is’ very limited; '§o sedlments are not

considered as a medium of concern {for thé Site 16 FS.:

3 CTO 418
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' Health Risk Assessment (HHI'lA) section of the.‘%Phase R Report “Initialy

:‘cancer l’ISk estimat ‘exceedrng 1.0 x 10 ~and/or. target organ/target effect: specmc shazard indices

-exceeding 1 were |dent|f|ed Lhen the, detalled cancer and:nons cancer risk estlmates were .examined to

identify the risk dnvers (i.e., chemrcals contrlbutmg substantially to risk), For soul Chemlcals of. Potentlal

Concern (COPCs) were selected as COCs if their Incremental Lifetime Cancer Rrsks (ILCRs) were

‘ greater than 1.0 X 10°® or if the chemical- specmc hazard indices (His) contrlbuted substantrally 1o a. total -

receptor HI ‘greater than 1. It should be noted that the USEPA target cancer risk range is 1.0 x 107

to.1; 0 x 10 the RIDEM cumulatlve cancer. risk benchmark ILCR is; 1 0 X, 105 The cumulatlve non-'

cancer rlsk benchmark is.1.for both. the USEPA and. RIDEM (calculated ona target organ/effect specrflc :

- basrs)

The COCs initially selected for evaluation of soils in the FS are listed on Tabble'1-1':&aloing-,ﬂwith__ the
chemiical-specific clean-up goals currently under consideration in the FS. Both direct contact risks (as

described above).and. contamlnant mlgratlon from soil to groundwater ISSUGS were considered. in, the -

selectlon of COCs to be addressed in the FS. For _example, if a chemrcal was. identified as. COC for

hemlcal mrgratron from soil to. groundwater was. also consrdered in the

groundwater theﬂ h_otentlal for
selection of soil. COCs. The followmg rtems brlefly summarize HHRA conclusrons relevant to the FS for
Site 16-(and selection of CQCs) as well as the information presented in Table 1-1.. Note that Site 16.is
located in an area with an RIDEM groundwater classification of GB. ,(Groundwater with thls,classrflcatlon
may not be suttable for drinking water use without treatment due tcgkncwn or presumed degradation.). .

» . The HHRA cgnclqdede:that‘erxpyosurevlto; carcinogenic_chlynuclear aromatic: hydrocarbons (cPAHs),

dioxins/furans, and arsenic in surface soil. in. the: NWNCA'" presents, unacceptable risks..to

-4 o o ' . CTO 418
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* hypothetical future: residehts'-an‘dff“recreation'al users; Exposure to cPAHs ‘and dioxins/furans in
- subsurface: sonl in-the NWNCA also presents unacceptable risks to: mdustrlal workers, recreational
- users, and hypothetical future residents. cPAH and arsenic concentrat|ons in’ “NWNCA ‘soils

exceed RIDEM dlrect contact (DC) criteria for. mdustnal/commermal (IC) receptors (| e., RIDEM
DC/IC crlterla) e el

Although d|0X|ns/furans in sonls were selected as COCsiin the Phase I Rl they wnII hot'be further

addressed in the Site. 16 FS because the ‘maximum detected dloxm/furan concentratxons in-soils |
do not exceed the USEPA goal of 1 ug/kg (expressed as 2,3,7,8- tetrachlorodlbenzodloxm'
equlvalents) presented in OSWER Dlrectlve 9200.4-26 (USEPA, 1998). VA e el et .

Several additional soil contaminants (trichloroettiene-[TCE]; tetrachloroethens, [PCE] cis-1,2-
dichlo'ro'ethene [cis1zDCE] vlnyl* chioride [VC], benzene, lead, naphthalene 2-

. methylnaphthalene, and total-petroleum hydrocarbons [T PH]) were |n|t|ally evaluated forinclusion

in the FS even though they were not identified as d|rect contact risk COCs in. the Phase |l RI.
TCE, PCE ‘cis-1,2-DCE, and VC are primary groundwater COCs and/or TCE degradatlon :

‘products. These VOCs.and naphthalene and 2-methylnaphthalene (also selected as GW:COCs). .
were detected at maXImum concentrations exceedlng RIDEM LC (GA) but not RIDEM LC (GB).

 These organics in sonlsﬁ,a_,re;,.not,furt‘h‘evr,;addtessed ln,,.the_,FS-:

The Phase Ill Rl identified' the BTEX Hot Spot Area in the NWNCA. In the BTE)‘J‘(;;l,-'lothppt\Area_,
concentrations of be‘nZen'e toluene, ethylbenzene xylenes and lead were mUch greater than in.-

Spot Area needsto con3|der these contamln_ants. ln the.BTEX Hot Spot Area, benzene and lead

i o Were alsos -identlfied as. COés Benzene-Was-fselec’ted as a groundwater, COC, was. detected ata
e maX|mum congentration, exceedlnglthe RIDEM LC. (GB) and is, selected for further evaluation in
+the F8.: The lead. results in, the: BTEX Hot, Spot Area were; evaluated with-the. IBUEK lead: model.

This evaluation showed that risk estimates for lead in soils-in the.immediate, vicinity. of: the Hot
Spot Area would exceed acceptable levels when a hypothetical future resudent is evaluated asthe

i .u.:receptor of: concern naddition;. the - highest concentratlons of lead. detected in. the BTEX Hot

Spot-Area at concentratrons exceed:ithe RIDEM DC/IC cnterlon

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:'VOC

concentrations exceedlng LC cnterla were actually reported for soil samples collected in the

saturated zone.)

5 S , B CTO 418
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 Déveloped Area '
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\ .
ol

'In'summarry,:the ‘following soil:COCs:for: each. EU. will be -addressed by--iremedial ’alter‘natives-'i’h'the FS

| ‘based-on: the -unacceptable risk . estlmates for: the., NWNCA and exceedances:of: RIDEM: DC/IC and/or -

RIDEM GB: cntena

BTSSR TR AT JE .

NWNCA (excludinq BTEX’ Hot Spot Area)

“GPAHs .(as;.b‘enfzfe(fa:)pyr.\eﬁ‘e;eqmval”ent’s";) 'Ef»:~'*;~ Fez e

. cPAHs (as benzo(a)pyrene equwalents)

“Benzene ' ¢t

« "NoCOCs - not further evaluated-in‘the FS baséd on'éxposuretoisoil. ©

~ RIDEM direct exposure ‘and leachability ‘chiteria’ In‘%mb‘s’)’t’ ef“these"|bc?a‘ti6‘r1§§?6fher COCs are present at

iconcentratlons requmng remedlatlon""*"’" S

" The currentand tse for Déveloped Area of Site 16'is 'Cbm'fnérciall'ivﬁdu’st“ria’l.<‘Thef’antiéipated~future land

use for the Undeveloped Area of Site' 16 is al§d commercial/industrial. ‘Consequently; RIDEM DC/IC or
RIDEM LC (GB) criteria are currently belng evaluated as potent|al cleanup goals (Table 1-1. for sails).’

oy SRRELTL R [ETITRENUS FERT I = E Liony it,a';" :
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To-protect the public frorm: ‘potential' current and future health: risks; as‘well-as:to protect:the environment,
the: followmg Remedlaf ;Action Objectives (RAOs) havebeen developed for: soul in:the: NWNCA and the
BTEX Hot Spot Area at Slte 16. Sh S

NWN@Af,(excl'uding"aB’I’FE:)‘(,?Ho“tIS?p’eﬁAre@i?‘* hy i by aiir e

Soil ‘RAO No: 1"‘“‘P‘rev‘e‘ht‘exposwe‘df industrial workets to: -surface and: subsurfa'ce ‘so‘il"in‘ the' NWNCA
(excluding the' BTEX Hot: Spot Area) contalnlng concentratlons of COCs (6PAHs:and: arsemc) and TPH

that cause unacceptable r|sk (total site ILCR greater than 1 x 10™ or HI greater than 1). -

Soil RAO! No 2:% Prevent exposure Eo) hypothetlcal resrdentlal ‘users:to surface and subsurface soil:in: the -
NWNCA (excludmg the BTEX Hot Spot Area) contalmng concentrations of:COCs: (cPAHs .and arsemc)

" and TPH that,cause unacceptable risk (total ILCR greater than 1 x 10 or Hi greater than 1).

BTEX Hot Spot Area

Soil RAO No. 3: Prevent exposure of industrial workers to surface and subs.urface,_soiff in the-BtEX'Hot

Spot Area containing 'concentrations of COCs . (cPAHSs, lead,. and :ﬂrarsenii,c) andTPH t,ha_t, .cause

unacceptable risk (total site,ILCR.greater than 1 x 10" or Hl greater.than 1),

Sbil RAO No. 4: Prevent rmigra’tion of surface and subsurface soil contaminahts (benzene) inthe BTEX

Hot Spot Area to groundwater that would result in concentratlons greater than acceptable groundwater -

o crlterra (e, RIDEM GB. classlflcatlon)

SOII RAO No 5 Prevent exposure of hypothetlcal resudentlal users to surface ,and subsurface soul in the a
BTEX Hot Spot Area contammg concentratlons of COCs (cPAHs, lead, and arsenlc) and TPH that cause

unacceptable risk (total ILCR greater than 1-x 10 or HI greater than 1).

- There are no RAOs for soil for the SENCA and the Developed Area although LUCs will be contmued to

maintain-‘the site for industrial uses only.
23~ SCREENING OF TECHNOLOGY AND PROCESS OPTIONS
Technologies and process options‘ for soil vvere screened based on implementation vvith respect to site

conditions and COCs.  The screening ‘was first conducted at a preliminary level to focus on relevant

7 : _ CTO 418
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technologies ‘and process options, then the screemng was: conducted ata more detarled level based on

certain evaluation criteria. The evaluatron criteria for detailed screening: of technologles and process

options:that:hayve: been: retained: after the: preliminary.screening:were. effectiveness; implementability, and

cost.::Finally,: process ;options: are: sélected to: represent the technologres that have passed the detarled ‘

evaluatron and screemng

J

- Table 2 '1 snmmarizes the preliminary screening of technolog’ies’ ' 'd}, process ‘options :applicable to:soil.

The table presents the general response actions (GRAs), identifies the technotogres and process optlons
and prowdes a' brief: descrrptron .of each: process: option:followed by screening-comments. - :Process
optlonSz -ahd: technologles ‘fetained: from: prellmlnary screening. were: evaluated. further:in the detailed

screenrng step

After: detarled screening;:the- foliowing technologies and process optrons under: the GRAs as noted, were
retained for the-development. of soil:remedial alternatives: Bt b EETEG el pinensany 00U

¢ NoAction =
o  Limited Action: Land Use Controls (LUCs)

o Containment: Cover and/or Cap

&' Removali Excavation

o U Ex-Situ Treatmeént: Size 'Redﬂction’andScr‘eening L :
« Disposal: Off-Site Non-Hazardous Landfill (Off-Site Hazardous Waste Landfil, if needed) =+

24 ALTERNATIVES™

Based on the detailed screening of soil technologies and process, the following soil rémedial alternatives .

-are being. evaluated in the Site 16 FS. - For all alternatives, the active remedlatron components (e 9o
_ excavatlon) apply onIy to the contamlnated soil in the NWNCA ‘ AN

. Alternative 8-1: No-Action:
«  Altemative S:2: Soil Cover and/or Cap, Moniforing, and LUCs ~
e .Aiternative S-3: Excavation, Off‘-site Treatment- and Diisposa,l,'and' LUCs -

e Alternative S-4: Soil Cover, Selected Excavation and Disposal, and LUCs

8 , I A CTO 418,
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‘Alternatlve S 1 was analyzed to serve as'a baselrne for comparlson to: other alternatlves ‘as reqmred by
Comprehensrve Envrronmental Response Compensatron and Llab|l|ty Act? (CERCLA) and the Natronal
Oil and Hazardous Substances PoIIutlon Contlngency Plan (NCP)." Alternative S-2 was developed as the
- least aggressrve alternatlve that mlnrmlzes exposure pathWays Alternat|ve 8-3:was - developed and
‘!analyzed to provrde removal 6fiCOC concentratrons ‘greater than RIDEM DC/lC Exposure and GB LC‘

Alternative S- 4'\Was’ developed to provrde removal ofssoil with-contafinant concentratrons greater than ..

' leachability criteria, removal of gontaminants ‘toa: depthof 22 feetito: malntaln eX|strng ground surface
contours after placement of cover, and exposure pathway and LUC mrnlmrzatron Table 2 2 summarizes

the sorl alternatlves

_Analtérative-for unrestrictive ;prop‘erty& use:was:not ‘considered:: "A; s_ig’nifiCa‘f]_t %portion' ‘of: Sites 1‘6,_ has

‘alteady: béen: transferred the D iie‘veIOped‘fArea) sand th“e?’CUrre‘nt/antioi‘p'ate“cil'future “us’es*of the site is

~‘mdustrral/commercral T
be a: component ofrany: futuref' land-transfer documentanon prepared fot:Site: 16 ‘ahd will-be included as -

7 part of the soil alternatrves s

-

3.0 - GROUNDWATER - 1

3.1 - CHEMICALS OF CONGERN -

€OCs were selected based primarily on-the. cancer.and noncancer risk e’stimates'ip*r'ovided -inf-:the HHRA
~ section of the: Phase 1R Report: - Initially,: receptors with.cumulative cancer risk -estimates:exceeding
1.0x 10° and/or target organ/target effect specific hazard indices exceedmg 1 were rdentlfled ‘Then the 'b
detarled cancer-and non- cancer risk estimates were examined to |dent|fy the risk drivers (i. e, chemicals
contnbutrng substantially to.risk): For groundwater;-a: COPCi:was; selected ;a8 2 COC:if the ILCR:was
greater than;. 1 0:x:10%; lf the: concentrat;on ‘was- greater than the Safe Drinking. Watet Act (SDWA)
Maximum ;Gon.tamlnant Level (MCL), or:if. the chemical-specific-Hls: contributed- substantlally to a total
sreceptorHl. greater than 1. It :should be- noted that.the: USEPA target.cancer: rlsk rangeis 1.0:x.10° to 1.0
x 10 the RIDEM cumulative. cancer: risk: benchmark ILCR is:1.0.x 10 The cumulative mon-cancer risk
benchmark is- 1 for both the USEPA and RIDEM (calculated on a: target organ/effect specn‘lc basis). '

The . COCs initially selected for;evaantionfof grou'ndwater_in-:theFS are listed-on Table 1-2 along with the
' chemical-speclflc clean-up goals currently under consideration in the FS. Direct contact'risks‘iss'ues were
conSidered in the selection of groundwater COCs. The following items briefly summarlze HHRA
conclusions relevant to the FS for Site 16 (and: selectlon of COCs) as well as the mformatlon presented in

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

9 , : CTO 418
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hexachlorObenzen‘e' “'aluminurn' arsenic, lead, " and

.. Devel’dped;Area EU - the HHRA concluded that exposure to 1 2-dichlor0ethane (DCA:):," benzene,

chloroform PCE, TCE; vinyl chloride, alumlnum antlmony, arsenlc |ron lead, manganese silver,

i and: thalllum in groundwater also-present unacceptable rlsks to hypothetlcal resrdentlal ‘users..

it Many-(but: notr,»all)_ of-these:chemicals: were. ‘also: detected:at :.conoem,tratlons exceedmg.SDWA

. GB o‘ritéria.f.::"FCEian’dﬁVGéWerer also seI_'e.ct_edfasC;O»C“s,eaf.or?j’rhe QYaponfintrusion; pathway: (i.e.; the

migration of Vapors from the subsurface into the indoor air of a hypothetical building).:

. Although"several metals were identified as COCs -in groundvrater"“r'nOS‘t“ elevated metal

,concentratlons appear to: be the result of elevated suspended SO|IdS concentrations in unflltered '

groundwater samples. In most cases where. total (unfiltered): metals concentratrons wereA '

elevated, the corresponding dissolved (filtered) metal concentrations were less than screening
: seliteriac o'r=’/SDWA:.-,:MGLs.iff Based:«o‘n-vthisﬁsconsiderafion;z the-only ‘metal fin’ grbundWate‘ri with
1o+ dissolved ‘conéentrations cofisistently greater than'MCLsis arsenic in shallow-groundwater:in the

.« 0f the COCs in grouindwater identlfied In the Phase IIl Hi, several will not befurther addressediin

the FS: for Site 16.All ‘concentrations: of 1;2- DCA and chloroform are less than thelr respective

b f’SDWA MCLs.: Hexachlorobehzerie was ‘only- detected in“one well at-an estlmated concentratron

' ‘equal tosits: SDW-A MeL:-All- Benzo( )Pyrene(BaP) and'f Benzo(a )Pyrene equivalent” (BaP Eq)

concentratlons are less than the SDWA: MCL Drssolved ‘arsenic concentratlons wére less than v

the MCLin'the Developed Area EU.

In summary; the following*gr’ou_ndwateriCOCSﬂ will'be addressed by remedial-alternativés developed in'the

10 - : CTO 418
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or groundwater)
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'Unde\i’el’o‘"edi‘:Ar'éa*‘vEUa;;':'f VTl

2- Methylnaphthalene R | |

Naphthalene i

Arsemc L 5'~'~u.,‘— [ A e R )7 LEEn

o+ PCE

« Benzere

R R R & & PR

' Note that cis- 1 2 DCE has been mcluded as a COC because |t IS a degradatton product of TCE and the
potentlal concentratlon of cns -1,2-DCE could be greater than the RIDEM GB cnterlon

‘ The FS wrll address the chlorrnated VOC plume beneath most "of the srte an the Iocatlons of hrgh arsenrc
lconcentratlons Iocated ln the shallow groundwater ln the NCA o

:"As noted Srte 16 lS Iocated m an area W|th an RIDEM groundwater classmcatlon of GB Consequently, :

for most chemicals, RIDEM GB cntena are currently being evaluated as potentlal cleanup goals (Table -2
N , o

ol FRTRETE MR

T Ty

LUCs are required to address _the’h’ypothetical tuturef'resi'de’ntial land use and the rnlgration of subsurface

vapors into the indoor air of a hypothetical structure built atop the chlorinated VOC groundwater_plurn:e.‘

32 REMEDIAL ACTION OBJECTIVES

‘To protect the publlc from potentlal current and future health rlsks as well as to protect the envxronment
the following RAOs have been developed for groundwater at Slte 16 .

11 _ - cTO418
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- Groundwater RAO No. 1: Prevent exposure of industrial ‘workers . and hypothetloaw‘_“js‘»idents' to

'groundwater contalnlng concentrations of COCs that _cause unacceptable l'lSk (total lLCR greater

than1 X 10% or HI greater than-1). -~ : T 7 :

Groundwater RAO No 2: Ensure that the dlscharge of groundwater to Allen Harbor and Narragansett

Bay contlnues to pose no unacceptable nsks

Groundwater RAO No 3 Prevent exposure of mdustrral workers and hypothetlcal

’resultmg from vapor lntrusron |nto bundlngs that cause unacceptable nsk (total ILCR greater than 1 x107°

‘ 'or Hl greater than 1)

33 SCREENING',O:F TECHNOLOGY AND PRQ,CESSZOPTIONS o

Technologles and process opt|ons for groundwater were screened based on |mplementat|on W|th respect
" -to site condltlons and COCs. The screening was first: conducted at'a prellmrnary Ievel to focus on

relevant technologles and- process optlons then the screenlng was conducted at a more detarled Ievel_'

based on certain evaluatlon criteria. The evaluation ctiteria for detarled screening of technologles and

process -options that have been retained - after the prehmrnary screening were effectrveness

|mplementablllty, and cost Fmally, process optlons are selected to represent the technologles that have' )

passed the detalled evaluatlon and 5 ;eenrng e

_provrdes a brief- descnptlon of each process optlon followed by screenmg comments

and technolog|es retamed from prellmlnary scre

After detailed screemng, the following technologles and process optlons under the GRAs as noted were'

retalned for the development of groundwater remedlal alternatrves T

. :No‘Actlon:T‘ A

¢ Limited Action: LUGs, Monltorlng, Monltored Natural Attenuatron (MNA)

¢ Removal: Extraction _ :

. ln Situ Treatment Enhanced Bloremedratlon Chemlcal Oxrdatlon Permeable Reactrve Barrler (PRB)

. Ex-Srtu Treatment F|Itratlon A|r Stnpplng,lquurd Phase Granular Actlvated Carbon (GAC)
‘Adsorption, Vapor-Phase GAC Adsorption, pH Adjustment |

. Dlsposal Surface Water Discharge

I v 12 CTO 418

X 'ts to VOCs

aluated further in the detalled screenmg_
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3.4 . ALTERNATIVES |

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

groundwater remf-i-dial alternatives are being evaluated inthe Site 16 FS:, :
Atternati\'re G-1: No Aotion. LT

. Alternative G-2: MNA and LUCs.

e Alternative GB In-Situ vChemi‘cal‘O'xidation (High-TCE Concentration Areas), MNA, and LUCs.

. Alternative G-4: Enhanced Bioremediation (High-TCErConcentration Areas), MNA, and LUCs. -

) Alternatir/e " G-5: 'PRBs - (Overburden HigthCE Concentration Areas),  In-Situ Enhanced
Bioremediati'on (Bedrock and Remote HighFT‘CE Concentration Areas), MNA, and LUCs. o

e Alternative G-6: Groundwater Extraction and Treatment (High-TCE Concentration Areas), MNA, and -
LUCs. '

Alternative G-1 ‘was. developed and analyzed to serve as a baseline for comparison to other alte‘rnatives
as reqwred by CERCLA and ‘the NCP. Alternative G-2 was developed as a limited action approach.

Alternatlves G-3 through G-6 were developed and analyzed to evaluate active remediation of the: areas" i

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

-G-5 would last several years as groundwater flows through the treatment zones, and treatment of high-

TCE concentrat|on areas in Alternative G-3 would be completed in less than 1 year.. The duraﬁon of
treatment in AIternatlve G-6 is.expected to be shorter than Alternatlves G-4 and G-5 but-longer than G-3.
The high concentratlons of-arsenic are addressed by MNA in Alternatlves G-2 through G- 6 Table 3-2

summarizes groundwater alternatlves

~

13 o CTO 418



TABLE 14

CANDIDATE CHEMICALS OF GONCERN AND CLEAN—UP GOALS FOR SOILS
SITE 16 FEASIBILITY STUDY ALTERNATIVES ANALYSIS SUMMARY

NCBC DAVISVILLE -
NORTH KINGSTOWN, RHODE ISLAND

PAGE 10F 3 : J_
" . |COC Based on Migration | !
_ - |- fromSoilsto : B e - e ( ’
e COC Based on - | Groundwater Concems | o0 oqon | Background Risk-Based Clean-up (RBC) R'DEM Direct C°“‘a°‘, (Dc) RIDEM Leachability] - LT
o A . (i.e.,.Chemical is'a GW ; Y % e ' Criteria-- ot gt | jutl
.~ Chemical Drrect Contact (DC) coc AND Professional Concentration . | Goals - Industrral/CommerclaI . - Criteria (LC) - . Comments
e “Risk? . Is presentin ‘| - judgment? (ma/kg) (mglkg) - IndustrialiCommercial | (mglkg)- - | R
“ik | osoilat concenlratlons > e T (ma/kg) L e I i
RIDEM Leachate ’ s BT [ iy LT Al
Criteria)? % ; ; 2 S .
Carcinogenic PAHs - NA - : 1E- 06 to.1E-04 Cancer Risk Range " -:|9-8 (The RIDEMguidance - 240A ¢ 'ipoc addressed in FS. anary risk driver for surface and}.
; : R o i 0.21t0.21 ; {indicates that this is not strlctly a S shallow-subsurface soils in the North- Central Area. )
~ i . : s fisk-based goal.) “|RIDENt DC 1/C criterion is being evaliiated asthe potential
X : J . : [elean-up goal (approximates 1E-05 RBC Goal and is below
© / : eachablhty crltena)
Dioxins/Furans NA : ; 1E-06to 1E-04 Cancer Risk Range:. -~ [NA NA lCOC not further-addressed in the FS. Concentrations
: T x ' 1.8E-05 to 1.8E-03 ] i detected do not exceed the USEPA goal of 1 ug/kg
Nori-caricer RBC (Hazard Index =1). OSWER Dlrectrve 9200.4-26, 1998)
i : e - . ¢ 3nd - |8.5E-04 (ORNL RSLs presented:) - .
Arsenic.. '|Formal background 1E-06 to 1E-04 Cancer Risk Range 1 8]7 (The RIDEM gurdance mdlcates NA ocC addressed in FS. A primary nsk dnver for surface
i soils study has not to 160" : |that this is representative. . - nd shallow subsurface soils in {he North-Centrat Area,N
‘|been conducted for Site|Non-cancer RBC (Hazard Index = T) : background for the State of - Iormal background study has not been conduc/ted for.Site
% 16. ‘However, a limited' |260 {ORNL RSLs presented }- --|Rhode Istand.) g “ ) 16 soils, However, the RIDEM-DC V/C criterion is S|m|lar to
i INCBC Basewide . the maximum:detected coricentration reported for 7 Base-- |-
X background dataset is - ; -|wide soil samples historicatly identified as background for
G available. e S ¢ ) CBC Davisville. The'RIDEM DC I/C criterion is being, -
2 B pvaluated as the potential-eléan-up goal and appears: to be
- in-general agreement with-available background
: mformatron for NCBC and Site 16.
Lead Formal background Typical industrial worker: e _ 1500 NA: ,COC addressed in FS. Although lead was not formaIIy ,
a soils study has not 800 (Assumes 250 days/year): o IR w2 3 Pdentrlred as-a COC'in the R, elevated lead concentrations| -
been conducted for Site| 1000 (Assumes 150 days/year) .- | ~|in subsurtace soils are associated with the BTEX "hot
16.  However, a limited. {Construction worker: - - . c pot* area in the. North-Central portion of Site 16 and lead
NCBE Basewide - [(Assumes 250 days/year) 500" - ] ;s the most obvious site-related metal contaminant in Site
background datasel is |(Assumes 150 days/year) - 800 2 4 16 soils. Conservatively, tead will be included in the FS
- |available. N T ie\_/aluanon pending further delineation. of the BTEX "hot
..+ [spot" and associated areas and pending SPLP evaluations|’
N : X L :of the potential for leaching:. “it. should'be:noted that the
;i |currently-available groundwater data do'not indicate
: :significant lead migration from soil$ to groundwater. The
i i leDEM DC I/C criterion’is recommended as the clean- -up
B geal; it is similar to the RBC goal calculated for-a
i ~feonstruction worker assuming 250 days/year exposure’
- - Jfrequency. {Note: The Site 16 risk. assessmem assumed
.1 50 days/year)

N
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TABLE 1- ‘l

CANDIDATE CHEMICALS OF CDNCERN AND CLEAN-UP GOALS FOR SOILS
SITE 16 FEA.SIBILITY STUDY: ALTERNATIVES ANALYSIS SUMMARY i

NCBC DAVISVILLE

NonTH KINGSTOWN, RHODE ISLAND.

PAGE 20F3

Chemical -

| cocBasedon !
“Direct Contact (DC)

_ Risk?

COC Based on Migration

from Soils to -

Groundwater Concerns
(i.e., Chemical is a GW
COC AND is present in
soil'at concentrations >

- RIDEM Leachate
Criteria)?

. COC Based on ~

Professional
Judgment?

_B.ackground" 3
Concentration
(mglkg)r i

Risk-Based Clean-up (RBC) -

(mg/kg)

Goals - IndustnaIICommerclal i

FHDEM Dlrect Contact (DC)
- Criteria -:— =+
IndustnallCommercraI %

(mg/kg) -

- (mghkg)

S & ¥ :
RIDEM Leachablhty
Cnterra (Le)

Kl
|
B
I
|

Comments.

L

- |Benzene

TNA

E-OG to 1E-04 Cancer Rlsk Hange 5. 6
- |to.560 ;

Non-cancer HBC (Hazard Index = 1)
470 (ORNL RSLs presented) -

200

o2 A

438

Jcoc: addressed in FS Benzene was selected asaGW

COC in the Rl Although not identified as a DC COC for

) zorls the:RI documented that benzene was: detected in

oils.of the BTEX “hot: spot” area-at: concentrations

oxceeding the SSLs for GW protection-and-the RIDEM GB
Leachabrlrty Criteria. ' The-RIDEM GB Leachablllty Criteria
Approximates the 1E-06 RBC goal, addresses a primary
ontaminant: pathway of concern, and is being evaluated
as'the potential-clean-up goal. Only:the maximum’’

3 '-t enzene concentration detected (4 8 mg/kg) exceeds the:

ecommended clean- up goal
b

Naphthaiene

NA-

J1E=06'to 1E- 04 Cancer Ftlsk Range 20

|to 2000 . 2

- |Nén-cancer RBC (Hazard Index 1)
670 (ORNL RSLs presented )

10,000

“lo.8A - :
_jcalculated: B

Not

'roc not further addressed in FS. Naphthalene was
elected as a GW COC in the RI: ‘Although-net identified -
és a bBC COC for soails, the RI documented that -
naphthalene was detected in.soils of the North- Central
area at concentrations exceeding SSLs for GW protection
and the RIDEM - GA Leachability Criterion. - In several
cases; naphthalene contamination is co-located with
CPAH-contamination and soils containing naphthalene

* [éoncentrations greater than 0.8 mg/kg are afready targeted

for * ‘action” because of the presence of the CPAH

" -|éontamination.

{2-Methyl Naphthalene -

- INA

‘|Non-cancer RBC (Hazard Index =1):
-|4100 (ORNL RSLs presented.)
Al 2 ‘ )

10,000

-|Not calculated A, B.

COC not further addressedun FS 2-Methyl ‘naphthalene
was selected as-a GW COC in the Rl - The compound was

Inot identified as a DC COC for soils. There are no.

] ublished RIDEM GA of. GBL eachability Criterion for 2-
ethyl naphthalene, This contaminant appears to be
éenerally co-| Iocated with CPAH _contamination.

|Trichloroethene (TCE):

NA

"~ |1E-06 to 1E-04 Cancer Risk Range: 14

“|to. 1400° (ORNL RSLs. presented.)

520

02 A

20

1000 not further addressed in FS. TCE is the
predomlnant groundwater COC for the Rl at Site 18,
owever, the vast majority of the residual CYOC
%[‘cntammatwn has migrated to- the saturated
one/groundwater: The RIDEM GB. Leachability criteria
approximates the 1E-06 RBC goal, addresses a primary

. [¢ontaminant migration pathway of concern;-and'was’

evaluated as the potential clean-up goal. None of the Site

3 16 concentrations exceed the recommended-goal.
g hlowever the TCE concentration-at location SB16:A3-06
: ([17 mg/kg) does approach the GB crltenon

’l
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TABLE 11

CANDIDATE CHEMICALS OF CONCERN AND CLEAN-UP GOALS FOR SOILS
- SITE 16 FEASIBILITY STUDY ALTERNATIVES ANALYSIS SUMMARY 5 ¢ , o
<0 . . NCBCDAVISVILLE - = = i \.
. NORTH KINGSTOWN, RHODE ISLAND . R R e e
PAGE 3 OF 3 g ? g 2 f e o

COC Based on ..

: Groundwater.Concerns

COC Based on Migration |

from Soils to

COC Based on | - Background RIDEM Leer:habi'lityi, ,

RIDEM Drrect Contact DC
o i (i.e:, Chemical is a GW Rrsk-Based Clean-up (RBC). Criteria - : : ) | c e NG
- Chemical Direct Contact (DC) e s Professional Concentration -Goals - IndustnallCommercral ) _-Criteria(LC) ~“} Comments -~
L T - Risk? "} COC AND is presentin, Judament? (mg/kg) - - ~ (mglkg) lndustnal/Commermal (m glk ) = I ; “
, - soil at concentrations > - 9 e Amg L i “(mg/kg) e
; RIDEM Leachate i ¥ [ e
7 Criteria)? | O P o
“[Tetrachloroethene (PCE) CINAC g o E- 06 to 1E-04 Cancer Risk Range: 2.7 110 i 7, =R ] 01 A e .42 COC rrot further addressed inFS. PCEis a'groun'dwater
| 2t F 3 = =3 to 270 4 : AT © B : Co T L |eOCHor the Rl at Site 16. . (However, the vast: majority of
o Non-cancer HBC (Hazard Index =) - LR e 3 I 3 S S ~tthe residual CVOC contamination has migrated to the
2400 (ORNL'RSLs presented.) o e R 3 o : a saturated zone/groundwater). The RIDEM GB Leachability|
\ E y S0 | . _|¢criteria approximates the 1E-06 RBC goal, addresses a
X j ' : ' 3 |pnmary contaminant migration pathway, and was - |
i evaluated as the potential clean: =up-goal.. None of the: -
2 - |residual PCE concentrations in Site*16°soils exceed the
GB criterion. : The maximunm concentration in the BTEX:
: "hot spot" area does exceed the. GA criterion. -
cis-1,2-Dichloroethene INA - : - [Non-cancer RBC (Hazard Index ~1) 110,000 S ce e T A - 80 COC not further addressed in FS. Cis-1,2-DCE was
; s T 3 S : = 10 000 (OHNL FtSLs presented ) iy o B ' : selected as a groundwater COG at Site-16 because itis a

major degradation product for TCE. (However, the vast:
- . - ; . p g B A : . |majority:of thé residual CVOC contarnination has mlgrated

X . i e £ - g S . . e ] ~’|to the saturated zone/groundwater ). The RIDEM GB
3 : A s ! " B ST . |Leachability criterion addressesa primary contaminant’

' 'S : e : ’ - rmgratron pathway of concern and was evaluated as the
: ﬁotentlal clean-up goal. None of the-Site 16 soil

¢oncentrations exceed GB crltenon Few exceed the GA

“leriterion.”

|Vinyt Chioride

COC not further addressed in FS. VCis one of the
groundwater contaminants at-Site 16 and a degradatron
product for TCE. (However, ‘the vast majority of the-
~|tesidual contamination has migrated to the saturated
zone/groundwater, ) The RIDEM GA Leachabuhty criterion”
3 éot exceeded.

NA - &3 1E- 06101E-04 Cancer Risk Range: 1.7]3 F L - T|OBAT

B o 170, - - .

. - _:}-Non-cancer FtBC (Hazard Index =1):
- 400 (ORNL RSLs presented.)

-4

Total Petroleum Hydrocarbons
(TPH)

" INA - [Not caleulated. Toxicity: criteria (cancer [2500 e ts 2500 COC addressed’in FS TPH is an obvious site- felated -
s " . |slope factors and réterence doses) ) - - : ; ?ontamlnant for Site 16; TPH and PAH contamination are
have not been published by the EPA. X : ’ ; pically. co-located. Although cancer and.non-cancer risks
5 ik P ) : ' ! ayre not typically calculated for TPH.  The RIDEM DC
N ntenun is-being.evaluated as the potential-clean- -up goal
~..|as there are'no EPA recommended toxicity criteria for this
p&arameter (i.e., an RBC goal cannot be calculated.)
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TABLE1-2-

CANDIDATE CHEMICALS OF CONCERN AND CLEAN-UP GOALS FOR GROUNDWATER-
SITE 16 FEASIBILITY STUDY ALTERNATIVES ANALYSIS SUMMARY '
A NCBC DAVISVILLE - i
NORTH KINGSTOWN; RHODE ISLAND
_PAGE* OF 3 :

. Chemical

COC Based on

 Direct Contact (DC) |
'Risk (i.e:; Domestic

Use of
Groundwater)?

COC Based on

Vapor Intrusion

Pathway ?

COC Based on
~ Professional .

“Judgment?

Background

: Concentratlon

o

Rlsk-Based Clean- -up (RBC)

|- Scenario- . (ug/L)

Goals Re3|dent|al Land Use |

i 8

_RIDEM GA/GB :
“(ug/L)

Safe Drmkmg
Water Act
- Maximum:

o Level
(SDWA MCL)
- (ugll)

- Contaminant -

Comments =

" [Trichioroethene (TCE)

'46to460

1E-06 to 1E 04 Cancer Rlsk Range -

5/540

o Calculated goal based for
lindustrial worker:based on

vapor intrusioh model:

>

250 (1E-05 Cancer.risk goal)p i

“|more ¢

COC 4 ddressed in Fs Prlmary CVOC inthe
groundwater underlying Site 16: The calculated
risk-based goal for the vapar intrusion pathway is”
Zonservatwe than the RIDEM-GB. goal and,
thus, is being evaluated as a potential: clean-up
goal.. lrst_ltuuonal controls will be recommended to
prevent-domestic use of groundwatérandto -
'requi'ré gertain engineering controls on buildings

“{to miti gate vapor intrusion into hypothencal future

buildings. (If the groundwater was designated GA,
the reg ¢commended clean- -up goal would be 5, the
current SDWA MCL ) :

" |cis-1,2-Dichloroethene

~ -

NA. -

' Non-cancer RBC (Hazard Index 1)

145

70/2,400

coc addressed in FS CIS-1 2-DCE was not
selected as a GW COC in the R However, cis-
1,2-DCE is a primary degradation product-of TCE;

“the. pnfnary site contaminant. Thie current RIDEM
'|GB criterion is being evaluated as a potential ~ -

clean-up goat: Institutional controls. will be
recommended to prevent domestic use of
groundwater. (If the groundwater was désignated
as GA, the recommended clean up goal would be
70, thé current SOWA MCL.)

-[Vinyl Chioride

“INA

1E-06 to 1E-04 Cancer Risk Hange
0.09109 -

Non-cancer RBC (Hazard Index =1):
46 .

2~ - :
Calculdted goal based for
industrial.-worker.based-on
vapor intrusion model: - "
12 (1E-05 Cancerrisk goalj - |-

COC addressed.in FS, VC was selected asa -
GW COC in the R A.GB criterion | has not-been:

' publlsped the calculated risk- based goal for the

vapor | intrusion:pathway i is being evaluated as a
potentlal clean-up goal: Institutional. controls will .
be recommended to prevent domestic use of -
groundwater and to require-certain englneenng
controls-to. mitigate vapor intrusion into .
hypothetlcal future buildings. (I the groundwaler
was designated as GA, the recommended clean-
up go;%ll would be 2, the current SDWA MCL.) -

_|Tetrachloroethene

NA

1E 06 to 1E-04 Cancer Rlsk Flange
0.09t0 9
Non-cancer RBC (Hazard‘lndex _1)

'120,

5/150- -

.._|COC addressed.in FS. PCE was seléected as a

GW COC inthe Rl. The current RIDEM GB clean
up criéeria' is being evaluated as a potential clean-
up goal. Institutional controls will be

' |recommended to prevent domestic use of
groundwater (f the groundwater was designated |

as GA, the recommended clean-up goal would be
5, the current SDWA MCL.)
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A - TABLE 1-2

CANDIDATE CHEMICALS OF CONCERN AND. CLEAN—UP GOALS FOR GROUNDWATER
SITE 16 FEASIBILITY STUDY ALTERNATIVES ANALYSIS SUMMAHY
NCBC.DAVISVILLE
NORTH KINGSTOWN, RHODE ISLAND -

- PAGE20OF 3-_ - =
: P e :  Safe Drinking - 3
" COC Basedon i A < " e A, v B ey S Water Act: -
L Direct Contact (DC)| - COC Based on COC Based on :Background | ‘Risk-Based Clean-up (RBC) | - Maximum By
e Bl ) < e e 5 RIDEM GA/GB ’ :
‘Chemical- . Fllsk (i.e., Domestic| Vapor Intrusion Professional -Concentration. | Goals - Resrdentlal Land Use ( /L) -Contaminant Comments
¥ Use of Pathway ? Judgment? {ug/L) Scenano ¢ (ugl/L)- ug o kevel o e
Groundwater)?- ‘ - (SDWA MCL) i ;
| . (ug) -l ;
" -|Benzene - NA Tl 1E 06 1o 1E 04 Cancer Risk Range: 5/140 18 = |COC formally. addressed in FS. Benzene was -
S it N ; 1.1t0110 - =" |selectod as @ GW COC in the RI. The current |
Non- cancer RBC (Hazard Index 1): - |RIDEM-GB clean-up criteria ‘is -being evaluated-as
& 130 - |a poléntial clean-up goal. Institutional controls will
X 2 'Lbe redommended to prevent domestlc use of
groundwater (If the:groundwater was designated-
‘|as:GA,; the recommended clean-up goal would be
N e i3 b ) _ ’ TR |5, the|current SOWA MCL..). -
1,2-Dichloroethane (1,2-DCA) & CINA- - [E-06 to 1E-04 Cancer Rlsk Flange: 5/10- - 5 COC not further addressed in. Fs Al 1,2-DCA_ |
TS LG Vs ag &k ; X =l 0721072 d ; conce:ntrallons are less than current SDWA MCL.
Chloroform INA 1E-06 to: tE-04 Cancer Risk Range: NA 80 COC not further addressed in FS All detected
X E 210200 - i [ehloroform concentrations are- less than current
; y : : ) i S . 5 |SDWA-MCL. -
»*|Naphthalene * - -~ NA : Non -cancer RBC (Hazard Index =1): [20/2,600 (calculated) | NA *|coc formally addressed inFS, Naphthalene
“ X 3 3 230 ) 3 " |was selected-as.a GW-COC in the BRI, The
) E ] ~{calculated RIDEM GB goal being evaluated asa
] i : : y y . jotential clean- -up goal: -
" 12-Methy] Naphthalene NA- - Non-caneer RBC (Hazard index =t): |GB = To be calculated. - NA COC formally addressed in FS. 2- Methyl
S X 136 ) naphthalene was selected as a GW COC in the
Rl. The calculated RIDEM GB goals is being
: L ; = : , | . .- evalualed as a potential clean-up goal.
Carcinogenic PAHs * : - NA " 1E-06'to 1E-04 Cancer Risk Range: [0.2/- 0.2 " |coc pot further addressed inFS. All .
: 3 E X X 0.003 to 0.3 I - Ibenzo(a)pyrene and BaP Eq concentratlons are
| . b : less than SDWA MCL.
~-|Hexachlorobenzene NA 1E-06 o 1E-04 Cancer Risk Range: - [1/- 1 COC hot further addressed in FS.
s i X 0.01to0 1 d Hexachlorobenzene was only detected in one well
Non-cancer FlBC (Hazard lndex =1): at an =stvmated ‘concentration equal to its SDWA
A ; 135 : ] 5 MCL.: - d
Arsenic See Phase I R 1E-06 to 1E-04 Cancer Risk Range: |NA 10 coc. tormally addressed in FS. Arsenic was
: ' ; 0.045.t04.5 = | - selected as'a COC for Site 16 soils. Filtered
_|Nen- cancer RBC (Hazard lndex =1): arsen ¢ concentrations (particularly inthe Nofth
47 Central area) exceed the current SOWA MCL and
" |background congentrations. Arsenic in soils-may
have been mobilized’as a result of reducmg
= ’ condltrons created by site-related contamination.
- There'is no RIDEM GB criterion for this rion-
3 . volatile-Ghemical. The SDWA MCL is
= X _|recommiended as the.clean-up,goal. However,
B the groundwater underlying Site 16 is classified as
-|GB; institutional controls will be recommended to
. prevent receptor exposure/risk. It should be noted
that other metals (particularly iron and -

i manganese) may.be mobilized by conditions in
the North Central. area. However, the risk-based
concentratlons for arsenic are among the'most
conservatlve values available tor metals.

l
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TABLE 1-2:

CANDIDATE CHEMICALS OF CONCERN AND CLEAN—UP GOALS FOR GROUNDWATER )
SITE 16 FEASIBILITY STUDY. ALTERNATIVES ANALYSIS SUMMARY

, NCBC DAVISVILLE SRR
NORTH KINGSTOWN, RHODE ISLAND S
'PAGE3 OF 3. : % ik
: : Safe Drinking | |
COC Based on : ¥ BT s e B et 1 - ‘Water Act. |
; Direct Contact (DC)| = €COC Based on COC Based on Background | Risk-Based Clean-up (RBC) | FIIDEM G AIGB “Maximum. el o i
Chemical ‘Risk (i.e., Domestic| Vapor Intrusion Professmnal ‘| Concentration | Goals - Residential Land Use | -~ . (u ny - Contaminant | . Comments °
Use of [ Pathway 2 Judgment" (ug/L) . - | Scenario -~ (ug/L) 9 : Level . et : ey
Groundwater)? - P = =p : i (SDWA MCL)
: (uglt) ;
o AIurﬁi'num, Ant'imo'ny,, ; See Phase 0 Ri. lNol calculated because these metals |Not proVided'because t'hefse' |Not provnded IlIletaI;CO‘Cs not addr‘essedrm FS:. Although
_|Chromium, Lead, Iron, - |were not selected as COCs for . - |metals were not selected-as- - |because these these fmetals were identified-as COCs.for 3
. .- |Manganese, Silver, and evaluatlon in the FS [ ICOCs for evaluation in the FS.{metals were. not grounItwater in the human health risk assessment
-|Thallium oy BUOEST B ~ |selected as COCs _|prepared for Site 16, metals concentraltions in low-
o - ffor evaluatlon in lhe turbidity and fittered: -samples generally do- not"
" |FS. exceed SDWA MCLs. The metals concentrations
X i - linthe unflltered/hlgh turbidity samples appearto
= be prifnarily a consequence of suspended. -
particy late matter in the groundwater samples
; - | The patter of metals concentrations across Site
|16 suggests that the metals concentrations -~
reported inthe Site 16 gtoundwaler are not site-
) related 4 )
i
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PRELIMINARY SCREENING OF REMEDIAL ECHN@LOGIES AND PROCESS OPTIONS FOR SOI‘ S
SITE 16 FEASIBILITYSTUDY TERNATIV. SUMMA e

'NORTH KlNGSTO \, RF

) fgcontammants and potentlal migrationv from

‘General S :
Response Remedial ~Process: Gptlon
T, Technology
Action : e v . v
No Action ;None i “"Not Applrcable ' No activifies conducted atthe srte to o
5 § , 1 ‘address contamination.
| "Limited Action ’?LUCs \ Engineered Controls‘: ‘Fencing; markers, warning signs, and ‘
S Physical Barriers/ fmonitoring»fto restnct srte access* e
Security'Guards.© == | o )
-Administrative: | Administrative acti'on using land ‘use
‘Controls: ‘prohibitions to restrict future land use to
' Deed or Site Use jindustrial/commercial activities. -
‘!Rest "tfi"“'ons ’ e A R e
- | :*Monitoring fSampling and * ’;Sampling and anaIyS|s‘ of soil to evaluate |f ‘?Eliminate SonI COCs wrth Iow mobrlity,
‘ :AnaIySIS “additional:re ;edial actions would be ‘ Land groundwater would be monltored to
A . ‘ ' - -‘jwarranted i it
B |.Natural ‘Naturally Occurring  |:Mo
‘Attenuation ‘,‘Biodegradation and
Containment' ﬁCoyer/Barrie'r

5sorl to groundwater. .

- exposure of human and

| incorporated into overall sité reuse.”

'to site contaminants: and: prevent lnf|ltrat|on
‘Cover and cap systems could be

- Erosion Control

Rip-Rap
Cover/V egetation

1 Use of gravel/cobbles or dense plant

“| -and erosion is not a concern

Eliminate. ‘Site 16 is not steeply sloped,
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'RGe:;zf:e. | Remedial
Action Technology it

Removal

cavation

In-Situ Treatment |

Smperature heating to volatilize -
sgontaminants: and remove them from the

~ |-Stripping

Underground ‘

s s |:vadose zone.’ e
‘ Radlo Frequency Use of radlo-frequency energy 1o heat sorl
: ‘.‘-}Heatl. . and cause volatll|zat|on of contaminants -
| Etectrical Resistance . | Use of an electrical blanket or electrical
| Heating® =% | heatingelementswithin slotted plpes to
ST ot :,;volatlllze contammants e et to
Sl e e ‘"ffectlve for
‘ Physncal/ | Soil Flushing/~ '"f"U"S”é‘of'Wé'ter'/s'o”lvents"to"remo'\ie"'"' “"El|mlnate Increases. potentlal for mlgratlonﬁ ‘
| C ~ | Chemical-Extraction contaminants from:the vadose zone by of contaminants.fr 1.s0ilto groundwater: ..
A | flushing and collectlng the contaminated . Absence of confining layer at the site would_‘ ‘
o Sl -I"wastewater in the saturated zone: followed ; :make recovery of flushlng solutlon dlfflCUIt
-ground pumplng and treatment ‘ ‘
Dynarnic i 1 Ellmlnate Impractical in regard to cost

| versus mass removal. Limited vadose

one would make vapor extraction difficult.

Noteffectivefor treatment of PAHs and

metals
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General Remedial : : ‘ v v ‘
. Response o Process Option Description Screening Comment
S Technology ‘ L
.. .Action.. SN ———— : . e ; k: E . ‘
In‘-SituTreatment‘ Physic‘aI/ ‘SVE ‘ Use of:vacuum and possibly air sparglng to Ellmlnate PAHs and metals are: not hlghly
(Continued) | Chemical ;Volatlllze contammants SELEL
| Chemical Fixation/ | Mixing of chemlcal agents in the vadose | |
- . | Solidification . zone:to'chemically bind; solidify; S ,
[ | reduce contaminant mobility. -~ “- - | treatec f
Chemical ~ Chemical Oxidation | Injection-of oxidizer such as Fenton’s Eliminat
‘ ‘ & o " ‘Reagent |nto vadose ‘zohe-soilto- OXIdIZG | heteroge
- BioIogicaI '_Bigdie,gradag;i&n[ Nut‘rlents ‘and-ame ts are added Ief_li"f { Elimi olub ‘ S
T e ‘surface’soil to-promote biodegradationof tendency of PAHs to blnd to soit orgamc
‘PAHs St | matter;and slow. degradatlon rate for multi-
©.+4 ringed PAHs.makes this:an unfavorable . -
: o technology. “Noteffective for:metals, =
Distribution:and, appIxca’no ssues Sii
RO L L R TR to. chemlcal oxidation;:: Gt 20
" | Phytoremediation | “Use of selected plants for enhancement of | ‘Eliminate. Growth and malntenance of
i P , biodegradation of organic.contaminants trees and plants.would:limit.reuse of site’ for
. and uptake of metals by indigenous ‘ commermal purposes :

transpiration, process.in trees.
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~ SITE 16 FEASIBILITY STUDY ALTERNATIVES ANALYSIS SUMMARY

General

I - Remedial i L B Wt T
- Response Technology | - Process Option * | »;‘Desenptlven,,_,

Action I T e e Somien, L) PRI S  e
Ex-Situ Physical/ - | Soil Washing/ "~ Use of solubilization and.chemical "} ated due to the cost
Treatment - Chemical | Chemical Extraction | (oxidation/reduction/neutralization) o “‘tr,eatmgentfml mes.

' processes to remove contaminants from
the solid phase and convert them into more .
| coneentrated forms or less toxic forms in— o
-the liquid:phase... .= 7o o
| Chernical Fixation/ i ‘ofchiemi ‘aI agen:ts to'bind, %eohdn‘y,»
e " "Solldlflcatlon 7T and reduce contammant ‘mobility. ‘
Biological On-Site Landfarmlng - Tilling of contammated soiland waste in |
‘ : | layersito: remove PAHs an blodegrade
’ ~;‘organ|cs : Ce

Bioslurry Treatment -

'Treatment of soilin aslurry reactor under |-
I controlled: condltxons usmg m'croergamsms
' |rto'biodegrade organics:® s .

| Thermal

Off-Site Incineration -
: | |ioxidize. organlc contamlnants |nto Iess toxw €

Use of hlgh temperatures to pyrolize or

| gases:* “
- | not effectwe for metals
N
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General Remedial
Response - Process Option Description Screening Comment
. Technology |
Action : ~
Ex-Situ Thermal Off-Site Use of moderate temperatures to volatilize | Eliminate. This technology is more cost
Treatment {continued) Thermal Desorption | contaminants and remove them from the effective for larger contaminant volumes

(continued)

solid phase into the gaseous phase.

than those present at Site 16. Process is
not effective for metals.

‘| On-Site Incineration

or Thermal
Desorption

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

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

Solids Size Reduction Crushing/grinding/shredding of wastes as a | Retain. May need to be used in
Processing preliminary process to aid in downstream conjunction with excavation and off-site
treatment. _ disposal.
Screening Removal/segregation of material based on | Retain. May need to be used in
size as a preliminary process to aid in conjunction with excavation and off- S|te
downstream treatment. disposal.
Disposal Off-Site Landfilling Disposal of excavated material at a Retain. Disposal is a viable option for
' permitted off-site landfill. Recycling can be | addressing soil contamination. Soil is
incorporated if scrap metal is present. expected to be a non-hazardous waste.
On-Site Consolidation Excavation and relocation of contaminated | Eliminate. Leaving contaminated soil on

soil to minimize space and closure
requirements.

site would limit site reuse.

Beneficial Reuse

Reuse of treated soil as fill material.

Eliminate. No soll treatment processes are
proposed.

LIFOC - Lease in Furtherance of Conveyance.
LUC - Land use control.

MARAD - Maritime Administration.

PAH - Polynuclear aromatic hydrocarbon.
SVE - Soil vapor extraction.
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SITE 16 FEASIBILITY STUDY ALTERNATIVES ANALYSIS SUMMARY
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NORTH KINGSTOWN, RHODE ISLAND

Alternative Alternative . .
Number Components Alternative Component Descriptions
Alternative S-1 | No Action No Action.

Alternative S-2

Soil Cover and/or
Cap, Monitoring, and
Land Use Controls
(LUCs)

Install a 2-foot thick soil cover over the limits of
contaminated soil greater than industrial Direct Contact
Criteria in the Northwest Undeveloped Area.

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
soit greater than Industrial Direct Contact Criteria. LUCs
would also require inspection and maintenance of the caps.

Alternative S-3

Excavation, Off-site
Treatment and
Disposal, and LUCs

Physical removal of contaminated soil greater than
industrial Direct Contact and Leachability Criteria in the
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

Alternative S-4

Soil Cover, Selected
Excavation and
Disposal, and LUCs

Physical removal of contaminated soil greater than
Leachability Criteria and contaminated soil greater than
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 greater than 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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PRELIMINARY SCREENING OF REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS FOR GROUNDWATER
SITE 16 FEASIBILITY STUDY ALTERNATIVES ANALYSIS SUMMARY
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NORTH KINGSTOWN, RHODE ISLAND

PAGE 1OF 6
General : ‘
Response Technology Process Options Description Screening Comment
Action : ‘ - '
No Action None Not Applicable No activities conducted at site to remedy Retain.. No action is retained as a baseline
' or monitor contamination. Site is released | for comparison with other technologies.
for unrestricted development. ,
Limited Action Monitoring Sampling and Periodic sampling and analysis of Retain. This technology could assess
Analysis groundwater to track changes in the extent | natural attenuation and/or migration of
of contamination. _ contaminants and evaluate progress of -
: active remediation.
LUCs _ Active Controls: Fencing, markers, and warning signs to Eliminate. Restricted access would not
Physical Barriers/ | restrict site access. reduce risk-of exposure to groundwater.
Security Guards _ Physical barriers would affect site reuse.
Passive Controls: | Administrative action using LUCs to Retain. Groundwater is currently not used
Deed and Land restrict future site use and to prohibit use as a drinking water source and classified as
Use Restrictions of groundwater as a source of drinking GB. This technology will limit all future uses
water. ‘ of groundwater and thus limit human

exposure to groundwater. Existing LUCs
(MARAD agreement and LIFOC) would be

: used.
Natural Naturally Monitoring groundwater to assess the Retain. This technology may decrease
Attenuation - | Occurring reduction in concentrations of COCs concentrations of TCE and other VOCs
Biodegradation through natural processes. ' over time.

and Dilution
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General . : ‘
Response Technology Process Options Description Screening Comment
Action :
Containment | Vertical Barriers Slurry Wall | Low-permeability wall formed in a Eliminate. This technology would not

perimeter trench to restrict horizontal
migration of groundwater.

restore groundwater quality. Groundwater
treatment would still be needed. Difficult to
apply to fractured bedrock.- '

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

Sheet Piling Metal sheet piling driven into the ground to | Eliminate. This technology would not
’ restrict horizontal migration of restore groundwater quality. Groundwater
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. '

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

| Eliminate. This technology would not

restore groundwater quality. Groundwater

groundwater.

groundwater. treatment would still be needed.
Heterogeneity would affect capture of
groundwater.
Horizontal Barriers | Physical Barrier | Injection of bottom-sealing slurry beneath | Eliminate. Not applicable. Contaminants
source to minimize vertical migration of extend through surficial groundwater to
confining unit (unfractured bedrock) below.

Confining unit prevents further downward
migration of contaminants.
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General _ .
Response Technology Process Options Description -Screening Comment
Action
Removal Groundwater Extraction Wells Series of conventional pumping wells used | Retain. May be effective in reducing
Extraction to remove contaminated groundwater. concentrations to relatively high GB criteria
' in combination with ex-situ treatment.
Requires BRAC PMO-ievel approval for .
implementation.
Collection Trench | A permeable trench used to intercept and | Eliminate. A deep trench would be needed
collect groundwater. 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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General
Response Technology Process Options Description ' Screening Comment
Action ‘
1n-Situ Treatment | Chemical Chemical Chemical destruction of organic COCs Retain. This technology could remove the
(continued) Oxidation through oxidation with hydrogen peroxide chiorinated 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 streamto Retain. Proven treatment method for VOC

remove VOCs. : removal.
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General _ _ .
Response Technology Process Options Description Screening. Comment
Action o ' ’ '
Ex-Situ Physical GAC Adsorption | Separation of dissolved contaminants from | Retain. Proven treatment method for VOC
Treatment (Continued) water or air streams via adsorption onto removal from contaminated groundwater
(Continued) GAC. and air stripper off-gas.
Solvent Extraction | Separation of contaminants from a Eliminate. Not proven to be cost-effective
solution by contact with an immiscible for VOC removal.
liquid with a higher affinity for the COCs.
Sedimentation Separation of solids from water via gravity | Eliminate. Large quantities of suspended
settling. solids are not present and are not likely to
be generated.
Chemical Coagulation/ Use of chemicals to neutralize surface Eliminate. Large quantities of suspended

| Flocculation

charges and promote attraction of colloidal
patticles to facilitate settling.

solids are not present and are not likely to
be generated.

Neutralization/pH

Use of acid or base to counteract hlgh or

| Retain. May be needed for final pH

Precipitation

compounds into insoluble compounds.

Adjustment low pH conditions. adjustment prior to discharge to surface
» : water.
Chemical Use of reagents to convert soluble | Eliminate. This process is not used for

VOC removal.

lon 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.

Eliminate. This process is not used for
- VOC removal.

Enhanced
Oxidation

Use of oxidizers such as ozone, hydrogen
peroxide, or potassium permanganate to
break down certain organic compounds.

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 - Description Screening Comment
Action ’
Discharge/ Surface Discharge | Direct Discharge | Discharge of treated water to surface Retain. Treatment of other constituents,
Disposal water. such as metals, may be required to meet

effluent limitation requirements.

Indirect Discharge

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

Eliminate. No publicly owned treatment
works sewers are nearby.

Off-Site
Treatment Facility

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

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

Subsurface
Discharge

Reinjection

| Use of injection wells, spray irrigation, or

infiltration to discharge of treated
groundwater underground.

Eliminate. injection field or infiltration
gallery would limit development of site.
Because of relatively shallow depth to
groundwater, mounding may reach ground
surface.

BRAC PMO — Base Realignment and Closure Program
Management Office.

COC - Chemical of concern.

GAC - Granular activated carbon.

LIFOC - Lease in Furtherance of Conveyance.

MARAD - Maritime Administration.
PRB - Permeable reactive barrier.
STP - Sewage treatment plant.
TCE - Trichloroethene. ’
VOC - Volatile organic compound.
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Alternative Alternative Alternative Component Descriptions
Number Components ‘
Alternative G-1 | No Action No Action.

Alternative G-2

Monitored Natural
Attenuation (MNA)

- and Land Use

Controls (LUCs)

MNA would be conducted until cleanup goals are achieved.
Groundwater use prohibitions would be incorporated into
LUCs until cleanup goals are achieved.

Alternative G-3

In-Situ Chemical
Oxidation (High-
Concentration
Areas), MNA, and
LUCs

Inject sodium permanganate to chemically treat the
chlorinated VOC high-concentration areas.

MNA would be conducted until cleanup goals are achieved.
Groundwater use prohibitions would be incorporated into
LUCs until cleanup goals are achieved.

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

Alternative G-4

Enhanced
Bioremediation (High-
Concentration

Areas), MNA, and
LUCs

Inject oil-based electron donor substrates as barriers to
stimulate biological degradation of chlorinated VOCs as the
groundwater passes through the barriers.

MNA would be conducted until cleanup goals are achieved.
Groundwater use prohibitions would be mcorporated into

~ LUCs until cleanup goals are achieved.

Groundwater with elevated arsenic concentrations would be
addressed through MNA.

Alternative G-5

PRBs (Overburden
High-Concentration
Areas), In-Situ
Enhanced
Bioremediation
{Bedrock and
Remote High-
Concentration
Areas), MNA, and
LUCs

Instail ZVI PRBs at overburden high-concentration areas to
treat groundwater as it passes through the barrier.

Inject oil-based electron donor substrates as barriers in
bedrock and remote areas to stimulate biological
degradation of chiorinated VOCs as the groundwater
passes through the barriers.

MNA would be conducted untit cleanup goals are achieved.
Groundwater use prohibitions would be incorporated into
LUCs until cleanup goals are achieved.

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

Alternative G-6

Groundwater
Extraction and
Treatment (High-
Concentration
Areas), MNA, and
LUCs

Pump water from high-concentration areas until
concentrations meet RIDEM GB Groundwater objectives.

‘Treat groundwater by air stripping and GAC. Treated

groundwater would be discharged to Narragansett Bay.
MNA would be conducted until cleanup goals are achieved.
Groundwater use prohibitions would be incorporated into
LUCSs until cleanup goals are achieved.

Groundwater with elevated arsenic concentrations would be
addressed through MNA.






