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"I'C!it::inirniciilogy AIteirirnaiives far the Reinnedliation
of PCB-Confenin I iniated SolII ainicll Sedli meirl:

Because' of I he increased need! lor Su perfund decision -
to have ,3! woihng 'knowledge ol the remedial "Eipabi'lil:ie-
EIV ai liible lo treal soil and s.edirnenl contarmnEiled with poly-
fh loninaled bipheny Iii (F'CBs), I he ikipe rifund I: ngiirieering, Fo-
[•ii cut has. klen ti hed rented lation a if FOB-contairn inal pd soil and
s.ediirnent atSuperfu nd sites as a high priority . The lingiirie^ring,
Forum K A giroupi of EPA pnjfesision.iilii represenltiirig liP'A's,
RcgioiiiEil !iupi?rfi.ind Offices The Forum ii» co tninil'led lio I tie
ideinl il'ic.itiioin a rid reiioliLition olf engines r:.n,t; i ••• am that iimp'.jicl
title ire rnediiaihio t( ol Eiuperfu nd isiiliE'S,. Tins: Foirurn aid VLMKI a:ncl ins.
s.u p porled by the OflioE- tilf Solid 'Waste and Emeirgency HJK-

(OSVi'Elft I SuipiE'rlund Tec hink'Eil 'Support

Th is. documeiril is intended to famuli Eiri:z,p On-isceiw Coordiina-
tors. (OSCs.) <nrid Remedial Project Mairiii.gerc IKFMs) with is>-
Miips i tnpoirl ainl to I he i.ucce'S.s.ful s.iilerl 10 n of technology alter-
natives, acdilable for I he remediation of soil and !>e:l uneril:
co titarn inEiled v/il h PCBsi al Supeirlfumd sules.. For fu rther iinfoir-
mation on I'h: ;. paper, pleEiiie conlarl Mis. Brun ilda Da vi la ait 1 he
Risk Red iK'liio ri iingiirieennj' Laboratory [R1RELX (513) 569-

INTHODUCTION

From 1 ()2S> to 119EIO, I he curaulat ive world prod in: tion of PCEte
wns appro:<im,3ilely 2 4 billion poLiinds 111, p 1731''. PCHfl have
not bs'en iriiiEiriuldclwed inlheUniled States Siince 1937. PQJte
v/ere used »•• dueled ric Illuidii iin elect rica I lira ns fonners. and
ca pdfito re, ,31 IK] wereolflen mixed ivnlh or,ga nuc s.olvente Siuchasi
chlorinated beriiieiiesi. Toxi c metal«., mos.l oorniniionly leiid, aiiiEf
als»o present Eil rriiiny siiles. w il h PC'S! con ta tnination. IPCBs. wens;
als.o used in hydira n lii:,, lubrica ti ng, and heat transfer fluid:;, asi
pl,Js.tK'i:!ers. in paint, and as dyp cainriers. in fiirbonlesiSi oopy

pEiper [2, p. '•[. 1 ] DIM* to Ihenr w idetspread use, la [.geatnouinl:!.of
F'CBsi have bwni released into the enciironrnent F.F'A has,
(iipliE'nnined I h,=it PC IJ'5 iriinay cause, ad vv. rsff ripproductive eiflerlsv

developimeinl =il to>:icil y, and cancer, and thus> are da ngerou •• to
hwrnan health an d vt ild lilFe '31.

The pirnriary puirpos»e olf Itiis, rt:jx»-< is to provide OSCs and
RPMs with 11 n formation on established, dernons.tirated, and
emerging technology ,sllernalivs!s loir remediating PCB-coin-
laminated s»oiil and siednnenl This informal 10 n inclmde'Si pro-
cess descnpliio ris, s lie requ irernents, perifonnance (i ric lud ing a
pilol- or ifull-scale e:<Einnple foir esilablished and demo ristral s:d
lech nologies'l, proopss resi d uals, innovative sysl urns, and fill1 A
contacts. Estimated costs for Ijasic technology opera!ion and
advanl ages and lirn ilal 10 ns of each tedhnolog y are a li» pre-
s.enled. Inlornna lion on currs-nl resiea ich and 1 ai led trea trne nt
lecliinologies i- also provided. The secondary purpose is to
provide b'Eisik infoirmalion on character! s.tucsi ol PCBs, rs'gula-
lioins govpniiing PC IB rprned lation, sampling and dala col lee-
I ion mel hods Eippilicable to PC Be on lamina tion, anal ytical mel h-
ixls and UKhnologiies used to quantify PCB ccintainination,
I real abil it)' s tudies,, and !»iiirces. of fu rthpr iinformation. Th isi
En gi nee'ring 1 <>s>ue Pape r cu ride riS4E>;, and upda tei; the infonna-
I io n pn-senl pd in the E P A iSupeirlFun d document i= n titled "Guid-
ance on Kemedial Actions; for 8u|>prhind Sites wiilh PCB' Con-
lamina tnon," ElW':.4i:i/G"90/0<)7, Augus.t ll«0 |4] The con-
lents of thi sJIsisue Papeir a re based upon the assurn ptionthal the
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ireads:r is all ready Siornew hal t;u:niliiar w it Ei PClEls, remedial alter 
natives, and! environmentalI regiiilaitions. The. list i]i( ire Een?noE!S. 
a t the end of i docimrnent will assist those.' who are lew. 
turn] liar with I hew topics. 

PCBs, .also rderrad lo by the trade names A roclor*, Fheno<: lor, 
and K.Einechlor I !>, p 2], eiricompass EI cliiss of chloriniited conn
pounds tliial incl udes. up lo 20'i1 varia lions, or congeners,, with 
dilflemul phy s.ica I and cheirmca I characternsiliics |6]|. Most PCBs. 
are oil)' liquids. whos«e coloir darkens and viscosity increase;. 
with risi ng chlorine romtenl PCBs with iFewcir c hlloin ne atoms. 
aire more Kollulble, more amenable to chemical and biological 
degi'Eidation, airid lew pers.islenl in the envirorinwnt1 ham those' 
PCBs with more chlorineaitorns. PCBs are thermally stable and 
excellent Eilerrncal insulalors ML p 173] 

PCBs are very peraisl enl, hydiroohobic, and ge rie rail y do nol 
migrate. How ever, I hew Eire some si te cha racleristics I'licit may 
have a braining on the potential of PClEls to migrate For 
example, PCBs i n oil "/itI be mobile if the oil its>el E i s> p res.enl in 
a volume large enough to physically move a significant disi
lanes- from (he source. Soil oir seclimenl chairacleristics I hat 
aflecl I he mobility ol I he PCBs. 1111 elude soil densi ly, p>arlnclesii:e 
diiitribu tion, moisture content, and per rneability Additional
ly, meteorological a nd chernicalchariicteristies.iiuch as amount 
olf pirecipitation, organic ca'rbon content, and I he presence of 
organic colloids a Is® alifect PCB mobility |4, p. 33] IDeterrni na
tion of these characteristics during the Eiemedial lnves>tnga
tiion/FE'asiibility Study (IF! 1/]-:!) acti cities. Vk'illl a id in esti rnal ing 
the rnobi lity olf PC !!s 'al a s lie. 

Ik'causeof the s>l^il?ilnh|r olf PCBs, mam y ex [>:isi.ire routes must be 
considerEid: derrnEil Exposure; mges.tionol PCB-conlaminated 
s^oil, venter, a rid lood; and inhala tion oiFarnbientaiir contammal• 
fd w it h PClEls. PCBs hiive a high potential for biioaccumulation, 
v, h ich is an important factor to cons id er due to tbei r ability I o 
accumulal E; in aquatic env ironirnents such a s. la i:es,. riviirsi, a nd 
harbors |[5,, p. "l|. Altho'iujgh nol very common, volatili;ialnon 
cindl olheir lira nsporl mec'tus nis>mi> riii/ay remove PCBs. from Ihe 
conlarninaled -oil or sediment oir enl rain them into I tie air. 
Remedies involving excavation may create short-term expo 
s.ures. lo workers and surrounding communilieis Irorn inhalai
tionol dus t emissions. 

Chronic exposure of anirnails to PCBs can lead to d.istrupted 
hormone tialances., rE>productive fai lure, leral oiraasi, or carcino
mas. Planl-Si, however, do not appear lo exhibit delectable 
toxicity ires.ponsies to PCBs. [4, p. 37|. A more significant hea llh 
impact oE PCBs rn.j)' be cause'd by thfiiir i ncomplelecornbusiliion 
dunning thermal freatmenl piroces^es. Incomplete oxidation oE 
PCBs. may foirrn polycliloirnnaled di E)e n.i.olfuran (PC1DF) E'nriis
s.ions [71. Thes'E1 are of a concern due lo theiir to ideological a rid 
lethal el fee is on laboratory an ima ls>. 

REGULATIONS GOVERNNG PCB REMEDIATION 

CI-iRCLA 

The National Conling,!!ncy Plan, instituled by the Compre
heniive l-nviironrnientall ]E!espons>i!, Compensation, and Lia
bility Act ICERCLA) ol I9M, es.lablis.hed a lirame work for 
iidenl ilfical ion and iremed lati on of the nal ion's most conlarn-

Munition of ti.adiEi iriairruiEi, cioirripaniEiii or product!! does not 
constitute «'KlorsoirfSiivt oir ri)ci:ini!i'rMin(ii3ilioiri foi USIEI. 

inaltid and hazEiirdouiii sileii (fiiLiperfund sites) 
121l(d)(?}(A) olf ClEilFiCLA r >£•(]; u iiresiadheirence hi ol h<?r l:edera I 
and Slal e laws through the i d !;nl ilFication ol and conriplliainoE! 
with applicable or rdevanl and EipproprialiE* rE'quiiirennents 
( A'Ei A li.s,) I hesie A ElA fl.si irn n -I b<? coirnpiliiE-d will h an v/aiivrf 
for a II SupeirlFund I'erniE'iiliiJil a cl ionsi. l-'EHJle r,:il Mfi/Jls. for f'CE
conitaminaliE'd s>ites aire denved firom the TO>EIC Substances; 
Control Acl (TEiCAl and I he IKiE'souirce Cons>enration and 
l<lei:o've r )' ^idt (RC RA ) (!]>tllii:>r rec|uii riE>nrie'nits aindl reguilal ions. 
derived from the Clean Water Acl (CWA)and I he Clean Air 
Acl (CAA) may be implemented when remediation of (he 
•lite potent! Eil ly affects, water oir air cjuahty [4, p. 9]. Addi-
I tonal ly , regulations o!f the Occuip>ationa I !:!a Eety and Health 
Ad mini s.l rat ion I O'iiHA) rnu'i t be followed. 

TSC A a 5 codified in '10 C E:M 7bl [111, es.tablisheii pirohibiHoius of 
and reiqiLii remenl s. for the rnanuilachm?, piroces.s.ing,, dis.lnlbu
tion iiri conrinieros1, use, disposal, s toi'Eig!!, AIK\ itiii-irli in;; i:il' K'.'.bs 
Eindl PCM items in I he' United States a !t!>r January 1 , 1I97H Tl-CA 
regnlaUonsappily to concentrations, of PCBs equal toorgiealer 
than 1:0 piEirls. p '̂i1 million ( [jpirn ). PC B'- that hiive l:>ee n irelea^iE>d 
inlo the environment alFler Febiruaty 17, 1978 are iregulaled 
baiS.Eid u pon the original! co noE'iii tration olf the ireleas>i>d ma teinal 
Thus, approach I o re'gtillal ing, PCBs us. found in 40 CF'R. 76J. I (b) 
iind slates. I hat "No provision specifying aPCfi concentraHon 
maybe avoided as a result loiF any dilution." This s>ecHon is 
generally known a s  > the "anh-il ilution" provision of the K''li 
regulations However, PC B'S at ikiperfund sites are regulated 
baS'E;d on the conoE>ntratiori!i found at the site. During site 
characterisation, I-.P'A evaluates the form and concentraHon ol 
PCB contamination at Superfuind siites "as lound" al I he site, 
disposing of I he conlaminaiteil medium as statiid in 40 CFI! 
7(i I .(iO (,J )(i!) lo 7611 60(a)(5) Cons^q uentl )', cleanup fevt'ls and 
remedial technologies! at SkipeirlEuind s.ili;s should nol: be se
lected based on the iorrn a nd concenrral ion of the or i|>;inal K.'K 
rnaleria I spilled oir dispos.iid olfal the s.ile pnoir lo l:PA's i nvolv E>
niiEint (i.e , the anti-diluilnon provisnori ol the PCB regulations 
s hould not be a p plied ) 1 4, p 1 1 1. li.F'Ms and OSCs sltiou liil als>o 
be aware that remedial technologies that concentrate PCBs, 
such as thsTina I desorpl ion, may produce a PCB residue thai 
contains a concert! radio n girealer than 50 pprn In such castes, 
TSCA regula tions may not bean AKARlFoir treatment ol PCB
conlaiinriated soil or sedirnenl,,bul ma)' tie an ARAEi. i'oir the 
concent rated residues.. 

4.() |. Persons, generahng soi I, sediimenl, or treatment reisuduals 
conlanriina ted w it h PCti.s. in concent ralnonii equal to oir grea teir 
than 50 pom, nriusl connpl j' ivilthTSCA generatoir requiirements. 
These recjui remenl s. iinclude noliification to I: PA of PClEI-gener
atmg activities, (i f I tie geneiM tor owns oir op«ETatt!s a PCB storage 
Ifacili ly sublet lo Ithe recjuiire niienls olf 40 C PI! 761 ,(]6(b)), s.hji|>
men t of regula led wa s.te-s. using I he Um form Haurdmis V/aste 
Manilfest, and d i!>po«;al al a TSCA-apipiroved dusiposail ifai: ility. 

The s.torage r«]uir'eiiienls. ol 40 CF1R i'lil.l>5 are es.|>E!cially 
im|>oirtiml, requiin rig disposa I ol PSC A-reguila ted PCB vt'asites 
within 1 year olf being taken out of service for disposal and 
placed i nlto storage. VV hers1 Hie ifi iia I disposiition olf PCB wastes 
a t a Supierhind site us. s.pecilfied in tha t si te' s. Re<:onjl olf I'l^E'cis 10 n 
(ROC), a CERCLA wanvertoallow storage to exceed 1 yea r ma)' 

Ti!n::hirioloj;iy AUtern.ifliives lor 'llhe IRermecliiiiil io in ol' IPCI:l-€oiii1tainiiiiniiiil:i!'i:l So ill tiini:! 



be pursued |4, p.lil]. Tempo tary stoirage 
soil or s.edi menl by the geneira tor if; ,allo wed tor up I o 30 ddiyis 
wnth lelalnvel)' minor rec|uiiremenl'§. Sto rage beyond this 
ti tnpf t Eirrie rnusl be performed in a n area meeting I he siihinfl, 
s.truchi tal, label ing, and inspection rec|iin tenrieiril s. of 40 CT1 
7(51 .(561 b'l I [) |. 

M on- liquid PCBs. in l.he form of s.o il, tags., o r ol her d ebns, thEil 
comtain PCBii nil concenlirations of IK) ppni or grealet,, rndiy be 
d isposiedl of in ei their an inci neralor irnes:! ing; tine irec|ui rennenbsi 
of '10 CFR 361 70, or a chemical was.le landfill meeting UiiE1 

rpqu irernents ol 40 CFR 7(> I 75 A third option is to em ploy a 
lireal menl method c:apEibl<E olf achieving I he s>airne remedial! 
results a s. inci rietalun n. Inci neriiHon is I lie dprnomtiraitGcl tech
nology and I hestamda rcl loir PCB des.liruotion. The psTlornna nee 
sland Eirdsi lor PCB rnciineral oirs a ie provided i n At* regu laitionsi 
alt 40 'CFR. 7(51.70 (b)(l) Among, the nunnerou s.tecj inrenriemtsi lor 
PCB inci neralors is I hat mdis.s.aiir emissions, fro rnthp inci me talor 
shall be no g tealer than 0 0(11 g PC ii /kg of PC B nn troci need, into 
I lie incinerator |[(j|. 

'ITii! iregulahons provide lor ap pirov al olf d llernal ive tsichnolo
f,K'i i f I hey ii iedemonstrated lo ben] iinvalenlt to inci;ri(::r,3.tioiri in 
abi lilty to clesil toy PCBs,. The I: P'A Regional Adrn inisl ralor nnay 
a p prove such i:l:s.|>;)!i.3.l [HIE;! hods .iftiir subiiii tl irif> infori-n.j.tiKiiri 
requiirecl by40C[:R7(il bCi(e) fair both soil and sedi menil, cur-M) 
CFH 761.«)(a)(5) foir sediment 40 CFK 761l.70(.dK5) oonlaira 
pro \n s.ion 3 Ifot waivers olf I he require mcnls whic Ii v/o nldlol her • 
wi 3-E- bf .Jip'p licabile to iincninE'riil oirs 

The T&CA PCB spi II c led nup policy us. found in 40 CFR 7(51 .V20 
to 7S'I 13 :i. The polncy Itiike:; i nto o:in!>idi3 tailnoin ho w qu icli.ly the 
iipull is. r!'po>rted, wh<31\ r.len nup i:; nn il talked, a nd I IKE- fu.n '̂iU use 
of the aflfected ,uea The lemecliiiifion olF <>pil Is repot ted tvulhi n 
the tnmeifriirnes.»d STiliihed in the rej^u latiunsi(24 to48 hours cil'teir 
occurrenci:) is governed! by Ihi? |:>ioi:edi][<3il and numeiriciil 
[ecjiLiiiieme nls, liiiited in thi => poh ry Sp ills, whi ch d te not reported 
wit him theiie ltiirniehaiTie!i are not riweied by I!UE jiokcy and 
theireiFoie, procedures and cliEanu p levellsi aire dlE'lermiiried on a 
rase-by -casebd s.is. Spills I hat o<c cunedl prior to May 4,1983 also 
Eire not regulated 'by Ihiis. policy. All hough Ithp TSCA PCB 
cleanup |X)licy may no It apply lo a substdnltial iriunnber of 
Superfuncl s.ili'S, E P  A geneirally 'iisos. I he provisions of I he 
|K)1 icy lo guide CElEiCLA clis anu p s 

Q:R 2611 311 I o 2 b'l 33 (e f ; , • p^E'ii t 11 ichlor(«?th> leirie Ithal IV.MI 
used lo clean electncal ecgui p tinpnl I, I heirmxturp is sub|ecl to the 
RCR.A hdiiiardouis. v«Eisls: reguldtions. Sum lairl y, nl FCBa are. 
minced with olher was.tes., and the tesiiilling rniKtine exhibits 
one or irnoire ol the KEi;!ardonis rhEiractcnsilnrs dii!>cus>!>ed in 4CI 
C FH 261 21 to 2f>'l 2'l (i e., i gniitabi lity, coinros.ivity, tiE'Eictivity,,or 
lON.icnly}, the iiinchite irnusit be rnanaged as hEiurd ous waste 
unlnl the vrasite mo longer s-xhibits Ithp chairaclenslic. IPCB
conlamiirid ted sxoul or seel HIKE nl: I hat is also contaminated mlh 
IliiilE'd v/aste 01 exhibits a hdi:airdous> cliaracteiristic, muisl be 
irni.EiiiiEij^ecl us l-ia.i.iirdon1- was.le n nl il tl'ie con tairniricited niediiji no 
Ioing3;er rontaiiu tin!! lis.tiEd was>te (a dec ision that can be made by 
EPA regional ollfices.) oir no longE-r <; chibil s. I he hazardous 
c hai acl eristic 

The ][<M4 I-] EiMrd ous and ik)l id Waste Amend rns-nls to RCRA 
s pecilFied additional irequiiremenl s. for treatment and dispc&Eil 
olF Ii a:;ai dous MM s.te Solid waste mairid $e. menl units (SWMUs) 

ill haiiaidous waste treatirnent, s.toriige, and dispoE.Eil (TSD) 
Idicillilieii becdime subject lo imoi'E! sh uiigent coiTE'dive action 
req innMTH: nts. A lsi>, land disposal oiF h.aiiiardouii wnsiK vtnthoiLilt 
prior treatment by a specified techno>lo[;y, or to EI speafiiE'd 
co nstitos'nl concentration, became prohibited undsT Ithp land 
dlispos.Eil HE-s.l ncl 10 ns (LDRs). 

The Ciil ifoirnia Ln.t oF the LDRs states thai liquid luiiiaidous 
waste, containing j^pE'iiteir itlniin '50 ]f)j:>rn of PCI! is nun ;.t lE'ithuE-i' be; 
inci nii'iiiilipd nn d TSCA inciineiraloror EI high -e [fiopnry bo iler | !)]• 
The California Ins,! also rpg-u laltes I. lie diispo!>al of haiiardous 
waste conl aim tig halo>E;iEnated orgamic compounds (HOG;! 
whipn piresiiETil in conccnl ralnoiris grpateir I ban 1 ,001) rng/l< [; The 
HOC lis.t i tic luidips s.even s.peci fi c Airoclors, a s. well as "PC IBs not 
otherwise s.p«i]fied " 1 ncinpraltion is I he s pecilFied iretnsidial 
technology The pi'E'!>ence olF oitheir irestric ted haiia tdous vtraste 
i n PCB- co nl Eirtunaled 301 1 and 3'E'diirnenit all'.o subfects the rne:liia 
I o the applicable LDRs 

iDU'inM' Federal II RIE; i;|inil i!il:i dims 

Remedial 10 n olF PC B-con td tninatecl <>pdiirnpnl may alifect lo<: al 
d ncl clow nsltred tn walet qualil y duriingacl ivities suich as dredg
ing and deviiils'riirig. This Clean Walter Acit I CV/A ) es.lab listies 
requi remcnls and clnschar^e liirnil s. f oir Eictions. I h,al alffecl sur
facew aler qiid lity . Accoircli ngl y, the I E'chnicd I require mii'nts of 
pi: mi il E. <>u cli EIS the Natioirid I Poll ultainl Discha tge F liiriiiinEil ion 
Sy i tis nil (M [']["'I:!S5 1 peinrn it ma y h,\ ve. lo be irnel 

[! E'iTi<3i.lnal ti3<: hnolo;; ics Ithal h.av E> I he potent id I lo etnil PCBs or 
olhet contcinriinantii imlo I lie EIH irnay be ir«|uned to employ 
oonltol measures in accord Eince with I he Cleam Air Acl (CAA) 
R f'l^u la1: (M.I uml s cou Id i nclu d E> bagliouse- , e:< \\a\Kt 3 tdcks, and 
pircs !>u tu rplipasc dls'vices on treatirnent tanks. 

At Ii3.3i!>l IE! slaleii cuitentlly regulate cation EI ,:ispccl:s. olF PCB 
d ispoa Eil [2 , p. 4.2.2J SLalips d Iso nwiy upg-u late PCB I reiitmeiril , 
and may Ii av E- esl Eiblis.hed clcs.anu p level s. F P A, therefore', may 
al E.O hd VK to co mpK v, il h ;,tate PC'B rec|uiir<3 tnEinls A ppllicable 
s.lalc1 1 E'g ulal ion s mus.1 be included as, A R.A Us, o t waived when 
appro pin ale. 

Delia rollt'cl 10 n d ncl s<i rnph ng Ix'g in d LI runc pro |E'd S'Copi ng. 
!>=irtiplin.i; and data collection at Supcrlurid sites> s>houlcl be 
desiigmcJ to aid in selecting and irnplenrie nl ing a remedial 
ts'chnology Olhe r tiE'Eisons. for such sd mipli tig a ncl dditdi co [\&c
tion dt Superfuncl sites incllude: sitiE cha[ac.leri;!,alion, health 
and safety moil ilori ng duirmg!, triEalirnETil, perforuid nee eval na
tion, aind, nl mecessairy, loirijs;-teirrn tnomi toring. These cEicliviHesi 
also's hould bedes.igned to s LI pporl fu lure eirifoircemenl acl 10 ns 
The end us>!' olF the ddtd dictates, the required quialily o! (he 
nn formal ion "I'll is requ ired quahl y i s, s,tated in the data qua lity 
ob|ecl ives iJ'XJOs) EI! teady esl'iiblis.lied prior to amy j^ens'rationi 
of dial a [10] 

Before selpcl ion and i inple mipnlaliio n of a re medial lechnollogy, 
s>arnpling lo character!!:)! site condilions rnusl.be perfoinrned 
Sdtriples chosen lo document Ithp concenitration arid dishiibu
tion o f con tdirnmanl s> throiLighoiLit IhiE arE'aCs) of mlei'E^il rnu s 11>£' 
olf sulfucKsnt number lo be npprpsenl al ive and olf sufficient 
<>arn [>!.£> volurneifot d II a nalytical,qud lityas.surance, and qualnty 
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conrrol opeiratnons. Dinning sarnpling, it is also crucial to look 
for evidericeol coiiitii rninani l-rans.piorl so thai the [>irop»ETSourop!i 
are targeted lor reined»ill ion Many of I he component:; of a 
sueces«s(iil s.Eirripl ing plan and associated 'sanriphng pro>cedlii res; 
a re ci iscussed in the handbook "Itemed lation of Contairn incited 
Spdiirnenis" \\l, pp 1 1-1:1). Additional information us, pre
seiril-ed in Volume II ol EPA's "TeaIt Methods for l-.valuating 
Sol id W,ais,le: Physical /Chemical Methods," (SW-846) 1121. I'he 
Methods. Corrtnnuriicalion 1-lxchange (MICE) Service pronicies, 
ainsweirs to qu csl ions andl I =il< s>s comments over I he telephone 
on techirn ral issues iTgardiing I h isi man ual The MICE service1 

lele phone numbE-r is (703) 821 -4789. 

When sampling, t  o identify potenliall remedial technology al
ternatives* foir lireaHng ronltairninalpd soil and sediment, there 
are sei'eiral soil, sodiiiieint, water, and roril'arninant dal-a ele
ments I hat need lo Ibe cva luafecl. The rornpiiled data should 
permit prescreeming ol a group of |X)I enlial ly applicable reirne
dial methods and I he direct eh rnination of others In the 
s»E'lertno n ol a iremedi.il technology, considc ration of such infor
[natioiii as the past history of the- sale, how arid where wastes 
were disposed, t-opographic arid hydirologic del-ail, arid site 
s.tra tigraphy will pirov ide a nriorp connprehensi ve assessment 

•011 oir sediment also del ermine I he types o f rented ial technolo
gies, pote riltia II y suitable ifo r the sile. T he mi ru mum set of s»oil 
and iieclniiienl irneaiiureirnentii desirable lor remedial technol
ogy prescreening is. [iiresenlecl in T.i tille 1 [ 1'! |. In addition to the 
phys.ic.J I chard flenst ics of I he P'CB-conlamiiri.j ted irneci ia, O&Cs 
and IK P'Ms s.houl cl be a ware I hat Ithe piresience oi ol her contanni• 
narilts fan impact I he effectiveness of a remedial technology 
and PC ii a nalyses. The ratings, m'lable I are rel.3 ti ve t'a IUPS lor 
thp parairnpters, oif concern hashed upon en.p'prt opinion. The 
iMlluPS are described as, "higlipr" or "lower" in dpfming, the 
tendpriry of I tieiiepar'anrieters tcien h.inceor inhnbiil pires>creem rig 
of EI pa rticular I rpaltnne rit piroces.s. for example, larger qua rilti
tic? O'f oil and g-rease v/omld improve the performance of 
che riuca 1 d'ehal ogenation (i.e , bas.e- cal.al )';;ed decornp«o:>] t; on); 
increEised oil arid grease content would decireas.e the perfor
mance of solidlificalinin/'stabilisation. InclLisidiri ol a rating 
wi thin the technology group, however, clues nol'eivs lire I hat I he 
rating wnll be appl icable to each md ividual •• ys( em v.'il h in a 
I echnology gro up. OSCs and RPMs are advised tc contat f Ihr I'.PA 
expei te listed latei in this paper i n order furfiscuss the importances rm1 

(iiwrJiii'ilifly of i]uimtitii\\nx MI hits for spet. (fie chafacteritrlta I hi s. 
irificnrnalmn iilso is j^enerally applicable to the I real merit ol 
waiter produced as a residual from the remedicilujn of I-'CB
con ta rninal ed s«il or ;.edinien t. A d d it tonal i rifo rmatni) ri on site 
data rp<|inrernents fur the selection o f rpnriedial I echini] ogles 
rria)' be fou ncl in other irefe rences 111'I || 1151. 

Dinning irnplerneiiitation of (he chosen remedial lechnulug)', 
sampling is us.ualty requnred tu asses.s. the eiffecl ol: process 
ermsKS.ions.on s.ile w oirkers and the surroundi rig area Kemedial 
tech nologies I hat require excavationaiKl rnuvemeiril ol cunta rn
iinated soil or seclimenl may generate PClEI-cointam inaledl d u s> t . 
Thermal tec hnologies produce of (gases, that may ro ril-ai n PC E)s 
that have nol- bpen capitured or des.troyed by Ithe process. 
55.3 mplnrig of p rocess erai s^.ion s. and surv E-illa rice of site conch 
lions d u rung v»rasl!e lireal merit should be designed tuevalua te all 
of I he appl icable concerns.. Sam piling and a nalytical methods 
designed to assess workersafety and healthcanbe found in the 
"Neil ional Insl-ihiite lor Occupational SJa fety a ncl Heal thflMIOSH) 
Manuiilof Analytical Methods" |lfi|. 

After irnplerrieiritationi o>f the chosen ire medial technology, the 
effectiveness of the system! s.) must be evalu sited thnjugh s.am

1, SoilI mind Secli nnniirrl QiiiiTOiHeriii.lilcii.Tlh.Eiil 
lim Tii)i(!lhuniolo|j|jir 
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INI :: hi[|lnEir values; support pn-isiilec:lion cf technology (jroup. 

II - lowEir i'aluEii; sup|X)i1 [)r»!;i= action o! lM:hnolo îjr {jiiroup. 

T » effccl iii variaihlii anKing systems within a tEichnolojjy group 

no isynritiol isi sl'own HIIEI offiict ol
 
co risid are cl i n c: on s, oq u o n ti a I
 

pi ing and analys is. IDepe riding un I he technology, bol h s.horl• 
a ncl lung -term performa rice1 need s. to be asses.sed. Di'viflopi
merit of sampling plains lo accomplish this objective is dk
cussecl in "Method • for I: vah.iati rig the Attainment of C lea nup 
Standards" |i:'|. 

A nalyl ical met hods for del eel ion and quant ifica tion oif PG:>s in 
soil and sed inrieinf a nt1 primEirily ps:rforrned u\ the laboralory. 
Labo ratory cle teirrnnnal ion ol Aroclors,m these rned ia genera lly 
costs !M 00 to S>200 per sample and usmall y requnres. a mi riimum 
o f 7'.l hou rs from s.) rnple collpcl ion to> receipt-of ires.u II s. '18] The 
la bonil oiry nnetl'iod 8()&[) (Orga nocliilorine ilj«ti rides «md Pol y~ 
chlorinated Uiphenylls, by Gas Chroirnalography) in SWB'16 us, 
the most- romrno nly c hos>en procedure for I he analysis; oif I hi; -e 
PCB-conlarm naled nriedna The PCBs are fi r> t extracted from 
the soil or sediment, commonly using Method 3ii'IO (So:«hJel 
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lixlrachtnn) o>ir 3!>;i<[> till Iras.onk1 liKhaction I. The PC II extract iii 
them conceiritratiid and injected! into a g,as duromatograpii 
eqfiiiipipedl mil h ,3nii election caphi re deleclor. The a nalystl udeiv 
tiJiesi A rodoir ires iduifjs by ooiniipariiion olF g,as chnHnalographic 
[leak p'tor'iles (peak retention limes am:! illative i intensities)) 
pirodluced by Airoclor stiindairds with those produced 'by u 
,s«3inriple c:< lirad |['I2] 1 denliifucation and quantification nlf FOIIi) 
can be. In nderedl by interfering njniipioundlsi, isiiich as ollieir 
'hailogenaledl organic cnirnp«[iund[si, which appear on the dhiro
irnalograirn iiri I he sa iris; iretenl i<:m liirne iregnoiri as. PC13s. 

Several lower cosl Held lesl l< il s., pro«d ing I'asler resul ta, Eiin; 
currentl)' available [LSI]. Fair example, one teat kilt, using cob-
n metric deter ruination a if PC [is, cam pro vide s.erniKjiLiantitative 
res.ulls* within '10 minutes. for a ppiroxi rnal ely $20 per saiinple 
[ I9]l Cwrenl ly, a nol her ralton metric Iteslt 1< il ( the Dex s.il Clor-
N -Soul PQI ikTEseming Kit™) us. be ing tested I'hrou gh I'heSuipfsr
fund Innovative Tec'hnolog y Eva luiiilrioiii (SlTiit 
and Mli'aaiLiire nuenl Techno b|;K>!i Prog ram. Also be ui,g 
•in; airi iiminiiHioiifi'say kilt (Einvirogtia td '*' PCB hriunui 
1'iE'iil 'KM, cii'iti n c]iLli:irii:l(!'-!i]:>i!Ciil]i(: Avc\ node. Itesl knt (Ihe. l 
2000 I'CIl Chloride A rwilyzc rIM> \2Q, pp :)3'4- 337] 

Additional inlbirrnalKiin cm. einiilyltical imethoci •• for thi: a 
oif PCfi'-coiiilamiinated s«onl and !>i!dninenl is aval lafole i n "Am
lyhical Chemistry (For PClBs, Seconcl Edition" |211|. Tec'hiriM'iil 
c|ucstion!i rE'g.Etrdiogthe iiina ly 'As of PCB-cainl Eirmmaled iioillam! 
SiiE'diirniE'iiH shoiLildl Ibc durs-cl pd to Ann A libird-'Sl PV pns. (EMSL},,al 
(S 1 3'IS69- 1'-! EC! 

Tins section diiicinwes. liE'cl-.nol^igii^- tl'iat YIUVK ]:»>.<>.» uw.<\ to 
lire ail, diE'S.liroy, or remove PCBs. firom l:'CB-«)inlanninaite:l aoill 
Eind iiodnnenl The lechiwlogieE^ EIH; c liiiisiilncd under llnriie 
linpadi ngsi: es.lab liiihcd, duiriiionsiltaledl, and cmergniiif;. [ijstab
liiS.hiE'd I'pchiiiolngies. are11 hose thathav<= l:»E'en i?rn|jloyecl ill: l.he 
hill I- s.ciille Icpvipl to isiuoc'esiiihi II y rnep( PCB cleiinu |> ,goiil s. ill inuil
liiple snle<>; they are conmrnerri.JII)' atuilable DemioiriiilTadE'dl 
lech nok>|>,ii;i; have been conducted a I: p ilol • oir I ull-scali! al. a 
litnil.ed i\LIrnheiolsites They twvegeneiraited peirfoinrnanceand 
cos>t daila on Ithe treatment ;>f ['CB'-contiiiininated s.onl or wdi
nriciril. I: niierging 1 echno logk'Si have nol jM!t been s.hown to 
elFfechvely oir i:on<>i!il:enl ly treat PC fi-conta rniriiited KIM! or sriidi
urieicilt cil the pilot- M'alie li?«'i= I. They an; i:n l:tpnclii-!iCi9ili?!iituidlii!is or 
iiri ;f)i lot- scale teiiltiirig si EI^PS .J nd .Eire di-^.igivE'dl do genera ti; ti.3il.Ei 
on I'tii: heal meiril of P'CB-contarnnniiiled soil or sed imeiril. l-'or 
each technology the followiing topics, a re discuswd. 

11 Process desicnpitnon; 

" Si te requi rerneiiitH loir ti= rhiiiology nmpl Esrnen t.iliion; 

" P'ioi:es>!i res>i d u ail;.; 
11 TE!(:hriolof!,y ayalteirnis. accepled in tltiiE S1TI: IDeirnoratra • 

tun n .uul li rneir|i;i n|; Pirof^rairn s. [iiiicluidiing the avai labnlnly 
olF AppliiCiiitioiiis A nal ys is Ifleporljs (AAKi;) and! Tech nol • 
Oj2;y IE!','a luatioin Report •< (TI-IR'i)]; and 

'txEiE'ii '-'E'liE^'tiE^I ,;is ei their a stajrid-aloicie ir<E>inedn.iil .3ill:ernal:i',re iFoir a 
porlno n en' ill 1 o f I hie' s.ile, or a:; a ocnrivponenl mil EI l:nE'iil:nnenl tirainii 
.ail Hie • iliE- is guven .'UiHE'ita in pie c>f a]p][)llii:aitii<[)iri oi! lltie liecl'iinolk)]!̂  
itnlh aviiiilable performance dal:a is p'inE»enledl IFoir eiikablnsihed 
and dlernoiu lira ited remedial tecinioloj^ieis A vailsibil ily of cer
tain addnliioinal perlonriiiince dai:a ia luinilted due l:o liî gail coin
fl ids, whilf! ollher dliil EI ans! iilrilil bemv!; lEie'iriii'iiiiliE-dt airid ,5iiLEil)':!<E'[l 
pirnoir l-(i Itieiin.t; i-epcn'liE'tl . T\v reader iii ItherelFoire i^E-leriiEtiJI lo I he 
ODiril acts, lliiiled mi the tables suirnnian-î Jrij; iipplncation ol' each 
technology iFo r the irno<ilt curreinl iir 

I-:- ti mialed cot; It i iingesi fortlne b îs.ii: opiiratiicmolF the l 
cril ica I I'iicl.ore aflFei:ltiing cos. I iran.ges , iiind ad rantageii and liini
ta tionsi of each allteinna ti v<-: technology a. re piHiiiiiinlted alt l.lnE1 :niid 
oiF thii; '.,?.< tion in Pnginre I and Taliliiii 12, 1 3;,and 1 4 respectively 
The information wasi connpilEid iToirn. I:,I:'A dociiirnentii, includ
inij> l-inf'iniiei'riirig liiLillletiiriii, l-ilTlE! DiEjnoiiii trairion IfiiE'poirtsi, and 
I: PA e. lei:i:r():ri]i:' dliil Eih'Eisei- CW.A iindl R]:>lvli: Eire cEiulsoined tliiil 
the .coiit es.ti rnal E!ii geirieralllj' do nol iinchide preltniataienlt, Hiile 
P'rep'aration, regula tory iramplidiiop oosls, cos.b; for addiitioiriiil 
hrealiniient of ]:>n>"(!ss reiii.ti n.Eilii (e.g., is'taltii lizal ioniof inciineirator 
Eisl'i oir di E>poi>a I o f PClEto concenl r.ai|iE>dl tiy siolvEinl exltrad.ioiii), or 
prol'il Since the actual aiisltof eiiiploying, a remediiiil tediiriol
ngy at a !>pei:il'ic s.ite ma)' bp s.ignificantl)' higher than these 
PHI im,i tes,, I he data aire bes.l us.ed for order of ma giruituide oast 

TRIiiATABIIILITY STU DI E !ii FOR POB
co NIT AN i N ATI;; o SOUL ANI::I SEOIIIMIEIMT 
Th.;' prpiienoE aif 1:>C K'.~, w it h oilier conta rninairil s. in :;oi I or w.di
nrieiril ol ten crea teis iii te-s]:>ei::il:ic tire.ail rn.:!nl problems. TlnE'-i'ii neiJI 
siliriLicltuirE'!. arid properties of FCB<s. also piretieiit iiite-iipeoiluc 
concern 5 for rerned laltion of SupxETliiind Kiiles.. Theirefors;, prior 
lo s<E'lectnn(«; FC.13 remedial technologies.,snle-Hpecifii: heat ability 
shidi.w; Eire neceissary lo eviilu ale the poteinkia i appiliicabillil')' and 
perlorrnanee olF a pai-Hcul Eir technology nn, reineclial ion ol PC fi
contaimiinalpd -.oil oir s.edirnenl Treailabiility studies, pirowudlc 
data l:o support ireniiE'dial Iechnollogy selectioiii and r:;medy 
iirn plcrncnltaltion. They s.hould I>E; pierlormecl as iioon a;i it is 
evii.lc nit I hat inis.ii fl'iciiE'iiil information is avai lable lo emiLiire the 
qualnty of Che technology selechon process Condincltiirig Iteal
abi lil:y sltudies earl y in I he f'.l /FS process iredmces. u ncertainlniiii 
a:-:-oci iiledl wi th se. iectiirig I |IHE> re rnedy, jiirociui i-s A sound tusiiii 
I'oir the ROD, a nd inim.ini:! i-s the poiiiinbiliily ol: iFaiilure al: iFull
sea le nmpileirnentatiioiri. E1FV\ regional plaiiinnnf; iihould lacloir in 
I he lime andl reiiourpsHiirequiredl lor lihese s.tudies. 123, p. l|. 

Tre.) ta buliity stuidies cond noted during the RI/ PSacHvitieis undi
cati: i»hi;';hi!r HUE 'tec}inolo[;y can rneE-i ItliiE! cleanup j;cialls for the 
si IIE, Vk'heiva'; lirealabiliity stud ieii .conducted during The Reme
dial Design /RerriEidial 'Acl ioiii (RD/RA ) acltivilties labb.sh 
cleiiij! n and operating parameters lor opiti ini:i,Eil ion olF l:i!chnol
ogy |>prluriiridiru:ip. AII hough I he purpo.se .aniiii scope olf these 
stud ies dilFler, they co implement one another, s.ince unlFor rnal ion 
ol?t<i iniE'd nn support of rsn-ric^l)' s<E;lii^cl!io>][i may aliio be u S.E-IJ! Ito 
support Ithe remedy design |23|. 

Title need I'oir triE'iil iibiliil y leslingjis.a iniiicia îi'inEinl decision. Ilu; 
lime and cosl niE^'S'ssair)' to perform HUE testing, are 'ha la'need 
againsl the i rnproved ccni.ful'E'iice iin l:li.'E> seljE'ctioii ,3in,d ([lii-s.ign ol' 
alternatives Thes.e dlEicis.ionis a re bawd on the (jnanliity and 
quality of data atMilable and on otheir factors (e ,E;.,, istaite and 

i nnt>r Eiccepta nciE> olF lltie :riE'rried],r, His;'// site data, or e:i peri
!! v. il h the terhnolog,)'). A uiselFuil document us. li'E'A's "Guide 

for Cond ucti ng Trealabiili ly Studies Under C'liKCLA " [241. 

Tiiidh mollogif Al In nualtlH n it if oir ithifi RuiniiiMilliilloini <nl If C lil-Co n I ii nn iniiiHed Soil iiind 
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llndinaintrilliori 

Incineration frosEits or^ainnc eonlaiininairitei in sohdst and 1 iq u ids 
by s'liibjE'cKiiij; Ihein lo leirnpierEihi res; typural ly giiEStiti!!' than 
l,000°F i (i the presenop i) ;f OKygipiv wluch causes volalnluialtioiii, 
connbus lion, a nd deslirucHon of these oo'itnpioundlsi. Many mm
paniesi havebui ll niiidnerators thatare actively einiipbi'ed in I he 
remediation ol Su perlundl Elites. Some ol these are scaled
dow a, triinle r-rnoun ted veirsiionii ol ooinv enlnoma I roitairy lulin or 
1'luidi lied bed indmeraloirs wnlh Iheinrnal CEipac ihes of '10 to> 20 
nru Ihoiri British thermal uniils pet hour (Bhi/hr). However, 
rraiii'.p'orlable limits as lairge as &[) million Bfu/hr are also 
avanla bile. A I large s,il:s»i where Hie rleanu p will ireqiLii re several 
yeiiirsi, it tnay be (Feasible lo actually consliucit Ein incinerator 
onsule I:, oo no nnic reEison.-. Eire olten I he key ifactor im delermiin
ing whether mobile, Irairiiiporlablle, fixed, oir oflFsite coiruiteirciiEil 
inanetarion wulll be u s.ed alt a ,s;i ven •• ile. Bei:aus>e on.s.ile clean
ii[K .3i t Siuperfundl siles ran be conducted wiilhout having to 
iniME't I \\<; aid [niirii:s>triilti'̂ i! ri!i:|ui]ri;'trii!nl:i ol l-eclcir.j I, !->tate, or loc'Eil 
pETiiriits, the tiim«p rei:[uiireicl lor slarhip ran usually I»P rcducixl 
I zs, [>p iio-i ;:] 

olf indciet.jiliioiri lo \k\e. rcinwdid lion olf KB-
urn [ oir !i<=icliiiiii!i[il- rriEiy be Ihriuilecl 'ti>' tine ijpf.'S and 

roiru:enltrcil:ioas. olF meta 'Is, pntsiiiril- in I he tnedi LITII VVhen iioil oir 
^dinieiiit [:oiitann inif> met.) IK is inci neriiled, tho rn<: ta l<> c,?pori .;:!!, 
nE'iidt lo forn'i othiiir nnHal ^p^de;,, or remain with (he soil 
residuals;. Meta Is in ash, iiciubber islud^e, or slad<. einiiiJiiioiri!;, i f 
improperly managed, can. result :in potential i: njxisureii and 
adviET're health erlerl:; \26, p I ] Le.ui ,.;i inel al conrirnonly ifou nd 
Eissoriii led i<Hlh FOkxinlamnutKiiri, voldtiilii:es a I riwslt incnii
E!ral;oir operaHrif; tempetaliLiire: duel must be captured belon; 
[>roi:ei^; o!fl;f;a:-"S!S a n=' relfaiiC'd ii'ilo ItliiE; ,i trnos;pliE;n!. lit i Si IhciriE'
forp iiniiporlant lto> adequal cl y chair^rleniie Die melal conilenlt o! 
the soil or«'diment vu'linpiiiooiruiidipring iinaneniitionrs ^sl'enrui I'oir 
PCGI I [lE'Eiliiiienl . For more ini'ornuhon on Itlw iimpbral ionis of 
inrineira tion ol soil conlaini rig nu:ltal!> reler to "Considi: r^iliions 
for EvalUi'ilirj; the Impact ol Metal'! Parliitiioning Duriirig the 
[ndini: ttihan of Conta minated Sioils firom Supcrfu nd !Mle<>" I 't'.d \. 

Descirilpillion ...... 
I'he primary slaves in the i n<: ini(M-;il:ii:ni, piri>r(!!>!> Eire ^^a,s>t<; ]:>i-i;pa

, Wi3i»le feed, ooirnbusHon, and ollfgas ItrEialtmcirit 

'iYaste prepa r.ailnoiri iiricludes itxcavaHon dnd/or trareiporti rig 
Ithi'E* v, ii!il:s! lo line incineiratoi [")<E'piE>niicliiiii[; cm t.\v rs-q u irertii: nlt<> af 
the i rianeral oir, t'linoins clauii'ication equipment is u:ied lo 

for <>oil Ai\d s&d inient. l3>leiridi]ng<olF the soil or SiEidiirnenit iind s.i 
reduction are sonielinnesi rpqu ired to achieve a unilonii feE'd 
!iii:e, m oii!> In re oonleiiil, lltu value, and coiiitaminanl roiricenltra
I'icni:-, \Z', p ;> I ] 

The was.le feed nrici: han isnri, whurli warieis w i t  h the \ype of 
i numeral oir, inlirodureii the wa : te into I he cornlr.iiition siysteirni 
The feed iniiipchairiisinii siel.s. I he req iiiirpnru; tits for wd s.lc pirepiirEi
lion Bulk solids usually ai'E: iihredded, contatninalted niiedid 
areuisualJy ram or gravity led [2fi, p 110|. 

In I he oornbusl ion iiUige, (he three mapir sys>teri is> aie notary 
Id] u, infiMired, and circulaliiiij; ifluiid im] bed. The primary 
f Eid oirii a fl:s!Cl:ii-ij!( tl'ie i:l(Eis.i|̂ n and perfonriiince i;>l' tlhie iiysdE'iiri a ire 
(he temperahnte al whurh Ihe I'urnare is operated, the rime 
diiinn;; which the combu slnblle nniiitenial is iiubfectiid lo l.hal 
leiri|:K!ratiJirp (reHideinre timie), and the turlxi Hence req u irs-d to 

Ol:f|!;ii!ieii lironri tl-ie indirieiralor are treated by ail 
conitrol (APC) eqiiiipment to nimove pa ttiai laiteii and 
aind nei.ih'=i]:i;:e' jiciid ;̂ais<!!!i. API", eq inpmenl i 
VEiiiihLiiri iicruih'tie'i^v wt elerlioslal ic precipitators;, !ba(£;]-i(]ai:j<E'!i, 
iiiricl p'-icli.ijd !»crub1tief!i. Ifiolarv kill us. A\I\:\ nn frairiE^l ]:in:'fi!!iiii tig 
uy 'Aeai'j tnEiy require both external p.airti.truila te i:t;)nlit:il a nd ac'iiil 
j!,,:i!> :ii::n.il:i|)an.[; s.)'!iternii C ii-ci.il.j.lm.,!; fl'ind.!:!,<(•(Jl l:>ed!i do mot 
require ;><:rubbing; iiyslems biicaiiiM1 Iirnesloine aim be added 
(J!irei:tl y i tito thi> conribu stor looif), hoi/t-e'/eir, tl'iey ma y i-ei:|\.iiire ?.\ 
siys.temi lo remove partial late« l'.U\, p !!9| 

Site R«] ul ri! nrMuiil:ii 
"['hiE' siite .- iiciuld Itie ,aicceis^>il:ile by I ruck oir irail, aind .31 graded or 
fpravel airea is reqinn^d for iietup of oiuih; mobile s.yiiteirn;! 
Concrete pads may be required for some equipment (e,!;., 
notarykiIn). Foira lypicEil comirnerriiiil- WEileu.tul,,2 to5 acre»aite 
reqwr!>d for the ocetalllS)'!itern iiiite niK'ludiirig Eincillarj' supiporl 
[T/, p. 2.:>] Standard 4'WV, Ihree-phaise eierlincall s<s;nnce ins, 
^i-nerally neEided. A contiiriuous, v*ralteir supply tnu.sl beii%rail
able al Ihe sile. AILIM iliiairy fuel for feed [Jtu innpravemeiiit tasiy 
also be :re:|uired. 

Vanouii cinci llary equipirnen t ma y be required, such as liquid ot 
sludge tiran.Sifeir and i'eed purnpji, Ei!>h collection, and solids 
handlliri[> equipment, pen-onnel and irnainleiiiince facililneii, 
and proces.si-^eirietaled waiste I'teal menl eiquipirneiiit. Im addi
tion, a feed-mEilerii) Is s.Uf'iinif; airea, diiCornUtninationtranleit, aish 
lh<;ndlinf> area, v/ater trealmieml lacilities., and ai paitkimg arssa 
iniiiy be reeu ired [27, p. 2>\ \ A si te safety plan ro *'e:nn,[; all onsite 
.jicliiv il les <i]-ioiLi]l(i 'be cie t'ello [HE>d. An erniM;;;e ni:")' sliai t do win pla n 
also s.hould be prepcired !l'|>E'ci,;il l-iEindl:in.[; rne'Eisure:; sl'ionuld Ikie 
provndEid lo hold any process riisidual iitrea nu until Ibe)' have 
been tested lo determine I heir acoE'plabilnly foir disposal oir 
re lea =e. De pendnn>,E; on I hesnle, a melthod lo si are wa s.te thai ha:; 
been prepared lor trpaltment may also be necessary Storage 
i:ap>acity will depend on waste volurtup and equipment 
ra tei; 

As ol SJepteirnbeir 1W1I, inci nerahon lerhnologieii had been 
se I eel: eel as the rennednal acfion at 65 Skipetlund s.iles v.'il.h FC'IJ
contaitninated :>oill oir iiediirienl [2E)][3[)]|. ]m:in!!ratot petifot
rnanop is rnoE.t often tnea -.11 ted by cum paring initial PCB con • 
centratioius in I'eed imaleria Is with bolth I'inall concentrations, in 
a'-h (i e., ttE'inocal efficiency) aiul roncentraitions preiieirit in 
oflFf'as erniissionis. Ina neralon; burnnrii[; non -Inq u id KB v/Eistes 
rnusl rniE^E'l I tiiE'peirl'oirrn.ini:iE'.3in<d moiiiloriirigirei[|uiiriE>tri!!i'ils S]:>eci • 
fied inn 40 CFR 7b-l 70 [8| 

I n November W8(), a pilot -scale incineiraliioin unit \n EIS lesled as 
]:i;irt olF I he SIII'I: [)>togi'Eim a 11:he l">E!iTiodlt! IFEoiid !-ii]i|>E;rfuirid Sule. 
!k>ill contatriinalted wiilb PCBsi haviing in thai concenliraitions 
riinginif' ifrotn 2*K) lo 3,i[l(]0 ppm VCEIS present at t he s.ile. Prior lo 
entering tine iiysliE'iri, I he leed ma te tiiEil wan screened, lo rei-nov^E' 
ag[>legate and debini!> f>iealer than I inch in diameter. The 
sys>tem consisted of a primary combusliioiri chamber,, where 
elerlinir iirilVarecl ]piea ti ng ro:!,-. i^iE»re usei:l to fiiE'Eil tl"ie 'H',) s.ti:1, iindl 
EI sec'iind Eii'];1 ;'h.;iiril:K!r v.'h.E're EI ];)roip,3iniE!- fired; II Eirne iv^isi us^E'iil to 
dk'sl ri:>y any remEiiirii tig hydrocarbons11n tlrie E;X haih-.t from I |UE> 
fiir&t chanibeir A venhi in !,rrubbeir and hormHiltall paclted tower 
I'ji-re also use:l iFot partial late and arid gaii removal before 
ex ha listing I he gas to Ihe altno'spbete 131, pp. 1-11.]. 

Al hi) rniijilthfiii 11 Ifcur llhe M i! iirmsd iniHi on ol! PCB-CoinhEiiiriilnailiEid Soil liind! SecliiniMHiil: 

http:ii-ci.il.j.lm


The I ESS! indicated I hat the s )'sl:ern would rerno ve and destroy 
PCBs fironri the waste. Punal PCB cniricentratiorii ranged firoiin 
(] 003 to :l.39(i ppnri in I he ash [3 ] , p. I'}. \. However, there1 was1 no 
evidence that tin: process reduced the mofoi lity of heavy rrn="l<ilii 
I hat were pre^E'iiit im I he i:u rria re ash as arm pared I:a the faipiL 
Thiii was to be expected save, metals are nol destroyed! Iby 
combustiona ad ivull be present iiri the ash or released inlo Itlvf! 
flue |> iis. Si sick j;as, pninria ry combustionc h<jiinl>E>r(PCC) olfi';;<ii!i, 
HC1, iJind piiirlicul.sile uinusHionsi all wen; well below I he urin »:i
rriiini a indiLiiril .jilllcrtvi^cl iLindiiir ];!C'f!j!i filtiiiciclain:!!; l!>Rl:;s inexi^issiii 
of the 9!> 9!) pen-enl rpquired for RCKA ijipplidsiliioma vims 
in: hiiiiviid. If'iE'i fc'i'ii'Liiirici: w \\ b iiE'SpEid lo I:lie TKC'A ret] LI ircniii'tilt 
of 9S).(jWE> percent DRE (on PC Bus roiLilld nol be .iiicertannnjd 
bE'caiLi!>eorithe low concenh eil ion of PCBii in the i rioneniknr leed 
I Tl, pip 111)-19], liiforiniiltion c n the a pplicii tnon of iiiiic'ineraitiicin 
lor the I'dE'iitiiieinl: of PCBi-coiiitiiiniinated !>oil and <>edii[iiienil alt 
otheir !>iltei> is presc rilted in I-ible 2 |:!()|Ki:!|. l-cn- ifurlheir silte
!>]:M><:iif]ic informa tion ruiriUict thie l:!l:'/!i i neb VKJ a&\ \ is.l'E-d i.in:il:il<iLin 
I be pEilVrence i 

P rocesisi l:l ini.ki ual 11 
Thiee major wxAmt siheiirnii geine railed 'by iincinerEil ion are: «ol
ids Ifro mi the miicinera tor EiniJl A K s.y • tcirn, v«ral er I'rorn Itlie A PC. 
r,], <,tern, aind eicniiiiiions I'rorn lth:> iiricnneriil or. t\sh is cornrnonly 
entl'ieir iiiir-<'C)i:)]ic>d cur quenched \\n tl'i v^alteir a fl er di'.K \\Ar$K horn 
I he ooirnbuiil ion cb înil>E!r. IDewa tojin,;; en ^ollidilic =il ion /sl:;ibi
liiiiation of I be .ais.bi may iill&o heive to be iipplncd sniiire the iuih 
con Id c'oiril ai n leai: habile me tails ill concemlTiil ions above refill la-
lory limits. Ibe iiH;a li rinty <:f I be in;ii:ri:i rniiiy influiiince l:he 
leachabilil-y of the as,b |[33, p. (53] The fine [\,K>KS I'rorn I:!M! 
incineriilor iins I waited by A PC '3 ys\ prns such sisi elwtiros.labii: 

pre<:iip>ilcilor!> or venhin sci-uhilx:1! :. Mur?. d ischairge tl̂ innLiglii a 
iiUick. A bi>f> h-pM hqiind, vt'aste may be gc.ni: raledl by the Mt'C. 
iiyslem. Tins Wiis.te nna)' coirifcain Inj-.li conoE'iiitirationitol i:hlo
ride;., cobble metals, lirace a rga nut's, nnetal partnnilateii, <uid 
olheir inoirgainu' partionlliilE's. Waslew a I er irecji.n r mg> ITM! riiienl 
rnay 'be subjected lo irienitrii] nuihio n, rhtirmc'iil pred pnlabion, 
revereiE [)';][IM)!>HEI, iietlbng, evaporation, lnlltraHon , or cairboiri 
aidsorpliioin before disf. lur;;e 1 1 !i, p 1 2? |. 

SITlii Dii'iinonisltiraltliDin tiind &-n liTgiini;) IPri:iJ!ii>i::ltii ...... 
j'Ls oif Nov<!irnbe r I E>') 2, 1 he 'SITE Program i ricluidiE'd two dernoit
!>l riiled iinciineriiHon system* reportedly capable ol tirealini.f; 
PC IBs in soil and s(!dimenit The lechnolojj;y devploper, sj'Hls!rn 
name, iiliilin of the tec'luiolo^y, iind EPA coiritact foir these 
systems a re prE-senl I'd i n Table :l I <!0|. 

Technology-j'pecilfii: qiLiestiioiriii regard ing iinciineriil ion maybe 
directed to Doiria Id A. Oberac kiE r (If! fi E i.) at (5131 5W-7S1IO. 

TlhilMTIlill D li !i Ol'lf) I id 
Thierm.i I desorptiicm us. iin (E >. si tu means; I o [ilhysic.aill)' s^E-piiii'alte 
vollalile and sernnvolalile coiril.iiirnniiiiinls from soil, 'sediment, 
sludge, and ifiller cakiE by bealing Ibem al temperatures biif'lh 
eiriough to volatilise the organic coritamniiiints.. Ill i:> geiruEirall)' 
cosl -eflecl iv E1 lo im plernent I her rniil cleso rptionion wastes corn-
Uii rii ng up to 10piE n:ent on;,5 n u:;; a nd a iniiinimu rn olf i!0 peroE'iiit 
solid:, [M, p 2]|. 



Tiiiblln 3. llnnoviiiltlviii Indiiwni I Ion KiysluiiiiriiSt CiLtnmlllj/' Aei: n pl«l Ilinilo Itlnisi SIT'lii Pir<:«E|irainn [!i!i[)]| 

!:iyii tijui'i	 liilFUli Contiicl 

Giruppo	 Infra iriKl Thermal Two SITE! iclein(nri!!tralioriffi warn Lili.iniil SltfiJiEiy 
liteiil rutilion ffl	 conducted! in 119(1!' (AAlRs ami TEF:lii 1 !i 1 1ll 5(»?&K\ 

:iv!iilal)lk>). USMMI inn llullkiciile 
rsmBdiafa'i. 

•si Deiriiionsil ration Program 

F MKWliilli Hill II € I'ipl kill 
Tlwrmall dlesorp>tion is & pnx'i'ss l.lial uses ei their an mid ireclt 01 
direct liupalt exchange to heal organic eontamina nits lo it temper
ature high enough Ito volalnlu:e and separate them firoiri a 
contaminated solid medhiirni Air, orjrnfoustiioii gas, oir an inert 
gsis is nise'd to lira n^lfiiir vaporiii-E'd [•onltiiirnjuicinlj; In) [in tlni? iniie î i
uiiii. The bed lennpcira lures achupwiE'dl (us.iially IwhwiEipn 300'T' 
air id l,()0[)"Fl and rpsiclenop Hrnes. us.cd by llhemicil dmnpltioni 
t>y i,le.'uv.< vt'ill voliiltili;! '̂ StiilecliE'dl conltiiirn iriiinhs and drive o f f 
vi'ai:i;i-, hul typi fill ly nolt oxiidiiie nor diislioy oi^annc coin
powndii I'M, p. I ] 

:;i];;i!!i of ,3i t] 
alls liaiiid liiri]!,, d E'sorpltion, piiirHculale nE'iniM'ii I, airid nlfl'jja -. 'trea t
rni: rii:. Mliil:i!i'ii3il!i ha ni:ll.inji, ['•£•(] ii:ii'i!!i i:'>;<:a va tioiri cif ItlnE! con la tui
nal:s!d s.wl oir !>i!<:liiini>rtl Typic.J lly, C'lijiE'fh: Ijn-j'iE'i1 i:lii=inoni! d:i Iwo 

i;ri d iciinvE'liE'i1 a K tmtwiwd, cmshixl oir s.li ris-il ded a rid, il: 

loo larfje, ri>|E>rled . The irnediium K Ihon de livcire;! by 
lo itl'ie diE'itOirl^iiir inl(: t or oonueyiE'dl by ai.igei-s to a les-dl 

t , rota ij a irlock, or olhvv ec|ui p rniis-nil i[3':»] 

AK l:li<E' coiula miiniiiril s. airi: dlE'iioibixl, l]\w.y votaitili^E* aind 
i:ninsl<ETi i'd |-o the \\Ai< shiE-iini Am i neit gas, such as 
m.iiy be uvfE'd'E-di iiii a irbvi^Eip s.l:n;'(:irri la prevent conlainniiria tilt 
coiiribui!>hoiri iind I'o EIK) iin vi:il,;il:ili zi:ri|i; and ivniovinii; the coin-
ItiiicniiniEinlii |')6||:I7|. OtliiEir sj'iiltenui iiirr.ply dnerl Ihi:1 hot f>as 
iiltrea rm h-om the desorplion unil to tlrie ollF|>,.ci» l:ri:i=il ii-ifM-il s)'!il'E'in 
[38] DflFg<3i!i frairn diE'sorpltioni i!i typiica 11 )' piroressed to reirnove 
p.iirtiaillateii thai: remain :in. the fj.iisrocinlainin.iitecl s.tiream a flier 
the dlEiiiorption <>lep Orf>,iinic!i in l:lie olFlgas may be hiE'Eil'ed 
ons.ilii!, colliE'cliE'dlori.sicMviil pd carbon, O'r recov pred inoondemsa• 
tion !!i|[ti ipnrieiril . The s.elerlHni of l:li/E' j^isi lin;.-il ri-ri!nt ;i)'sli='in v.-il I 
depend on the ronoE' nitrations, aind lypea of oonUininairil.s., air 
lE'iiriisjiiioin iiliEii'iiJIiiirdii, dnd lihe eccnuoimLicii of liliuE* nifl's;,) -. treatment 
s )'!il:t!nn(!>) 'S'iiri]:>]i:i>'S!d. Mlel hods commonly used I o remove the 
parti rii laites from the ,s;a s srnparn are cycbniPSi, we t s 
ill'iti 

Ir[ii?r'[iiiil i:leti<:irpliioii[i sys.tir'irisi =in; lyjfiiic'cilll;/ l:r;inspoirl.ed on inotl• 
il'iei:! flatbed S'E'iiriiitraiileirii !:>ince irin<o!>li ;;ysli='ins <:oii;>ii>l o>! ItlnnE'e 
[•niriv[)<:irif!nl:i ([dleiiorhe't, p articulate control, a rid |!,EIS liriE'.iil rriSM'il I, 
!.p»ace requireineritii O'msiile anE> typically le;;!: Hunt I Why "ISO 
lei'l, e:< rlusi ce ol inali'rialii tiandliirij!, aind defontarnnnaliioiri 

areas.. Standard '140V , three-phaiieeleic'liraral -<ETV ice n<> [jeneial
ly netided. V/ateir rnniiili !)<;• Eivanlable al the snle. TlM! q iiantity olF 
v, al EM- needed is eqiLiiipinenl • and s.itf!- s.pE-ci he. 

A snle -.iil'E'ly plan covering al 1 oiriiiiite act tv il ic-j should I»E> devel
0 [»<] hr\ t'.mp. r;;;(?:ncy sliiii t dowt\ p\,-.\\\ i\\so sl'ionilld Itie prepa riE'tl 
Sipmal handling meas nires> s.hould be pro vidnni to hold any 
proces* n!i>i ;l ii,!il streams unlnl they have bepm lesledl lo dijiteir
mi nc thei r .jicce [)liii1:iillil7 Ifoi d ispo>sal or ileliE>iiii<? l!>E'p(!ridinj;, on 
1 hiE !>i te, a irnethodi Ito ;>l UK wa SitiE1 1 licit Itias been prepiired for 
I riE'Eil inenl may also be necessairy. !>l oiragjecapac il )' w'M depend 
o>n tvasle v ohi trip and equ ipmenl leed irates.. 

IF'ni irl Di'irniiiinci!) ...... 
A <• oif (il̂ lobi'i' 1 W.\, tl'ierrn.iil deiorphini l:ei:hn(>l(]i;;i>E>!> IIEIC! l:«s'i!n 
!ielk;cl.E!(jl iis. I hiE1 reirniE^d ia I ai'liiumi al se'L'eiri Si.i|:>erl:u nd <>il i-s 'i»'i.tl-i 
PC1B- co'inlianuiiisil'E'd iioill or iiediimenl |!l'i|. Feirfoitiiarire objei:-
Hves inuis.l comideir llhe eicistiing !>il:; coitiltamiiiianl levds and 
n;] Eil iv !! deanuj? [;I:IEI!.S. for so il a nd sod irnenli alt Ihesule. Siyslenn 
peri'oirimaiwi! us. Ity p ically irwaiiiLiired by the rornpariaon of un-
I ieal:ed s^ilid oonlcinunant levels wilh Ihoiie of the processed 
solids The actual bed temperature and rei;iidlence liirne are 
primary factors aflFediing j:>eirroinm,aiince im I hennall (Jle!iorp>ition. 
Tht!!ie factors a HE- comlirolk'd in the d«;orp tion unil: by u-,inj; a 
!ie nieii of unci easing Irernpe [aluire iiones. |3(i'|, rnnilitup le pa UPS of 
I he miE'dliurn Ihrou gh the deisorher wheire I he opeiratinji; tem
perature iii s.s-qU'E'iitiEilK i ncreaiieid, !ieparal:e 
vi'l'inn: lilup lircalt liraiu !e r ifliiud ti::rn|>E'i'iil'ii te iii lriijj;]'ieir, or se 
Ha I pro>CE!SKi][ijz; i ni:i> higher liE'inperatuire ,i 

In Juiiup 1IW1I, a n EY'A SITE de riiionsslTaHon w«Ji<> performed alt Ihe 
Oulboardl Matiniup Corporation SSupeirfuiul site im Wankegan 
Haibor, Illinois The !>ite wais. pn manly comfcanunuliE'di tvilli 
PC fJ«, alloirig vb'ilth VOGs, !>VOGi, .sinidi iirietalls. The liE<clinolo|>y 
veTkdo>i/!> s Astern used a comhiiiialiioiiioriihiermalldesoirplrioniaind 
che niical dehallo|E;ei[ia tiion. Appiio:< irnalely i!!;3 Ions o>! coiiita mi-
mated ••;)! I vt'ere iTealted. The a *'<; rage PCB conceiiitration in Ihe 
iFeetl iiciil was 9, 1 1'̂ Tni; /'kj; ; the a ve. i&w fmiial coiiici'nl t^iliioin was 
2 ing /kg,, whnch is a 951.W |>ei-ceiril: hEiiiriov.ail eiflnciieiiicy Tlie 
coincenhal-iom olMPCIta in the s.taK'lt g,as wasO.HM ing/dWin (a 
9SI.99W peiOE'iiil rernoviil efficiency I. Tllii? pH olF ithe s,oi.l rose 
ifroitiiili !i() in Ihe contaminated s-onl to 1 1 .35 1 n the hrealed soul. 
Tliis wa;> likely due l:o Ithe addition oif so<liium hiicanbonateuieicl 
Ito irei:lu:«' PC li emissions [4 'i, pp. 3, CXI I hiroug.h C--3 1 ] I nf oirnwi
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Operation ol Uiennnl tleso'irpltion systems may create up to 
i:'i|!,tilt pnooEiSis residuail streams: treated medium, oversinsed 
med mm and debris 'rejects, condemned conlamiiriainltsi, water, 
pairticiillateronltro'lls^iitaciulusl^^ 
aqueous pihase aetii'aled carbon. Treated medium, debris, and 
oversized rejects may be su liable Ibr replacement oraite,, or 
may reij'iuire olifsi'te1 d ispo>sal. 

Till! vaporized organic ocinlanrii riants can. l:e ca p>tured by con
deiruurtkin or parsing; the ollgiiH through a ca rbon adsoiptkin 
bedorothertreatnriemtHysl'eiii. Condensed conlaiminanlB would 
l:hiE!iii IUJIVIE! li:i be cli:iji;n>y(^:l lb]r' another technology. (;>!',(;« [lie 
ccunpowriclii may a IKO be destroyed kiyuiiiiiit; a ti olifj!,=is cc'irihuiii
Hc'ti cl'iEii'iiltiCT 01: .EI i:^il^ilyl:ic o:.:idii ticiri unilt iiiiitcgi'iiltiid in.lo \:he 
Hienniil deiioiption iiysiem [?.'!, p. 5] 

i offgas 'IK concleHM'd, I'tie res.ii ll ing waiter stream may 
contain ii:ij!;ni,l:i!:;nril: ir^nliiiirii ti.J.li.oiti, depeinding on thi; Ixiiliing 
poinl» iiind !io]iLibillilcies> of the conitiiminiiinls, u i i i j nriiiy reijiiiiiiiEt 
hi iither itn>aitimen t (:,.i!.,. carbon aid^orpHon). Ill' I he comleiwd 
wMKv is TiE'liiti'k'C'ly cliE!inn, il ma )' Ix;1 i.iiicd to iii.ippi'tJiis itlne cluiiilt 
iTCirn 1:liii; I neated lined ionn. Ill' ';'=irl:«;)i:i ;n:l^:irpt]H):ri i:- 'iii^E'd to 
remove <:on,ta[ni]:m:nl:s from Itlin; C'l:fj!;a!i or [:Midi;ri!ii;i:l water,, 
spenl carbon vt'illl be. geniiiraite^l, vj Irici'i is eil her returned !<:> l:lnE! 
suppilier for re;n: li ^aitkm or indMirahuin, or regenerated omile 
172, p. 5 1. 

Oli:j!,:is Ifroinii a thonnal desioiption unil: will oonlaiiri en trail iMtd 
piirticulales; I'rorn the irnedium, rapon.Ked organic conitami
iiiiinls,, iiiru:! water va por. P'^rlncuila teii are irerno'vecl by con vein-
I ic nail ei:|ui p:rn.<E:nit IJILH:}) ,K i:y[:li:inrE?s, lfal:>rii: fi \\er'.,, or \>>v\ scrub

WhiE'n of'ifgEiii i:> d<!:il:royiKl by a conihiu 'Awn prot:ei&,inmip]\\a nav 
with incineralion enriis.&ion sUrulard s. may be. reqwir<E!d; tlMtre-

SITI:! OiMinoriiiilliriiillliori liiirmil Iliirnnjirg lni!| IProjiuioIti!; 
A.<; n:f IS^O'i'i^rnlxE'r1 V992, HieSITIi 'Pirofi-r.anii hn\ed is.ht i:li:i[ 
<=i[l ItliKEti'iiialt d E!!iiM'|)tion !ty:;terns. CEipiibliE! »l (:reEi1:in|!; K'.'.Ks in wnl 
a iu:l !>i!<l]iini!ir>|-. Two of \.hew systems lire, no longcir a<*t]i^iE> in tl'ii; 
]f'n]'i;ri)Tp;, The l^rof'.ranri A\:;O ]-\t>te.d one eirnergimiiE; :>y!il:i!ni 'iviillh 
potential! cajpaibnli ty. The technology veiridoi', s.yisteicn iriame, 
!>Ulrusol; the lechnoloj^y,, and I:[]>A contac'l fmi l:he»e iiysilemsiare 
pres<?nlted nn Table S [201. 

Chissirni i: ii I 

Clhernicail cleha lo,getiiJiliiairi niu'ludi!!: ti=ch;nolo[>;ieii such 
catalysed deoornpoiiiltion ('E)CDX alkaline irn<E!lal hydroxide/ 
polyethylene gly<:ol (A P'KC}, and poUiiiiiin rn rnelal hyd roxide/ 
polyethylene gllyoal (K P'liC™), Thesi-e I'echnologiesi alll employ 
chemical ire.3iclicjitis to iremoce halogen alorns (ctilonne dtonris 
for PCBs.) lironn orgiinic nriolecu !(!!>, Due lo performance con
ccirms descin'bed below, very l i t t le research on APEG ics. jper
formed anymore; thus, it will be briefly d iiiciLisiiecl in Itkis 
document KPEG™ is no longw in use and will not Ibe dis
cussed in I h i - , dlocuirnent, 

Process i:)i!!!(:ri[]il:iaiii 
The I3CE* process was developed by RREL in Cimcrinnal:!, Ohio. 
This process, which does nol use polyethylene glycol (PEG) as 
a prinria ry ireagenl, has been useid lo re media I e soil and sedi
nru'iritconliannina ted withchlori tuiteci organ ic compounds.. BCD 
is an d'ficient, relatively linexpensive treatment processsi for 

4., A|[]'|:iliic-iiiliion of TlfMsirirnal ml i-ksltiMi'lecl Siil!!:!i iii'iitli 
[32] |[39] 

Slltl! ll/lii-diiijirni Clonl-iicrl 

Skiil and ii'i PRP li-iiiid/' flick Ciiivagniiira 
Sediment Federal (6117) S73-S731 

Wide Beach, MY" Soil and RenriiKlialion iiri PRP lead/ IHItiirb King 
Rwleral oversighl 

Marliin I l:ii'!J<l(:iiii!;>n completed inn Slale lead under 
(i:>E)nuer Aerosipsiou), CO iriii|;)lem(iirilalioiii pllan FICRA (303) 293-1 !iOI:> 

untJkir nEn/iuEivi' 

C;.EiH!i3>ir iiji-;, Ml n jv i f=w PFIP Jcilin I 

;, MY PR F3> Us;! l̂ong 
[jliiimrii-id iiuriinninEM' 1 E)9<l oversight 

Ctmknr\a<:\ iuEiivniEil diMiorplipn-cheniiciill d^hjilogHniition 



!x llni'KniiEilthiai Thiiirrnnnl 'PiEiisioirifHlkM1! flijf'irkiiriiiiii Cumiriillfy iH.i: i:»f!i|i kid In'kn l:hi!i SITE IProfraim j[:i!i[|]| 

!:i)/iitnni MIIIIHHI KM Ctm\H\c\: 

TaxaroiriMi, Inc. 

liico l..o;|ic Imtl. TIlNEIITIllill Gi:l!i 

IT ConxiralKin Tir«>Ei1iriw»nii| 
l:'rtiCE)!is l 

!• riw!]iiiiri(j F'rogrEirri 

Tltii: pn:«:(:ii:; nm be. K'mp\rj]ni'i\ uis.irij!, eitl'iei- ;iodiuni 
hydro >:id(E, iiotiiunn biceirlxiniiitc, oir eilnpilwiliic hy il roca rboius -M< 
hydrojgciri dlomopsi [43] Tli«p I.) S. Navy .ind EPA have developed 
EI l-'(;n;> Limt lypi lying tl'ii; ]:n'o<:i:'i>s. I'|HE>otd'il.iirni ti^itiEti !><.iill is fni's.t 
MTE'ened, ]:'i-n<j;'Si>.(!i:i i<; il ii a crusiliiitr ijnncl pu;; mi II, a rid s.tock • 
piled. Thiii sloe IE pule us mixed vyiith iiodiiuiii buca rbonalte 
(M,j|-lCO,) mi the amount of 10 peros'iiil of I hi? weighlt olf the 
stockpile .nid iii heated lor alxiul I homr alt6!)03F in .1 irolaiy 
dE'actw PC [hi a re raiciiiplletel)' dechloriinated amd |:>arl tally i'ol,i
ti Ii i'.t<.d in I hiis. s.tep Tlie PC li>; :in. the vEipot i:ond fns.al:!!, reiiiici nal 
d us t, iipenl c.irboi-i, =ind ifilllerc.giltean! d iichloriinalted alFlerii'bouit 
2 hduni <it 66<!°F in a slrin'ed-lank iihiny (i.e , liquid phasie) 
reactot liS'll!) iitili:!,m|> a high boil ing puniit liijM:lrociirlx)in oil, 
caltalyst, .Hid s-odiuitn hydroxide IN ciOH) ['14, p 1]|. 

The APEC c hi-'inical deha lo^eiria lion s.ystem us. iipplk'Eible l» 
Ei]-(Mn;il'i<: liiilogenate<:l compounds, inclndniv;; PClils; ['I !i]| ,'U:'1::G 
piirliially di!!hak)ji;enatei> the pollmtairil lo foirrn .31 j!(l>'['"'l el her oir 
EI hydlraaDialed conripiMiind ,MK\ an alkali inebil wilt, which Eire 
\'i Eil'£'i--:i<:»l iil:>li=' l:>v -prod Ln:t!i. I'tiiE1 di -.-idlv -ii-it.u;!;-?. of I tiiE> ,'U:'I:G 
p>iicx:i=%s .3ire that ill olflenitaketi inuiiieirouii ryi: le;; of I he piroce!>» I o 
Eichieve the cles.ired ires.iillj;, the piroceiiii only el'fec't!) partial 
dieliiEilogeniil ion, ;ind IhiE ifonnEiHon of duo 'Jin;; and hi r.s.iv- ol'tiEin 
occim when the process isiiinplcmiieiiiteici [<)!>]. 

SITE: dleinoiriJiHialioiii [jonducled in 
l!)9!> (lilulliitin available, lepuils 
in prejiaraliom.) 

Gordon Ei mm 
(5113) i 

Pilol- Eicale lesiltinrig under tlwi 
i Ifoir i:iprii>[i 11994. 

Site l:l (I q|i.il riiirn i! nliiii ..... 
A c'ceii!) nudls capableol'iiiLipporti ng !>eniii|]riiiiler!M!ire requ ired to 
I [<3im[X)rl the BCD c'onnponenl s. itoithe site A IMiDunit vi-ith tli»p 
<:•> pjirilty tolTCEil II Itom per hour requires 0.75 Ito 1 a era1 of spa OP 
whpn hilly a!i!;einbled. Diesel fuel or n.ahu,3il gaii mw;t l>? 
a^aildhle to heat lltu= primary rearlor. Standard >\4(}V, threeL
]:iliciiie i:'lei:ltrii:i3il se. rvkv is ]'<:i:|i.ii:ri;«c! for downsi iiE>airn ]f)iri>re!>!>i ng 
and opETEil ion of tltie :!<;-rn:nd.i iy reijiclior. V/atcir (or cxioli ng airici 
wnslti tig iiiuisl be acopssible, and proviisno nis fair C'lu- lie oir c. fh.il (• 

dispoMl inuE.tbe eslEiblis hed |4'l, pi.4|. 

A =.ile s.al:el-y plan oovein ng all onsule Eiclrivilties. should be dlevpl• 
opc-d.. /\n eirniE'i^iE'iic')' iil'iuit down plun nix !>]-n>u Idl he pin? [i.jii'ed.. 
Sperial hiindling measures should be provided! lo hold any 
proofs.!, rcttidlu Eil shri!aiB!> mini il they Itia ce l>E>en I sailed! lo diE'tiE t • 
ninniE' tltienr Eiccep tabi li'ry for d iHpowil or release1. l!)ii>]:>endiirig on 
I he iiiile, a rnHhod to !itore waste thii< has be<Eti prepared lor 
I [lE'al-iiienl may also bti'iriecpssairy. Sltonag^1 c'ap<icH'j' wi II depend 
on WEisle volume and equ ipnric tilt feed rales. 



(Humanly itix'asunred by conripannj; [he. PC [I conoE'iiilraltioin mi. 
Ihe soul <:>r secliuneiril before and after treatment The presence 
oif me tails iiri I: IKE' PClEI-roinliiiirnnaailed! nriecli ;i alffecl s. p-ETformaitice 
by s>!;iiveTi|>,ing l:he hydro j;e n ions., req a iringnncreaiied 
»if I he hydirogeiii dniria ti rig ireageiiit. 

Depending oni the process us.ed, BCD is capable of 
PCTte al mutually airiy coneeiiitration [4!)]. In IS><) | Einiil ]IW,1, 
Ml, i[l(KI cubic yardsi of PC'B-omnlanrii naled soil w i th iniltiail com
oemluhiDiru) cii I (II) ti:i (500 ppnri wit- treated al a Su perfumd! 'iii/li? 
im Brandl, New York by I he BCD proopss 1 2(\ p. 14111. llm 1IW2, 
the 10CD technology achieved & W.W peropnl des.lnjiclrion 
efficiency a t the ViriiiLikegairi IHa rbor Skipeirfund Site 0GD was 
used ,21 s p'Eirl of a trealimeiiil train along w il h I hermal dew)irpl:ii>ri 
im I he mined liitioni of the iiiile [?(), p '141 ]. 

Laboratory rpsearrh has shown liti.it BCD treatment of PCII« 
icii:ii!!i i\o( product; chloriiialedldKHaiiiS (CDDiOand dunlins (GDlF'si). 
In fad:, I he process has IbeE'ii s.hown I o des.tioy these cla :>sif!S cif 
anrnpouriid.Si, ired ucing 'l!»8 ppb of lelia-CDlD Eindl Sfi'J ppb of 
tetra-CDFlo 1.42 ppb , sun d 0 73 ppb, respectively H<5|. 

Pl'€i:i!llll IRiEliEliidliMI IS ...... 
iVhi?]-!:^!!! i\ P KG n!!ikhi,3il:i ccniitii in p'.Eii-laEil ly cliE'cliilcn-iiiiil !>d ciiiinii

-pound's wnllh chloriiric .JIIK! hydro:) yl ;>irouip!. (vs'l'iii: ti rn.i |;IEI tl ii!ni 
w&let iioliiible iincl !>hf>hltly tojd.r), thi> BCD piwwiii pioclucHii 
only biphi'inyl ainci lov*'-boilin|! oliilFinii:;. (which are lull: water 
liohible Eirid tnuch Icii:; Ito >:i<: I a ni:l sod iumi <:l'ili:irii:l<: Ilu: i:n!ii ti:«:l 
watte i a ncl comclenjj.eiliE' from the lireiil miinl prooE'iiscEin^ineralll)' 
tac d Li.chairgcd to .1 publicly -owned I'realtnric nit works (FO1W) 

i'oi.i]:;li Eii:lti%ralti>cl i:,?irix:i]-[. l!>i!pi>iridi!ri|!; i)>iri 
• t.i tui; a ncl co-^turil =irni H(:in ts, i:hs- 1 [t=>Eil E>d <>oul ni.Jij' bi! 

for repl EICI= tiiienl on»nte. The clecoinliirniinaled !ihid|«;i! 
i tin; ST];! i:.=nn j!;E'ivE'i-Ei] ly I>E> (Jli!>]f)O!>i!cl ol in I \\e. s-EiniiE w ay EU; 

itiuiinicipal s<E'iviigi! s.luclj!,!'. Ik'lon; IniEil cliii position, hovyi>vi!r, 
both tl'ii; treated iioill and sludge musl bi- ;mEil )':!«! Ito 
i:i:>nli:n-i][i<i nciE' v^iltln i-nguil,! lory reqii:ircni<3 n<:<>. 

SITIi! Oiiini oriiii'lir,!! liloin lEiind Eiriiiiiirj;) Ing IProJIiiicltii ...... 
Olhet than I IKE' If! I! I: I. -iiponsorccl KD prixmss, oiniE i!irniET;;iing 
cheiniical Itriiatrnent pirocesi; i;> funded for IhenEiidt fiscal year. 
This; chcirruca I o «.id,i tion rEisoarchiLilrili:!^. p hi.iloca t.i ly tiiciicl<E"[;]ra • 
cla tion for l^i'B-conlanrii n,!iliE"d i;<E^d m\f. nit Eindl kv.jil<E>r's T]-IC dnvd• 
o]>!!r is 'tl'ii! !:>t<i ti= Uni vvrs il )' of N&vt \'oik a t Osiv,r(!ga ll'hiE1 1: Pfli 
conUfl is Hiicltor Moreno who ca n I>E' conI .aided ait (!5 1 3) S(i'!L 
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Co in Luc I ...... 
Techiriology- s.pssci fur c|Ui!iil:ioiu ire,ga ndniiig chernit-al doltia lo;j;i=-
Baltion niEiy bi; direirlecl I'o FriE'd Kawdibarii or Hiiirolcl 
(I r«il eibil ily tesilts) al1 1 513) 5(59-73 1 :l or ( 513) 5(59-75 16. 

Exltn-icitlion 

of sepani tmiig ha r.a rci (mis coin! airn iina n Is (rmtn nciil 
airid :JIE*;| mw. nit, i:hf!i-i:by riiiJIuicimg I he volume of I tiiE' lia;!.)ink>U!i 
v*riiii'ti! I li.ail irrnislt I>E' trc<!iliE-d II: is jjiE'iiti'i-iil ly applicEibli; I o oi'g îiiiiii: 
vtMStiES,, u!iiii;i; ,=in orf^inic cheiriinca I as <;i isolvcinl: nn Vkliiclti 
lo colled diul conci'inlrrate llhe conlanrunanKii) ol' conirnm 
|W,p.30). 

IF"n:ii[i(Eii!!!ii on ...... 
'The. |:irirn<3iiy olf lltic ltec]fino>lo;gy ,m. 

pre'ipariilrion,, conlamiinamit eultracltion, solven It/ rrachiEi 
si!]:>Eii-a Itioiii,, con ta minimi collect! ion, -n-id, !iol%rf;nl n;cy clii ng. Vi'ii!>|-i' 
pii'iE>pEiraitii:in incliLiclie-SME'iiciaiv EiHon or unov ing itlne wa'S.ti; iri\EiliE>ria I 
lo l:hiiE> process vt'bien! il iii ![iori]riiill]fr iicieenied I o nE'iriiM'i:1 dvEilxis 
Eind liiirgi! objiictii. l!ltE'p«E'ii>d mg upon I he piroresss vtindloir Eind 
whelhcir Ihe process K !>!!rn]i-baltch oir con In in nous, Ihe wzisle 
iriii)' nciE Î to be inside jpunijp.iitilli! l:>y IhiE' Eiddi titun ol s^iilviE'ivt or 
wilier. 

Iiri l:li.'E> i! i.liMirlor, ItlivE! soil of i-.E'iiliirii.iE'ivt an ;1 s.olviE'iiit innix,, Eiirii:! 
oirgiinic conl̂ inii ti.J.nt dli!iii<:(l'i'i;;i :in to tlrii: iicil'̂ cirit "I'll JE> ex triirti •:)]•[ 
belwiv lO'ir lE'icl'iibilted by \lh\s 'technology is 'ty|:>i<:iil ol a niiiiiii
lira ruilfeir- coinltiuilllocl p ma-;a- , a II houif> h eq[ii iJubiniu in cons.icleir-
Eihon:; i»lrliE'n IxE'iC'ciirniE1 hmi ti ng fiiclto n; It is i [n|>[)irl:Einl to h;ive& 
coirn petenlt source- condurl a liiboiratory -iicaleltrea tabi lilty test to 
delennine \n hetheir iriciss liramfer or equilibrium v, il 1 be roin
trolling Tin; conltroitlnnje; f(M'lor us. enhi call lo \Ttw. desi gin of I he 
unit and lo Ihe determination olf whether Ithf! technology K 
appropriate lor I he waste 

Thee»;l rarled i»rgiini«; <i HE- riE>nrioved ifrn rn ithe e:< lirdrloi' w il h I he 
sol venlt andgoitolthp s.epair.j tor, vchere IheprcMnnreor le nup^rii
ti.in; us. changed, c.iu • irij! the orgiinii: c'oiril'iiniiiniiinh; to se]f>a rate 
from the solvs'nl |48, p 4-2] The solvent us recycled lo Ihe 
exltnictoir iiincl the concern hra ted conitii miina nits are m-noved! ifro nn 
the sepanil oir |['I9, p 1]|. 

ReqyiiriEiirneirihi ...... 
T Apical comniiE re lal-scale wm t;> 1 50 Ito 7(1 I oiriii peir day) iriuy 
rt=^c]u] rea s-E'lmp areaof l(),0[)Ci!iC|uaip<= feet SI andard 4'IOV, tlirit'e
phase ele:triiciil serviop is generally meipded. Water inuislt be 
availiiblc EI! t h<? ;.il p. 

l\ site !>a fi; tv plain cower ing till onsite aic'tiwnlneii sho LI Id b<: dewel
i:>]:>ei:l. A n ernprgpnry slhul do'̂ 'i'i pla n .1 Iso s.houkl be prepaired 
Speci ii] haindling rneiiiiureti iihould be pirovided l:o hold any 
process ires.idual si reanus until I hey luvpbeen tested to defer-
mm!! I heir aoc E'plabiilnty for di:- posail or release Dcpendnn^; on 
itliiE; s.ile, a nriel.hod lo s.tore c. Eiiil'e that has beE'n prep.iirE'd for 
Itreatrnenlt may al so I:«E- necessary Storage ca pacity iv ill depend 
on waste volume Eind equipirnenit ifeiE^d r;il es. 

Peiloinrrii-iiri IMS ...... 
As of October I9')2, sol venlt e»cl r.eicl ion IcE'chiwllogies. had been 
sele<: t»J ti;> the rented liil .siclno n lor ['CEf-cconlcanrn rvsiled soil 01 
i;<E"d irai; til. Eil four Sup!;rl LI rid sites [39] The per forrnairice ol 
solveiril e>cl racl ion systems is 115.11 filly deter minipdlby ooirn paring 
in it laland I'inallFC IJiconcenl rat io>iri!; im Illiecontanriiiridtecl rneclna. 
The nuiml>prof ti mips Ihe irnediurn rrn.iiil: tx; irecyclled lltirou gh llhe 
syslem (Ihe number of passe!>)in oirder toirneel I he rreahrienl 
gocil isanolher measure of s.jfiiltern perlomria rice. 

An I:Pl\ SITE deirnonsliralno n usi ng I he solvent exhracliioin lech
inology tvijiii conid IK ted during July II ')':*:! Tlie inateiniEil tested 
consisted olf hoi torn sediment fixurn I'heCrand Ca kirn el Kjivernn 
Cairy, lodiaiiiEi. liriitial PC1E) concentia tioiris aveira^ed behv s-en 1 '.I 
imp, /!< [; ,3iiiid ft'M mg/ l:g. The p>roces.s. rei'nciv-E'd; |!-nE'Eil:er I han. !'() 
peirciE-iiit of 'tl-ie I'l̂ lE) cicml.ainrii n.jintii iToirn, tine sed iniiMii: | :•(), pp I 
2] Inlorma tion on Iths: appl ica tion of iiolveinl Eixtraction lor llhe 
Itreatrnc- nit of l]CB>-conlaini nated iioillamd sediment al ol heriiiiteis 
u prcseinl pdin Table 6 I 

Res! iJluiEilljii ..... 
There aire IhreiE' m.Jiin proresii s.tie,3iiii!i ,gener=iled by Ihns. tisch
iridlcif;)': I lie exltnici contaniiiing, i^oirice nl:nil:ed ccm ta iriinairits., Uhe 
Itreatecl soil or sludge, and Ihe separated waiter. I he i= »:liracl 

http:anrnpouriid.Si


contains; con la mi ma nits concentrated iirilxi a smaller volume,, 
which requires further iTeiitineint s.uic'h us incineration or 
dehallogeinartion. 

The treated solkls iiria.y need to be 'devyiitered, forming A dry 
solid a:nd a sepai'iite wateir slrreEim.. The volume of product: 
waiter depends! oiri Ihe inherent de watering 'Capability of l:lie 
liq'Liiid-iioliid s<E!piiration pnncesiSi, the specific w,al:er req'uiireiwirilt 
foir feed shmyiiri)!;, and iiriitial wit I or sediment waiter content. 
The waiter should I>EI analyzed to de'teirnuine ilF treatment iisi 
nect-ss.Siary before discharge. Since the solvent is an organic 
ni.Silii'ricil , <)(]>i[iiiiE! reiiJidwE! rn;iy riirriaii'i in Ihe. soil triEilrrix.. Iliis ::=in 
be. miltigalti!<:l by solvent iiirlijcljcuii.ai-id iif 'neci:is.aaiy,raLiiiaiddiilii(Mi" 
a I separation 

SITIi! Oi!nin0ri!!!ltriiiitliori aiirmll Iliini iii'j:|iini;| P roj 11 c 1 11
As o.f NovernfcNEsr ]l!)'si:!,, the SITE Program li&tixl ifivc iincnovalrivfi 

iiti so'i iiirujl sediraient i! l:i[i:i|!;i'=n:n one erne r;E;i ing 
!!>rs;|iE'i]ri 'w:i\}\ tltiisi capa is 
presented in Tabh? 7 [20],. 

be diirecfced to Ma irk Mleckes (RREL) at (51 3} 569-7348. 

Sciiil Washing 

Soil washing is tin s;x si l\.i \vril:<E!r-ba:;ed iriE'rineiJliail l<E^:lin<:ili:if;;j' lltia t 
mcchairiically nuixisis.,, washes, and rinseii' soil ito irernovi: coiv
taminante. Tltie process rernovesconltairiiiiiunlalfrom soil in one 
of \:wo \><"d',''.'<: by d iiisolviirtg or !>i:is]:>ei:i(Jliirij!; I: lie in in, the vtra:;h 

si]ilul]i(]iri (ivldch ;is lateir Irritaitccl by conveiiiitionall i'i,:isl'E'v.riil:s!i
lireiEilnnenl metl-uxliO, oir by (xiirice'inltriiltiiig l:li/E!iiri into a t; infill er 
vx)llii:riiii!! of si)i, I |}ii-<:m [;l:i simple piirlriclk; 'MX SEipiiiraitiion lix\\

TI'iS- pi'[x:iE'!«si dl rediLiciing soil ciiinltaiciidiiEilrioin t]'iri)'H;;;]-i I hi:1 UI-<E! of 
pairl:icl,«t iii.i:i> !S'E!|>Eii'altion is vHixlivK biKamse ciMiitamii'iEinl:::- lltiait 
clrieirnJiciilll]^ m 'p]\\ysK'a\ly lri;nd to sm\ or sediment often p'ti-idE'r
C]:il:ially adh.ew: to l:li,e i:lii)r or isiilt firairlikiiris. C(]iinltaiciiiiiiiEi]'il!S< in 
rtu;i:l:iEi conitai i iTinf 'a Itiigl1! |)<E'rcenl,=i|!iE! (greater 't'lunii'MI |>en:enl:) o:f 
sill- arid c]:Eiy-:;:i ;:<!":! pairlricles, ly]:iii:^iiii]' a:n=' sltcoi[igl]fr aKJIsairbei:! 
and d i f f i c u l t l:o I'lMnH'k'C [!il, p. 3\. j^/aisliinf'; piroci!ii:S4E!!i tltiait 
!>(>p<iir,!iliE! Ui.iEt i'ine day and sill: pairlridlei; frciin ItliuE; i:i[)a:n;'E!i' sand 
a nd j>;ra v el p=irl id es; :--E'pEira ite a nd cc' ntxn tira 1<: I: li e o;>nl:arrii na n its 
into u snnial leir volume of soil thai! t:an \x l:n:M:hi!r lir<E>al:iEt(il or 
disposed of. The clean, liiirger ifradtion cam\x retanwdl to the 
site (or continued 'ii :;-;•. 

Diiniicrl plJoni ..... 
Tl:ie ]:)rin\=i]-y »tiii,;;iE>s in l:li.e sc'il i^asl-iirig pro<:iE'^s; aire so 
ration, wasliiing,, soil, airid walier sepaicilrion,, waistewaler treat
ment, and vapor treatment w'hen requiire:! . Sioill pireparalioin 
includes I: lie' excavation n:r Tnaa'ing of ':-'Onl:Eirni.ii,:ile'd soil t(]> the 
process, v.'lieiri! it is, nofirn^illl]^ screiEiniE^il l:o i'enu:)v<e diE^h'iriiii and 
large <»l:ijei:ts. ["le'p^Ein cl in, [; upon I he technology arid 'tvltieil'ier the 
process J9i :--E'ini -l:iEil:cli oir continuous, I: lie: soil may be rniEide 
punnpabliE! by the add il:ion oi: wa tcr 

The contaminated s;o:il is rniixecl wil:h. washv^alteir and jxissibly 
iiiLiirfacliiinlij, (iilso chelahnj; Eigents. fair ineltalsO to remove con-
i:iir[i:in,,Einl:! firom soil and tianiiifef tlrieim, lo tine exl:r,Eicl:ion I'luiicl. 
Tlie soil =ind washvt'Eiker ain-' <tlnen iii^iiH'.iiliE'd,, and I: he :--:)il is 
:riii:;e'd, v,'ii:h. cliE'Ein '^rateir. Cli^Jti »oiil is then removed Irroirn the 
process a:s product. Suspeinde'cl soil particles are recovered!, as 

Limtil 

, \\t\A Pilot-'XiAo demons;! ration 
<:Oliri[J*iE)le<JI. Full-SCale 

iipplk:i=ilicin not plannc-:!. 

IF:{->diE)r,;il 'lei-id/ 
Funnel iFinaiiiceci 

Soil 
i:;[)rriplfjl:E)d l!!87 F:iLiincl Fii-iEirn;iEni 

Caroiirifii Trainifkirrmir, IMC! 

Norwood F:IClite,, \\i\f\ 

Soil 

Soil 

In design; cornpkEilicin 

In clEi)S,K)n. 

F:iE)d!ifiiil l(3,EICl' 

F:mnd liniinci-icl 

[:E)d(!l'i3ll ll! Eld' 

(«4) 347-7791 

Bot] ("!iijiri<::iEii'uki 
(6117) S73i»5;'7fii 

IPiinelle's Siiilviigw Yard, MIE Soil 

ll:!! iMtenn.siliives lor Ibi)' ReirniediiiiiCioni 01' IPCIil•Conitoinniiiiiiiitecl iiloill nim:l iiiiEidiirrieirilt 



IDnvi!ili>|Mir !!i |KIrl(!lliri IMllininll li-KMl Conoid 

•• SailiiVfiri Gill[Hj([) 

C F: 8i)N)lliHm Goiporalion

Ftoourreti 
Company (RCC) 

TenriJi-KHeairi Corp. 

IE: Klrticlion T<E)ehrn]lk>cjy, 
line ) 

11 E: m»E)raving 

ti=-s;l!i. IH.EIVIEI ltMi>niri 
n W<EI;;. 

 i-Mvoiril lijclruction iiilTIi! dernoriiiliration completed inn 1I9IM) 
i(AAIPI and Tli-R aranlEible). ConnpliJltud 

) comiriiNEHrcial Irealrnenlt qp<E»r.Ei1»on. 

C;uiirviEir-GiiiE>einfc«ikl 
pnooiissi far IE! Kli'Eiclion 
ol Oily Waallii®» 

E) E.S.T « Solvent SITU ckimonsitniliion connplEitiicI in 
(tW\ ...... jl TliiM EivEiilablk)). 

Soil Used tor lull- Eioale' leriedialion Eili iwo 
Suiwfuiirid site. SITI-I clernoriEil ration 
iii plannriedl lor 1199,3. 

\\ttoik h/l<!ekesi 
(!i 13) !iii:iS!-;';:i-i-fi 

Stakiy 
5(3>9- 7BG3 

(!>1I3) SW-T34I3. 

!>] n<:lgi?, d.ireciily from tlw <i]:>i;nl iv,:i!>l-ii'i'ci1 cr using [jira ci t>r 

raltioiii and, wlim neic'esiia iy, florculahioiri vi'ilth a |>ol j/iriMT or 
otltiuir <: hemkal. !>;innl |:>iirl iclf1!) Larger I han !>0 lo &[) |.irn i::.=in I>E; 
iii3iE.il )' !i<: pai'cil<!!d b^cani^E1 olf Iheir riiJalnviE'ly high S'E'litJiiiii,!; viilac
ilty leqiLiupmenl such its Kiilrlliingc h<iiinl>E'r<>an! oiliE'iiiMî n:! Coarse 
s.c il pa ritic li!» iii('<E> jjeiiiE-riil ly wpinrated with EI I'roim [HIE:! or \nihirait
iing iioroE'iii deck'!;. The !H!pa:r,3iled iiniiiiller paiticliiii will niKiiil: 
li l;i:'lv be of lesi!> quiirilnly but carry ]h]i[;h« lliiviil'S olf conitciminEi-
Inoiri J h.ui Itlw trnif; imal isoilland, l:ii;:reforc, iihcirld b<: tiiirgiiled for 
!!Jitln(!r hi ftl'ier l:rf!a trnir'tut oi1 secure i:lii!.|:K)!;<3il. l^/i3itiE'i tis^'dl in UiiE1 

nxiE'iis i:i halted bj' corii'enitioniEtl waiiJei^aliET 
p:ro<:i!:;;;i='!. lo i-'nabli; ill to lx> ri'cycledl lor l:u rthi'ir use 

Resnd Hal wlids isiLich ELS s.penit noti exc iusngc rs:i>i ri and carbon, 
Eind S'ludf><E'!> lironn l;>iolof>ii[:a]l tn^jiliriK'iiit, imay irecjui HE> poiiHtnialt
ii'icnl to ci'isui'i! !i,j:li:' d iiipC'S.iil cur ire IIM •-£:. '(/Eipc'i1 tin ĵiliriiKE'iiit irn îy 
be ni;i;iliE'dl lt(]>i:i»]-il n:>l a n-'E'iniis-.iiMiij I'rcnrn <-. >:i:a t'a tion, lew:! p nE-pa
r,3it]io:n, ai'iii i;:< tra^^tKiirt ]:>]-(>ri:!i!!î i ; I he-.'E- i:irn,iii!iiL>]-is; a TIE' ri; iliEfUEicI 
aiul l:r!!ated, inonriEil ly by CEirboin Eidiiorpition or ind neialimi, 
belfotiE' l:»E!iir»|s; rek'ais^dl lo the a trnospheri! [S 1 , p. 5} 

Slid) Rijiqui liniiin'niiiri I n ...... 
Acc«s. roads are required foir Itriinspoirit olf viphiclf's lo and fionri 
itliuE' site. T>rp'ici) II j', niobiliE1 S-HII! washing iiysteriu are located 
or.E'il E! Eind nriay orcup'y up lo 'I acre:; loir a 2(1 Ion- per-hou i unrtilt; 
tlw i: "[Eict a riE'Ei will depend on lltie vi?ndor system !>c lected, the 
a rnounl ol's^ii I Eitoi'iij^e i^iaciE1 ['«>(] miv.d, iiirid I hi: irn.imber ulf lanlki; 
or pondis neiided for washwdler pi'E'piiira tion and <¥ii!>l'E!v^ateir 

Typical uliliilnesi r«]iinir«'d are v^ateir, elect nicilty,, sleairn, amd 

l aiir. An i!!>l'imale oif the net (consiuiriM'd) quainHly of 
local wateir rec[ijiirecl for soi I wnslri ng, i nc luiding waler cleanup 
and renrc'ulalion, K< \'M lo E)IX> gallon!) per cubic yard of sioil 
I Eipprn n.irnalely 0 05 to 0.3 gallons p<= r pound olf soil) I !i I, p. !51. 

A Siile s.iifs?! y plan coven ng all ensile Eictiviitiesi should be devel
oped . An eirner^enc)' shut oloivn phin EI! ;.o ishou Id be p [ep>ari;d. 
Special handhrig iTieas.uirE'K should be prowiided lo hold anj' 
process, resnd ual s.treairii. unl il they ha ve been I s!i;l s-d I o deler • 
nm ne thei r acce pitatailii'y for d ispOENiil or release. Depending on 
I ins !>i to, a method1 to <>l oire '-c.s stiE' l:li EI! has I:>SM;II prE!pEiir(;i:l I'or 
I resil tnenl may ,3 Isobe necessary. SI-Q rage ceipac il)' vi'ill depend 
o ri waste vol u me a nd eqwipmenl leed ira tes. 

l:iif!irlornniinice 
I'lie perfuriiia rice oif soil tvashing sys terns is usually evaluiEil t'.d 
by ccmiparung iniliaJFCEi coiricenitraitions in the contanunEiledl 
feiE'd v/ilb the concenl'i'Eilions in I he recovered (clean) s<onl frac
tion, fine soil I'racl.ioiii, wastes aler treatment s.ludg,e, and I he 
washw ;il E-r. The nunnl>E>rof ti mes \he irned ii.irri nriusl be recycled 
through the 5)'slts:rn in oircler to meet the treatment goal IE. 
anolther nricasuirs! ol system pierlorrnance. 

In 1992,, an EPA SITE! Program Demonstration was conducted 
at I he U.S. Ami y Corps of lEinginee rs Confined Disposal Fad lity 
an Ithe iiagi nav> Eiay of Lake Huron The sedi niiEinl a t Ihesnte was 
cornpri'sedl rnostl)' <]>( sa nd 'Hie process Hiiccesisfnilly sepa r,3il«l 
ItliiP less lhan -I:>-micron gram fraclion ifrorn ithp input soil or 
sed inrie ril, concentrati ng tin s fraction inl o the o>uitpui fines; and 
producing I wo ol her oulpul. sltrea rns, a hurnic fraction and a 

http:iii3iE.il


Wished ciMrsu; fraction. The overall ii%ri;ra;E;<! niiHal conoE'iitra--
Itionof PC Us wins a p piroxninatelly 'I :l!i nig/ k(s;. CHun ngles.l "I, Ithe 
,3iverEij!,iE> conoE'iiitirations o:f ('he PCIlsi 1111 tl'ii; cm tpul sltrea rn.s. w<m 
as. follows: huinic lirachon-- 1 0.4 irng /!<,[;, iv;i:;a<:d coarse ifrac • 
itioiv 0. 194 ing,/k|!;;aind da nher iiimderflow or hn«E>s- 4.61 irî ;/ 
kg. E'uring Tea It 2, fine ai'iErage concijinl-ranorui were luimw: 
fraction- 1.3.4 img /'kg; WiSisJwd coarse lira dnoiri- 0.185) img,/ kg; 
and d,3irii:ie:r u nclerflow- 3 6IS img,/ kg. fin 86 percent removal 

as oblEiiinecl wheni coinpiari n|j; Hie itnticil lefdl con-
to the fi tw I wai'JuE'd COEITSI: fnic tion I !î ,, pp (•-'! I ] 

Piroc IHIII RIIIII Idm u hii ...... 
Theie.etri! lour in;nn wa ilf. !>l:r(!am-i ;;;«>«:r,Ui;id duriingsoi 1 wash
ing loonl iii-rii [i,;.|iE<d iFiiru:̂ ; a IK! huinie- ]TO::II ItlivE- S'tisl v.'Eiiil-ii ri|3; nini t, 
\', iiiil t'wMe.r, w,K\(?w Eil'ET I :r IE' EI I iniinl • ludlf>e<> andl reiiid'.i.j iii, ,UK! 

Con ta miniilti'd cl<3iy l:ini!ii iiind liwriiiici; n'sultiirij!; fro'tri'tl'ic proce-:
nna)' riiquiiri! furthiiir Itriiiitaic nt u s.ingaccopltiible [t->ini!di.3il I !!<:h
incilogies. niiordiiir lo perrm t diiiposiilnnaiiien vi txinnriunl My !>aie 
nna niricir [5[)]|. Ivlosl vt'ill iwna in suiipcirided in the1 tv.iis.luvaler 
i>u]>crniiil Einl iiftei11 nE'citiii«i1 and till innately s.el tils' out to fonrn 
1 he wiiiil'fjwata tn:,aitTinE'ii t sluid ge Disc tia i s;« w ciler nna)' ini:ed 

to irn;iEt iippropiniiil:E! disc hcmrge s ta tidarda pinor lo 
rdi!as<E' to EI loca I, public ly ovcnijcl wairtc w.Mei1 tni.Urnen t v^otki) 
or irerai \n ii|z; !>lireEinn. To thi; inaxiimwin iE'>cl;E>nl pnic"tK'E>],, <thi!> 
•r\M tii'r :i>iou l<:l !:<=• i'E!i:<:>viE>ii!!(JI Eiiricl rcuiiod 1111 tl'ic V»M s.tuniig process. 
Thi; was.liE'WEil sir lTE»ataie nt pnx'ess re-s>iduiiil solids, such as 
spe. nt cairbon aind s.pE'n.t iiom IE Kchairiji;!! ires>in, niust l:>s; appropn
c!it<E'li|i Itriia tad l>E;lbriE di s posa I. Ainyaiir liicniisiiioiris lironri llfuE '.ca1- lc 

l ion Eirca o  r thi: w Eishiirig unil shonulld bs: col ledted and 
to nriiEiE't appilicEibli: re'gjufato ry sltairida rda 

Sliriii Dennoiri u IK u I loin lEiinnil li!iriiii!)iri;|liri§ Pnii juiciltin ..... 
As ol Novernbeir 15)92, tlw EPA SKTE Prognntiii Ins tad fi ve dein
oi'iiil r.JiliE'd <>oiil W(3i<>h niig -.j'lii:!?!'!!;: i'-E']X):ri:i!<:li )' cEipiibli-1 oif I nE'Eitinf' 
K.'ft'.. in soiil a nd S'E'd intent GiniE olf tli>E!!ii! ^ysteiriu is mo longer 
EiclivfMin the 'PirogTann. This l:'io|2;rEiirn Eilso liiitcd two lE'iiiCTging 

n;; will) this capability Iniorma tiion on I hes*s: <iysliE>iiis us. 
inTa'tile & [2()]|. 

Tpchniolo|!;y -specific quiesHoiu rfgEirdiirig soil Wciishing, may be 

'\',\\bto !EI. Ininoini'liiiHi' Soil WaiiJ-iiinijji Sp lissnusii Currenitl1)! liriilo Ithi't SITE Pn:n;i iu nn [,!!i[)]| 

SlElltlJIII 

Btiirgirnaiiuri USA Soul and Seclimenl Two SITIi! i:l«?mions1 iraliona 
\/\/a!ihim;i " coiriducliKl in 1l9!)2 (nEtpoirls in 

prtiparation). 

Soil VV.Ei!>hiri[] F3'ro[:e!>!) SITlii i 
Inc:. in 199,2 (laptirlss iiiViiillEibliil. l:'ull( 

cornirnnEirciall oper.nlion tegan in 
19K. 

l-liolrul line Soil Wii&hioej System a SITU! demonstration conducted 
in 198!) (AAFIand VIE: PI 

Excallitiui l:!rrteirprisi!!S, lino .Skill Washing and System no lonsjieraclivii in 
Catalytic G.i'one O>;idal on !l Pro^rEirn. 

llnsliluleof GUI I! A AssociateEi Tl:l!>1% I'lElVE! ItJCKil'l COI'ldlllCltEKl and 

PlOCOEiiS IB Ithelinnal nsporl IE; avEiilahliH. 

William!; E! Soul Di=vf;lop!ii' coiiripllEillEid limit year 
iEi. lino. ol reiiOiiirch and elected lei 

the .SIT K. Emerging 
Proflirarni. PIOJIK:! !iiJiiriinrn,Eiiy 
EivEiilabki in 19SJ3. 

S. Jackson Hubbarti 
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Tiii<t:liinic)li:ig]/r Alll ii rni-iiii wis si ifoir lth<E) RenrM!di.ii'liioiri o'l P€B-Coiiiiliiimiiri.:i'liE!d Soiil and SecliiniiiH'il; 



PHI rliMTii HI nice ..... 

Wasl i! stabi liii.Eil ion iirivo [vIE-SI 1 he a ddilno n of a birder, such as 
Portland cement, rernent luln dusl, or fly ash to a waste to 
con vert eonta ri\iriEinl s. mlo i\ less' si: lub [(!, mobile, or to >:ii: ]f(]inni, 
Waste solidification niivol ns the addition of a binding agefil, 
such Ei!> Portland cemenl'oir aspha ll, to the wa s.ti= encapsui latiing 
I hecunlamina nits in '.olid material Solidifying waste improves! 
its irnatet lals handling; rharactein s.ti rs and reduces. pEiriirieabiil
ity to leaching ag,enl;i by ni'dudng waste [>mro!.il y and eKpowd 
surface area. Solid ification/s'lEibiluMti on (S/i5) processes, iiti
liiiie one or boitli of these technique!! and ate fundEirnen tally 
dii'leient (torn other PCB remedial technologies in thalt they 
rs'duce I lie nnobili ty aif PCBs, bul do not concentrate or de.iil'Kiy 
1he rn |':>41. 

Deiicriplioini 
l:x situ S/S proces>S!!s involve (I) sxmtorsedimenl e:< riivakion, 
(2} d Eissi fk Eil ion lo remove oveirsized debris, (3) mixing Eindl 
poun ng iind, (4) ol'fga'j treatment, i f necessary In s.ini process
es generally have- only two steps (1) mixing Eind (3) olffgaisi 
Ire ail rnsTit, if necessary Both approaches requ ire that the soil or 
s.ecli riiiE'nl be rni:< pd w il h I hebindimg agents and w silerin a biiltch 
oir con ti niLious s.ysteirn In ex situ Eipphral ion s  , the resulltanl' 
slurry c.Ein txE1 {11 po uirtE^ci miito ro nltiii IHETS (« ;; iili-gEil loin clruinris) 

injected into I he subsu rfa re (E'tivi roninenl, or W reused 
co tisltru rliioiri rnaitenal w il h I he Eippropnale tipg-ulal oiry Eippro v-
Eil;. 1 n in siltu appl ications, thp !•>/ ii a genlts a re injactiEd into Uie 
subiiurfEici: E;nviniirirnent nn the proper proportion:; aincl itiibieii 
\n il h the soil or scxliiinenl u s.irij; Itiac khoE>s for surl ace rniixiiiii|g or 
Etugprsi foir des'p rnii)(iin(E; 154] 

!:iiil;ii' RiEiq uiirmniMiiiitn 
The site iniiiust be prepared for the conslirucliioiii, o[>E'riil:ion, 
iriannteria nce.decotiltarn inEil ion, and ulltiinwlelyderoiriiinissiion
inj! of Ihi; iE'(]'Liiipinenl A n area rnu E>t loe c li'.i r»E-d for lM;avy 
equ ipirienl ,3icccii:- roEids, amto mobile Eind truck paikiing lota, 
material traru.fei slEaHon;., the S-/S pirocei;'; ec[uiprnenit, seltupi 
Eireas., dec onl Eirniinal 10 n Eireas,, the electru'Eil geiiiereil or, equip
ment sheds, storage tanks, sanitary and process was.tcwaler 
collection and Ileataienl syslems, workers' quarlers, and iip
provpd dispos«Eil fjicilities (iif required I. The snze ol I he area 
lequnred for the process! eq u ipmenl diE'pen d'j omaE'veial fsictora, 
inclkich rig I he typs; ol S/ S5 process nn vulved, Ithp required tiipalt
rnenl capeici ty of the a ys\ em, and sate c hanid'eristic:, Especially 
•011 lopogra p hy and load -l>E!a nnig capEici ty. A small mobile w< 
; il LI limit con Id o: cuipj' a space as small a• thai' taken up by two 
; ta nda rd fla tbE'd tra ilei; Am n si tu s.yiitern rnaij' n;quire a lairger 
area to accom rnoclate d ril ling rigs a ncl eqiLiipmenl cleconltiiriu
naition aieiii; [S4i] 

A site !>a fi;ly p Ian covering', all onsite actiivntiiEis should be devel
oped. A n emergency 5hint d own pla n a Iso s hould bs- prepared. 
SpeciiEil hanclling iriK-aiiures iihould be provided lo hold any 
pirocesi; residual slTE'ams. until they hcivebecn tested to dliiler
mine I heir ac replabihl y for di • posa I or release. E>epeindi ng on 
the s.ile, a method lo store v»raslte that hasi tj«-n prepared for 
trs-a trrus nit may al w be necessary Storage ca parity wiill depend 
on Vk'iislte volume Eind equi pirn»pnl feed ral E'S. 

Evaluation ol the eflerlavemess of S/S as a technology lor the 
remedial ion of PC Eta i n soil and seel imeiril- often provides incon
clusi ve re.su\ ts. The eflfecti VKitw. s.s> of !: /S techriolo;;ii!!s is ti'iosi: 
oifleni rniE'as u reel '.iiiin,;; leacha ln.li ty tes.tii Due to the hyd ropho
buc pro pert lies ol PCBs, test lesull.s typically do not show 
sign il ica nt dilFlers-nceii betvk-een the kachabihl y of PCBs in tbe 
untrEMtecl and treated medium A portion of the PCBs may 
volatnli K dun ng heaitiin^; and mi >;ing with I he !: /S agenls; the 
tipnrw iiiiing PCBs appeal I'o slay in I he solidified mas^. High 
roncentratioiis olF PCBs a ncl ol'her organic = may in fact iirn pede 
the SK tl ing of cernenlt, powiolaa, oir organi(:--|>()i[ymer i5 /S mate
rials. High organic conrsml rations also riiEiy decrease Ion,,;;
tenrn dliirabilnty and allow escape of t'olatnleii diinniij; 

Under normal opei a I ing ro ndi tuons n<= it hei :::< situ nor in situ 
Si f§\ s'chnologiesgc riiE rates ig.nil icantc|ua ntitiesiof conlami tia t
ipd hcjuid 01 sol id w EIS! s1. Certa in Si /S projects require rreatnnenl. 
of the offgas Pn'screeninig collects, debri's a ncl iiiateriEilii loo 
large fur smbsequ S'nl lireEil merit; this material ma)' have I o be 
furlhi.'r treated . Treated media that caninot be reru rne d to I he 
on,E;i rial local 10 ri may have to be di'S posed offis lie | M |. 

i-ilTli: Dernioiniiljiiilioini ,!iinn:l liliniieirgiiriiiji l:'iro JISM: tii-
A« of November H'5'9;!, I he SI IT Program listed four dc rnori
s trailed S/S s>y s.tiE rns lepiortedl )' caip'abie ol treatiin,E; PCBs in soil 
and M-dirnent. Table <> prociidesi infoinrnal ion on tliese sysstemji 
Mo applicable emerging; S,'Si sy'SlETris ivere included in the 
prog ram 20 1 

Conitedt ..... 
lerhnulogy specufnc quesil 10 ns regard irijj, S5 /S ma y be di reeled 
to Pal nci EI M Erickson (RRE.L) Eil (':.13>) S(i9-7flJ:4. 

BiioiriE!iririediati(]in 

EiiiocliE E;radat urn relVrs to the breakdo w n of or,;;,j me com pound •• 
by mi n oorgan isrns M Eil< ing, use of indigenous or e » OjEjenous. 
bacteriEi, bioi E'liruxlial ion techniques atliirnpl* to optimise the 
irnicroorganisrn /ability tored uopoarnplea organ ic co rn pound s. 
to s.iirn p ler one;., arid connplelely mineralise ol h<; rs [Jnoire rrip
dial ion of con ta minated soil a ncl sediment canbe perfo rrned, at 
a higher ral e, mine piesence olf o>cyg,en (aerob ically) , o r more 
silo iv ly u nek r noar oxygen-free conclitions (a naiETobi ral ly ) 

Descriipltion ...... 
So lid- phase, slu rty- phase, soj I- heaping, a nd composlin,[; I E'ch
nologis's a re common ly ernpl oyed ex situ bioremedia lion sys
tems Solid -phase biorernediation (sometirmesi riE-fened to a's 
land I [ic'iil merit or land ifairrningl is a process that treats ?.oi,l;.n 
above- ,E;rade syslems. Slurry -phiEise bioiemedialion Ij'picEillly 
uses on • lie s ti rred -I Einh reactors lo roirnbmw IXi'B-conlami naled 
soil or s^E'diment with water Soil heaping involves piling 
contaminated soi 1 1 n heaps with aeration bei ng a rco rnplis hetl 
by piilliin^; a veicuum thiough I he heap Composting is a 
I hermophi lie piioces.s I hat mvol ves t he co-'stoi Eige ol ro ntarni
nated soil with bulk ing EigETil's, such as chopped hay or wood 
chips [55., pp. 3-7] 

'iriii:lnrioJO'i]iy /yi;i!iiTi,!i1iiviw lor Ihii' RiEiiriiiediiiiiltionii mlf PCB-Conltamiiiriiiiilnid Soil aind !:iediirnieriil 115 



iiiltiiltum 

FuiKlertouiirk Hi SITlii d(:»niion!iliri3(liori awiclucM in Paul ( 
19H7 {AAR iMiolTC I !i 13) 56'!l-77(Jii' 
UiMicI \o nirneiftal'Ei oiiH!! islupi 
Eiile. 

InillHiriMilMH'iiil' SITIi! deriKinsilira'lioin coindueliKi in 
I IE)); Nltf) IOSJPK)!3.'Gi!)OCoill, I IflC Hiind 8l<Eibnlii:alioiri 19IM) (A/MR and TEH 

S.M.W. SEtiko, Inc. In Situ Demitinsitiralion EiidEi bising S. Jacksioiri IHultibiiiird 
|5l3>i5M-75()i' 

enhancing ate conditions (e ,[;., iriulTienl concenhaliioroi, pH, 
ell: ) without E.utuitairil ia lly diiSiliirbing, I hi: iirnpai'ded media. 
The^E' li:'['li nolo|!;ii!!i oliteiri eimplo y systems to increase; the avail
ability o [ water, nuiliMienlii, eleic'tiron acceptors, and microorgan
isms (ill rnicirobial addiiliinin is employed ). Oxygen conipenlia
lions rnay also be ancrEJiised Ihroti^h iiyslems !>uch a.s hnovcinl• 
ing 

K'.Bs ma y Ite. cle[>:radk>d iHE'î ikiii:.̂ !]!̂  Eiî iiiE'iicilriiiMl] )', or Hi Kiuig.h 
EI c» [Hi bun.ai 1 1 am oi I heltv/o Laboi'Eil oiryanci field studies; mid icate 

to coiiipliE'le irn ira>rii]i;!.Eil ion by way of oxiuiliilivc 
[&!>] FQI i:i:inri]:icni nds 'ivaliti ]:ti;;;]-ii:i- chlorine 
Eil ly pEiSiiiil Einl ltd o:< idiitivc degnid<3ilK)in. H 

rnoleruiles innybi; [urtnilly (leg'taded lthrau|!, le
(ilEichlorinaition, which IK an aiieiuirobic prooE îi I hat 

E'!. chlorine while Icavi rig I he bnphen )'l nnigs an tact. The 
b)']:in)<l'.u: li> o f reducl \VK <;li><:h]i()iri ti.j li.oiri ma )' I hiE'ii l:>i! a iriE'iiiiible 
Io aerobic df^radiiltion IW, p. 179 1. 

Site Rii)i!||ijiiiriiiiiiwnilti!» ..... 
hfoinnyilly, acci:"!>.E> ixiand'S' .=in; reqi.ine:! dunri ng i!iit]tu;ir i.n s iln or (?:< 
iiiltu tK2alinne.nl Tlie^E1 madlE. inuis.l bi; capEibk ol's Lipporti ng I he 
inoveini-nl ol he.,wj E'quipnrieinliboth oin EiindolFI I hiE's lie. During, 
ex E.ihi applicahon î, EII:OE%E> roads an; needed to transport com
mercial Itrea trnenit (n.e , nE>Eicto>r tanlts) ;nnd Eiii pporl iiysilems (n.e.; 
pn!- arid pciiil -l.r'i-iiitnriCTil: E;I] ii:ipini!i:il ). I>u ring nn sntu I reEil men), 
adiE^piiate airt'EiKii iwaids art1 ruE^E'ded ito 'tr;ii:ispi>rt heEivy i!i:[i;iip
rnent (n.e., i^ell -drilling rig» iiirid luckhoes'l u s.ed to iniilalll wells 
oi' inliillrrEil'ioni treirichi'i; TlinE1 !>oil 'bi:,:irinj!, {'Ei]f>ai: il )' and 1ti"icltii:>iii 
oius lie cirri ahso a HFecIt vehicular trai'liif. 

nx|uiireinenl;i de|>E>nd on I he spefiifii: itechnoJIogy enri
ployed, liri gEMiieral, during »n :;:ilu application!, the aiiiE>a re
quiiri'd lo si: I: up rnnxi ng equiipnne nl: is iiriiiignilFicaiiit. I nislta! laition 
ol i nlFilltirationga llerieii airid WE;]'|!> to circuit tea rnEnnd men) -ladfTi 
wateir, hioweveir, vyill re^uiire l-iorn werEil hiiiindred to several 
lilwuiiaind !iC|uiare ifeet oi clear swifai:e area. K>nniu; e»: situ 
applicatwiriii moriE! open ispace will typical! )r bs: reqinnid lor 
ec|ui pmeiiit !>el:u pCe.g., 0 ii to 1 acre per tnililionga lloniE.ol reactor 
•>r<:i|i;ii]ric di.iriing Eihurry treiJiliiivEiiiit!). EliE '̂Inciill IIE-CJ uiu^E'iiieirihE> vi ill 
i:l<E'[]iE>nd oiii tine l)']:>i: ol' itec'hirujiliiifjy req inrecl. Standard 4410V 

Ithree-pluise iplcclrical s*prv ice may be mcipded durimg larger ex 
snln applicEihoni; However, dun rig rnosl in isiihu applical ionji, 
atamdard <!)!OV, ih ret;- phases; eleclincal »enrice tvnll adecjua telly 

]:nnnps. and :nu:< ing equ ipmeiril: I :>K, <p. 3]. 

Water is used Tor a vairiel)' oi: pur|xi!>e% during, biolognc'Eil 
treatirnent. i^ i^iidiilyavailiible wafeir siu.pp ly us. tlinprefore needed 
al ino-.t s.ileii. City wateir oir clean j^roundv/ater iriiEiy I>E> used 
CoiriltaimiiiiEiled groiLiiridvi'alteir maybe used :,( |>E!nriitled by (he 
appropriate regiuliiUiiry ajEjeiricy. Tlie cji.ia nltilty olF water ne<E :̂liE l̂ 
i!i sii te- and process -spci: ihc. 

(!!lniriiiite cjin i rilFlueirii:^1 site iiec]wir!>rnenlt!> by i\tw-:- \\A\ in;; rov
ers* Ito protect ag,ai]ri<il heavy raiinlFall or cold for (he extended 
time pE-riod.s. nec'E-iisairy lor 'bioireniedialnoiri \:>K, p. ;J|. Wa!>te 
!>t<:n'E>gi! is. rn) i: nc r-rr.Eilly requ ii'ed iFor in si ti.i biodegnida tion. 

A iiiite safety plain covering, all rariiiite aclnv il ie!> shon Id he devel
oped ,'*.i-i eiiieirji;eiri( '̂ ;,h Lilt dawn p\Ai\ A\'M s.li.ould l:ie ]:in:]:>iiiri:d 
Special handling, rneaswres should I>E: pro%rided Ito hold any 
process. residiLi.; I strea rns. until they have been lei.led lo deteir
mine tliiiHir accephibilily IFor i:l]i<>pc)!iail or i'eliE>Ei!ie Depend iin;> on 
the site, a method lo sloire wirstc lhal has been prepiarecl for 
tireal rnent rnay a li>obe necessary. Sltura [;ei:a|:>aaty v/il I dlppend 
oin wa<>le vol nirne a nd eqwipunenl fe!!cl ira tei; 

l:'ii! rl orni iiince ..... 
HiiiltoinicEill; '̂, K'.Es hiive l:>i;eiri i:i:in.?.idc:ri=^[i riE"Etii>l:Einl to biode-
g-radaHon However, I he results oi laborcilory shidnes on. PCB 
biiodiE>j>i<3id =ibil ily iiirid I lie re!>ullt!> lioni e;n%riiroiuneirilEil monilroir
iing 8l:u d iejs indicate lhal PClEls do buodegirade in the environ
nieiril!, b'.it-il a veiry ;>low irate. ThisnEJtrue o! PCB'.; wilthmy level 
of chlonnalion Hc>vyever, to date,, I here us. not a prc«!i>s 
demonstrated to lil'A's sal'iiil'acl ion thai: cain acciileralE! PCB 
biodegradlEilion lo :rate- mece%;ary lo iriiEike siuch a proc îis 
commercially viable Ifor use 1111 snle cleann ps 1EFA re<][iinres 
evidence that PCB molecules have beein biologically degraded, 
not attenuated by inonbiological processes (bulking agenta in 
compos ti ng can sorb PC [Is, irnalung Ihem noin-exlTEicI able by 
si Eindard liiPA rnel hods airid con E^qnently lliiadiiing to la ls>e coiir 
clusionji on I he sjffediivenesis of biodegradatiioin). More ire-
search on the bioiemediiEilion ol PC li'-corii la minuted soil and 

IIHi Technology AUtiEsinn ill Ivifost For llhiii' IRiiiirnecliluilJon of PCB-Conltiiiirnil ni»ilti!)d Soil mind S is dl inminl 

http:lloniE.ol
http:tK2alinne.nl


siiclimerit us needed to provide data ol' known quality with 
which (a properly evaluate I tie performance of line technology 
before, it cam foe used for sile iretmsjdialiion. To date, iill olr the 
permits issued l:iy EPA fat Chi- biominecliiEirion of PQIs have 
been lor research iind development; none. have. been iis,s>u<E'd lor 
cotniYieirciiiil projects 

l:iroCI!IIS!l!t l:l I! II Id Ullill II 
I ri siilu 's ('sterns generally do not have discrete process midui-
Eih Depending on the type of E>;< situ system employed, 
residuals may niiidude contaminated water and possibly ofif
gases. A portion olF I lie PQlii typica lly adsorbed lo the soil 01 
s-E'diirnent pairtides will not lie EIVEII table for buxlq; tad sirion 
cinnng active bioraimuE'didtnin Ireiilnncnl [iiodeg'iadalim of 
ronUirm n,3iii tii Ilial doi'ii not comp'lcte] y rmmCTEil ize Itlii!! CIHIII-
pound •> iv ill p [oduci* iiiLibiil̂ iiiC'E!!! I h,51 irnay bi; of envi ronnniiinlal 
cunce. rn [57, p. 1 ii I ] 

SITlii DernioiTH'liMilioirii aind liiirnieiriji\\r\g Pra|i!tcl!ii 
t\s olf November 19SI2, the 55ITE Piroj^rairi li'jti'd hvo demon
strated bioi''ETn<:':l:iEil-ion !>y:;te!riii!i lejxiirl'Eid])' capable ol' t 
PCBfi nil s.oiil andseidinricnt. Hoivever, iw liechmology 
e>;istii that is capable of biocle{>,rading PCIta on a scale lair^e 
enouij'h to 'tic used for site iremedialiioin. There \nKre. thiiiE^e 
envrging technolopes. for (he Ireatmenil of PC li -coiiitaitninalted 
soil or sediment |20|. Table 10 presente infonnaltion on 

Ociiri LEI i: I 
Techno l<>;;y-:- []<E>cilfii: ;\u<>.:- turns re];;a;r<:li ng biioi'EiiiricicliiEil ion 
bE- diirec-teci lo Edwa rd Opa tken IRREL) "EI! (3113) 569-73Si3. 

VlitrilllciiHtlion 

Viilnhriition ciiiri bi! iLiii<='d to hiE'Eil: soil arui secli rrisM'il i 
(M',;;a nnr, iinorgamc, a nd irad iiucHve conta iniinainte. AII existing 
vil ril icationtec hiriolo;;n:!s u ?-E- heEil Itoimeltithe conltaicn iniEihidwiii 
ot iiediiiiieinl, v, Imch forms a ri]E;id, ,£;! cissy piioducl wllien 11 cook. 
The volume ol'this vil niliied praduct is typically 20 to i!i peircenlt 

. lha ti tl'K! 'hroli.niiiE' olf 1'li'E1 untreated soil oir --E'dii'inE'ii t | 

Otgariif containinanits, including P'CBs, are desltoyed by the 
hij!,h tc rnpiE'i'Eil'u res, used duirung t'litrifk'Eil'ion Tlie d estimation 
mechannsin is either p>yrolysis (in an o:«ygen-poor environ-
merit) or cKcidalnoin (i ri an o >:y gen -rich environment) |59J. 

Vitrilficatno ri can either be pc info rimed in '3 ihi or e>: si tu. At llhu 
ti mi!!, I here is only one vendor of comrnetcia lly avanla bile in situ 
1'iitnfiCEilion systems 

ProiMiiiii Description 
In si tu vitrification (1'SV) typical! y uses a sq uare array of lout 
elec trodes up to "18 ifec-t apart. The electrodes are iiius.erled ot 
gravity fed inl o I hegroirrid lo I tiedes.ired t tejil inenl depth. The 
gravity leed a p pircicich is bei ng used at the Pa raons, Mil site (a 
non -PCB site). /!kiri siliE-cl mr c'urrent flow s, itl'irougl'i the elecl nodes 
and gfriE'rates lii!;at, nnelliing first astairteir pEithand I hen the s-uil, 
whidi typically melts Eil 1,111X1"!:: to I,'IO()"C |iM)]|. The tnolten 
mass coml inui!!!> lo f>,tov^ do'tvinward and out ward umHl the melt 
zone readies the des.ired depth and width The process cam 
I ypi CEil ly produce individual melts of op to 1 ,(XM) tons,, which 
sohdiilj' into vntnfiied monoliths upon cooling [61] Multiple 
melts can bi' combined ifot I he retried] EI! ion of am entire ;>ile. 
Ofif|!,Eii>colli'dion systeirivs such EIS tents, oir hood's Eire gcirieit 

hlEinruti Statins IE- P A Cointtiicl: 

Inilfiir.-iliioniil' 
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llnstilula of 

(ns'liluleoF u 
Technology 

IT Coirporatiion 

Gedlock and Biodrain 
Tireatnwnl PlEilfoirnri» 

{;:h'E!i-fiic,:il and EiioloijiiNc;::! 
I'reiiliriieivl (CI3T}l:> 

Fluid l::]iiliacl!i[)n-lE3>ii[)lo(;iiiaiill 
Dfjqrfidiititjri Proci;®!! 
(FilBD) l) 

F'holoilj'lic and li!iolot)iciil 
Soil DfJto:" rficiiilicin l> 

[:terrioni;l ralion sili-i being 
(5i:!)&B9-i'2'7l 

inlo Hie SIITIE! l:!iTi(=>ri:|iric| Naorni Biirl<ely 
Technology lanx|i'arn 119!) 1. 

(51, :l] 86Si-76«)V 
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(5113) 56(31-7271 
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Tbeire a re a mmlw.'i ol'eit !iita«liriiliffial:ion Hysilemiiooiriiiiiierdal" 
ly iniMiiLnljilli! Itliial CM he<dii!iliiiigiLiiL5.hiedl from oirie anol her pninn
iri.ly hy Itlini! hiMiliiiiji; m>lJtioi3l enifilkiyed. KM isnln piroceiiiiiES lypi
rally litiiiilt the contaminated uriediia ill tenipenailiurei! bi!h«eem 
1 ,1101) iiind SjOQO'C. In Iliemmial heading, I: IDE' heiil for the viliriihcii
tiom olF I 'tie oomtouxuiuliEidl nnateiri.al us geiiieriilied b)' l:li/s: cuiminis
tioni oil ,jni, i!!iti>inria I iFum;! sioiLiirce. In I he other liealiuiig iriiiellliod si, 
tlin!' heat is igroneraihE'd diE'Clnciillly. En isiiln ]|oule heiilting, utilli;!,e> 
an elerhrk' current thiilt flows. through I he contairiiLinal'fsd mate
Ti.iil, poiiluiciiri)!; iwiiistairiceand IheiriE'by piraduiciiriji; lieiit lilx situ 
vitrilricsaitaoiin by plasma hulling relies on the convulsion olf ;i |>,a!i 
•in. toa p liiiiitii.ii hy ii]:ipl)'i:tij!;̂ ii(S!i-ji;j' lo il: iiisnin;; an cliiicli-icaLiii'i:. In 

linS!iil:iiti(!;, IJhi!' ciciiiil.giiiriiinaitî cl icivaliE'ciiill is keiikKd hy 

ami: ii .3is ri!jiii<>laiiiic !̂> hi;a tuig,
 
havi:
 

tKiiri, iiini.OE! I'hi-' O'lil.j' ori!>ilti! an'liiv ily iiii i::< cii'/iiticni. ^U'rc!i:i to tlni; 
s.il.i! rnuiil' he EIVEII liible lor I he {'xcav ill ion lE'tj'in p tnsM-il, ciinil EI site 

llan I'nviisl: be.d 

for il&V aysl enna, aireasi irnnist he deEiirciJ lor hcavj' ipqi 
iiciriE-si!. road:!, diuiloiiriC'liqiliE'amcl hnn;'!; pairkiirig Ic'tii, I hiE> ISVr SM:[U ip
niiiiril, s.ijl'up .iiiiE1!!!!, equiiip'iniiril !ito:l!i, and workers/ i][Liarleni 
I liil |. Tin; l̂ iiV !iy!il<E!iiri iil.s.t) require; i!]>!>i:l-rii:J ly, typic.J I]y hetwi;en 
filX) ]<.ilov>'atl -ho u us /ton (l< IVh/lon) ,3nul I ,CO[)'k^/ \\ i'\ an (or I he 
i'ulll- scalli! j)'iil:(!ni Tin: cl'i-clncitv can h<E' Hupplwd by it utility 
disltribuihioiri !S>)r!!l:ern cur j;eneialed ons.idE-by ii :1 ie.se. I gcnuira tor 

A iiiitiE <ialfi:l:y plan cocenni;; ill I oiuilte ISV ,eu:l iv il icis should he 
di!vi>lo]f)«l An umerj'enc)' shul down plan nix should he 
pri'piiired Sipc« lal hairidlniiLg nricasu t« shou Id be provided to 
IriC'liil ,ui j' p:ri:>t:c:i;i iraduia I isltreaiinsi (i e., ia<'l|i;a9 lire.eil riiienl î i
due^'l 11 nltil they haviE1 hei'iii tested k> del (>run ne ithi'iir a<: ctiplah il
nty foir icl!i!i|xx;al or reli!ii!;e. 

ineSsS. tilt %riltrilcic<3itiit)in Ifoir the Itreaitrrioil' ol PCB-
5<oiil or iiednnenl iii cli fl'ici.i] t i:i: iisixss Sampling 

,=111:1 iui.'ilysi:; ol line ];;l,i!.!i :n\iil n» priKlmceci by viltrificaitunn is 
dulifioill, Siinci: oLineinlt I:!PA leaduihnhity and loliil <cli[>estioin 
rns:l hods a re not dei;ii[> ned lor a \\li\ss :rn,=il fix 

ill: <tl"te ( !̂>(]<s.Eil'<:! Hanlbrd, Wii!il-iii:ij!;li:mi itealt 
Eiilte. ' «i:'iii:lor was itessiti tig a new, ]ji|;rlilteir ltio<c)diing i:n.3il)Ea-iii]i. 

lire i[liiiirjing \i\w lte;;lt >«rlieiri iii !i]:ialtliE!i'inf>, oif 
(lie iniiiEillt IKCU mw\ for a period ol l:irri<= ,;illeir IJVE1 ii'icidiEtil:, 

' !iu!i]:>eirided li.illl-a '̂iEiliE' field operations;. A tww olifgaii 
iii tl'ien [luE'Siigned, ccunpixs-E'dliE'iiiti nE'ly':)l:][ii«E'l,3il 

riil:h»E!r i:liiiri itlie lufijh-leunpeiraiture l<9ihiirn<: tl-i<ii: W.=M pKvtuus] y 
ui!»ed. Tlni! \ne."w tlleiiigri usi l"iea \n«r Khun Itliii; ifabrk Iwoii;, Itiuil ia 
ca p.jihili! of h'E'ii'iji, t:r,j.[i;i[)O]-lE'd by the î mrie «'i|[ii i]:niri(!:nl: | iii! |. 

Fl'lXiiEiiitilt M iMlJd Ulliil II ..... 
Tint! nnaiivresiiduiils. p;rodi)n;r!d ijluri]rif>,o]:»eira tion olf Hie %riltrilFii:ai-
Irion l«'hi[iolo|>;)' are Uw vitrified iriiiiiii olF soil 01 5<S!diiriieiHt and 
!i<:iul:>l)<E>r wateir. Vnu=.in inl:[iiliicaltion isi O[)iri(:li;icl'E>ii: :in. HI tu, t'fii: 
vilrrified ipiroducl can he leit iin place afto treaitinent. Tlie 
\rii:ril:ii:<l piodi.icl fiuini ex siltui 'i'i'ti'ilfic.-iliiMi !>h»c)iLilicl iils<:> 'be. 
aiccepl iible lor (MUiiile o>r olFIs lie diii posal I ii'iI 

The 'X niiblx'r vt'iilter, {Fi]lliE>r;>, airid aiC'tiiv.ailiE'd carbon uused 
i:irf|;;ii!ii:'- ITOIII vitrilficahon s.j^iteirius ma)' ireciuiiie further treat
meiiil or di s.poisa 1. lypK-al scmbbnE'r iwaler trealitiinE'nl cons.isils.ol' 
p,3 -i.s.inj;, (be \', iil'S'i' lhrouf>,h chatoinaceoii!! eairlth aind aclnvaled 
carhon, lollotvecl by ireniie or discharge lo a sanitary sewer 
Coiihinuiial'E'd in:iti'ira tc<:l c.airhon 01 d iait(]>iriiu:^^)iLi!i lE'cirl h >: cin he 
treaitixl hy l.he v il ril ica lion siysilenri [591 

As of No i'Mutii; r 1992, the SilTE Piro^raiii lns.ted one demo n-
s.lra ted v il nl icationiiysls'in nppo rtedly capaihle olF treahng PCHsi 
iriiioiland s-i-diimen t. The p n.î r EIITI also lifted one iiniergiing 
s,y:i Icni iv ilh I h is capahnh ty. Table 1. 1 pirov ides in foriniil'ioiii on 
lhe;e sys> tarns. |i!(]|. 

I" i:in'l!-n::it ...... 
TechnollogVKpiJ'C'ii ic quiesHom ISV may he d ireolted 
lo Ten Ri C'hardsoiri al (51 3 1 S»ii<) -7949. 

Rol 

V/liiilf1 ro'l l:u ngi.isi is ni r rii>n tl y uridei-goniiij; iriE-?.S!airi:li nn iciriJler I o 
a --Afw, iits ahiillii y ito trea t PC il-con ta rninaited soil! iiniil 5.s'di:rn/E'ii,l. 
V/lnil E; roit In ngus, liriEal rnEinl usm fiari[>,i lo I Ki\t sc'il :m '• iln 'Hie 

11. llnincivalJvisi Vi'lrirliianliion Syjiil.'i! rns CiLin<E!inlll]|' AciMipliidl Imlo Ithisi SITIi: Projiniiin [:!!i[i;| 

In Silm VirlilfiMlion (ISV)"1 

O)ticlii1:K)n and 

l:ire«:)riirn 

l-iltiilluiii Ii, I!IA 

(i bam cci 
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Tiiiri l 
I iii :i) sii'ii- ;F9<i' 
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i;on]i.ii>;:lioii \rn\h OGii, 
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) is, cu IHvated i" a reactor Eind! allowed to g,row itoir 2 to <l 
day:,. Once emouiglh of I he hnrigus, lias grown, the 
cord il ions an; a'llertsd lo foirce the fungus ink)a s 
irnelauohc. slate. In Ithis stare, the Iwigiis, excrete; 
capable of degrading, orgaaic compounds, through catalyxed 
oxudaHon reactions I'!., p 4.3!!]. 

Organic irnaleria isi inoculated w il \\ <tl'if! ruing] Eire then me chain-
K'al \y mixed into IhecoiUjinrii nailed soil. Bfjca u:>e this l:e<:]"UM)k)» 
gy uses ii liiviuii.g (MjgaimiEiin (I'lie ifungn), tlw ,[;rMles.t (i S!(>,IIE>I! olF 
!iucces« OCCUR wiilh opitimiiil jjiroivinj', coiridiitioiiLSi. ,(\ cl :l:il:iv''E!ii 
I hat enhii n<:e fjirovt'iirig concliiliiora irnay bi: irecgui red for ;m [:i:i!!i(i
full I reahnenl Moiiiture control us, ni«'(:i::i«,3iiy, and 
con Ire I nwy be.' utiili r.r.d \['K\, pp. 14!v I ̂ 'i |. 

The []>iE>rfi:iri]ria ni:iE' oif I hi?;,!,) hili i:iii:ion Eigcnl quk kl [me. 
[x.icN;, or C.iOl as ,31 clicmica I clehalo^enalion corri|>;ii.ind. waii 
inv«hj>,ailed a fh;r obwv ing large reduction's iin PCB coiiioeni
trations. ait Su pE'rf\incl :ii ti; s. wheiii iriiirnent !ki In. du st wm added 
to ['CBi-conldiiniiriatci:! vraistas Low PCH rccovsn-ies. mi opisn
ve.-s -A'\ qu icklnini! appllica tion le'As i tn:li["il:ed the ]:>C'S.;.i1:ii] il)' Uial 
:• ij! nnficiinl F'CI3>cle&tirucl ionihad occurred. SSubsiequ !>nt Khidni!!), 
hovi'ever, ooirinrrncicl lh.it the pinimairy irnerliianiiirn lor lE'Cl 
iriEinoval is. volaliliiMtion and s.tnppun,;; (reiiultiing l:mirn the 
exotheirrnic reachnin a:swciiciled w\\[h lime iilakiin^;), aind Iliait 
cirily a liTiia]] perci; nltiige of tltie :in il'iiil PCH <:<:niiti:'tilt was dtmm
prj'A'.d by partial dechlon naliioin aind hydiroxyl isubsl ihitiom [62, 
p. b-'.\]\. Il: was alsio del'errni ned I hat inipro[>E'r laboratory 

Iraineiration 

Vttrtficalioni 100 

T 

piroci'dureii !fa;ile:l to coirtpliEii;]!;/ extract l:lne IF'Clits (roin (tie 
:rn..Eilrici!!i .amid led Ito the conclusion th:il: qu icklnne WK dliicoiri
][)0!iiirig K'.Et> [(S3, pp. M-4G\- iF'lvE'rel'oirvE',, it WK concludied thai 
i:|ijiii:lkhiiie li'iEiiilrnrteiril i:if !3C'B-i:i;inl(;n:rii nated iioiloir !>edi inenl diid 
not ires.iill iriiii^niFicanl {'hemicsil ddiicilogenaition. 

Usie oil Tru!iiil:memlt Trisiiiniit 

lElei:,3iiii<«:! olF the pi^eiieiriciE' oi' ,3id d il ional ci:int.).tnina:ni:s in K.'K>
con ta tni]'ia!:i!i;l HC'il .3ind s^'iJIiirnuEinit, or due lo Ithie iiified l;o r iFuirthiiir 

l of piroceii! iiE'iiii:li.iaIs, ['lE^nricicliiiill leclnniolkigiiE-S' ma)' 
txE1 !!ni]f>lo]rr(!d !><:i;|i.Li:.nl:ia,ll)'. I'heste ItreatriKE'nlt 

iiricrease both the ellfedtiveiriesA and cos.t ol K'inediaHon 
selecHng rEnnecliiiil allter][iat]ives> foir a isnte, OSiCsi and 
sliioulld iFai:t<]ir :m Ithie perlbirrnaniCE! Eii'id cos>t pair.juneltei'ii ii!i:;oci.3il• 
ed wiith iJiuE* UK*; of I'WEil'ineiril 

C:o rnip iiirlisoi'i olf Ri-iiinedlal Tiiic lmnioloi;i leiit 

e 1 piresiei'il 5 rost raingesi Ifoir the I'echnolloiginps disoiiiiis^cl in 
thii; pa p<E*r. '['h<E>!>e ra ngei> <:<3in .3iii:l OS-'Cs; airid RiPNI s in selliE'd'ing ,31 
iiE'inedial I Eichnnllogy for .31 sil K wi\:\\ F'CB-oonlanri! nated *:>i t and 
sediment. The leiid^i ii<> CEiulioned that these dala may nol' 
include the cost of man)' site-spec ihc I'acl ore and neces.siEiry 
modi fi c'Eil ions , iincllud niig d i!ipo>sal ociiiltii l:oir those le.chniollogies 
thai concent rale aiiid separate F'CBs. These data aredenved 
ifrotn ironverShiilioas. wiith various, EPA RPMs, I echnology e»c
pert'i, a nd from veindot databases, and irnay not irefliecl the final 
cosl i riciLiirred af ter iirnplernenltaition us, completed |64|. The 

101)0 

""1 1 1 1 1 1 If 
4(X) 500 600 700 BOO '900 1000 

COST W 
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:SiMirt:(s DEiinuid Ironri I-IPA RPMs, tochnologjr {-inperl s,, arid vendor dattiih aiies,. 
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Tiiilt) li!> II;!!,, Cirlltkiuill l!:iEi€lkm 
leu:1 Ti!i<[:hinciki'ijijc JUIniirirMiflliiHHi. (for 1-kiiriiiedUill rig 
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Notn: '[ EK:liuri(]loE)iiiii lor which a ::o:i1 factoi IEI kienliliecl bj' 'i*-1 

jjfEinir'riillv incur hiH[:ri!«Ei!iiii:l CUE.! duo to this; lactor. Hf a lfEicti:ir 
in«::iroiEi!iii«i c»!it iniilly loirlJi:i 1311: silui »ub!)ioup ol 
i>:>l<j<;fjr ll'i'Ei 1iEK:tir»[)l(x;f)' vi\tt show IEIII "(II". 

S<]>iLin:iEi: from '[fid-oology i=n:[)(= '!« w\d I! Pf\ 

fi [i.inaall feaii ibilnty of usiing ainy of llties'E* liEichnollcigies for the 
tn!,J Irnen I at PCB- f[>:nl:;iriunh=il̂ 'dl' EOII! m ii(:\l:nrii!i:il ail a pa rticu'lcir 
s.idE1 sl'ioiLilid nol' !)<:' d.erEii'iniTii;>:l by uisiiirig lltii s t:li,arl cilmnif. ft.ko, 
diLietoexlTeiinely liirmled ciitit inlbrrn.ilion oin I heapiplkalnuin o! 
bnoire [m'diaitiioin to the clea nuip of PCIEI-contaminitl s;dl »oill a nd 
E^diiwiE'rijt, ooiilt ranges for I'tii?. lechinolo^y are not pires'E'liited 

Table 1 '.I piresriinto cril ica 1 fiicltins affcch ng l:li<£' cosit r.^iii^i^i p>HE'
s.enledl in Figure I. Ilms, lable is deigned lor inlterliE'chnology 
cotnpiariiion, and the i^adet is ciiuhoned Ik) I cnl icall cosl lar
lore S'oir undiiv iduiiil s.yslteinu may vary. l-'E'venil lac'lorii.suchas 
site prepairatiiDin airid I [eiilnnenl CEtpacnly, a re cnl icall to alll hs.ted 
lednnologies> Ol lien., indndi n;«; wal:er us.Eige Eind long-term 
nicni iknri rig, ,Jii'E' cin ti :-;il to cm ly EI fe'tv ,giroi] ps 

TmbNi 11ll. Jiidvanilisige;!! lor Tnn[:lfiiiin:ilk;tg],' Altlni rniiiil I'̂ siiii 
Ifcir NiEiirnisidlliiiliiirijEi 
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INbles • "I f»<:lioc>lG<;|KE»!> (or which a sipooihc: advEMiritag® is; ;ip[>lK:iil><Ei
 
iiiiro » '•!> '.
 

I'cibli; '13 lis t:> Ibedd wdiitaigc'31 nlhiE tiE'iiit Jin llfiir'K'iniidial I'E 
f>ii(!ii de«!cnil>E>[i in 111 is; piipoir. lablf* Ht pri'iiente ]]iiiiitiiitioii!> 
potcnhiilly eni:ounlei'«'d whcTi iirnplcrnenltiing these I echiiiollo
l̂ ieii foir lilie I K-a[ iricnl i:if P îllit-xxinleiiiiiitî iliEHJ s>c>;.l a iu:l »<?<] imeiril. 
This inlbirnutucin i:; giinenillly iipplnciible (or nnlertci: hiriology 
compiiinsonsi. The rccjuifr is cauhoreEi:!,, IIOWCVCT, thalt iiridi
viduiil Sij/steiriK w il inn n I.echnnllogy f>,toup rna)' h<i ve (i il'fi: rent 
in:lvii][ihEigi!!> and Ii mil iiHonis, 01 varying [!<£•[!, tees ol' ;i liiited 
<n:hra ntiige or 1 imi to tion. 

Ai'leir Itrea tn«?nt ol FCG'-comUinima led soi I (3H1 sediment iisi corn
pliE'lwl, reiiicliLicJil coiiirenlral'ioriii of PCBsi nuiy ruE'inann in the 
treated inediwrn. llF Itlte c hoseiri ^:hirioloj>y treated Iheisoi] ot 
iî E'd ii-rn: til: iiri iii ti.i, or i:f I IHE' I n^Eiledl rri(:i;l:i;i :ii; to l:»e reuse;! on;;ii[<:, 
lloirig-teinrn nuiiug^me til; oonlTols. rnay be ireiqui red. Table 1!) 

ls a general licdinework ol ircoQirniniicnidied comtrals. for 
oil oir !»edi[iwnl remaiiniing i:in,s.ile, and 
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liikillm 114 I..lirnl1;!i1iln»nn!i loir Tisiehin<i)iki<!!i|i 
l"i:nr RiiiniriKKl laltlin |]i TC l-l-Coiri laiiiiirui led 

Iliriiallriujnil 

PGE3,.!, rnuijl Id! o>E>iiliO)'Ei<J l:iy 

ni!ii(iu,=il=,
 
ilhal rriual I:K> lrs«i|i:>:l and'or
 

Snnnlllviii to insitiii!
 
EIMIEI, clay corilanm, nnd'or
 

IP'HI
 

Moles;: • rodrmotogtais, for which a upHoilic Ilinriitiiliori ks j=i[ip)icj3ii:»lii 
•in=i klijntiliool tiy ,-i' M'". l.iiirriilaltu:»nj; ttial only .=i[)|:)> to H-iii 

jiilij sub[|M:ni|: :il 1=1 t«i:hn<;<i>;iy tm idontfiEid b)' :i "III". 

dtii'iriuca I liiindlill [eqiLiiirEiiiienltii for chisipuMl o! PG 
]-i;ii:i!i:l niecliii under T!K!A tiE îLiliilrioa!.. If diis posiiill ill P'ClElii 
n>|>;uil<i te:l by TSCA d .1;., PCIi'OoirtcciriltrEiUoas.eqii,!!) lo IK gn><ilti!f 
l:li,=in. !>[) ppin) iiicci.irrccl iilfliET 1 !>!/'!!, l:h<E! la tii:llFilll ri!(:[i].in:irnj:'ii [si 
niu!il:b<; .Kkbe-.wd for soi loir !>i!dii[n(>nl ItliEil VIM no) inciniiraltiid 
orlti'Eiated by Eineq LI ivaletvt mclthod. In cci-tEii n !iJtualtioni!>r'ISC ̂  
wanvers. of s>[K'cilFii: rhOTii c'Eil v,r;i!ii:c lamdiil hrciqui riE'irii'inls. may 
I>E; pci!>!>ilt)]iE>. I f di!>po'»Ei1 wcurrKd be.iorv 1 !)!''!!, RC \LA clmsi.irs! 
riiqiJiiiriiimnE'int!; i tu;tiMcl ol'ISCA clicnucirl wiiiil:!! Id IK! fill inx|uii]r<='
nniE'riltsi won Id usually be the ARAR I 'I, p. 47'] 

SO URGES 0 1" ADDITIO 'NAL IINIFORMATIIOINI 

TliiE! I'ol to>tv]iii>j> EPA. hoi li nes., ci =il iibiiiiiiEis., Eind f^po its o>fl:(*r iid<:li
lbn.il inl'tiiTti.U] tun on I he rtE'inedial ion of PC Ei-conita nitinalted 
soil and s.edimerU. The K'Eidiiir hi alls.o liiricounigiid lo ie\nr.w 
sowces. referenced in I hnsi paper 

TSC A Assi stance Molt] me Washi ngtan , D.C , l'202) 554
1 404. 

RCRA/Su pprfuiiiidl Asa istairice N oltl irie Wiialhniiigtoni, 
D.C., (800) 4:24-9346. 

]R i!>]«. Rf.d Liction 1: ngi neeiriinig, l.aboiah) r )' (RE I: I. ) Tireata
biliity Dcitab<; <>e A v ail able on di s.lc Eind Ithrou !;li the AT
TIC 'data b,3ise Conl.eicl: Gllenni Shan I -(5 1 !1 1 569--7408 or 
Tonn Holds-woirlh (5113) 569-7675. 

Alte t n.ail ive Trea tirnenl Tec hnology In loir ma I ion Cenler 
(A TTIC) dal Eibaae. U.S. EPA A s,s,i:i idmce - (90S) 9«»- 68211. 
Online cl,3il Eibasse seairc hung • (!>01) 670-330(9 

Federal li.ernedi.3ilioiii I'echnologiesi Koundlable. Fed
eiral Pub lical ions on A llerna ti ve .Jind Inno v&\ ive Trea t
nnenil Technolo]j;is'!> for Corrective Act ion and Site 
Reinedi,stiom, Second I:diltion EPA/S«'/B-92'/001,, 
A u g u s t 1<)92 

Table 16 lis,ta EPA Regioniiill Siuperfund I:irij3;ineering ['orutni 
oontacl E.arui ol hei aources of ass.isl Eince i n ireirnedidhon o f PC1EI
conlanriin.jite'd s.o:il arul 

Iiiii::hiriol0|;iy Altenn n I iveisi I'or l:lw l:ln nmssul iiiilti on cilf PCB-Con lairni nHilted So ill mud !:inidiinriiE!inil 
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16. Eni;i IriTOirl iiif.i Formm .fiiiinil IPCIil ACKNOWLEDG llfl ENTS 
l:l«ned inil loin Contocl:!! 

l:l«i;i»on 1 Lynn® Jennings ((• 17) '56ii-t)flS:l4 

Region 2 HiohEird Ho [P.I <!) 2(>'l"-!l!j43 

Region 3 PEIIJ! ILoeoiiid (I! I ii) £>E)XriiEt3 

Ragiori 'I Lion EkHilrioliiri (40*) 347- i'7911 

A-ill-onv H H[)lc:sl.a (3l2)aEI6-i'60.l 

[>el>:)ii3ih 0 ris»"olcl (!! 14) l:i!>!)"il!i;:0 

Region 7 SlEive Kiriiier (E) 13) S61- !72lEI 

Region (i DwiinEK) Golul: i;:i()3| KM- \ (VM 

Region !) 

Region 10 Eiot) S1airniKE»!> 

Piogiarn (::.' IJ | !i69-7iElir I 

SITE! Mailm^LisI/ William Firiatedh 

illltllSI 

F:TO(jiram 
(SKI) 569-7«B 

\l\ta\\®i KovEilidt 
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Tlinsi I sAue Paper was prepared by the U.S. Environmental 
Prolecl ion Ajgciricy.OlFhce oJ Resejirch a nd DE'velop'incnl (O1FJD), 
Riislk Reduction i:ngini!eniiif> Lahoriittiiry (RRlil,), Cimannati 
CHuo, wiith the ,;.s.5.isi:;i]'ici; oi'Scienc'i! A |>p>iiul ion:; InterrutKiniil 
Corpora tnoir i (SAIC) unulpr Contract No 6Ei- GS-0(M SI (V*rA 
0- 111 >. Ms Birunilti a DAvila s>erved as l:li«p liPA TIK hmical Profect 
Manager Mir. Kurl Whiltlbrd was SAIC' si Work Assignnrieiril' 
Main.iger This ciociLiirnent wm vs'ritlpn by Ms DAv il.si (RREL), 
Mr. Wliiil lord , and Mir !:nc S J a y l l o r (SAIC). The paper was 
exllensiivcly reviewed by EJl'eve Kan s-E'rand P&n\ Leonard as well 
as other mcirnbeirs ol the EPA KJejponal Sii perftind En(gi [leering, 
[:orurn. The aulhoni arp es.p»p<:ially g [aleful lo Ms. Akiko 
F'rietHcti airid (jither S A I C personnel wlio eontiri bul'ed s.igiu!'i
caintl y to I he piroducl ion olF thiii docume nt. 

The following, other perMiirmell havecoirikribuite'd theiir tirrupaind 
corrnrnentii by partidpatiirijs; 1111 pee1! reviews, of I tie1 doru rnienl 
Ben IMarie)' , Donald Oberacker, P'alnda Enclcson, Pau l d<? 
Penan, Chsirles. ][io|=;en>, Marls C MIeckcs, Mary Slinsiori, Teri 
Richardson, and Edward Opal ken of EPA -K1F1 1: L, andl Toirn 
Sirnirnions oif I: PA -Opupral ion =. Oir.J nch The following; personnel 
prowi ded outiiidi: pcipr rpvic w ol the document : S«pth ]™risbee ol 
JEiMSR; F r a n k Darnrinpnto of Darmienito [:iriviironmen( al Mani
agernpnl, Toni Allen ol P'ipprand Mlairbury, and Lorn Traweek 
ol the A nuprican GA s. Associ EI! ion The following SAIC pe raon
nel pai r l icupal ipd in peer review of the docurnpnl C l y d e Dial, 
]irn Rawe, and Robert Marl ley. 

Allliii'rii-iltinniiiii iw llho RermediiiJiUoni ol' FCIil-ConiltaniiiiriiiliEid Soil i-nnd Sedirmeri'l 
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