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ABSTREACT

Mita concerning methads for the destruction of PUB= are presenled in this
repart.  The informalion on lhe technologies was gathered from nunercus sources to
prowide backgraund inlerimation for lutyre assessment of to assist in a selection process.

The technologies reviewod [all into four categoriess conventional mncineration, nove)
incineration, chermical processes and pawvsicalfchemical processes,



RESLIME

Lo prasent rapport expese les doviees ooriant sur des mechodes, ce destroction
des PC3, Ces renscignernents proaviennent de diverses sources ot constituens les dorcées
de base sur lesqueileos oo pourrait onder des évaluations futures oo dont o pourcait se
servir paur faziliter un Gvenlocl processus de sclection,  Les techriques 0 questior se
Jegrowpent e guatoe culi‘gﬂriﬁ:s: prc:-r:édé:-‘. d'incinération Classicue, nadyeaas procedes

d'incinération, pracédes churniques, pracedés physica-chimigues.
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FOREWQRD

Althoceh Lhis publication is largely based =zn 2 report dealing with PCB
Nastruction Technalogy daone under contract by MO Dillon Limited in Fehruary 1982, a
sienificant amourt of data was supplied by various eguipment manufacturers, Basicelly 1t
15 @ "review” done nat to assess current technology bot =ather 1o provide factoal data 1a
kelo others assess the present state of the art and eventually recommend acceprable, coste
gificient solutiors far the destructian of PCBs in Canada. The ceview britgs into [oous
the considerakle activity in the field of technolagical develaoment of hazardons waste
destruction processes - note that more than @bty fecknelogies are corrently listed {or
the destruction of PORs.

The reed 12 find ap acceptable sclutiorn s growing because POBe and PO D-
containing wastes Continue 4o be stockpited in ever increasng quantilics L varsous
locations throogheut Camada. A& nomber of siphificant spills bave occurred in Cznada.
Although two destruction facilities (eotary kilnst and a numbet of treatiment protoustes are
nos operating in the L3N, the border can be closed at any time to the entry of PCBs and
ather material. Irmportfexport of these materials is always at the discretion of the two
COUNLeIes,

We wisk 1o make 17 Clear that this first pRase efforl, which will be {ollowed by
athers, fas not been preépared 1o assist Js in developing an adveocany positian, nor has any
attemyt been made 1o cormpare one process, or svsler, wiih another.

The datz in this pebklication have been pathered directly from the WAL Nillan
Limited report and frem manuiacturers’ submeszions.  These data have not endergone
rigaraus technical review by the Eriranmencal Protectizn Sorvice and the content of the

report does not necessarily teflect the views and policies of Tnvircnment Carada.
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POLYCHLORINATED BIPHENYL {FCB OESTRIICTION TECHMNOLOGY

A COMPREHENMSIYE REVIEW OF ALL CURRENT METHOBRS OF TREATMENT/
DESTRUCTION OF PCB WASTES IN NORTH AMERICA

1 INTROQDUCTION

In this decade, much public and scientific concern has been expressed about
the presence of polvchlorinated biphenyls (FPOCBRsS) o oour envirgnment and in aur food.
Vsually the maior concern 15 the Jeng-term cumulztive effects af exposure ta PCBs on
human kealth and onoicany forms of lite on earth, and nor the immediate lethal o overt
ellects assacizted with shworl-lerm ecxposure. Based an these scientific warnings,
regilators in both Cenada and the United 3tates enacted legislation to regulate PCBs. In
1977, PCR producton was banned in both  countries and  strict controls  were
impiemented.  As a rosult of these measures PCBs angd PCRE o wastes, instead of
accumylating in the eawicocnment, began to accumulate in various forms of temposaty
centainmens awalting dostroction.

The purpose of the following technical review js to show that numerous
methodds of Treatinent/destruction of PCR o wastes, in various forrs of development are
availzble in Canada and the Un:ted States.
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# SOURCES OF INFORMATION

A literwlure search was F.Erfujr;'m:{] ritialiy by 00, Dillor 1od. bt was found
—o e relatively aniraitful, sihee the type of techrological devesapment far PR

destruciion s usaally a -nixture oz

- application af conventonul techrelegy (nvelying a2 <oy annavation tar is kopt
Gecret;

- conceptual studies toat are (ke sehiest of intenim repetts between developers i
funcing agenoics; and

- integrared bisiness weontures with a wested intorest i FAINGALNING A compoitive

advantape through non-disclosure.

In shart the polentiel for high protits Zor cormpanies that gain appeoval <o
destroy POBs has attractec many méividuals who are sromeling their processcs without
tre tyoe of objectivity that one cxpects ir ceferred Literalare,  As 2 result very little
vaeful data showed up in che wsaal technical diterature, The more valnable sourzes of
‘nfarmation. were pralications such as: Hazardoos Matersials iqteltigence Repuocl, and
tcnflag Woek.

AnCtheT Mmdjoer sautce was the vnized Socles Eowirormental Protection Sgendy
(EFA) since thelr higily strucilured pernitting process dor POR destriction s reviewed
cegon by regian (U A rewions | Lhrougs X1an a bi-moetily basis. Eack sechnolegy seeking
EFA apprewal is listed acnig will curcent status and o soval regiona) peraon to contect for
acoit.oral miarmation,

Througl. U:is EFA Lsting and perszoal keowledge af tno Lele e various
prEanizations wore sorlacied Dy Didor ard intormalen was cequested. Onoe azreement
to participate @ tie study was secarad, 3 contbirming leiier wis sent zlang will o 2eps ot
the -erms ot roterence [or the stady. The cortacls were oaoouaragad Lo ruveEs The
requremcnts ot e terms ol relerence anc rosponc s they saw 101

Tarce major stodies perforned ‘nothe Jooted Slates supplemented the list of
conlacts. These weres ZPRI, 1979 Ackermar et ala, 19315 and Sworeyn and Ackerman,
[9%..

Thewe seports, while waoful in ersuring coverage of che fielo ap e 1955, rad 2
crawaack i tat they selectively suggestod poteatal asphsations ol Rrrowrr, aff-ths soell
uruts Linun checlkiag. in several insiznces, the teclnology had not soun spaled o DCE

el Lo,



Data received [rom corpanies wias unevern,  Some provided cornprenensive
cata and thar s reflected in o the detail of their write-ep.  Dthers proviced sketchy
snsarraTion ar werg at swech oan easly stage of development that the praocess descroptison
lids Been incloeed jnoa broel sversiess ranner,

Costimeg data was arcived at indepeadently of comnpany pricing sdggesiicns wid
was cutrent ar Felraary D987 For 1he aucpose of this stody of owaos irapartant that
comazraale Zapital and operating costs be pot ferward, Costs provided by promoters of o
technolegy often inclodee 4 Jecal advantage that would wt always apaly Lo an individuil
canterrplating the ase af thac techmology ar Fis ewn lecation. This does not mean that
similar advantage mighr noet be reallzed in Canuda, but o serparison could mon he made an
any 9asls othier than e nde pencent assessirent.,

Zare inust e exercised nousing the cesting datu. The PCE [eed rate used n
artiwing at costing data could conserme an ndividual's PCSY waste stockpile noa relalively
saort peroad of e, Considera llon must, therelore, Se given e under cliising a proecess
a7 svading U0 down und losing the eoenemy of it scale. For ceslung purpases POR Liguad
waste was aasumed to be Z20% PCE I ol and seld waste was assomed 1o cortain 0%
FCB.



3 CONTROLS AMN SOLTITIONS

In this section the necd for the safe destruction of the vast quantities of FCBS
currently in use and in storage is cxamined. The environmental and health problems ure
summmarized and a brief historical background is pravided for the Canadizn experience.
Finally the ac*ual size of the current PCB prahlem m Canada o5 guven.

3 Environmental ard Health Problems

Certain synthetic substances included in the class collectively known as
chlorimated organic compaunds, and used extensively in o umber of Industries (oday, are
the subject of prowing cencern as enviconmenial pollutants because of barh their
mersistence and their wide dispersal.  Prominent among tlemn are paiychlorinated
biphenyls {PCRs),  Berause of this excessive persistence ih the enviconmment and the
haenful effects of long-time, low-level exposure, PCB lave decome a global enviconmen-
tal pronlam.

Far rmany years, solated resorts of the toxic effects of PC3 in the industrial
medical literature caused little general interest, Mare recently, public concern was
aroused by a number af incidents, the mast serious heing the contzrination of rice oil in

Japan in %69 which affected 1 5010 people.
32 Production, Distribution and Historie Disposal of PCHs

All BCBs produced in Maorth America were manufactured by a single company
called Monzanto., The araduction and distridutien of PCE inchiding dixposal is shown in
datail in Table L. The export fipures include exports to Canada which armoanted to 22 900
tanmes batwsen 1999 and 1975 wlhen mast of thus conmercial activity Leok place.
Preaontly there remaing approwimately 16 000 tzones in ose and in storage In O50ada, as
gxplained in sectlon 3.3,

In the past practices used in the Lnited 3tares and Csnsda for the disposal of
PCRs were normal, accepled industrial practices. PCBs were incinerated as » mdanufacty-
ring waste (probaxly to recover the chlorine contentl or as a comporent of waste ol
burned far 1ts heal content of even as a component of erdinary solid waste. PiBs were
sent to landfills and other municipal fsposal facil:lies as parr of the waste from capaZiver
and transformer manufacturing processes or as obsolere electrical equiprmend or assolia-

ted with paper, plastics or aily wastes.



TABLE | AMLREICAN PRODECTION AR DIBTRIALTICN OF OB

|
[1orres = L537)

s Tranziarmeors 150
iTatall Canacitars i h
Plaaticioers 52 70 aniginally wsed ir
Hydraclics and Lubricants 2E L 558 pricr to
Carborless Cazy Faper 0 controls irmplereniateen
Misce Indust:aal 12
Hear transfer 5
Cetraleumn additves ]
Lisc: Transiarmers 120
(Prescnt) Capaciters Zhd 245 0p gz following
(247 3) iather Eiectrical 4 rnplerertotion o
regulatery coriraels
Dizposal: degracec Erviranonentslly I £5 destroyved
[OCinerated 1i
Lancfills - Cane & Trans, Trod, G
waste
Elect. Eculp, 2E 1729 1 envicnnent
Faper, Plustics ece, ol
Free im Erviron:nenl E8
* EFa 1377

FORs still in the environment armcant o same 48 LR tonnes, Of this amcunt
slightly lgss than half s found in the atmosphere, This supgests a fairly sapid exchange
botweoern atmosphere znd land and water Teservcirs.  Atrepspheric irplLts to lakes and
remgte aress are therefore thowepht o b2 sopniticznt,

nothe Iutere, the dispeszlidestruction of PORs will concentrate largely upan
the 322 300 tonnes of POR cantained inside al various electrical equipment. Bame POSD
frem the worst of the old chomical landfill sices across “erzh America wiil be zlso
destrucicd but this will net orobably be 2 siprificant amount. A nimoer of techrolagical-
Iy sophosticated clemical landills exist o the Unized States.  They are approved ia
accent :alid ard Liguid PCB waste (so culled &meex U landi:lbs),

A5 ol December 198! the List of aporoved landfi s 15 as foliows:

- Cecos
Miagura Falls, by



- SCa Chemicz] Berviocs
Model Citw, WY

- Waate Manazemeni of Alabama %
Livingstan, AL

- Cenna *
Wiil.emzburg, 21

- Cazmulia Disansal
Harta Larbaras Zoulty. CA

- 1% Ecology
Hye County, ME

Chemical Muclear Sysiems *
Arlington, TE

Wescon *
{araad Yiew, 1D

- Chermical %aste Compary
Cadanan Hills, CA

# Lundiill aporoved to accept liguid mantaninwted with 20310 pomn PCBS. ALl athers
zun accept anly solics, such as drainec translonimers, and CApacitors, s0iis, TAZE,
el contanniated with low levels of PORs.

1.3 S1ze of Currept Canadian PFOR Problom

The PCBs ariginally dsed 0 Canada, i.e. prizr ta consrals imslenentation,
urnounted to approvimately 3> D00 tagnes. The inveptory of PCEs corcently in nse or 19
Storage in (Cznada was collecred Irom the Regloas of the Eavironmmentz] Procection
Serwice 2f Enviconment Canada.  The totzls 2y orovinee are tisted in Teale 2 and are

samonarized below accurcing te use:

PCEs rtonmes]

Trarsfarrers 12 5%

CApac, tars A 202
irther Floctrical Egquprment 2
Moncloctrical Eoupment 31

e I




TARLE 2

Pravimme

GUARKTITY OF PCRs [N LSE TR TRAKSFOEMERS AND CAPACZ[TORS
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Merw T gl
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Taral
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Capasitors
renelectrical

transformers
CAPACITOrs
eleciromapnets

- transforrers

CApaitors

transformers

- CApATLIOrS

electromapnets

trensformers+
A pacsLTors

tronsforirer s
CApPUCLTons
I'_‘l.EI: r I:-rnagm: 1=

transfoarmeors
Capaciiurs

1ramslormers
Capacitors

trarsforirer &
CA LT LS

toaslar:ners
el L s

reansfoermers
Canacitors

T2
F
L9235

R2IK
B R
¢

[ 22
] 9ER

o017
27a

f

bLRT
I'* 642

| 723
&2 D57
Ll

£117
I 2l

wn b

T
I~ 1—

Cuantity af PCBs D)

[ 150 G0
3k DO0
L RO

iR 500
R 00
1100

e WL L
16 544

P DL
Z Rl
1 Bl

& SEG D00
73 a0

&GS GO0
E75 004

12 %00

334 400
<3

200
Z5% 00
&5 000
10 300
L3
297 T
11 112
LG
L

L5 199 990 wp frauded)

* oneludes eleciramaerets

MCPs orezentiy o0 storage Joar use of awasting cispecal are listec i Toble 2,

These are quant.ties which are oot probilized by coveroment resolalions. I addition

there 5 & quantily sn provale stocuge by two companies :nothe PO waste managoment



business (Table 4% There 1s consideruble cneertainty o 172 arecise amaunt of MCR stared
oy these fwo companies 35 the wastes kave been placec in staraze tows with other waste
materizls. The PCR Content i estimated to e between 3% and 70%.  Finally the
distribution ul PCBy oy irdustry greap is provided o Table 3,

The rate of disposal of PCRs in Caraca will depend on the atoritien ol
transformiers. This can be capoczed to take in the order of At least 45 vears,

TABLE 3 CLANTITY CF PUBs [V ATGRAGE TN CANATIA
Provir<e Retorial i Storage Tor Mater .zl in Starage for
L=c Miaoasal
*o. of Qantity of Moo of swantity af
lnits PO (kp) Lir_ts PCB (kg
Rritish Colurabia - - - A0 &0
Alborez 7 CL 23 3 EO0
Saszatchowan - iMm - 2 apc
Mur toba - | &9 - -
Zrlerio
Cuebeo - 1G 300 - L& GLE
Mew runswick ¢ 300 % LGS
Mova Seotia 12 00 24 5na
Prooce Edward [sland - 1 33D
Mew ZTounc ol ' 58] 70 ) el
Mortheest Territores 2 0 4 2 L
Tikorn - ircluded wn British Columbiz ventory
Totzl ¥ rro ke 231 GBD kg

C:rand Total ATE A5 kg




TABLE &
EACELITIES

Maine and Locatien of Las:lity

D & B Croup, Switthvible, Sritario

Fanetic Enviranrmenstul Transport
Systems, Sherwond Purk, Alberia

Dither Storage Facilitics

Tatal

QUARTLTY OF POT=COMNTARDNATER LOQUINS [y PRIVATE STOREAGE

Bulk Quartity of POBA in Storage kgl

L& Qoo
41 000

176 00
1 293 Qo=

* Actual PO content in the ligrids wonld ke ne Fighee than 70% and rmare dilee]y 0%
meanig 230 135 to 935 005 kg i starage. (BEvans, Go, pers. comm., 198510

TALRLE %

PO IRKYERTORY T CANATIA BY IMDLUESTREY

Quartity in 1lse

Irdustry Sector tonnes % af Trtal
Lizilitw I e3.1
Fulp and Paner 2 &F0 18,1
tiining and Smelting 2071 a0
Refininp (Metall 113 .7
Iron and Steel LTS 11.5
Cement 7FT 1.6
Chemical Manufacture 1] .7
Service Industrics 2 601 7.7
Fetrolcum | 22 0.3
Oher | HET £k
£ TAD J0, T

Taral

{EFS, 1980-41%
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L DESTRLUCTION PROCESSES

4.1 Gemeral

Tle destruction orocesses that are revlewed In this section have beeesny

categorined ay fallows:

- corver:Lianal incineratinm;
- navel inciner atien;
- cherrueal processes; and

- phviicalfchemical processes,

Amagng the first tree categaries the civision s somewhal art ficial although
an roview there s advantage in making the division, Within 2ach category o nuncber of

ureceEssey are described.
L) Conventional Incineraon

Conventional ncingration invalves the high temperature axidatizn of wastes 1o
Lrnocuous axides (005, Ho 00 and tnargaric res.ducs thuat can be discarded withowt adverse
environ-nental impact. The process ensures thal wastes are expased 1w high Temperature
pxldative armaspheros 5o Lhe pr v desipn feature 15 elfcient fael consamption. 1o Ll
conventional sense, air ane hydrocecson Juels are uses although the fuel vaoe oo the
wdste ray he used provided D1 does nat degrade the hugn temperatuce oxicative fondllizn.

Convenlonal incineratian of PCBs praduces hpdrogen chloride inoaddition o
varsaus oxides, This gescous uzidic conpound must be remaeved Erom the efflnent guses
sefore discharge to the ztrmosphere,  Solds handled oy Zonventionad incineration aro
complerely agifized csually leaving ar inerganic ash.

Incineratian is an estavlished technology that is usad in s variely of waste
maigenent applicatians,  As such, it was the techinalogy of choire wher regalators set
puidelines for the costructon of PCRs, The suggestec monimam ooeraling conditany Jor
tle destruczion of POBs are:

- 7 second coell tume gt 12005 and 3% excess oxvaon; or

- L. 5 second dwell time at [4007C7 and 2% excess ouygan.



LL

These conditions apply to the central ocombost.on cqeber. There are a
number of zncillary components to any Jcineration systent that surrouncs the centrul

canrbustion chammher:

Imgrl prefaratian and handhng:
- fecc charging:
- rosdue removals
- gas serabbargs und

- eblluent cisclorge,
Tris sec i on canventienzl incireration %ill dezl with:

- wasle uireralors,
- co-Lres el processes, and

- shupboard jcineraTion,

I jnginerators specially designed to treat waste all the compononts are readidy
idertifiable, I co-trestment precesses, advantage is taken of an ewisting ndustrial
Frocess cwhen appropriale  lene-temperatare-peygen  conditions prevail PULRs are [ed
concurrenlly with the neeinol process feed (e, cement kilns), In these sizuatwens 0 1s
difficull e determine whicl comaanents are part of the industrial process and wocl are
spenzilically wsed for POB destriction,

Shipkboard Incineration & a special Zase which merits i own classituztion.,

£.2.1 Waste Incimerators
&.2.1.1 Eollins Environmental Services, Inc.,

Hews Clice: e Raleins Plaza
Wilrargton, Delawars (3889

Site: Deer Park, Tewas
2ridpanort, New Jersey
Raror Roupe, Lodiziana

Toentact: Rizhard 5, Sarnyzwe
(307 4EF-37AK
The three Raliing ainerators are of 3 similar design althowugk theoy are at
varios slages ol appraval,  The inciperztor configuration is piver in Figure L. holid
waslen in fiare drons or 07 mi' meral arums are conveyed inte 2 rotary «in. Liquid

welstos can b [ed Lo the Buraer cosnpartrnent, The combaster s 5 Loddby furnace Leom
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Ioiarserer Byo55 pe Lone, Mavamal gas anddor o, P ofeel o are used for gnition,
archoatig wed Ilowe crabilite. Cowpressed anoas used fooatonsire licuics and Zor the
prossien oI combasTior ale e 3 mrannes that produces 2 ratary actian e the comoustion
mooo, Lomporetures v e corboslior vore reach (3035 C0 A after-hburrag zane s
aresvcec, b on 3w 1WR oy where bvocel teripecalores are J3507C, The dwell Tiee s
2t osoconds cuclusive o the 2iln.

e cembastior gases are posses Throagh & oventorl sercbberdabsorptic tower
combination oo whoo partcalobe: and ocid guses ore reronsd fronm the g23 strean.
Scricbing weter dosce with hiew oas odded cpsteeans of the veqtuzn thrzats this water is
recyveled (2731 will meke-un water [rer welis, reocec drefl Laos are csed o Jrive the
Eas stroam to sbmospnere,

The Hollirs systoms are dosignes to bercle sole ans liguic wasCes 103 v ety
ot torms. Lightly contarmingtec solids or slocges are [ed o0 [liee drams:s keavily
imzrognates soiids (aparizors) arc proshroddec. Y eoed setes of vp Lo 2305 l-;um,-"h PCR Jugain
and st OLE |.—|.'1 s have beer projecied,  The destractior efficienny has beor
warizasle reoarted st efficiencies tnocucoss ol 099990 Puve Leer derpoastrated on
Soeid 2CUs. PG noskradied rapacitors aore destroyed ot o role iy 2acess of 990955 %,
Thesg sy stemns are large -scale Iacnerstors and arc oot congderes Lo be mode.

Rzllins incireration experiatce amounts to 37 voars et al least e w2t g
YeArS Apent gAaining POL incineraticn caporicroo. Thear Deer Peck ncineraler fwas beer
evaluared e the satisfection of the LS UPA and they are now Liensed o Lurn Logaid
ECRs,

Toe Zolline ieciperator s techmically sound. meorporziing stack gas moaniTo
ring Jrsitumertaton 2nd intorlecas whocn shat-ofl FCR feer, when recored, 0 acoor-
daree with PCE regulalions,

Mealacenent capitzl  wwestrrernt  cecwred,  sxcloding larc purshase  of
cpotoamately 20 neclares (75 acres), aculd be 523 ORC S04 &5 of Jartary, L0782 The
rotary «<ilr, sorusking system ano ellluent waler resiiienl 2351800 Camodine e maar
porticn of chis expenditire. The cost figore also ircludes & streddieg aned Eeed syater Tor
FlB-cznzamunated canacioers, PUE howe storape apc [ewd oceoppe, oo afTerburmer
sowrstreamn of the rotary kian, and Iime storage end slzbarp fzelities,

"To operaze suck a plant, tae arrcel cost wouls be 58 P00 20590 The airoet would

De ncregsen to S 14 GFY 090 when corsider.ag the cest of ceaitas, planl copreciatioa,

tawes and inauraroe, A broagcowr of the Digure 318 G5 G0 s as Tollososs
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dperating and Admimsirative Expense 52 700 00
Depreciatian (20 vrs, straignt Line) [ Zad 54Ul
Irteres: charge at L& % 4 123 571

514 U735 G2

Bhaser an ¢ feed rate of 4 2RI kgfh, | kg warld cost 30045 todearrow.”

Assurnpliong rade cering the czloclztion of these 20815 angluded & plarl
arilization of 310 davs on @ four shift, seven-day wees with a szandard &0 hoar weex for
receiving end storage.

The conpenents of the Rallos package are available, sorme mare read ly than
athers.  Coertamn siens scch as the «iin, aftec-barmet and paris 22 the SZrunling system
waul? heve {9 be fabricated (in ascordance with Telling des gn] and ure no7 recessacily
ofi-the-sheld urits,

The impact af this tectinalogy has been semmarized by 12 3 ET'A Rased an
tae obeervation of sieall arounts of cioxins znd dbenzafurars in incoeration produstas An
Lppet Llimnit risk estimate was praduced on the kasis ol seres worst Case ASSUMPLLONS.
Approximnately 15 imorobable assumatons weny nta the estimate hat produced a resul
ol less than ane additionz] cancer oer 51 000 people exposed. This represents & pualic
IrnAcT ang is rated cetremely low,

The prescnce of PCA: in these incinerators does ot pose any additionsl
watker mpact provided the wsual 2cecantions far Fandling lazardaens materials ace
phserved. The Ralling incineratior svster hzs received intense SC7UTiny from reguiators

in the 2% and has mot and exceeded all their requircments,

References: (Ackerrman et al, 132815 Gregory, 9415 Bellns Envirormental Sorvinoes,
1981 ELPRI, L3#Y)

g.2.1.2 ENSCO Incorporated

Head Ciffice: Dl Lodiaiand 51,
Zattle Bueck, Arkensas, 77502

Piant [Location: Eldorace, Arkansas

Contacct: Colier Less, Fvlwer T80
(5011 325 - 8hkis

The EENA0O tneinerator 16 ndilt at ghe site ol an abanduned 2] relinery anc



rages use of 1he stearr plunl borlers as its cemoustan 2nd after-ournoeg charabers. The
cieralor celiguraton o5 shown in Figure 20 Drumnmed wastes [Cepssiters] arc feoc to s
tatally enclosed slreccer,  Skrecoec solds drop into @ hopper that Fecds ar auger that
Conveys souids infto u rotary kin, PO ligquis wastes are mixed in wizh the shredoed solids
orownjected directly into the kiln or combustion chamber. The air in the shredder
enclosure = drawr theoogh g f2n into he rotary kiln.

The rotary kiln s 2.1 m in ciamcter by LS540 0 long and s slighsly inclired
Cuwn 0 an wsh drop where mast of the solid residee drops out. The lln s cochle walled
with air keing drawn throcgh the octer annular space and the canapy coavering the
taterfoce Ftween the rotating kiln znd the feed oysten, Flue gases Iran the 4iln are
duicled to oo cemadstion chamzer (55 m'?:I where frel fusazlly an organic wastel [ urmt
willl air to create the higher temperat.ase zere foutlet terperature 12530°Ch A second
COM2RTien Chamber of similar s.zc acts 25 an after-ourmer (outles ternperature 145 CL
The coarbustion prococts are scribbed in 2 spray sower [Combined cacstic ard Jirme skarryy
prios t2 deraisung and cischarge to the atmosphere,

The EMSLU0 svstem o5 designed o operate o0 osold and Liquic wastes; the kiln
saction car be Ly-poassed for liqgud waste applications.  PCR feed rates typiczlly are
LB8G kgt for dizeid PO (28 314% PCR a0 il and 119 <pf for solicd PCR (as 25% DCR in
TRApACiTors), Supplernentary fucl amounted to 00D KpSh o averagimg Lo 003 KW heat inout.
The PCB cecrracton elficiency abserved was 93,99998%.  Based an addtiona. testing
done v Decernber 98], the N300 incinerator DCR feed rate wiil 2e increasad to
B 40 kpfhinonic L3952,

The EN5C0 experence (while less extensive than Rollirs overall) paraliels
tat of Rallivs o PCB jnciaerezen. Ther Dnperest in DB desrruction has spanned at
least si% vears and ey are now cenced tooncinorete PCRE.

Similac ta the Bolling systen, the techrolagy imwvolved 15 a straighiforward
apphication ol a ratary xiln wita an atter-burner.  Process instrunentation pravides
Interloeks o shut down the BEB rate [or ton-conpliance sath POR regulations specifis-
ally for kiuy *&inperatuce, alter-bucner temnmperature, kil and alter-burner gratts, OO and
Zida concentratuon,

Capital costs would Lo S 53%C 200 as of larcary 1942, the main compancnts
Brirg the capaciior Famonerraills ared [eed spestern, rotary kiln, after-berner, seTudbing
sysiern anc effluent wasar freatprent [acilities. Aporoxormstely %) hectares of land woald

ngve to bBe parchased as a0 odditenal expenditure. This cost figure, in addition ta those
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madules, also includes costs for receiving and storage, lime storage and slaking, test burn
and funding during construction.

The anrual operating cost would be 53920000 with labour, ut:lity ard
maintenance allowances compesing the major poction,  Allowances for insurance, taxes,
caprtal eest and plant depreciation would reguire o furtler S0 360 900, The cost to
destroy | kg of capacitar or liguid is abour $6.07. Basic assumpticns made for this

estimmate dre:

- 4 [our staft, scven—dayv week:
- stundard 40 haur week for receiving and starage; and
- 15% plant utilization,

As an the Rollins unit, the ENSCO svstem design s reacily available hut time
would be required for fabrication of the kiln, sfter-burner and ather companerts in
accordance with ENSCO specificatiang,

The impuct of this techrology was surmmarized by the U5 ERAL For ENSOO,
based on obsérved diowin and dibenzeferan emission, the additional cancer tisk to the
public was one cancer for cvery 2 500 000 people expesed i the worst case {ashion. This
risk 15 wery low; werker impact is unaffected by the technolegy over and above that
assaciated with the corcect handling of hazardous paterals.

The EMNNCO sestem has been approved by the U5 BEPA alter scratiny similar
and parullel to the Rollins system,

Relerencos: (Ackerman at aj., [92]; EM5SCO, L1981 EPR], 1974}
8213 Chernucal Waste Incinerators

Dow Chemical Company
Midland, Mechigan 38682
During the prodisction of a variety of bulk arganic chemicals, liqnid wastes are
produced and are incinerated by chemnical manufacturers on theit own sites,  Mary of
these nanulacturers produce chlotinated hedrocarbon pradocts that reguire the same
downstream technelapy for combustion producis handling as is required for incinerating
PLB:.
A Dow Chemical system was chosen as typical of these liquid waste incinerg-

burs sLrce:

- Dow 1s seeking appraval to burn contaminated wastes in the U%;



[k

- Pow practices ligeid wasle NCNerazion i Canaca; and

- data om the Dow ncineratar a7 Widiane, Michigen were readily ave: lable,

Collested ligme wastes are mixed, 1o balance heat contenl and wiscosity prior
to firing Lotiesntally into o cambustion chanber using air atomization (see Figure 10,
Combustisn Aif arc secondary alr are provided by a Blower,  The charmber 15 typroally
TLan r:-.3 o1 vordme.  Typicd remperatsres ore nothe 1100 1o L2000 UL range witly cwel]
tines of tue order of 2 secends,

Freshwater 15 used [nitially 1o gJerch fue gases bafore they Elow to s ventue,
serubleer and packed beo apsorption systermn, [0 this section FRCiCCULAting wastowd Ler |4
ssed 1o scrua tae effluent. Emally the elflient .5 sent 10 atmespaere through ndiced
dralt [ang and a stack,

The [hew incinerator is designed to operate on Lguids fed typcally at
=32 kplrain POR weasles thar have been rested in these mits are generally contaminated
wils of contamindter waste streams. & support fuel, notnis casc nalural gas, is used to
apeheat the wul ahd pravide cxtra heat Jnput as reguired.  Froouctls of the procgss are
TO5 and HLO in the stack ctiluent and hydrochleric acic in the scrubbing wastewater.
Scrunsing wiler waule ke treated centrally 2t most chemical siles print to d:scharge.

e mas been aorrung chemical wastes by this methed of incineration for soire
time.  Taere 15 no doubt thot PCBEs can be burned in this manner provided rhat the
tharouzh mixng of the POB Jiguic with 2 tuel lakes place and madifications 1o oxistng
serabber ang effloent water systems are properly carried cul,

This swsterm is only designed tor liguic sreineralion 9.t the possinility of
intradusing hammermilled capacitors as flutl could be viable.

In order to exemplily destrustien elficiency relerence is mude 10 a similar
incimeratar owned oy General Electric in Pittsfield, Massachusetts. [nou pair oi tesld
waste oil containing 1.7% PCB was feo al 2-3 kgfmin into meir incinerator ocperating, at
w7 e amd then 9%790. The PO destruction efticiency was in the range PR3 Lo
EE R 0

Waste mcineratien is a well developed technelogy. In the Uroted States, Lhes e
are pwer 290 Louwl-iajecTien incineraturs in hazardods waste service sirnilar ta the one
descriaed 3nowe, mesT GRerating i conjunction with a commercial chemical production
bacility.  tSome comunercial waste destraction facilities oo exist - rodghly a dozen.}
Companies markeling waste incineratars are said 1o swriber hetwoen 20 and &G in the US

alrhowsh Sewer tlar 30 have salc s,
5
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The wvarizbions tend 1o centre arcund the technology of licing wastes into the
cambystion zone; subscquent serubbing technology seems to be standard,  Three such

svstems that are aften referred 1o are:

- Frence vertically liced liguid-injection incinerator;
- Vortex ourner; and the

- Sudden Expansion (SUE} burner by the Marquardt Sompery.

Prenea §s tvpical of companies such as those; while they report 30 years of
expericnee i the waste incineration husiness nonc of theic units have been seld for PCD
SCCWICE,

The Yortey burner features tangential ficmg of fuel/wastes creating a rnore
rapie heat celease (LLLD KW thun other systerns,

Capital costs were estimated based on the Dow design and feed rates. They
are comprised of those costs invalved in storing and tecdmg PCB liguids to the umt and
treating off-pases and scrobber water, (Costs for the incinerafet, land and laboratary are
net included, The existing unit could be madified ta suit PCB destruction at a capital cost
af 31 636 006G,

Ta aperate this factlity 52 930G 000 per year, would be required. This includes
cost on capital, maingenance, and utilities. The biggest expenditure would be lor & mixng
fluid, such as kerpsene, which is added 1u the PCB liquid. No labour costs have been
included as aperators are presently available running the incinerator on other Jugud
wastes, The destruction cost per xilogram of PCD liguid would be 50,22,

The equinment required to madify an ecxsling unit to burn PORs s ceadily
available. Land ronsiderations could be a secious lactor since a lagoon and other watler
treatment facilizies would be required.

The impacts of this technology are mijnimal. The on-site nature ol most
operations is advantageous as the risk of maoving rhe wastes elsewhere is minmized. Alsa,
incinerators are often operated by knowledgeable technicians connected will a large
chemical production facility giving them 1he exper.ence and technical backup 10 operate
etficientiy. Public impact is minimized by their bocation and worker health and safety is
ugaally well controlled at such facilities,

On-si1e or cammercial scale chemical waste incinerators hayve been well
arcepied by regulators in the United States for PCR desiruction. & swnmary of the
approval of sites for PCB destruction n the 05 is given in Table 6. While most are
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TABLE & STATUS OF CHEMICAL WASTE INCINERATORS REGARDING PCBE
GESTRLUCTION
Company Location Waste 3tatus

{reneral Electric

Creneral Electric

Dot Chemcal

Croar {"hemical

D Chernical

Valcan Marerial
Company

Diamond Shamoeck

Merlin Associates)
Cnviroovcle
{Scnstar)

P eucrenl in December 1981

Waterford, New Yark - appraved for destruction
of their gwn PCR-conta-
minated waste oil

Pittsfield, - appraved up ta F00 ppm

Massachusetts PCBs in fluids;
revicwing, 1est for ol
contairmg 20% PCB

Freeport, Texas - approved, contaminated
]:I-I!'D-l.‘.f_"!-'.ﬁ- wastc

Plagquemine, - public heasring {final

Louisiana stage of approvall
contzminated procoss
waste

Owsler Creek, Texes - tested, under review,
contaminated procoss
wastec

Cesmar, Loursiana - testing contaminated

FroCcas waste

Pasadene, Toxas - tested, under review,
conteminated procoss
waste

L hirczgn Heights, - liguid waste incineratar

Tilinois heing constructec far

FL{ B-contaminated cil;
testing to fallow
constrid tion

dealing o1 contumeated ols the General Electric factlity e Pittsiicld, Massachusetts 1s

cvaluating concentrated feecs. With final rules now in place in the LIS it is apparent oy

the approved activity that facilities for incineration of TCR-cortaminated fluids will be

ircreasing substantially.
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Feterences: [opoelt, 1981: MM Millon, Ete., 1981 EPRL, 1979; Gregory, 1951; EPA,
192 1),
§.2.2 Co-Freatment Processes., The sccond mejor category  of conventional

mcineratlian is ircineratizn using A cambustion process designed f{or some purposc other
that mcineration. [0 these processcsi cambustion coaditions are aporopriate for POl
destruclion during the routine operation ot the process oo i1s design [sirposc. These
cambustian pracesses have been labcllod mo-trealingrl processes, anc Are Prooosses b s

an rorventional combustion sock s

- nigh officicncy boilers [red w tn coal, ol or natural gas=:
- xilns for the praduction of cener Lo Llime; and

- alurminum melting furnoces.

The BCH wisle 15 generalty liquid waste chat 15 fed only &t & sirall [raction of
the [uel [eediag rate wach that she PCR contert of the faol is very low, Within the 005
regulalions theee s a special, less restrictive, status for conlaminared el centainieg jess
than 350G ppin of PCB. This has led to ronsiderable appraval wolion for 2am0ing such law

leve]l contariinates naterial-

§.2.2.1 High Efficiency Rojlers. Hiph offimicnoy boilers burning coal, ail ar naturz] gas
ere designed Loonake maximdn wse of fuel. Thesc urots are desigeed Lo prodace steam
[or steam-genesated electricity or process aoatng, Many applicanans hawve heer marc
for upprewval in e US particuiarly for lightly contaminated PCB oils In the LIS,
regulations governing bornirg of oils up to 350 ppm B are sulject ta mach Less stringent

rules, Ta gain approval an applicant meec anly domonstrate

- qaglar heat release 'noexcoss af 25 109 <W;
- stack CO < 3 pepm far oil ar gas and OO < 100 pprm {or coals
- IFoescens ovvgon; and

- routine stack gas, foed rate and pertorinance ronitering.

These limirations should not Liroit the apolicaoidity of this arocess to burning
anly PCA-rontaminated oil. Stadies oy Ontaria Hydra and ETRY, supggest that PUBS can be
urned at hiph concenzration provided certan feed rate loitations ars observed,

The conceat of the mcineration srocess is simple. PCLE guds as contaimina-

ted ails, pure P05 liguies, or PO Lgues Cluted with a {dael ofl are Jed dircouly into the
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active nembostmer core o ke Beilore Saetable interleck systemis conneg ted with the
Lapgler operation control the POB teed, Georerdlly, doge boo cerrosic Consrerations insice
the aciier, the oblorme cortent 2 e PPC8B Gy the cortrelling facter with respect 1o the
feoe rale, Anodresull sC Gk of oroduct B gas i not pracliced, HCL eentssions are
Asually witlon the Jecar eiesaon regalations 5y virtoe ol diluten. Che tvpe o Loller

selected [or PCE incaeration depends o she {zllswing generzl Eactors:

- beiler Licing cenliguralie;
- tvpes of luel ano

- roELOchee tLmie.

Bailers, with horzentzlly cpodser fuel pung, gererzlly give a mora thoroughly
rriser turbllens f2me than do tengentaily Dred bolers, Coal {ired Sailers are mnce Lhely
to Be corstrieted of bl orescstanl ormaterials secause ol contairs small zmennts of
chiarine (25 fAlorided not toune @ ol or natarel gas, Residence times in Fapn elbicency
keilers azre in the rznee of LS te 37 weconcs w izl cornbustion zore terperaures of Lasl
to L&F 5%, W cle e corcotiors closely march the cocorarmended corbesTion Canditinns

care mLst b exercises Laal Cclharcelling” or My passiag? coes nnt take place,

waste fioing inoserveyed agabications cutercs sniy to Lguid PC3s zlthbangn the
PRI arachy discassec tinieg sarecoo solc material. Feeo rotes soppested are the rarge
L35G =g (0ntario Hydrod w355 kst AETR] Stdy). The schds used on o the EFRL systerr
were Ied torougl o ooetary ki with the off fzaes dcted anto the oollor comoustion cone.
Homwoeweer, 22 oseers crlilkely tnat o Digh effcierncy Dojler sperator woecld opl [or bLrning
ghrwdnes colics,

DestraTien effiTlencies are o asazley SiZlicn |t ta deflne bocaso:

. FAOST TESTE To Gate are oo Lghtly contamingted oiis with small ameoents of PCH {ed
to The process indtizlly so Thar it s difficult 1o deternine the aciual aeount of PO
entecing e systern.
sarapling of 2o, st lafen gas conEning sErge adantities ol gaseccs Clugrt nakes

the devection of #enn amailer ansents o FOB difticult.,

Mespite the zhove restrictions, cestroctzon elficieocies cleimed are in the
palge 2] 99 1o FEYEE

The operat.en ot Fogh eltisoeney Doders s g bogady developed teclrelepy. The
intredaction of PCG Lgrid wastes is a relatowely simple operatien. The momtaring of
pol.or operatior arc interface woth the U8 feco systoms for automatc feer shutdown is

a strzightforeard step.
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Compated to the operation of the hiph etticiency boiler, the aopsration of the
FCB feed systens are not complex anc are well within the skills {oond in Boiler operators.
The automatic feed shutdown systomn which anterlocks with operational parameters is a
well developed technology.  fuch 2 system shuts down the MCR feed curing a arocoss
upset, 1B, SUFnAck tRmMperatire tog low or combosion efficiency oo Jow. Such a systermn
alwg contrels The feed rate o minimize 11001 emissions 1o within regulatory standards.

Capital costs, for a boiler preprocesiing systesn, inchading constructnn funds
over a ohe vear period but excliding land costs would be 51 140 GC0. Such a facility would
haye the capacity for destroying 260 kgfh of Liouid PCBs ul 3% concentration in acdition
ta 130 kgt of shredded capacitors, Total neat release rate would be 2% ® ]r.'l'j kcalfh for
the preprocessing aystem. A& rotary kiln would e used as the primary combuostion
charmber to separate PUBs from the soredded solids and o volatilize the lauid PORs prior
to jntrocuc tion into the boiler which would act as an after-burnesr.

Operation of 1his {acilicy would cost 5775990 anomally, based on an 85%
ctilization rate and ineluding cost of capital, Jabour ang maintenance. Unit cest would be
L0246 per kg of PCRB desteayed.

Onee an existing high efficiency toiler capable of PCR destruction i selected,
the frent end components for prebeiler cambustion can be readily purchascd,

The environmental impact of beiler incineration should be mmmal in a
proporly operater and safety interlecked system. A particular advantage s that boiler
ownersfoperators in the power gencration industry are amnong (he major generators ot
PCB waste 50 that action on their part to destroy FOUs i thei ewn Louers 15 appropriate.

Fegulatory agencies have approved a number of nigh efficiency bailers in the
1US. A& number of other systems arc presently undergoing the persnitting precess. The
present status of these applications af high efficiepncy boaler incineration is summarized in
Table 7.

Feferences: (TPRI, 1979 Ackerman o1 al., [981; EPA, 1921}
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R.2.207 Cement Kilng

S5t Lawrerce Cement Comipaiy.
Lakesnnre Foad,
“issizsaupa, Ontario

Coatact 1.0 Macworald
lirtel 823-1631

The praduction of cement bvalves the caloining of ruw raterials conTaining
caleinm, silicon, aluminum aod aren e ferm she caleiom silicates, aluminates ard
alunino-ferrites that make up cerert cliner. The caloming ul 5. Lawsence Dement
takes place in 3 rotary <iln 35 m in diameter by 123 m long (see Figure 41 Slarricd raw
matcrials are cocurrently fed with MNa. & fuel gil. Terperatores of 2100900 zre reached
arc ressdence tirnes of 30 seconds are encountored.  Chluride prodiced combine: wiTh

alkalr metals in e kiln feed volatilizing tkem as metal hoooides,

rde sucm the chlgrime contert of BCBE is useldl in cemens rmznafactore, in fact

chlazirg in some Form may De requived if low alkall coment s procucec.”

The process pareameoters at St Lawrence Cerent were 25 {ollues:

- slurry Jeed 1:05 Mepdday
- clinker produced 930 Medday
- Mea. & fue] il %0 Limiin

- chlgrinated hydrocarbor: . =LaL/mMin

The tests curried out Lsed chlorinatod hydrocarben feedstock containing 1%
PCB,  Destruction =fficiencies of at leasl 95.9846% were obzervec,  ho PURs were
detontec in the pas er selid bypraducts ka7 law rrotecular weight chloninated Bycracarbons
(larpely cichloramethaneh were dewected, PCR destruction sifwienues were Calculated as
if the cehloremethare found was FCR.

A system descrived by EPR] sepeests a rotary kiln preprocessing unit far solid
PR wastos,  This systerr s interfaced with the kilmn the soire way the preprooossimg
swatnm is interfacee with Lhe pawser boiler.

For a cerment kiln prepracesiing svstem wooth 3 ear relesse of 6.0 = i’
kezlfh, capital costs arvolved wouold be 31650 0000 Thes Bigure anclades Tunds for o coe
yeur consfoucab Jericd bt no lane oosts, Capacily af systerm would be #1060 ket ol
Lguid PCBs at 30% concentration znd 336 kgih of solid MR nothe forrm ol shoerdcec
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capacilors, Cesting was based on using & rotary kiln as s primaery cornbustion chamber.,
lsots capital and cperatirg cost fiperes are based o up-datirg costs present an the EPRL
Guicelires for Tispasal by Toerma! Teckrolspy (19751

Operateg costs of 31 160 290 por vear car b2 expected basec oo 80 dor went
utilizesen, Destrostion of one ke of FCB in this svsterm world cost 50,14,

Bs jn ol case of Igh elliciency Toilers, once ar cxistrg cemenl kilr canakbls
ol PCA destructicn s selected, the wiln precambestion cguipruienl car Be oreadily
prarsased,

Tle operarieg af the cemert «iln itself A a fairly well develeped Lechnelogy.
The trant ond eoceprnent conprisec 21 o cotary ke, erclosed saredders, arnc oamps are
nat complex n operatior. As with the high elficiency beilers, the zutomatic decd systemn
whick interlocks witk operational decarmeeters 2ot a5 furnale termaeratore, comboestion
efticiency and 1L emissions, 15 lechnically socrd,

B destroctior in cement kilns has oolnimal enviranmmertal impacts, The
tests atl St Lawrcoce did show ar ncrease e oust emissiors whish may lawe hboen
ass2uiated with the lormaetion af o cig of agzlomeratec rratorizl i b kain doring
colorinated hydrocarbon iciceratior,  this problam and che local polblic arestdre o
Improve emissior moriloring technicues ard ernergency interlocks bas stopocd [urloes
testing.  (lemert ki cacineration as o technzlogy nas the support of provincio and
Federa) vaviconriental ainist:ies; 10 is a recanmended methoc .0 their guidelines for PC3
destrue Lior,

Feferance: idlzcConald 8t al., 1377].

n.2.72.3 Obar Bifn Processes,  Two other cemcnt «ilns z2nd 0 lane Kiles PPove bees
considerec for FCR dzsiruction.

Company Kiin Tvpe
Feerlass Cement, Natrait, Michigan Cenent
Ernergy Optimizazion, Pritsborp, Ponnsylvania cenent and lime

Centincrtal Car, Hopwell, ¥irg:nia line
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The Pee:less Cenenl Uompany performed 2006 test burns cno their kil im
Cetwroite The kiln nad o residence time of LG serords 20 a temperature of 1770 to 13%0°0C,
Destrection eflficiens es average jroexcess of 39,%%%, Irtense local presscre mcludng,
acverse roaction Irom tne Caradian sice of the berder an Wirdsor Ortaro caused the
Company o cancel its [-ans toooure PC%s,

Erlcrg}' Cptirmuzztion presently have an application Telore the LS ETA o buern
0C2 lcansamased ail] 01 o cenert kiin near Fittsaurgh, Penrsylvania. This company
previovsly Fad aoplied e burn PCBe in & Lime kiln in Branshten, Pennsylvaniz but have
cancelled these 2lars,

A hirne kalm in Hepewell, Vieginig owned by Continental Can was cvaluatec for
FOB cesttucion an 1976, The kaln was a 226 Mefday retary lime kiln 3.4 m in diamater hy
Bl m long operaling st J£E0°0L Their tests suffered several difficulties and PCR
destree lion has not been recansicered since 19760 Destroctiorn efficiencies were astima-
reC at approxonately 939,

Relereraey: (Ackerrnan ot aly, 1961 LPA, L950)
UNERR Aluminum Melting Fumacoe Clo-Treatment

Aluminum Company of Ameorica {ALCOA]
P.Q. Loz 1967
Navenport, lowe 2508

Contact: tarshall Sonksen
[2LF] 159-275h

ALOOMNS alumirurn fabkricating plant Jecated near Davenpoert, Yowa {Riverdale)
bas a dual fuel (ges/oll) fired alurinem melting furnace that has EPA zooroval to buen
FCB-contarmninated waste olls stored at the Davenport facility. & test burn was carried
cut in July [9&8 ] under the watclful eye af the LS Envircemental Proreciion Agency, and
aporovdl grunted m Novenber 19810 They are required to preveat the furnace 1o LI500C
prior to intraducing the TR waste oll, nmamtain excess oxygen of Mou, and mainlain e
cairbustion ctficiency (0 99.9% a3 Indicated by CO eralssions. Their peomit is limitee w
the B-5 miilian Ltres af the 3150 mpfkg POR-cortamirated waste oil collected by ALLCOA

prier to discovering the PCR contamiration,

Beierernces: (Sonksen, pers. comm, 252,
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423 Stupboard Incineration
§_2,.3.) MY Youlcanus
Head Offine: Cherriczl Waste Maragenment oo,

2131 Kingsmor Coorl 5B,
Marigtta, Georg:a 30CET

Cortast: Al Moy, PO Sales Seperyisor
i) 93E-LCogy

Tl is basically 3 traditional ircineratian mothod But aboard a shap st sea thos
lirniting the possikie hazardous ellecs an any population.

The WY Valcancs is o 2G5 o long by 14 m wize shif w.th a maxmmur draft of
7. The shop hovses ten PER cazacty lyuid-injestion ncimeratars whick are caaahle
of combastiry PCE-contamingtod wustes a0 a cate of 22 Mps ard s fame tomocrulure of
L394 1e 160020, The ship bas 3 lan- capacity of 3700 torees an operatos by Joadirg the
POE waste inte 175 1% tan<s on shore, The pracTios has soen 1o ravel tean DPA spproved
tncufion o the SelE of Mexico where the wastes are ircinerared, An sxtensive maitering
syster ensieres that the PCBs ane cestroved 1o 93,9955,

Tae Vicaras can ohly incnerzio pormiaenle liculds that conten seldds smaller
tnzn 3 mam. zlthough the design concept lor cosling OUFRESSS inclucee o ratea~y Kelnotor
snlids. A chlorine curtent af 75% on (he POB melecule represents nooircineratiaf
preblem. The POB waste rpust ret be capable of artadsing mio stoel,

The wulzamas hus been operating scccessfolly sinoe 1952 in Europe aro e
L5A 0 [A recerl EPA s the Valcanus onoincraled 2 630 000 2 of PCB warsfermer tluic
o an efficienny of 90.00%% withot aipnifcant [ereanion of diosing,

Incimeration ol 23 of chlorinzted wawies [as besn practiced for several vears
ir Furope, Oosrzting experience (n the Zorm of routne burring ot PLB Jiguizs is ml a* the
rrosent time. This teclknclopy fan be considered to be in its relddle stzges of full tesTing.
Modorate teshuical skil wold be requirec for Lacility aperation.

Toe capilal irvestmert requicec [erosuclh oz fagility wocld be it least
57 O00 CLE exclecing lard casts Tor z2n 2n-shore sLpport facility busec on She 1951 cosllIE
figires arowvided by BELT, Oppeit.

Cperation ol ar incinerator ship sweer o cne wear poriod wsud require a
rririmum of %6 020 GGG inclading cast of camul, Litilites, labour and rairtenance would

ke the major cperatng <ost contributors.  This Ligure 55 Rased on the gisumption that
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design Conceps i: for g ratasy kilm gcineraler follawed by g Ligaict tnject on incineracion
after-burner, Desizr beed rate as 800G kefh ligaid PC3s or GGG kgl selids, and facility
gperates |2 hoors per day, sovea cayy por wotd,  Sporatng Ledts wers caloulated by
corpar g cests for o Bl cinerater 1o costs for ses dispesal oz formct similar to
cperating costs as geeen an EPR] Guidelines far Dispesal by Thesmal Tiestoction.

The cost of destraving ¢ne kilagrarn of PC3 liquic weuld be 5523 using such an
arrangenienl.

The ervirorurental raaccs: ol the Yoloarws are sienilar to those of all other
cinerators. Hazards are mimdral Jor the worker or poblic arevided adecuate czre is
taker i ranning, the process,  The nrpact of nciesation o the enwronmert 53 |essened
By the fact thet b occurs al sea well cerngwed foor land arc populatien. Henezoed FER
testing [as smwawn hat snipboarc thcineration does mot affect fis7 ard other sea |fe,

Thke LEA has given permissien for 2 shipbosed incicerolion rors an the
Yuloaras and s cortinually testing &nd icoratonieg the shiz's cinerators, Tag Valcargs s
prepured [or the commersie] incinoraticn of PCB Jgud wastes cnoe thejr Testing program
Fas heen Zomoaleted,

Feferences: (Cppeit, (981 Jordan. 1582: Chenlcal Waste Maragement Jno_).
4.2, 3.2 Otlwer Shipboatd Incnweralots

At-sen lneoaerativn, ez, (ASD
Sae Easr Purrarm Averue
Creepwich, Conrectieut SREIAG

ZanTaci: Burry 5. Cogan
Tel: (2021 62%-270]
Ar-5ea lncineratian, Inc. will sperate teo jroieranor ships. each Containing
o liguid anjoocTion ncineratars. The rated throughputl ! each cueeratar  is
322w ICY kY, Ferercous westes will beoincanersted al en E2A aooroved burn so1e east of

Clape Healoper, Delawarc, AL cxprots o heve Lhe we shops oporaliona] Dy early 1934,
Fefererzes; (Hocaraous Materwls Inteligence Eesort, 1982,
%3 Nove! Incinerators

Movel incincration, a sooond cewegory ot dostrootion process by icinecation,
wlile =l derivirg ots cherma! cnocgy [rem the ocdater of a Tuel, fas some specizl
fearures 1ot wers i1 apart boem ordinacy acineratar s whoeh burn Tugl with air onoa simple

CormTistian sone. We have identibied Bonr wpes af nowel incincrakbors:



- QEYZLCT, LCINRET ALOrag
- moltcn salt incireratora:
- Thed bed incinerators; ard

- dicsol procosscs,

CRVERT CIPErAatars uge pure Cxypen of at lesst ennicked @ir o crilize 1ne
fuel. Higher terpeatires ace cotiever and smaller velores of prodacts are grocuces for
SUDAREUERT SCrLTning, Aclier Deds aclhieve a sineular eflect avd alse provide a mzgher anit
vinume  concentratior. of oxygen.  Floid Deds nrake use of fluicized :clics In the
rombustion mane to increase the heat trarsfer o the waste.  Catalysts can a:zo b=
supporice on 1on fluicized selic.  Firally the dosel process nwvelves waste destroczizn

caring toe coraustien of el in a diesel engine,

531 Cheygen Incinerators,  Incineration using exyeen ristead <f 3ic ws (e Tuel
gu,dizer has the acvantapes of

- higher tempersti:es then corventiaral ircne: atcr; ace

reduced CorusTizn prococt salume,

Pormer cesign anc meaterials of canstroectior tend o create samre arobiems
which are heing owvercorne,  Pure oxypen requires special qomdbng avd she wse of
terrperiag A can leac to acgltioral chermical consurgtuwr en sorobbing by owiroue of

nitrogen axication,
8,341, Fyro-Mapgnetics Mohile Harardoys Waste Processor (MR P-6000)

Head Cflice: Cwra-Magretics Sorparatie,
£ Essex 3ireet
[, Box ZRE
Whitnan, Masseachusetss, G2367

Lontact: N, Dyer
NEL TN F-0N s
The Prero-Magreucs Mebde Blozerdoo: ®aste Frooess SRVRP-ROO0Y 15 an
wntegrated weste orocessar which makes use of an axvgen irc nerzTor &5 its eatra] waste
CeSTruCTion Lnit, The owvgen incinerator wccepls hguo wastes dircotly or proocsses otd
puses [rom a rotary «iln oroa hpocial Mclting Treatment [BMTY Unit. The 5M7T Unit
uppedrs to be the techqology buse lor Pyro-Megoctics Carporation ard they have used it

o advanlage n therr InteEErated Waste processer,
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The MuPog000 stocess corfigusation s oshown e ligure 500 Solic wasles,
dependirg on waste makc-up are [ed erttier 1o the retary RIn it or to Lhe AT Lot
Fotary kiln Loed zan be shredded and screw fed anto the kilw o f2d throagh a slidee
‘mjestor, The kaln, when aperazed, burne fuel with air producing an cperating terecatire
gf TR5C,  The combustion products zre ducted o the Secondary!Liguid Curiiouster
[Twypen Incoaerzzorl. Ash s remaved through as a=1 brearcl.

holice fed to Uie 35T Unit are perelvzed snd melweo o an eductively Reated
molton rer bath operatiag &t 14T, Silceous materials are dlagged ofi, The
atmosphere o tae SMT Lnil 35 controlled to cantrol the bata composilion and the wolame
of proecist gases that are ducted 1o tle 3econdary/Liculd Combustsr.

Liguids are irjected diceatly inle the Seconcary/Liguid Jombustor throogl: Lao
caypen ourners, Addtioral aiv s klown in to temper e ceribostor Temperature Lo el
FINGTC, If tecessary, liquic wastes li<o 200 cun be blended with Jasl ol te mzaintain
I'eat cantent apd operating termoeratore. The cormbastor 5 05 moin diametor by 2407
onp fallowed oy a secendzry chamber, 15,7 my Lt gives a 2 secone Jwell time a2 1236070
Biic temnerature.

The product gas szrubber s criver oy oar induced cdrals fan that keeps the
whale systern under & negabive pressure, ALl Lreaches are infercornected so the orocessoer
Fars at a nepat've pressurc oosureg lhat ng spuriods gases are emitted. A cousl:i
scrubher and geerching svatem s used 1o cleanse aclds and trace orgames from the [ue
FARES.

The urat 15 designed Lo nandle 2700 kpin of solid waste. POL agquids (3% 0n
fuel ;i) are designed to oc led up e 0.6 |r-3_-"l‘=. Oxypen consemptian of U kgfky of POE 05
arly slightly in esocss of stomchilomels s equirenents. Toawer roociremenls omdunt 1
L00 ER whon the %M o5 citloeed amd gnly IR0 W% far the Laiid system.

In conzept torm the MWE 000 can nandle = variety of PO waste types. The
L lTiple feed systems for solids and liguivs shoald prosvide enouph Tlewbility o lordle
mest MOR wastes. Mestructizn ethciencwes of 99,999 %52 were obtatned duning the March,
1957 test kirn hels in Tullzhoma, Tenn, for the ETA, Al the inteprated ooits are
rourted on 2.6 % 18 m omeble truck beds, 1q addition te the vnits describoo, 2 mebile lub
and 3 coomigal serviee treler complere the A% D L000 parkage.

Ax suggesied abowve, o believed Pyro-Magnetics maln technologpiool advan-
tape is the 33T Unit and the ceygen incmeralon, whick are otk unique. The wedeing of

this cortralles atmnsphere Righ tomoacratcrs matesial processsar with o a contrellcd
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atragsphere brmer 5 a3 qatoral oatgrowth, The rotary kil ot e & vsefol adjenct to
complete the waste vaacliig packoge. The urals are apaarently Beipg tested ape by one.
The Licaid Coribusigr was e suliect of EPA sporoved lests ol Amnowds Labs (Universits
ol Tevpzweee, ToUuloma, Tewnessee] o March 1982, T osl rosults woere excoellerl,

The solid technology as not boor toselly testec on PO wasoos, The abilivy
Lor such g syetemn e successicly deszroy szlids in te form of skeeddeo capasitors, ot
should o more closely ceamined as the ofiginsl tochnolagy doscrinec koro included &
rotary ki upstream b the 531 equpmeat whereas a more rocent versian ot the system
ari by he retary adne Tog systorn apooars o asve the capabllity of reacily desiroving
Igund PCB wastes,

The cost por gl PO destroction by this tochnology is estincated to be 535.00
L% dolizrs per galloe of low prade waste 31200 125 dallars per gallen of mediom prade
wazrte and 51300 Lh dallers por gallon of nigh prade waste, This <ost includes the rental
chuarger oy contractar for cquipment :n addicsien to heavy fuel ol and elect cal operating
Cila i

Toe technology aluo curries the stipulation that zpproximately 30 oy 30 m of
Jane ke made avalozle, Capitzl 2llowances were acilt in to compensate for addizional
elfluent water treatment tacilities such as & lagonn,

Tht cquipment is readily availabls Tram the contractor on a €05t qer wnit
cestroved bascs,

Putlic irpacts would be mintma! if the campany plans are malemented. Thc
MWE AUOO system i dundamentzlly & nan polloting peocess; eifleents are inert salids and
irnocwzgs gexes, The mobile aspects Could satisfy DuaBlic deenands that wastes he
cestroyed where they are generated or exist. Warker impacts are those of 2 harmardaus
witile luncling epcration and arc wiaally well controlled,

Ay indicated above, the MWE G305 process has undergore testing according to
U5 EPA riles, Tihe proocoure gppeats o @ ranning smonttly, the oxygen Commuisior was

tested o March 194, High lovels of destruction were achiaved.

Feferences; B AL Dilion Lid., 1981, 1922, Pyro-Mapnetics, L9461,
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. b2 Chemacal Plasma Process

BT Clonsiltalt
2edS Steeles AvenLe West
Toronio, Ohitarn

_anzact: (e Starley Townsend
916} RAEL-IBES

This provess Dvelees tne contrallec burring of toel ane lguic wasTe mn Jure
SEYECh In such o mainEr g% e rasiinize the famperature acoeves D the COMELSTIOR
Fongo,  The process nas grown ot of nagnets hydrodyrarme (MO arocess ceveloprent
in the MHD processes develones by 51T, plasmas wers crested trorm the chemical engrgy
zvailaale from combustion. Temperatures = oexcess of 305070 are achioved., Thear MID
reaCtors have beon mocitied witl gas serualing equipment, Hydrachloris: nectralizatisn is
arhieved by caustic tnjeclion alosg with the waste feed or in the scruboer.

Limnized forrmatior s avariable on this pracess or on the slatos of oher
Testing DCopriir.

The bature development plan {or this process s to make the unit mabile,
Beterenoes: {Toansend, 1982; Jokrstan, 19520

4.3.2 Molten Salt Processes,  Molien salt processos nvolve oxcalion of waste PCRs
with he same ciwemucal resall as the faregong comanstion processes, Toese proleises
arc d.ttorent because they 1awe place in oa oondensed phase whole ull opsratrg at

reletively bega termperature, The effects are twololo:

- wislos 478 CoatdeTed with & more cancentrateo oxidant, oz oxween Lssalved in the
moloer pliase and
- wusles are areleated more rapidly up to reacton temperalere Since e molten

MRCELd o ay gredaler heat capaoty per unit valume.,

Arod resull lowet temperatares and shorter resicence toee sccoripdish similar
deszroection eliicieeies, Anather potential advantage is the csse wills wnich neatralizing
climeicals can ke Jsed cirectly in the combastion zone, simplilying the process by avoiding

tag actd gas soroaing sfler the destruction reastion.



H.3.2.1 Hodosr=ll's Molteo Salt NDestouction Prooess

Head 2 ffice: Fockwell intermationl
Lnergy Systems Sroup
5900 Nebote Ave e
{laroga Park, Callorria 91304

CContact: 1.6 Jobanser
L2LE FOO-33U8

Tle BRacswell Molten Salt Destructian Trofess and  technology  zcmieves
cssenbally conaleie decornpssition and destruetion of hamardous <henrical wastes by
caposing Uiese materials 1o g peol of grolten sodidn carbenate st temaeraturcs Tanging
from K60 to AR The process s highly elficient and hog beer eifectively demenstrated
o ooth ecbicient and ercess oxypei medes of eperation.

n the process, witste and air are inttoducec beneatn the serjace of a pool of
malten 521t an a verbical, cylindrcal, almesplerie aressure vessel, Both salid and Lquig
wastes can be handled,

Hothe cnemical wasle js corbustible Goinimom of LG 467 1/p), exothermic
reaction takes placc rapidiy, and the waste materid: bredss down into 118 constituents
which are realezsed 25 gascs: carbon dioxide trom :he corkon eleinent i the waste anc
sweam from the hydrogen component. 1t sulphur, phospliores, chierine, or other halegens
are ranstitaents of the waste, they ame retained 0 the melt as te cerraspending sedium
salt. Lnmombustisle portions of the wastos are retained as ash o the inelt.

In cascs whnre wastos to be disposcd ol have o Boo valus fower than L5467
/g, & combustible material must oo co-borned woth the washe 10 increase s heating
value. This additional material could be another waste ar sorme inexpensive, cambustiole
materiad such as «ocke, waste ail, scred solveat, aor =osale This supplemental heas is
required only when lewePtu value wastes arc destroyved. Tnosome cases, combesion of the
waste may be enhanced by way of oxygoo-cnriched air, nowhich ovenl ne other
combuastible material may Se necessaty,

since the reaction of the waste e the moelt 1 rapid arnd <arnplete, the
effluents require little or no further clcanup and prescnt oo andersirable eenuents 1o the
atmosphere.  This cnviconmental acceptakihity may lond itselt to readily approved siling
Anc permit*ing. M50 alants requine minima) size sites, arc simple ta oporate, and e not
pronc to upsct.

The Fockwoll malten salt technology @lsz lends 1tself to recovery of energy or

maicrial resourccs jrom the waste. The gascs arc procuoct at tomperalures Tungig up 1o



#5270 and can De Conducted through waste heat recovery §pstems to procuce siearn or
pawer. Yaluable merals {silver, vanaeium, kn, arc chromivm) which may occur in some
wastes may be recavered s ether pure melal or o metzllic salt trom which ke meczl
may pe rasoverad by standard che-uical procedurcs.

The spart salt s withdraen ard allowed tooselicily, Tollow:ng whick it can ke
disposed of 25 non-hazardoos gs5h,

Fackwell has enginesred atd designed lwo Lasic combustor svstemszs. The
hanta busans Test Faclllty Fas 2 malti-purpsse cerumic-linee vessel with aaproprizte
equipment to feed the waste anc withdraw the moten salt, cither continuously or an oa
Baton basis. [nEzruneenfation continbously maziciiors stack gascs durng operation.

The Molten Salt Combastor 5 a0 all netal cembastor vessel providing far
cpntinuous waste feed and 3 spert et overilow discnarge which takes glare as wastes
are cerniusted and ash Railds upin the reln (see Yigure &

Aoaimplified diagrarm and {low chart of 8 comnercial sestem using the
canbuzlor desigre of Figure & is shown in Figare 7. The syster ircoerporates three all-
metal vemoustor modules with 3 capacity of up 1o | tonnelh of waste,  This equioment
will haidle Jiquid or solic wastes sach as PC3s with destraction effiviency of 9999995 ar
e,

A schernatic of 2 trarspoTizbie syster. cvailable an 1983, asing the combuestor
L1 Frgure & which will hardle up to 1120 kefh ool alvgenated-tyze waste, such as liguid
PCB. ar ather coinbustible cherical wastes is shown in Figure 8 Thes unit cacld oe
installed 2osite to handie small quantities of waste of oroduced,  Altcrnately, it can be
moved fram place e place for destruction of larger quantnes ob accemalated waste.

Rackaell has zendurted test ks or o naey tvpical vardetes ot hozzrdous
wastes with cestrochion values of at lpas? 95.3099%. Extrewrely sansmlive zus aualviical
eupment ard sempling cevices have been jrvolved in fesse {ewts. Inozll cases,
destroacrion efficiency excteeds mimmarn TPA reqacements and alf-pos coulite s Far

aelow ENA tareskialey,

%.3.3 Fluid Bed Processes,  Flad hed processes operate on the same penerzl
principle as malten beds except thut Lhe bed material 15 actoally 3 selid, The solic, ina
Tine gramuiar state js foadized oy Llowing a ges throwgh 2to The simplest applications e
air 24 the fluidizing gas, The bed 5 heates 2y eombuztion of supplereitacy Tael wrdlar
weste.  The reaction of -pateciul [ed fo the bed s fasilitated as weloce by the heat
cantenr af the hed, The ceactions will zake place in the gatsoos phose rather 1ha1 o the

malten phase as kelinre,
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[T | Rackwell's Fluidized Bed Incincralot

Heac o oe: Rockwe]] International
Rocly Flats Plant, Encrgy Syatems Group
P Bon Lfd
Solden, Colorade 5040]

Cortast: Jerry Langhcirm,
mMznager, Ratornal Communacations
(153 GST-6255

The Buckwell Iluidized boo mcinerater wses two Huidiced bed reactors
srranged in serics to carry out the destruction of PCBs, The piot testing Lazility, has
neen oporated [or testing of TCR costructian (see Figure 90,

The ked material in the primary reactor was sodium carborate wilh 2 CRO
cEtalyst (205 r i3, ane "ﬁ‘lf“jﬁ}' Hvcracnloric acid produces by combisting FODy reacts
with the sadium carbenate pertion of the bod matecia! ta forr sacdium chloride, This s a
sirface roastion ma e sedium carhorate particles. Sodium chloride as cemeved frem the
sirface of the sodiur cobonate particles by atirifion calsed by toe {luidiced condition af
tha Sec. Tie sednne chloride and some sodiom cartonate (s elntriated freen the bed by
the fluidizimg gas, sreventing excessive buildup of sodium chlacide in the Led,

The =cds ure preheated by hurming kerasene inoair. The aroanary fioid bed
reactor 's operater at 590-400°C. ®hen waste ur fuelfwaste mixtures ure being fed the
ccmperature s contrelled by diluting combustion ir with nutrogen,  Thes pitn? unit was
tested witn L3% PO ir kerssens fod at a rate of 2 kgfho OfF gas fren this fluid bed
reactor is cyclonec to rewrave socinm chloride zred aslk, and Jed to a scooed [uid bed
Feactar inaded with catalyst, eperating 2t appreximately 700" This second reactor zots
as & catalvtic alter-bucner, Gzs fram <he serord seactor s cycloned and passed througl:
sinzerec metal Elters orlar tosamnplicg. o this test rig an air cpecler pravices the i Live
force for the pases arc is backed up by nigh efficiency particulate air tilvers. The uri
was desigree originally to furn transuranic waste sa a Righ degree of erniss.on sTobed Lo
was user, For POB destruction thes par ticular conflgurazien may 191 Be nerded.

A mgnillcant feature of tnis process is the a2l meluw constraction. Prooest
tomperatures 08 low @nalpd o aveid the Jse of refractores.

AL LlEs zaint enly briet zests en PCBs Fave kesn corpleted so that detanls of
wasie types thar can he fed and resicue remaval practices pawve not Secn tesled.

Mestrn=tior eifie o eies abserved in e FCR teet 2arn excocded $59,3339%. The abser vad
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cemaustion efficiency was L E9S [ELﬂEICGE-ED] with 0,33 excesi oxvaen. MO
emizgions woere low and HCL re-nove. stficionny was 9555

The pilot olant presently hoes had 5000 B of percral operating experience on
vArious wastes incloding the tost weth PR A mediam level of swill 5 reguiced by
oporating pecsonnel,  The B3 precess is still in the ridcle stages of develooment
requiring Torrther technical sozhisticatizr on regards to contivdacs replenistinent ol be:d
metcrials Zar large scale operatrons.

captal and operating costs for the pilot facility wolld e 5500 GDC znd
3L 220 000 raspectively Based vz 3% kath through put, Leit c2sl far POB lestooctian
would be 3773z, This Ligore coold be rednead significantiy for ah operaticg zluel scale
UR te & Capacity of 8300 Liday. Arnticipated univ costs for this eperating planl sould be
approximately 31310 ke Cupital costing is exclusive of land costi Mujor contributoers to
operatinf expenditure wocld be cost ot mixing fusl and RBed raterial, Aneos] operating
costs are based on 85% Ltilizazion with o Eall 4 shift, 7 day per weel: schedule.

CARITE] Co8ts were der:ved by sammarizing pretent coels Zor the [olowirg
compenents of the syslenir recewving and starage facilities, [eed system, bascel pumping
and fesd puraps, tae {lusd bed reactars, two cpcleres, filters, al 2jecier, estamentation
and centrals, labotatory arc clf:ce, ane furding dariep cansstrection,

This Boceell orocesy s not yet available cormrsrcizlly a5 a PCRE destruction
SyEtCm.

Tne covrenmertal impacts ot tae orocess weould heve Too be assesied opon
teszng of & acaled Lp version, The destrection efficlency s comparable to that arhieverd
v convenional incineratar. The repove]l of S0 ang CO wanld hzve ta ke fellowed in a
1ull sezle test.

Rocawel| engireers o newe release aut farth the {easibllity of rnoantng the
SYStem oon rail cars to take ke processor to wasTe sites.  Sechoan arrangement weeulo
secreasy the adeerse [Acz] fe30T0an D perianent POR destrasTion faollities.

The U5 EF Y nas endorser tus proocss 35 "a viahle glterpative for deswoving
lizutds it ah.gh PCR corcertrarior.” Hewever, thoy warr that 2urure exploitacion ntLst
be cdrricd ot witn their 2ap:oval ol testing of 2 more Sighly develased procesi. The
aTuwess cxista o the paoklic doorant i the 1N Aas the work was carcisd oot uader

Departient of Lrorgy contract.

Referegcos: Llohnson, 19815 Langhein, 1981 Orpelr, 19510
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T T W Other Flutdized Bod Combostors., Other potential flaidiezd bed onits that
could be apaled foothe PON destrustion problern were reviewer briefly by TE'W [0, for
the L% EPA
Gyster Techioogy Corporatoon Gaystech) ¢f Franklla QRae Rave tested a flid
bed (7.6 oo Czincter, 1O o 02 m o dees] on orenalie wastes, Feed rates in the ranpe of
Lo o0 Mg Lo digulds and up ta 135 8p/h o salid (manicpal) wastes have 2een buroed.
ron &U Company, Uon Maine and Hazen Research, [0, of Galden, Colorado are
also considering fluidiced beds for in-howse destraction (refinery wastcs) and as a

marketzble systerm,
References: (Arkerman et al,, 19500,

£ Diesel Processas, The use »f 4 ciesel engine as a POR incinerator is similar ta
o co-lreatienl processes desoribed previousle. The diesel is desigred orimarily to
produce -Tielive prwery during s process o mederately figh tenrperatore envirgnmmeant is
credted inowhich PUGS can e cornbasted, The dicsel engine i3 fundanertally more cgited
tham the gasaling engine as the lew wolatiioty desel [uel 15 sprayed inte the cyl.nders.
Tls the Foel system nesed not bomodified signifucentiy 10 o PCR,

Canvetioral incineratlon parareeiers lar terrperiture and residence time
suggest that the doesel engioe s oo covl and lacas the eesidence Tine, Furthermare, the
Cylirgler wal e reoresent ecnormous ther nal sii-s that could Zause wery canl layers whoro
rambustion cauld be cven farther retarded. Adso, cooesmns for the materials of
construstion exast in view o the prodoaction ol hedrogen chleride s o comnbastion 2y.
pradut.

L N | The D & D Crou, Tnc.
PO, Box 372
Sriviheilie, Ontaria
LIR 2A1

Contacts T8, Orew, President
[&.B) 9a7-1323

The applicatiorn of this ecqaalogy oy the D % O Grolp maxes use a7 a
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150 <% six cyclinder in-line Norman diesel (Dorman Division of GEC (LK, The diesel
drives 30 electric peneratar wiich 15 under load during operation, The exhaust fram the
digscl 15 screkbed with water that is neLtralized with limestone to Jansume the hydrogen
chloride produced.  After scrubbhing the exhaust is passed throuph an activated carbon
[ilter wnd doscharged to zimoszicce. The fuel mesture consists of diesel {uel and azkarcl.
Waile still in the development stage the optimom fuel @ askarel ratio has not Boen sctiled,
L2 o 7% aszarel luel 2% Secn usco with maost of the oporating cxperience =t S0%
aggurel, 0% diesel fuel by weight,

Liquid PCB wastes arc requited to be fed o otoe diesel cngine. Destruction
efticiencies are said to e gregter than 99% hbased on the whole system i.e. including the
scrabber liqnar and spent carbon, The developers of this orocess bave opted to maximize
<he efficiency of the scrubbing and adsorption steps after the diesel and propose to
recycle nnreacted PORSs Dacik to the front end of the process, The paclaged process is
szid to suitable for moblle cperation,

The diesel, scoubber and adiorption configuration are presantly being tested in
the 1K, As of late January 1987 the diesel 7sd 300 haurs of aperation logged on askarel
fuel, ©nothe critical ovestion ot toxic by-pooducts the tests hawve shown that 99.2% of the
chlorine fed o t98 unit has been processed o chlorwde, The process is designed far lquid
waste only; it would recuire combanion techrology ta nandle solid wastes.

Oiese! engines have bDeen i operetion ot s censiderable perind of 1ire,
espezially in a "stand-by'!' mode. Samre -nanuolactacers st {oel flexibility as o speclal
advantage in diesel selection. The wnil csed for cost eveloation wes ar mpection diese!,
patentad by Detroit Diesel and hss been operated o cubfereqt tepes ol fuel, fram
kerosess Lo some No. 1 of o, 2 fuels without modificatien. Mannfanturers heve nat
anerar=d dieseis with POB bascd liguics or mixtares ar askarel and tuel ails, and even with
a Tadified jrnjection svstem of heir gwn desigr, they may Fesitate to warranty such
couiprietl.

Tre foulowing wauhd Lukely ke regaired: separate aaling sester, fuel pamaing
SWSTEM, Judrication Seatems, randal srart witl aotornatie shut-gowr for cooling sester or
lobrication ail failuee and Lillering sxsterm for the porped feel arier o injeclion inta

cvlircers,
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The diesel epgine with pencrztor set are eflien: frazting cyulnert is
availzble and all testing in Canzda and i e United Kinpdom azs been dere with "ot 1he
shelf" dirsel engines, the only moc:fications fzund neresszry wve beem ta the cxhavst
cantral AYstoms. A0 atomazing aic cairpressar may also 20 reguired foc this sester.

The 13 & [ Groap fiesel process has received caolious Jreliminary aooeataroe
in Omtario, The comzany 15 pluming fustler testing betore seesirg fegelatary approval
Tar rermmersial POR desiraction.

Tac impacts ol the diesel process on the opersior ate likely to be muoiral
provides routine orecactions are taler for the nandliing of wusles and the operalion of
sich heawy machinery.  The oublic imaacs of the mobile wersion of the diesel process
would He sorcac arount e variols locales where wastes exists,  The detars el the
comalete scrubbingfadsorprion spstem are not tuly publcizec at this time o the Zull
puklic and natural ervironrens irpacts cannat be assesscc. 11 has beer aned that the
urt is "very sell-cenained" and "the process = controllable”, air anc gas flows are low

ard «an bo casily trapped and filtersad,

Relorences: {Evans, pers, comrm. TIRZL
L) Chemical Processes.  Processes baseld onoa specialized chemcal seaction to
desiroy PCEs are furdanentally cifferent from incmeration processes.  The forepsiag

processes are yuite proserly chemiczl processes bui 4 distinstion has keen made Lasesd
lurgely o the peed for high temperature dar the msineralion ta take pace. Oenversely,
thase processes are driven Sy the potort:zl for the chemlicals to react rather Uian (e
need Tor Mgl temperature to caase the chomicels e oreact, Samre ol thoe processes
prodoce prodocts a7 high temnperature bat thal 5 oon eflect of the oroaesy notb oo
ceduirerasnt,

The *ypes ol procoss described are:

- coacrmical dochlorinatan;
- Radiant cnorgy oraoesses) and

- (Lowd temperature oxdaliors,

G5, Chemical Dechloemation. Al chermical dechlorinration arooosses use Cenical
reagents to areak apart the cxtrermely stable PC3 weelecale, rearranging L2 ts form ¢Iner
chemumal corpourcs thal are considered harmiless and envirenmentally safe,  These

arocesscs destroy Uie POB nelecule But O not Sreak dasr tae aiphenvl siroctoce of the
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rizlecule. Only the chlocine atems wlich give tae POCR malecile chemical and biatagica!
stubilyiy zre removed.

Most cheracal dechlorination orecesses use a sodiem raagent to SiEip away the
chlerine atoms from the PCB ralecule.  The wastes penerated from the arocess are
sl chioride and nop-halopenated polvonenvls. The ewact constitutents of che
polvphenyls are often net known but indications show that the sodiam chloride and
polrphenyls can be disposad af safely.

most applications nvalve destruction of B(s that contaminate ochetwise
viacuahle oil. The sodjum dechlorinztien processes can be run at ambient or moderate
leinporature anc although ey chermucally desteoy the PCBS contained in oil ey de not
destroy the oil (1self, therefare, the ol can be recycled for rewse. Sodiom dechlorination
is limited in that it iz orly capable of economically dechlorinating BCLs in atherwise
walyable oil.

Oechiorination of PCBs by secinm reagents must Le conducted in 2 mitrogen or
similar inerr atimosphere to prevent excessive reagent consuinplion and fire hazard duc ta

hydragen generatien an cuenlact with any water or moisture present in the ol
44,11 The Goodyear Sodiom Maphihalide Process

Head Office: Coodyear Tire and BEubber o,
L1449 Last Market 4t.
Azren, Ohio 3] 5-000]

The sodiun naphthalice process uses a reagent mede from sodium and
naphthalene to dechlorinate FOBs at ambient wemperatore. The sodium naphthalide
reagent is arepared nu two-step, one-pot pracedure, 1 the Licst step, metallic sadium is
heated o 150-070%C in eatker heat-transfer or transfocmer Huwd under an inert atmos-
phere. [obling the mrixture ta ambient temperature with stircing forms a fineiy divided
sodinr sanc. [n tle second step, a tetrahydeofuran solution of naphthalene is added to the
sociur sand i the Haoid at ambient temperature foriming the =aluble preenish-black
sodium napnzhalide reagernt. The reagent (s added o the PO L-cantaminated oil in an
amelnt sufficient to give a reagentichlorine catio of at leas: &1 to 100:1 depending on
the type of fluid and its conzamingtion level, The reactlion proceeds rapidly at raom
LEm R AL rE,

Afrar e haur any exoess reagent D5 slowly water gquenched undec an inert

atmaspherg and the quenched fled is vacuem stripped to recowver tetrashydrofuran and
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naphthalene for recycle. The residue is subjected to furthor vacoum distillation, i the
treated ail 5 1o e recyciad,
The sedium naphthalide dechlorination yiclds the foliowing products:

- treated ail;
- nan-halogenated polyphenyls; and

- sadium chlorido.

This dechlarination process can caly e used to deprace POBS in waste il 1t
cannot oe usesd t dechlorinate PORs in water.

The CGoodyear process has been teated poth in the laburatory wd onoa
commercial scale, Tno laboratory tests the process was shown to reduce PO bevels from
20 OGO ppm ta less than 2 ppm. 0o a commercial scale the treatment was cure nocar o
steef reactars under an inert nitrogen atmosphere and the process was able to ceduce PCB
lewels from 130 ppm to less than 2 ppm.

Gwpodyear is not nterested mn coronercially developing the sodiem naplithalide
tochnolopy by itself, a0 the company has made 1ts information public. Several adaptations
of the process hawe been recently commerealized by other companies.

Althaugh the technology has been tested, further testing 15 required 9
gotermine comphance with PCH cepula bions and camposition of wuste by-products.

This batch process is quite sophisticated in design and serves as o good
template te those companics modiiying tle system to obtuan ERA spprovils.

Bascd on a flow rate of 910 L/h, the cost of operating this sysiem would e
about 50,30/kg ol contaminated oif. Thes cost coold be mcreased woat feast 53.00/kg
when destroying [0% PCB in el similar 1o wlil the conventional incinetators can handle.
The patential for recycle af the treated oil offers sdditional ecomamic berefics to users of
tlis process.,

The sodiurm naphthalide process 5 ocon af ambient termperature in a6 oert
utrmosphere with only wvory small tormnperature rise ooccurring during ihe reaction with
lower levels of PCB. Therelore the rsks 1o workers trealing PCB-contaminated ol by the
sodin muphthalide process would be munimal,  One possible worker hazard could cooe
from the generation of hydrogen when unreacted sodiom contacts guenching water,  This
hazard can e controlled by curelol, slow addition of quenching water and by nwntainng
are irers atmosphere in the wessel ot all tinnes,
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wisk to woreors Randling the {lammable caemicals, such as tofrahvdroiuran,
used o rmandfactere the sodidas naphthalide reagent would be minimal given that
adequate care 15 taken in handling toese chemucals.

Tne compesitoar of the palvphenyl sesidue creazed as & wasto by-prodant of
this resction has not 2een cocumeqted, Therefore (ncineration of this compauand may or
mav not 28 nazardougs 1 T pLDIC And environneent, Further testing nust B conducted

befcre th:s car be derermuned,

i eferances: (nedyear Tire and Rubber Coo, 19200L

8512 Sunohie FCBX

Hear e S
L7000 Cateway Blvd, 5.E.
Cantan. ohoo 44767

Contaciz Curl Surerson
[(2.8) 4320837
The PC2X process 15 a contindoas process that uses & Jroprietary reagent fo
strip chizrime atams Iram PCBE molecules ord coneert che:n o ometal chlorides and
pelypheryl cormpaotds, The POC3XK et os hoosed oo oo large troctor traler aig. Ol
reclurminy equiprmend and o momle Jaboratory are boused noa smaller traler rigs The
Tl writs are self-contaned and can operate {rom any 460 or 230 volt, &0 ket power
source,  The anits wre =0 constrocted Lat all process work takes place wilhio spull pans
leading 12 emorpensy resecveirs capale of holding one hour of full process {low.
The anit is cosigned to orooess 2.3 rn}.n'h ot transfaorrmer ol at a nomdnal
2 000 parn POLE xille The more PO the @l conceins, the higher the kille A tppical
roCedure i o contaming 3 GO0 poam o FOL waeld lollow this pattern:
First posy reduction to selow 1 000 pom.
Socond pass reducTion o D) opm, mare ar less.
Third pass reduction to Below Z opm.
The procedurc runs as tollaws:

- A pas chramotographoe acalysis of the ol @5 made o cetermune PCR canlent,
The wil 15 hested, vier gees thraugh a preliminary treatment fdata on avaalable) 1o

FEFTNE arsiure win Cantaminanls,
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- The heated ol is admiteed 1o the reactor section and, as it cnters, reugent 15 added
cansistent with 1% BCO content of the oil, The mixture reacts o3 it passes through
the reactor section,

- The mixture is centrifoged, filtered three times, and vacuun-degassed.

- The treated oil s ceturned w the tranasfarmer or held 1 oa eetention sank. The

palypheny] and inorganic sales eesidue is salidified anc sent to o lundtill.

The PCEX pracess s capable of treating purc PCBRs or PEB-contaminated ol
The reagent cannat be used to freat agueous salutions such as PCB-contaminazed ground
water, In mwo fests conducted for the 104 EPA&, the PLBX unit treated a 233 oprm
trznsiorner oil and askarel. After treatment lone pass), the teansformer pil was tested
and contuine=d 1 pom PCR.  Askare] was treated at a rate of §51 ml/min, and a gas
chromatagraah scan showed that the processing had destraved the PCBs to & content of
7 pprnoin the working fluid, Tn this test, the working {lud was entering The reactnr with
L B0 ppin wnd emerging at 7 ppm. A test conducted for Region ¥, LS EPA in May, 1932,
resulted in transformer oll containing 1 760 spen PCBs Being reduced “o the limits of
detection in three passes,

The Sunchio BCUX proecess hias been approved in all 115 FRA Hegions, with ppm

lirtitations A5 snown bedows:

Region [—MNo limitation.

Region [1—MNa limitation: 300 ppm Limit in reactor loop.
Region [TT--No limitation; 300 ppm et o reactor 00,
Region [V--Mo imitation.

Region ¥--MNo limitation; 300 ppm limit in reactor loop,
Region ¥[--1 310 ppm with 300 pprn Limit in reactor looh.
Region ¥[1—10 OG0 pon.

Region ¥YHI—2Z 009 ppm, sulrjec e some wolume limitation.
Hegion LX—Mo limitalion,

Region X—Xo limitation. | 366 ppnoin reactor looq.

In those Reglss where 500 pomn reactor feed Omutations have been stipuluted,
a higher limit wili be set upon denonstratuan of ability, 3uch A demonstration has becn
made under the suspaces of Suaohio's home Region ¥, and the upgrading procedure 15 new

LN progre s,
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Sunchio has heen operating its process cornmercially since mid-1981. A= of
late May, 982, it reports 2 raster of Y0 larpe and satisfied custamers and nearly 500 Q0OG
gallons af contaminated oil having been treated and returned to service free of DCH.
There arc presently {late May, 1382] {ive rigs in operation, and the company has the
capability of constructing and fielding several new rigs #ach month.

Thie PCBX process claims the capability of returning eleoctrical snsulating oil
w like-rew condition, and this claim has been contirmed by exhaustive tests conducted by
ulility customers, the Electric Power Eescarch Institute, and the Ninble Testing Labarato-
rics,  This ol gquabity cnables PUBX to be tied directly to a transformer mn order to
detoxity the transformer as well as the cil. This praocess, however | does meeat the
requirements of the POB repulations.

Little information is forthcoming on the various compoanents of the system and
cven less on the exact nature of the reagent itsalf. %unohio has been notified by the US
Patent Oiliee that the rlaims on 1t process have been allowed. [dentical patcnt
applications are cntered in Canada and all other majar industrial nations.

This mebile svstemr s avajlable on a quantiry/ppm/fprice Dasis. The current
price for treatment of contaminated oils in the LIS ranges from 320 ta $1.30 per litre for
hulk 2il, depending upon the degree of contamination, In making price campatisons with
wther methods of destroction of PCB, the reuse valee of the il 15 an impartant factar.
Transformers are priced on a per-unit basis and the systemr s readily available.

Tre 3unohic unie s completely enclosed and should not impact the workers on-
site providing that adequate care in handling wastes and reagents 1% taken. The units are
maohile and can he used to treat PCB: on-site; thereiore, she public attitude towards
treating FPs by this method should not be adwerse, The process does nof yield any air
emissions aor by-products that would b= harmiful,

Im addition tq the erwironrental stabiity and full reusability of the treated
ad, texizalesicul studies of the by-oroducts conducies by Sunobae [er U5 EPA revealed no
harmind qualities.

Sungnig, the cewveloper of PCBX, 1s 2 partnerstiip of Sun Company and Ohia

Transtormer Corparation,

Eeforonees: (FPRIL, 19&1; Arnnual Conference af the Southetrn Electric Excharge,
1981; Swarzyvn and Ackerman, [981),
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B.E13 Acurex Process

Head CHfiee: Arurey Waite Teclmologies, Inc.
G485 Clyde Avenue
Mountain View, Cabifornia 26052

CGeneral Manager: Con Fraset,
{415) 9a4-3200

Hesearch Managar: Lan Weitzman
Acuray Waste Techrolagies, Inc.
074 Beechmaont Avenue
Cimmcinnati, OH 45230
(513 670420

The Acurex dechlorination process is a modification of the original Coolyear
sodinm naghthalide process. The Acures system uies a mobile batch process for treating
PUBs and POR-contaminated ail with a sodium reapent ata vate of 0.9 m3.."h.

The campany has changed the ofiginal sodiuwm naphthalide reagent by replacing
raphithatens, a priovity pollutant, with another constiteent {proprietary}t which is a noa-
priority pollutant, The PCHs or PCR.contaminated teansfotmer 01l enters the systern at
one end where it is [iltered and batch sized, Ax the oil is transferred downstream, the
scdium reagent is added and the mixture is allowed to react. After complete destruction
of PUBs is shown hy pas chromatographic analysis of a batch sarnple, the excess reagent is
quenched. The PUR-free ail is then filtersd and retucresd for reprocessing or [or ose as 4
luel ail. The Acurex process is run under an inert atmesphers at ambient tempecatore
with slight excess amaynts of sodium reagent.,

[t iz stated in marutfactyrers' LHieratuee that the Acurex process prodoces
treated oil containing noe FCBs and a sodiomn hydroxide effluent.  Although o specifie
reference s rmade concerning the fate of the chlorine in the PCB molecule, iz is Likely
that it leaves the process as Malll in the NaidH effluent. The only aic emissions released
are small amounts of nitrogen and hydrogen containing less than 1 g/min total hydro-
carbon, no measerabla PR and no particulatas,

Waste {ranslarmer oil cantaining up te 1062 pom POBS can e treated using
the Acurex system. [n Scptember 1981 tests were conducied for the EPA. Ol containing
up to L6Z pprn POBE= was treated and the PORs were completely destroved. The prooess
robiinely reduces the PCB level to <2 ppm, As in all sodium processes the Scurex systern
canngt be used o treut PCBs In aqueous solutian,
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The Acures system was developed In 1980 and Acurcx currently has one mobile
PFCR destruction unit in operation. They expeot to have &1F units in operation by the end
of |?8% deponding on user domand. Fhe mabile wmit has been thoroughly tested for
capability in destroving POBs and is pending EPA approval befere corcnercial develop-
ment of the process.

This process lends atself well o a nero-processing control System, Moretor-
mg ol the contamineted ol througlh each stape can be aitaned, shile al the some tene,
aprimisiig, the o,

The cost of POU destruclion asing ihis process woeuld be approsimately
5240/ pallon of ail treated. This is approwmately 39,70 {U%) per kilogram of oil treated,
The systom is designed to destroy POBs up to a concentration of 1950 pmon contaminated
al, well belew capabilitics of other technologies which handle 10 per cont or higher PG
concentrations. Cils with POB concentrations of 10 000 ppm hawe been treated osing this
precess and it s corcently being demonstrated at this level,

According e all available test data, the Acorex pracess gives of { no ef fluents,
or Jy-aroducts that would be nnduly hazardoes to workers, the peblic, or the environment.
Prapor control of toe mit and tosting of the products and by-products must be maintained
to cnsure worker safety. The impact of the Acurcx system on the public is dimintsted By
the fact that the umit s mabile. PCA-contaminatod fluid need not be transported of £-5ite,
thus diminishing the pessibility o€ spills, and the problem of having a pormanent facility
whicch could be & hazard ta a specific arca is avaided,

The Acircx mobile PUB destruction process is curreniiy aparoved in tirce
EFA region: to dostroy PCE transformer oil containing up to LS00 ppm BPCR and the
company (& expecting aporoval from the other regions at any time.

Keforoneces: (Wecitzman, 1982: Miille, 1?41 Acures Corp., 1981
5.5.1.4 PPM Proccss
Flocad «xfiice FEM lneorporatod
220 Travis

verland Parx, Ranzas 65206

(antact: Nennis Tapsak
{913 fRE-A R

BHEM Inrorporated has developed a mobile chenvical orocess for destuoving
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Pls using 8 sedium reagent.  The unit is nauled oo a tractor trailer oothe site of the
PCR-contammated ail, The proprictary sudium reagent 15 udded to the contuminuted oil
and left lo react. Thers is no adverse enviconmental anpact resulting irom the cperation
af the PEM, [ne, mabile PCR derentamingtion process.  Tlhe unit emits no cflluent, and
cmssion: are limited to nitrogen and a small amound of hydrogen. The wolid polvmer
which is Fltercd cul of the oil By thes grocess is a regulated subitance .o the Umiteo
Statos, bul does fot conta.n PCEBs 2ad can be read.ly disposed, [t penerates aboul ane 53
azllan Larrel of polprer (LS galians) 2ar approximately every &0 500 L ol ol teeated,

Testing conducted for the S FRA indicuted acceptable destruction efficien-
cies. In the testing 70 GGG L ol oil contaminated with 299 ppm PO were treated with the
sudjuir Peagent, After roactian ne PCBs were detottalble in the treated ol

Insufficient indormation was available on the PP protess to give an estirate
af ranital and operating costs. [0 may he considercd that these costs would be in The same
range as the other sodiorn prossesses,

The PPM pracess has currently been approved In EPA Begrens [ 1Y and VI to
Sestroy oils conlaminated with up to 10 000 ppn PCB and PPA cxpect to have approval in
all EPA regions by this sumrmer. PPM bas one unit in operation as of Junuary 1987, This

praocess is being considecedd for application in Canadu.
Fefarences: {Manuiaciuret’s literature; Tapsak, pers, comm., [9RZ)
4.40.1.5 NaPEG Process

liead Offpcer Frankiin Tnstitute Tnc.
Besearch 1 abarztories
The Renjamin Franklin Parkway
Philadelphiz, Pa. 191063

Contact: Dr. 3teve Osborn, I A

oo o - N e T

Techniral Managaer o . RO
(7L5) WG E-12%7
The MaPhi: BCG destruction method uses o chemically modified sodiarn
pulyethylene giycal camplex as s reagent, The composiuen ol the reagent can be varied
depending on the type of polvethylens glycol (PEG) that s wsed.  PREGHOD, we,
polyethylens plycal laving a malecular weight al approxiinately 400 is nermally combmed
with the sodiurm o form RaPEGLON, Sodium pelyethylene glycal is made by adding sodiura
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to polyethylens gplycel 2t an elevated temperature. The amber sodium palyethylens zlycal
15 produced almast immediately with the cvolution af heat and hydrogen.

The Franklin listitule  manddactores  the NaPEG ot their  facdity  in
Fliladelphia, and then ships the reagent to a lacation whees PCBs are tu be destroyed.
Wher the reagent s manufactured, it is stahle for more than 2 yeats; it is not sonsitive to
srnall quantalies of ar or water, and contains no metallic sodium, PCB can be destroyed
using the NaPEG systern inoa mobile, of o permanent facility. The NaPEG teapent i3
Added Lo the PCB-contaminated miaterial on a batrh basis at 5 temperature rangiog from
amnbient to 13070, The mivtere is [eft to ceact; the reaction by-products are removed;
and any excess reagent iz neutralized alfter the PONs are shown to be destrayed. The
reaction by-preducts are sodium chloride; nentaxic organic compounds; and decontarni-
nated material.

The MaPFG reagent can b used o decontaminate PCB-containing oils. Use of
the feagent to decontaminate solids, including swls, is presently being investigated under
Eramts frem the US EPA. The presence af water and air in small amounts dees not appear
ta kinder the reaction.

The process is simple to run, and users are cxoected ta be ahle to process thelr
awn caly for cleamip and reclamration en-sile, using relatively simple equipment. & batch
plant can be censtructed fram corponents that are normalby available with some specially
purchased equipment swch as 3 sticrer, u contraller, or 2 special dury pump. The Franklin
Inseitute has constructed one process demonstration unit which is curvently being used 1o
weil the process far the LIS EFA. In EPA momitared tests, contarinated ails containing up
1o 800 pprn of PODs kave been successfully treated.

The technolopgy mvelved is ret complex innature, and would be relatively sasy
tx eporatc. bo such systemn by presently in operation to destroy PCBs,  The process
dppeuars Lo cemply with &ll of the current CPA regulations, including emissiens lrom the
process, which are below the LUreits of dewectability.

Little information s available on the technelkogy as far as Elow rates, PCR
cuncentrations, o7 casts are concerned, Flowewer, the costs are corvently estirnated at
abeul 3190 kg of POR-contaminated Livuid lreated,

The process involves ecuipinenl nermally available for batch operations: tanks,
trunsler pumps, mixing chambers, diaphragm control valves, piping construction of

compatible material, etc,
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The “aPEC reagert, atter 1k has been prodiced. is net hazerdous o persons
using 1, although it stould be karcled with lwe sa-ne cautior given all potentially
danporoas cherials,

The public at Jarge and the cnvironmenl are not overly alfecred by the NaPZig
systerm alllbeugn the exacl cantposition of the arganic compoeuns forrs as by-product is
not known.

The MAPES process & currcntly bemmp demonslrated ta the LS 20A Hegion 121
arel is ender review Sor Anoroval. Finzl approwal is expecied curing the early 3rc ocearier

of 1952,

Belerences; (EFR], 1921 Franklin Inst. Hescercl:, Lab. [ne.; Pytlewsk. et al)
4.4 1.0 Eovironmental International Process
Head CIfies Eavironrental Trternz sional e,
Q17 Scott

Kansas City, Kanzas A& L0

Contact: % illear MoGaugh, Sonior Vice-President
{313 28i-0037

Ervironmental Internatiorai lno,, has devised o process Jor tTRATIng wasic
capacitars and transformer oils rontemmated woth PCBy thet can be Lsed 25 &n
altermative 1o incireratior. The process invalves tie mecharcal cinsisg of the caaacitors
to remove all FCRs, The caparitors are leken aparl and thoroughly einsed and clearec.
The metal salvaged is seld as scrap. The PCB flcid is removed To & starzge tank er
tredtrent,

Tre PCDs, remmaved fram the caparizors, anc any transformor oof CorlaiminiTec
with 270 COG pem PCB: are 1reared chemically with a proprictary resgentl, The freated
ol s recyeled and the waste by -produc s Owhich are censidered non tosoc) are Junefilled,

Tne Envirgnmentzl International precess 5 cupable of treating "out of service”
capacitors at a rate of 1007shift 25 well as contamonaed trassforrer o, The chemnical
treatinent process s net presently manile, 2un the company 15 coasicering develapiag onc
I they should find a dermand for suca 2 process.

Ervironmental Internationzl s approwecd 10 accept PC2-contaminated rapac.-
tors wnd does 30 at & cost of 5100 kg, for non-leaking capacitars crated in wood Crates, o
SLA5'kE Zar capar:tors n steel Zram: [hese e not eclode transportation costs) On

receipt af the capacitors. the corageny [wkes over Bgal cesponsibelity Zor the proper



reatment @ndfor disposal of the PCBs and capacitor shell,

wert inar ¢n-site storage facility until they can ke weated.
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The crated capacitors are

The process has obtained a 3 wear approval an EPA Region VI, z2nd the

Company has approval o accezt PCBs from any location as lang as thew are treated at

Their Xansas Cily site,

Refererce: (MoCaugh, pers. conur., 19827,

§5.4.1.7

Crther Soddiuom Type Dechlorinatian Processes.

COmpAnyY ~Aame

TProcess Type

Statlus

—iie Enterprises oo,
Bartz, FA

Ceneral Elecirie Cara,,
Fliladelpl:ia, PA

Rrizisn Celumnbiz Bydrn

wntaruy Hydreo

PCR Destructian Co,
Kansas Citw, MO

P Eliminztors
Kansas City, A

Radium Metrolerm
Kansas City, MO

- mod.fied sodicm
maohthalide process

= starcure sodiur process
- exsct constituenls of
reggent are cenbicdentizl

- spCidm raetal dechlorinarion

frocess

- oo re ] dechlorine sion

Proce 55

- sodaun type decklorination
process

- rhermical dechlorinaTirm

- thermical dechlorinAaTionm
waste oils

- review of process by REA
- romien 10l kas been
recucsted but no tollow-uo
Fas Jcon made

- zporoved ta conduct a
tost of *he praccss at
tac company's leisure
i EPA Bepion 1M

- in the pracess of
reseatchirg scale-up
poteatial of the lab.
Frocess

- pilar plant scale esting

- testing, of process done
Tar EAP Tepwon Y1 results
showead acahlers with
Placess

uncer Tevied by E0A
Rep an V]I

- bench sczle
demorstratior connleted
for EMA with sazislactory
results; process nnder
[EwIE .

* A number of ather sedium cechlormatior pracesses were jdentified. Aast of these
PTOCCESRER Are at an early siage of development and little new informaiien was
forticemirg aver That faund for thcse alrezdy reviewed, Tre aroresses fallew, for

COTNETENESRS .
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.42 Radiant Energy Progesses. The prammolizn of chemizal reaction, znd therelore
destruction of PCB car take olace by the zpplication of radiant ensrpy. A number of
provesses are being evaluated which are based lundamenially on some radiative process
that initiates the process reactinn, [n those raciative procedsses @neTgy either anleracis
directly with the PCR molacile prometing 11s reaction, ar inferacts with an miermediase
speries which ssbsequently attacks the POL molecule, 1m0 hath cazes, the guestion of
terperasire hecames relatively uniinpartant; these grocesses operate [ram within a few
degress of ream temperaluce ta teqnperatures that redure the waste to basic melecniar

fractions,
4.14.2.1 Thagard High Temperature Fluid Wall Beactor

Head QOffice: Thapard Kescarch Corporation
A712 Kelvin Avenue
Irvine, Calhifornza %2716

Contact: L. dareyich
(T1a} 356-4470

The High Temcperature Fluid Wall (HTF®) reactor 15 o radiant energy orocess,
berause the Criving tarce tor the reactor is o series of carbon rods electrizally heated o
Figh temporatore swch that ciey et (intrared] radiasion. This radiat.on = [goased i 4
manner describeel below on waste material contained in A pourosus tobe,  The tube
rmaterial, which s transparent to the TR radiat.on, 35 protected trom the heoted waste Dy
a fluld curtain of gas that is caused to [ow over 115 surface.

The cezctor conliguration is piven in Figure 10, The reaclor consisls of a
jacqeted insultated cyliader tvpically 30 cm on diameter. Inside the cylindes six Carbon
electredes are arranged as shown In Figure 11, When electrizally heated 1o abost 2000°C,
those clectrodes cmut infrared radietzon. The inside walls of the reactor are lineg with
:nsulatan and a carbon cadiation heat shield which reflects the enerpy bacx lowards ihe
centre of the reactor.

A porocs ke nade of a coramac uaterial that s transparent Too five (R
raciztion runs down the ceotee of the cylinder. 1aside this cylinder, cnergy is absorbed oy
a shury of carban particles in the waste. Absorhed ercrgy creates ligh surfzce
temoeraturcs whick break the wasie molecules inte simple malecular {raginents, in e
case of PCBs; HCL, Co, ﬂﬂlz. CH# ard HE (note: water may hawe to be udded tao pravide
enaugh hydrogen and oxwgen o produce gaseads products). The whale inside of the
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reactor == bathee in mitrogen which is drawn throngh the poreos centlral rezction fube to
form a fluid film on the Jnswde o the ceaction tube to prevent contact [rem Loe heated
waste.

This teelrelegy is i relatively early stages ol develepment, A 300 o by 3 m
reactor has boon tosted on hesachtorohengenegs tosts on POGBs under US ERA auspices are
planned for Zzer in 1982, The comoany has spent some five years developng the reactor
to This stape and demonstrating process Chemistry.

The reacter will hzely be able to handle noth solids 2nd boedys provided sedid
PLCB waste 15 shreddac Jinely enougk, The concept at this time is to add hrre and $i.ica o
newtralize WO aroduced and rarrobilize ash in 2 vitreous state. Beactor by-pradncts
frera this hiph temperatere perelvsis «0)] be siptple gas melecules which car e surned <o
inrccueLs praducta. The compeny [eels et waste throwphpets of 130-180 Ve per day can
me ackieved with <his tocknoleey.

Ag previousty mentoned, this technolegy is still in cacly stages of develop-
ment, Although previcusly sosted on many waste prociects including o surragate ior POR,
a test or MCR material 15 stall cending.

¢apitzl ard operuting Costs, Anc in turn unit destroclion ¢o3Ts, are difficllt to
estimate and cannot be ircluded in this study. Capital messtuert 0 a large aiz oollution
sentral system could be minimized Secause off gases are in e low to moderate
temperatere range) howeysr, the high level ot cloctr:cal energy InpUt required would
contribute sigrificantly Lo operating rosts.

Heators of Lhis 1yae, with celindrical core diameters of op to 120 om, are
presenily being svaled o treal [59-250 Mpfday ot toxic waste. Apart from the reactor
itzelf, ancillzry equiprment [or larper sized units s readily zvailable,  Cooling water
purips, Tot instance, can be purchased of 7 the shelf.

Final -mozaci: on nglural and worker environmernts wili oqly ke cefined atter
scale up and testing, The reaction of the 1S EEA is pasitive us they =il be supporting

afdditianal waste tosting i Ll Spricp af [958

Referenccse (Thogary Beseareh Cotp., 19510 Oppelft, PYELL
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4923 Plasma Arc Pyrolysis Process

Beyal Mililary Callege
Depat nrent of Civil Rngincering
kingston, Qntarico

Clonlacl: Dr. T.o. Bartan
{613} 3h5_7395

The Hlu=ma Arc Pyroiysis Process makes use ol the energy in onized gas
roslecales o cause the dissociation of "CR molecules. The woniced pas malecules cxist on
a plusma creaved by the discharge of clectrical coreent tirough a collimated vortes of low
pressure 2as, AL these jonized pas molecules decay they transler energy to the POLE
imalecule in o nomber of wavs, The ultravinlet radiation given odf as heaonized species
decuys s thaught to be one ol the major energy fransfer mechznisms, thas this process os
inCluded as & radiznt energy prooess.

The majar nnovative feature of the Plazma Are Pyrolysis Process js the
placma penetator called the plasma torch. This deavice produces o toroidal vortes of low
pressure @as throuph which clectrical current os passed, creating the plasma, The torch
arts as one electrode, amd a hearth n toe bottom of the reacior 2cis as the ather
clectrode, Figure 120 The power supplicd to the arcn s capable of delivering 1OGD W at
up to 300 A, Centraling temperatores ccuivalent to 20 000 K are achigved in the plasma.

Cias wolumes sopplied toe the terch are wnall fractions (25%) of the gas volume
recuired 1 the waste were ta be combosted, The gas camposition s not critical. The
waste PCIs are pyralyzed with the main products being €0, CUE‘ HL, H2 and H?O-
Typural energy recuirernents are: 28 M1 0kg of POCB waste producing cutlet temperatures
m the range of LEIG K,

A1 present, tests are SeIng run to determane the destruction efficiency of
PLCBs 10 the reactor, The PCBs are injected 25 a strezam directed at the reactor hearth.
PCB destruction efficiencies i1 egcess of 99% were demonstrated in previous prelzmimary
work.

Destrruction of saolid waste awaits further tosting although the process itself
wat ariginally dezigned and tested an non.FCE salid wastes. Processing rates will fall n
the LOQ 1J605 xgfh range.

The capital costs involwed for 4 reactor capable of destroying |5 Kp/min of
FCR fluid are estimated to Se approximataly 3700 Q96 for A systam that includes a AQD KW
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FICURE 12 REACTION YESSEL SUTHEMATIC [Roval Military College,
March, L1987,
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power feed; scrddber, awc compressar, water cooling system; water treatnment system,
Beed systern, Boilding and lagaratory.

QUDE YISy anG operating personncl owoule e the man reasen for high
operabtng cwsts, likely in the aeighbourhoce of 51 225 000 per year includimg cost ol
capilal pvvestment. Tods Dgure i based onoa @ shif7, 7 day week scoedule with a stuncard
receivig and storage schedule of %0 howrs.  Unit Cost of destruction ovor 8 onc yodr
period wadld be 50,267k,

Cornpanents of the svstem are readily availaale, with: the excoption of land
whach 1s fot included in T2 aforenentioned Capiial cost,

The umt costs wold e recuced if destrucsion were perfaormed 2y a contractor
s oy g POBs cn-site wili plasma reactor e accessories rdnied a0 higheay traners.
To increase 1he capacity ol soch o system, modoles ol the sare capacity (1% kglming
Could Le run side by side rather theor incredting 1Ne capacity of a s-qgle anit,

environmental impacts are |icely to & slipht, 2y-procuct gases can ke {lzrcd
and salio resicaes are tilkely o be inect inarganics. Qooupational risks ace hase of any
hazardous materjalzs handling Jacility.

Results from PCR destroczion tests submitted to repuleory olficials in
ontaric for reviaw in Marca 1952 are avajlabkle. "Tests oo Araclor and Askare: with o
chlorine contant up o 33 percent, show destruct.on efficiencies in excess of 25,9999
porcent with no hy-product diaxin detected.  These results were sarraharated by

Labaratoery Scryvices of Eavironmenta: < anaca,”

References: [Mobson, 1980 EFERI, 1981
W.h.2.3 Catzlyzed Microwave Process
ueen's [noversity

Department of Coemistry
Engstorn, Ontario

Cantact: Iir. 1. Wan
{613 53476131
The catalyeed rocrowave process for PCU destructian mA<es use of short
duration igh energy puses of miccowave energy o activate oxpegen and FCE molecules at

a metal surface. “he molecules react to predace ©Og, Hz and 3 metal cllorice,
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The key o e process is the rmetal catalvsos. The pracess is bemg patented so
the exart naturc of the catalysty wes not disclosec, The catalysts are Aauspended Inoa fluic
bed fluici=ed by recitculating pure axygen or aic (two aTmespherest. PORs are intreceoed
into the system and lergely reman coutog the catelvst sirface. Short palses (<L scecond)
af high energy mwrowaves {x2 <% arc lacused o the calalyst bed. The energy is
elsorbed ot The suzface and is trans’erres to acsorbed O and PCR raneecules, Activating
e, ard promeotng their reaction o the products. There @3 pause af 10-15% seconds
betweer pulses 0 the entire process compeorature cises only 19-13%C above ambient. The
Snergy LUsage was siic to bhe 30% otlicioat.

Tre pracess is in the Gaberdftory evaloation dtage.  The POER destrixtion
efficiency ohserved At this time is >90% Lased oo recovered chlorjde. The process will be
gevelaned furtner at Queer's Lnversty te refine the engireering details. Tae tooanelogy
iz boing coveloped to recover hydrocarbons freen tar sands; as such the enpimeered unils
will have: to handle solds, Thos the potential for this provess to treat solid POG wastes
Wil be seriously considerec.

A5 this is a very now lechnology wab LilTle worl done actside ot laboratery
studies it .5 tan early to asscss eevironnenlal Gnpdcts and determine regulatory v,

Similarly cost and enginecring considerations rermain to be developed through pilet stule

stndics.
Refererces: (Spencer, 1982; Wan, pers. coram., 1987
4, 20 Microwave Plasma Proocs
Cliezrmstty Besearch
Lockheed Palo 4110 Reseanzh
Laborztory
Crgn. Ti- 30, Blle. 200
3231 Haoover Strect
Halc Altoe, Cahfornuua 26354
Contact: Mr. ELE. Littaaer, Manager

1) EYI-541L

leckheed hzs boen developing the ricrowave plasma technelogy with fumding
cuppert frem the LS 2PA z2nd the Cunedian Electrical Asseriation but the recent [unding
CJT hacks PBave affecrec theie stucies, Lockheed has stoopod work on Log precess and

Aaes net intend To porsue T oer 05 O
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The Lockheed Microwave Plasma process nas been widely discrssed in the PO
destruction field. As a rosult this shart note s mcleded for conrpletensss,

Thoir process invelves continuous cradiation and activation of low gressure
coygen (L1 atm) with microewave encrpy. POBs introduced into ofe radiatior zone

combine with the active axygon to prodocoe EDE-‘ N7 2nd HEG'
.25 Light Activated Reduction of Chemicals (LARC) Process

Srlantic Research Corporation
Alexandria, Vicgnia

Cantacss dudith F. Kitchens
Manzger Environmental Scicnoes

and Engineer ng Divisien

Light &crivared Reduction of Chemicals (LATCY s a patented (L5 Tat & |4y
L 22} prucess for the destroction of Falagensted organics by citrovialet Light, The process
wses LW Lipht in the LEM-4000 & replon in camnbination with bydropen gas to affect the
delalagenation ol the chlorinated organie malecules,

Two LARC reactors were user n researchy o single lamp Tube reactar ans a
ei-la-np oilot ume, Goth reactors contam law pressore YUY Jamps with 25% of their autput
at 7537 A, The fydrogen gas s intraduced imt the reactor via 2.0 g Irilled slainless

steel spargers.

THARLE & MERTIMENT PEACTOR MARAMETERS

Tube Lnit Filot Uiz
imber of Lamps | b%
Capacity LA L
Light Tath Length 233 am 25 mm

Radiant Tnergy at l.amp
Llocwe Surface

lydrogen Flaw Rate
Type of Opecration

3% 360 §Wiem?s

.26 Limin

- flow throngh or
batrh recycle

29 400 uWlem?
L. L/min

- {lew through or
batch recyecle
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The ultraviclez [ight jmtiates a pastechenical process by amolytic clesvage
! the carboen-chlorae 2ond an tae PO maleculs. Optimal conditicns th maximize this
cleavage and the resaltant formation of & carbon-hydrogen ond cluds the use af snartes
wavelength LY, digher temperatare and increated Feoregen [low snd torbolanee, PCBs
are Teg to the reactor ang held far a =29 rninute reactian tmes The Eloig ve then anadveed
by pes chromatagraphy 1o deternine 2B cepradative. The reactoon contiaues ant:l the
required cechlorination is met.

The 1.ARC 5 capaale of dechlarnnating PC3s, PCRB-contarnnated was e a2l and
Araglars extracted Tram soll oy Bopropaaol. Degradaton prodocts of tae LARC process
inclide hydrogen chleride and baphenyl. Large coscentrations of Bipoenyl appear to
inkibiT the reacliorg howewer, both the nydragen chioride and nipheryl can be removed hy
disztillation.

Im a wesl avabang Aroclor 1256 and 1760 2 frenc of increasing initial
degradation rate with inCreased chlorination was shown,  The pilat enit demonstratec
IRCressec Cepradution over the sogle Jamp reactar Gae to kigher light flue and aptimized
rernperature and [low patiern. Loesc initisl rates cropped off over the reaction poricd
due 1o e [urmaten of Bipaory! which competed for the UV Inoa comnmercial proocss the
apheryl would have te be removed to improve reagtion officiency to greater than the
E3% destruction shown I ticse tests. The tests soowed that the maximum initial
concentraticn of PCBs st cun e destroyed by this method is 3900 apm.

Beiore ftreatment of PCH3-cantamimated waste oils car ha affectoc oy the
LARSC process the LY-absorbing vil degradatien orodocts in the fleid mast be oremoved.
Fullers Earth of soine oiier chromatograpiic medium may be uged for this perpose. A
dil.ent must then be acdded w lower the oil viscosity aiding hydrogen gas dispersion in tie
ail.

Tasts were canducted vsing {lnd contaaning LOO0-2500 apm FOOL Al ciluents
resulted in Laster PCB destrection than for PCES in o)l alone. An oilftetrabydroforan/ise-
prapana diluent iniciure resulied :n the kighest initial degradation rate.

The pilor Lacil:ty i= still in its middle stages of developrent and more besting
and fezsinllity studies are required prior to tull scale up, A low to muddle level of
operatot skill con be anlicipated due to the simple batch nature of this arocess, although
this technology could becorne cuite sophisticated technically it the operition was
CONtinaoUs.



gY

Costing tigures could only be ostimatod as process cescripfions were sketchy
and ngt well cefined, Tankage, pumps, convoyor Aystoms, mixers, Jopper bBins, a
distillzzizn calumn ard the rezctor irsef can k2 expected to Cost just aver 51000 QLD i
the plot plant is duplicated tor production destruction of FCBs, This figure wanld include
assotiated piping and jastrumentstar bat ue lund cases,

Operzting costs, zgain an estimate, woule be aporoxorately 50 200 GGG,
Cporation at 875 utilization, 24 hyday ard 310 days = year, would give ar eslimated it
rost o .‘51-_’5?‘.;1-::3 =1 IR dostroved.

Further aralysis of the LARY Jrocoss on a2 cemmercial scale mast oo made
Cejare an emvirgnnenta: ine2act assessment Can be mane,

The process has beer potented o the Dnlted Stares and the company is testing
e alar soole, The acocess 5 qet wer avadlable cormercially and statas with the U5
EFA is unkrown,

Eefearances: {Fitchens et 2., EPRT, 19810,

826 Crither 1Y Light Depradation Techniquees. Several after CIxmpanigs  have
attempted o Lse 1LV light &5 a mezhod for phoatechenijcally cecklatinating CRs. In &1
cases it was found <hat [V alone was not effcient enough to comaletely cecnlaminate

FPs ta meet government requirements.

Yertac Chemical Company, Memphis, Tennessee. Yertes  has  ceweloned an
Llttaviolet photolysis process for destroving 2.3, 7. E-tetrachloredibenzo p-cdioxin (TCTOMD
contaringted wastes, Thew found that this process can awso be used 1o dechlorinate TR
®ark on the process has stoppec, however, pending & review of an TPA orcor o stop 2L

work and resezrch 0o the arocess.
References: {ETA. 1982 Weitzran anc Mruce, 19511,
Purc Water Systems Inc.

Pure water Systermns Inc.

t Fdison Flace

Fairfielc, M., OF00G

Contact: Tam Croecen
LZ00) 37 5-8750

Fure Water Systecms (PR35 recontly compleied labarztory tosss which suggost

that their vliraviolet purification system may provice an eff:cicnt ard inexpersive way [
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deprade TPCRs. M3 has patented treatment equiprent which maximizes the intensity of
the LY source asirg thar fiims and auteracis cleanmg devices on te BV Jlamps,

By usimg amrall wolumes of contarapated material and repeated recycling
taroagh tha systern, the process Can dehalogenate a D00 apon PO3 soletion to <50 ppra.
The weste by-pradent produced is Sipheny] and 380 1, of PCR-caontaminated liquid can he
treated for w510

The cownpany plars to mount the systen on a mobile plattorm o orooiude

trarsport of TCRs to the walin TS facilite.
Reference: (Bazarcous Mazerials Intelligenne Repart, D 9520

The Oxyphoton Process

Rinterr Internaticonal
Medford Medical Bldg.,
“zokes Hoad

Meoford, ew dersey D855

Contact: lowerd [T, Worne
(a0 953-112%

Ir the ﬂx}'phctnﬁl:ﬁ}'ﬁtem P R-rontaminated waste liquicd containing a special
cEvalvat 5o sprav-aroriized and oremives under aressure s th an oxvgen strean CORTtining
L #% czome. Tt then passes through & higheintensity, FI050 to A7SOR, LV pesma. The
Footo-oxikdation catalvst causes a seriez of cherrjcal reactions and bresks the PO ntc
low moleciiar welighs ‘ragments, A5 a finzl step, the eflluent is adiusted o pE 6.R8-7.2 1t
is then fod o & norraal Blolegical waste treatment facility for final disposas.

The exact stage of develoanent of the ﬂx}-‘pl‘“ﬁt&nﬁ OFoCess 15 10T kRawn, nar s
the concentratizn of TORs in g waste all saliction whizlh weold be Lreatable.

Beferences: f%on e Biochermicals Inc.y Ecelflog Week, L9510
4.4.3 Cxidation Processes.  The oxidation of PCRs to CL‘??. H;-:} and FECl ois the
process rivalved o corventieal and novel ieineration, Oxcation at lewer terperatiure
does take slace o oo greater S lesser extent cepending on the tenperatore, saluhelity of
PCB im solvent and The salubilice of the axidant,

Siven the chenical stebality of PCR T 18 net surprisicrg that the solvent
seleciior mw Junited e owater zred the oxedant 9 oxeger, There has beer same wors (n
Europe ar the gse of cllorine &3 an cxidant (praducing oy-procuct E.C!n] qut this Concept
nas apparently net beer apglied e Morth dmernica,
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A% the processas pooto lower aperating tomacratersy o becormes miere diZfeuly
10 deslrov POBs, cutalyvsts are reqaired or protracte cessdence Times are reeded,  One
process 1het is reoorted to heve woerked most successTally @5 Ceecribed i Cetail; 1he Modar
Irz., supcrsritiral water pracess. The others are cescribec im generzl, Toe coyte are
avemed e be similur among  these processe:, The cost advantapge o corealete
destructien and short resicense dme olfered by Modar may be offsel oy the meed Tac nore

cobisl orecess eoulTienl.
4.4.3.1 Modar Supereritical Waler Process

Head Office: Modar [hCorporated
16 Tech Cirele
Wulick, MA Ol FeC

Cortusl: Michael Modell
{6171 653-77u]

The MODAT Sunercritical Water Procens (SWR) makes vee of alr @7 axpgen as
cr.dany inoan agueccs mediop at ternperatuces cbhave the critucal temperature of water,
AR, and pressures above the critical aressure of woter, ZLE arrmoesoheres, Uoder 1ese
corfiT.ans vdrocacbors and osvgen are alrest comalerely miscible with o water and
inorgarics are generally inscluble,

Tae MODAR conceat, which has only 2eer tested o the (zharatory, invielves
slurrying the waste and pressurizing it for eduction irte the SN reactor [see Fipnre 13
The heut penerated during axidation provides motive pewer to induct waste into ke
rezcoor and provide steant ta assist the feed arc oxidant pressurization,  Althaugh not
shown oo this dragram, a bage s added to the syaterr soothat anieqs lsoch as CLOP, 8] car
oe reacted to salts and rejected in A salt senarator. Kesjcense times of less than 1 minute
in the oxidizer are reported with cestrgction efficiencies of greater than 99.9%% for
1vypucal hvdrocarbors.

As incicated, thus process has enly becn demonstrated in the lehoratory ata
scale of & Liday vrganie throeghput.  Tlewever, a 190 Lizay pilot coactor is Deing
developed jointly oy MODAER for ficld tes1s wits acteal wastes,

ince the precess s still i The bench scale stape, costing ol o reascoabie scale
2lant is difficult. Far 2 faslity. with a capacity of 10 0CE Liday <f srganic material
initial estimnates are that mrinimur capital cost woald b azprosiinatels 55 200 000 (U5,

Lnit pracessing costs would be 55,03 - 0,53 minnrom for czch kg ef organc liquid
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destraved i 4he reacter. Thas process a5 it peraing to the destroctizn of Facardocs and
taxic wastes is in its carly develoornent stage; its reliability a7 a reasonaale svale reirams
ta be demonstrated.  The tochnelogy bus been aperated at berch scale tor the past twe
years anc will underge pilos plant 1ests ot Z982-813,

The impacts of tus techrelogy await forther deveiopmeont. Howover, 4
significant crvironmental advanilage claimed for the process is that process cifluenls are
minirmuzedy aoly salt, 0, (0., ane a small portion of feed crganic exit the oxidizer. The
salts have been washed mothe supercriticz] Iluid and exvgen and should ke dispesable by
ordinsry reans,  [(Floid stream fram the axidizer Caontaing HE as well if air has beer used
as e vadanth, The feed arganic material in the outplt steam stresm can De Panaged
very low level: by control of reaction canditions in the oxicizer, Belativeiy refractory
organics such 25 PUBs znd ather chloriviled hedracardon compornds kave beer cestroyed
with efiiciencies in the range 99,99 - 99.999%, with axidizer resicence Tinres of [ minute

or less.

Refercnce: (Oppelt, 1981,

%.4.3.2  Wot Oxidation, WETOX, Process
WetCom Engiceering Limited
222 Midwest Bowd

brarborougl, Oncarid
WIE 343

Contact: Paul Crooderlurm
TG} F39-8%9)

The 'F."ETCIK-Epr-::E:is cmplovs alc oxelatlion o warer at Maderate Temperatures
5 the range of 130 to PE0°C, so-czlled wet oxmidation. Wastes ure exldized 1 water, O,
and short chain arganic acids and alcohols, The process {eaiores a horizontal rwlti-
cormparzmented apitated cascacing coactor,  [leal bs recovered fram the waste axidation
arc is recyslen for reuses,

This tochnology os very weli developed and 1&s 2een psed in various moditice-
ticms fe.g. Zimaro Process] for a nomber of vears, The wastes Treated include most
complex orgamc compouncs nclodimg difficull to wweat Chlatinated hydrocarbons. The
process wias develeped at Michogan Technelogical Unisversity in Hougten, Aichigan anc at
Cntario Rosearcn Foundation who have produced o mobile ‘l'ETUHEtnrncess inas.ngle wan-

‘il

trick.,  WETOX was bring evaluated for PCH desiruction oy the Ontarie REesearch

Foundation. The resolts obtamed were net encouraging; cestraction efficiensy was in the
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J0-F0% rarge. Lang Datch tunes aod "ugh lemperatores over 2500 thal faxed the SOERE
et couprient. The sors was abardored as a result of unrelated local politocal problems.
sichuear. Tecimalagical University ¢n the other 1and has tested the process on PCB'S at

FLgne: test terrneraturss with some encodraging resu.ts,
Felerence: (Tehnstan and WelCorn Engineecingl,
£.4.3.3 IT Eavitoscience, Catalyveaed Wet Oxadation

Head (2 oy IT Eaviroscirence
90¢]1 Executive Park Drive
Fraxville, TW 37919

Contacls Jo Exner
[&]3) 64C-321 .

IT Enwiroscience has developed a catalyezed wed omdation aroces:s utilizing
lenwer temperatores in o coiferent reactor cenfiguration than the "F."E".'E"i":}f.:s'prcl-:r:zis. The
process Pas been develeped onootwe mini-olact scale and uses baton procossing orod
cononation el contimeus and butchk processmg.  eszrustion ctficiencies are higher 1than
'#}'ETUE!and 0 FCS destruction has been achieved o the rini-plart.

Ar adecuarte destracton rate was dermoensirated such that a total waste
rocesaing cosl of 35-0ke (LS, 1979, capital oluos cocrating) was suggested ina boef stody

Camricsslan ] by Jnlarie oo,
Beference: {LL.E. Jotnston and IT Erviruscienee],

4.3 Physical/Chemical Processes. nlike all of e other process Lypes oorsidered
prevoecsly, ahvsicelfoemical processes for hanalmg POBs are not freatment or destroc-
ucr. In Al of these processes, PO0s are extracted from transtommaers and resjoced witl
anather [loid, Thiy does not help get rid of the PCD proolemn it just changes 11s Jocation,
Tae POBe most sull oe treated or dispeses ot by some appropriatc moans.

Thcse "extraction” proccsses usc known and well tostod chemical or poysical
methaos for extraction of orgenic compound fram anotaer modium.  Methads can range
from the vory simapa physical process of thornnghly draining a PCB-f:]ec transformear andg
replucing wilh ar non-FUCB-contaring diclectric fuid ta the more complex choernica?
orocesses such as distillation ot the PCBR fram the transformer fluid or shoedded

TAPATILOCE.
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There are owver o hundrec carparies in the United S:=tes and four or live in
Canada who are in the bosiness of extractzig PC3-cortamarated fluics from sransformers,
Mary of these are in the tcams[eneer sereice of maintenance besiness and only catract
FCRBs frear rrassfonirers when there i3 3 leakage or a functonal probiem. These
canmpanies will generally not tale responsibility for the creatmonts2estooctonfdispesal of
the PCBs after renoval. There are other companics suchoas SEL Ing., o the Linited
States, who are in the business ot calracting FOBs Iron tiansformess, tasing over
responsiaility for disposing aof she POER by government approved oetlocs ool ther

disposing ol them.

%.3.1 Physical/Chemical Extraction {Jompanies
Company Process Type
- SED inc. - pnysicalichemica] catraction
Box 1314 anc ltimate disposal

Waukeska, Wisconsn
Transformet Service [Inc.
Concord, New Hanzpskire

Transiarmer Consultants
[.C, Baoy 25373
Sleran, Qhio

- paysicalifchemical exlracion

- payscalfchemical extzaeten

» [ T T - paymicalfchemical extzacion
Sn-ithyilie, Sntario arc trcatroentat 0O & D
facility or transper1 Lz US
[or treatinent
* 0T Wood Coo Ltd. - hysicutfchemical treatment
2532 Wharton Glen ar«! transpart te S for
Mizzissauga, Ontario treatment
K.inetic Transport Systoms - hymicalfchemical @xtraction
P Box 1037 drne storape
Ledues, Alkarta
Canadian General - physicalfchemnical cxlracten
Tiectric Service
* transport ™o L% for srcatment @5 depondant on the pesdding appravae by the UE and

Canacian governmmenrs 1o recren the dorder -o PCR transpor

All of these conpanes are approved T handle POBs in Canadz,
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L P Bacterial Degradation of FCBs in Soils. Amalysis  of attempts at PCR
degradaten using soil boctenn shoewed that thes degradation method was of limited
potenziol due te long residenoe times, etco A& brief review of dogradation by sgil bacterja
15 ineluded [or coznpleteness,

PLUBs are cotremely resistant to acid and 2asc bydeodysis and oxidation, Their
stability varies waill the position af the chlorine substitutions but gemerally increasing
with increasing chlorine content.

This structural relationskip also helds for the resistance of PCRS to hacterial
degradat:on.  Mono- anc dichloroa-biphenyvls have been readily bicdegraded by activated
iludge bacteria in 2 matter of days at low concenirations, higher concentrations taking
lenger. Trichlorabiphenyl depraded more slowly, tetrachlorephentls were only slightly
affecled und pentzchiornbkiphenyls were unajfectad,

This stabkjlity-structural relationship 15 barne ool by 1he observatien thial
Aroclors are fractionatea in soils; the less chlarinated isomners disappearing first. PCB

lstiners may be vategorized by dogradation rate as follows:
Czroup A

Speries containing twa or less chlorine atoms. degrading rapidly with a halfs
life of cight dzys and 0% destruction n |5 days (Accclor 1221, 1232),

Group B

Many tri- ard tetrachlorotiphenyls, Half lives range up 1o 30 days, with 936%
destruction in eo to 6% davs of more (Aroclor 1282, 1288 and camponents of 1250,

Group C

Penta - and preater substituted iphemyls, Hzali-lives are ocwer & year.
(Aroclor 1260 and components of 1236)

There iz Llittle quantitative data akont the fate of Diphenyls with seven, eight
ar ning chbarnated sites but they are considered rach rore pecsistent than Group C.

The slowe destruction of PCRs In the emviranment nay be outstripped by the
evalulion ol micro-erganisms able o degrade even the kRipher chlorinated PCBs. Az a
recull, sulle sluw limited ootential for PCR destrictian, although it mav be developsd,
pacticulatly by seeding with PCB sdapted cultures.

Beflerenceas: Farquhar ard Apkes, 1975 Brooks, 1979 lwata et al., 1974; Yagi and
Sude, 195G Pat et al,, 193401,
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&.56.1 PCB Adapted Bacterial Cultures

Folynac Carporation
125] 3outh Cedar Crest Boulevard
Allentown, Pennsylvanmia 18103

{lontact: Cetis 50 MeDawell, Vice President

Polybac Corporatlion has deweloped a series of moatant bacteria products whoch
are rapahle of destroying chemrucals iy soel. One such inclon? bacteria product s capable
al degrading palychlorinated biphenyls 1e., PCBs.

The mutant bacieria products that Polybac Corporation manufaclures are
apolicd ta the soil contaminated with PCBs in conjunction witk an einulsilying agene. The
spil is cultivated and kept moisc for the duration of the degradutica bme required lor
PC LS.

Laborztory research reported In the opes literatlure has demenstrated the
biodegradababity of several PCB mixtures by bacteria, For example, 9%.5% destruction of
IGG ppm Araclor 1254 was achieved jn LE days. Palybare mutant bacterie have boen shown
to degrade a number of PCB isomers,

Folybac has been osing mutant bacteriy tw bivdegrade chernicals m seils for
many ycars. Testing of the applicability of mutant bacteria o PCBH degradation is quite
recent and further testing is required fo determine the efficiencies oblainable.

Bacterial degradation of PCBs s o process thal works elficiently on less

chlermated biphenyls and offers a low cost alternative o excavation and landtill,

RBelerence: (Manufacturer's Eiteratura},
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Ackermzn, 0. et al, Lucelines for the Disposal of PCBs and PCB Items by Thermal
Drectracon, TRYW [ne, Jor the U5, EFA, Beporl Mo, B0CF-81-07373 (MMebruzey TYET]L

frnrey Corp., POE Problerm... Acures Salution, Energy and Bevironment ovisien, it
View, Cal.farnia (February [9510.

fmerican Institite of Chemical Engineess [AICEL Rarer - 1979, presented Lo the

American Institirta of Chemical Engineers Symposiam Series, vol, 78 (19808
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