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l.0 INTmOOCI'l:CN 

1.1 · Purcose ar.d sccce 

'!he· ~e of th.is study was to evaluate the eo::r..cm:i.c ~cts 
.. 

of the proposed "PCB Ban Fegu.lations. " 'Ihese regulations were prepared 

'rJt/.the Office of Toxic Substances OF the U. s. Envirorm:ntal Protecticn 

At:;mccJ with the technical Sllpp:)rt of the Interagency PCB Woz:k Gl:cup. 'Ihes~_ 

regulatic:ns ~lelrent the bans on var_ous PCS activities which we.."'"e estab­

lished by Congress in Section 6 Ce) of the 'Ibxic Substances Control Act -

Public Law 94-469 (see Ap;:endix A). 

'!he econcmic · ccsts repor-..ed herein are ~se directly- and· in- · 

directly attributable to those dlanges in· fu:bJre PCB activities which would 

be caused by ilrplenentaticn of the fll.OfOSt:d regulations. From the ~rding 

of Section 6 Ce} , it is .clear that the intent ~f eont:ess was to ban -t.~~-

manufactm:e of ?:Bs after Ceoat:cer 31, 1978, and to -~ tbe dist...~tion of 
. . . 

1=0lydllor..nated bif,henyls (J::CEs) after June 30, 1979. '!he_'l"'e!fore, the long 

tem costs-of· using substil:IJ:t:es -for~ -wil:1- be-a-~ccnseqt:e."lce--0£ t::ri:s - -· - --·- . -· ~ .. 
legislated ban on the rranufactm:e of PCSs and mt a conseqt.Jence of dis-

. . 
c:etionarf regulatmy actions taken· by the Envi.ronrisntal Protection Agency. ·· 

'I1'le effect of the authorizatials in Secticn 761. 31 of the pro- _ 

- ... . ... · . ..: 

--iaOsed regulations will, in eaea easg, ·1:e to zes·se the e~G---m ... _-a-.st:.----··-····-··-·--

. which- could have...res.tlted ftom the imredi ate applicati en of the.bans . ...set.. _____ .. 

. ___ forth.. l n tbe...act_tc.._t)('"B ecpii pm;mt and arti cJ es. 'lbe m"'~~-.es~-- ··- _ 

-:.~~~-~~~0!1. ·- --- --------- ·- . -- . . ~~ta1 cc~~-~--=---··-··-
-· based. on.....me_p~lil7 _base.., and rot . .the... .c:b.anges ... f:r:cIL.tbe... higher .. ~ts_ -:--·-"-

whic:n would result in thf; .. absence of these authorizations. Hcwever, the 

assurrptions behi."ld the analysis of the indi vidua.lly ident·i f.; ed ii'q;,acts. are 

~licitly identified, ar.d the analysis should siJ?..::ort t."le evaluation of 
al temati ve .regulatmy approaches. 

. ... 
-1-



'Ihis analysis of tfle ptq.osed regulations cor..side.red both the 
diJ:ect costs of caoplying with. tr.e ~"lts and tb.e indirect effects 

of these requirere."lts on price levels, capital needs, employm=..'lt, energy 

~tion, and the a:vailability. of strategic materials. 'Ihe calculated 

ea:n:mic i.Ic;lacts were the inc:emmtal ~ of t:fle prc;:osed regulations . 

on a case of i976" practices as m:xiified by the previously prc::mulga~ PC3 

ef:fl.U:..?It standarcs and the mamng and di.5E:csal regulations. -'!he costs 

of these other PCB regulations were considered c:uri.ng their cevelo;:rrent 

and are not ccnside...~ to be a result of these prcposed_ ban regulations. 

l .. 2 · PCBs Usage in th.e- 1Jnited Stat.es 

PCBs have l:een used .in the Onited :States since 1929. M:!jor· uses 
of this dlemical have inc:luded transfoz:rrer· ccoling 1.iquics; capacitor di­

electtic liquids; · heat transfer and hydraulic liquids; as a dye carrier 

in caJ:bonless oopy paperr as a plasticizer in paints, adhesives and 

caulJdng ccrpounds; and as a filler in invest:Irent. casting.wax. A previo~ 
EPA ~t:actcr .t~t(l) estimated tr..e usage and ·cistr..bution of PCBs to 

be as shewn in Table l. 2-l. 

(1) Versar Inc. E'CBs in the Onited States: I.n::lustrial Use ar.:d Envi.ron­
m:ntal Distribution. Springfield, Va.: National Technical Infoma-
tion Service (NI'IS PB 252 402/JWP). Febl:uarj 1976. -
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' t Table 1. 2-1 
. j' 
.'. Es~tes of CUmulative PCBs Production, Usage, and ·Gross Envirorurental 

Dia~ributi90 Jo the united states Over. the Period l.930-1975 in Millions of Pounds 
' 

' . 
• : 

; .. 
• tstla,1tod 

<hnnercl1>l Cau,rrercJlll InJuutdal fO.ls C\Jrrentll( l"(])s C\Ja·r~ntl{ f'C1ls flall,,bl lltl( 1 :, Pcoductfon 6.t)es rui:d"15ell of I"(]) in Sentlw In f)}v bounen Oeauuvc.d of \'.ilut!S I 

i ' 
U.S. IOI PfOductlQ\ i 1,400 -t s, 

- 201 
' •. 

1oul u.s~ ro, 11,parl.a l I lOl 

u.s. l'CB lh•~tlc Usj>go l,2SJ . , .. SI ' ,. 
- 20, ~ • I , 

1\:.old U.S-( l'CB ~q.11 150 . a 201 ' 
l'C8 bl( Uo~ Clte<;fOl)'I 

.. 
Ft!trole•~n A\lltJve 1 

: 
J 51)\ 

Ueat Tli\'1Sfer 20 l· IOI· 
11lsc. l't"15tdd 21 . ~ 151 
Culxic,l~s Copy Pa ;er u ' 5\ 
Uv-Jcaul \ea 1111<) J.li, tcanta 80 t JOI 
Olher l'l,utJdzcr r:ies 115 ,. 151 
Cap,1clt~• . 630 450 t 201 
1-ra.nsfotlueu • JJS lOO I 201 . 

lkies OU,~ tJ14n 1:14-r1CA l 
. 

8 a. 601 ,. 
i- Kn ~Jl'a4al oc· lncl~cr~too, 

~ ' 30 t 701 o,v h uHtmta ll If l>e<J•· <1<!<.-J 
tnclner lW " · n • IOI . . 

J.;uxlfJ Us ~Alld l'Clill ~L~111,s1 
Csp. '"'1 1-r,1.na. Pa uction 

HO t 201 l\a!itl\:1 r . 
ct,oolet, [le. E<jllil11•.!llt 80 t HI 
OU,cr IP-<!ix:r, pla,- le, etc.) ' ' 100 t ,o, 

~ t' 

l'rt.-.:t l'Cl1'1 ~II Uld Env~rou,cnt 
(soll, tee, ·olr,! i.<ldin'a!Cltl i lS0 t 301 

' 
'l\>tal 

t' ~ 1,40) 1,40) 1,25) ·1sa 440 ss ~ • .. :: ! 

I 

I : I ' 

·'· I, 



1.2.1 P%'0d.uction•of ?cs 
'!I'le major U.S. m:mufact:urer cf l?CEs has been ~nsanto. 

Sinc:e l972, ~to has limited sales of PCBs to rranlJfactt.J:rers of t:r:ans­

fOl:IIel:S and capaci:tor.s. t1::nsanto ceased iT'aIIUfact'.It"'..:.."lg PCEs in mid-1977, 

and shi~ the last reraini:iig inventoey by Octccer 3l, l977. A previous 

EPA sponsored s't:l.lcy Cll indicated that aE:out ·one mil.lien ?=tJnds of PCEs 

'.-Jere also manufactllred oy a small chemical ccmpany from 1972 throt.,gn_ 1974 

fer use as a heat transfer liquid. 

PCBs may also I:e made as unintsnti.onal by-pr:cuc+-..s of 

other chemical pi:ccesses. For ins-...ance, the manufacture· of the dry pig­

ment phtha.J.ccyanine blue by reaction of prec'..lrsors dis$0lVe:i in·trichloro-

benzene may result in the. fo:cmation of PCEs from react:icns i."lv"Ol vi.."lg the 

t:"'.:cnio:otenzene. ~ PC3s r£-J contaminate the pi.gmant at PCB con~-
trations from parts per mi J J ; on to as· IlllJCh as O. l percent. Production of 

diarylice yellcw pigm:nts also ~ts in t.~ fo:cmation of dic.hlorobiphe.l'l?l 

o:ie to a side r=....action involving the pigme."lt precursor di~~oroI:enz~c.i.'"le. _. _ 

'Ihis results in PCB concent..-ations in the yellow pigna"lt of_ up to several 

hundred parts p:!r million. Chlorination of. r,.,ater. whic.~ contairi.s appreciable· 

concent:ations of biphenyl (which is used as a dye car.::ier in dying poly­

ester fii:ers and which. is a o::a1nu1 pollutant of water _discharged L"'"OU dyir.g 

plants) can result in ti,;,e uni.."ltsntional foJ::rraticn of ?:Es tc a o=r.cent::a­

tion of several parts per million. No natural (non-industrial) sources of 

PCEs have. cee."l ice.'lti.fied. 

(1) Versar Inc. tJsage of PCBs in Cpen and Semi-0.csed Systers and _ . 
the Resulting Losses o:c PCBs to the EnvL.-oment. EPA :i60/6-i7-
009 (unp\lblished Draft Report) Sept.etIDer l, 1976. 
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1. 2. 2 nt;:orts of PCEs · 
:.t,. • .' • 

PCBs have been ~rtsa fc,r use :in investnent cast.i.:,,g 

wax, for m:untenance of certain mi.'ling madlinery, and as the o:olant in 
ele::-..:ical transform:rs •· 0. I 

CecachloJ:tiliphenyl was in;lo.rtsd fran Italy for several 

YeaJ:S for use as a filler in inV1!Sttent ~..ing wax; this use was enced i.'1. 

mid-1976. 0.) Several manu:factorel:S of invest:m:nt casting wax are presently 

using inported 90lydilor.inated teipnenyls (FC'Is}" in their prcducts. 'U"..e . 

O. S. dist:i.mutor of FCTs- has given assm:ar..ces that FCBs are present only 

at concentrations f:elc.w a:aos pe...""t:ent, C2I bl..'t no data are available on the. 

actual c:::ncent=ation of Pals found in these ?CI's. 

aver 10O,ooa pouncs of PCSs nave been ll'q?Orted since 1972 

. to maintai."l ce..""tain mining mchines wfiid'l. use PCB.s as a noter ccolant~ ~31 
' . . . - . 

No additiaia.l Pc:Bs will i::e urported for th.is use as ~sting U.S. i..."lven­

tori.es ·are re;:orted to oe sufficient to . rreet rnainta'lance re:ruirere..'lts for - . . 

the remaining se..'"Vice life ~f the lt2.C.~'1.es. 

PCBs have also !::een ~rted as o:irp:,nents ·of t:ransfol::!te-T"S · 

ar.d capacitors. · nus source of~ dces not seem. to be significant at 

present. 

------t. z. 3 liy'd:t-atd.t~t!tti, $at '!±arisi:er 
System, and Catpressor use 

PCBs have· oot teen comre.rcially available for open system 
uses since 1974. teakage of· ECB:.hydl:aulic: fluid was replaced by PCEs take.,,_ .. 

-·eonCremililfrig-miin"tenance-·supplles. and~-a.fur these .. were -e.~~;-~·,--by-· ·- ··--· --· 

(l) Versar L"lc. Assessn:e.'1.t of the EnvL"!'"Onitl:ntal and Econcmic !.1!pacts of 
-i,._ o-- 1".-- =- i;,c-·6~,-- .,.,.4 .. s . .s:,ra77·· ·-· .).£ ·' ·-. •· 

... ~-·~.c:-o ... . u..LC' ·.cc:M.L··. Otl•---~;,;H~..L. m-.-oI:¾-<.,;,.OS;.~iW' ........ ..,,-~ V/ \,J- I·; - -~\,/ I I - '-,J u..y; . i,.,;; • -

(2) Pe..?"Saial ccnm.mication, Mr. L. M. Argueso (M. Argueso and co. , 
M:!rta.roned<, N'.Y.), Au;ust 30, 1977. 

(3) Ve..?"Sar Inc. Assessm:nt of t.1,e EnvLronrrental and Econ:,mic I.'TDacts of 
t±e Ban on Dm:or-...s or PCBs. EPA 560/6-77-007, July, 1977, ~ 9, Io. 

-s-
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. 
~t.ible non-?CB fluids·.-· As a result,- t.~ FCBs ~ se.."'Vice i."t t.'lese ma-

cilines in the early 1970 's have been· diluted. Infoz:naticn obtained dm:-i_ • .,_g 

the ~e of this stu:fy through a phone sur;ey- of users of t.1-,_ese systems 

indicates that the fluic presently in the machines rray contain frcm 60 ppn 

to SO ~t PCSs, cepa.'ldi.~g on t.'J.e anount of leakage and replace.m:nt over 

the past five. years. 

When ~ante di.scontini.:ei the manufact.:a.-e of PCS based 

beat transfer liquid in 1972, they rec:mrended that existing systems i:e 

drained and flushed and the liquid replaced with. a ncn-PCB liquid. A nun­

ber of systems were mintained t.'u'ough 1974 with FC8s rrcnufa~ .by a . 

small dlemical o::rq;,any, but rx, FC3 heat transfer fluids~ mnufactured 
or ·iIIported after 1974, and it is believed t.~t all systars have J:een_ . 

drained and conver-..ed to ncn-PCB fluid. 'Ille effecti ver.ess of the initial -· 
flushing procedure is kn:wn for only one systan whic:t·was flushed in 1972 

and presently is using a fluid wilic.'l is contaminated by ~ pe...'l"'t:Snt 

PCE.s. 

FCBs w1e.-"'"e used as a worlting fluid in a nurce.r of t'.JJ:bi."'le 

ccnpresso:z:s on natural gas p~es in t.li.e early i970 's. Alt.bough t.,i,e · 

PCS oil has since been drcuned and tr.e turbines flushed and refilled, 

resiclual- PC:Bs···a:re ·pr=a._s-ent1:0 a d.Jl.ce:nuat:±cn" of ap to several t±ousar~~ -- -

per millicn in the oil. 

Pincther use of ?CSs was as a mir.or ad.di ti ve to certain 

autarcbile t:ansmission fluids to cause cont..""'Olled · swellir.g of rubber 

seals. Alt.'lcugh this use Stopfe<l. i."l the early 1970' s, waste lubricating . 

oils have been reported ta contain PCBs in concen:t:::atior,.s of parts per 

million. Transmissicn fluid c::an older autan::i,iles. ma.y be the source of t:iis . · 
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unintentional con tarnination of wasts oil, but .I'Xj infomation is ,available 

on the exte.11t of PCs in t:ansmi..ssion fluids. 

Contami,r,.at..od oils have r.ot t:eo_n segregated frcm the flC'vtl 

of oil collected for rec.lanation. As a result, mu:h of the oil presently 

handled by the waste oil o:,llectors, processor.;, and ~refiners appears 
tc f:e c::cntaminated with lQr levels of FCEs. 

· · 1. 2.; 4 TransfOim::r ·MEufactilri.ng and Mainter..ance 

~- 1ar;e elect:ical t::ansfoz::nars are· designed to q;::e..~ts 

with. the C'.Jr.re.1'lt-canying coils imtErsed i."1 a dielect..-ic I.iqw.d. This 

liquid pmvides electrical i."lSUlation cetween the windings by filling in 

aey pinholes i.11 the enanel or pa;:er insulation. 'Ihe 1.iqui.d al.so· perfonrs 
as a neat c:ansfe.r rtedia oy afsorbing Fi.eat fran the coils anc. conducting 

it to the outer shell 9r heat c:ansfer sw:fa~ by natural or forced o:;::n- ~­

vecticn. M:,st li.cuid-filled transfo?:IrerS are ccoled with. mir.eral oil. '!his - .. -· 
oil can present a significant fire fi.azam i."1 the event cf a short ci=C'.:it 

within the t:ransfonrer. 'Ih~ore., oil-filled trcnsfol:lrerS are n::,t a.l.low1:d 

t.o ::e used in hazarc.cus lccaticr.s such as buildi."lgs e..~t. Mie."l ir..st?,lled L"'l. 

a :fire resistant o::nc:ete vault • 

. In the past, rrost t::an.sfoJ::m:...""S used in hazaro:,us locations 

have been filled with ~on-flamrable c:olant liquids containing l?C:SS as_a · ·-. __ 

-··tra.jo.t mc:;:onent. '!tf"..ese scs ...!.anB.foi:::mar llquics are kr.c::wn by the ge."'len.c 

- -~-''-a:sk:are:P-and-ha.,;ie b:e1 in caaccn cse siuce-me-mo--·s in hazardous 

·-~fo~~ca~-id.-ttou;h · tbe-- PeS- f±ile:::-transfO?::ters-have--oost- ·· -··· ·-

' -.. --.. -

_20..B.~t:.,.~J:~ .. .cil fiJ Jed 1mits,..~and ,t,.zjde-use-~~-,--­
-· -non-flanmahle- ar.d-ITOre--reliab±e-than-o±l:-f:I±led--tr:ansf o:acets ·:-.~---· ··· , · -·-

.. ---·-••··""-"'·.-: ,. .. ,. ... __ .'!he. m:3r,1,fac:tm:ers..of ecs..t.zan.sfru::rers-ei.sc=l:ti.~ m"°' 
fact-.Jr...ng EC.3- t=ansfo:z:trerS- ·by··tf-.e er.d of· 1977. · ·'Ihere are presently ~ use · 

approximately 140,000 PCB t:ransfo?::ItJ:rS whic.11 ccntain an average of 300 

gal.lens of 1-.L;uid (2,150 lb PCB) • 'n-.e ave.rage service life of these 

... -,-



askare.l t:.-ansfoz:re.rs is al:::out 40 "yeazs, if cs.."'tain rcutine naintenance is. 

per.Eoz:m:d. 

'l1le elect:ical prcpe:rties of askaJ:e.l are significantly 

degraded by · the presence of noist::re. 'Illel=Ial· cycl.i.11g of the· t=ansfot:m=r 

during noJ:ma.l use can d...-aw air i.--itc tne t::ar.sfo::rer th .. "!'"O'Ugh mi.."lOr leaks i.-i 

ousflings, ar.d t:fie. askare.l will ~c m:ri:.stm:e from this air. It is routine 

practice to c..~ the elect:rical prcperties of the askarel pe....-i,,odically at 
.. 

intervals f:cm l to 5 years de~.di.,g on ambi.e."lt air m::ri.st.n-e. If rrcisture 

is detected, the aska.r=---1 is d..-ai.."le:i and ~.; 1 t 0 red (to reIOVe tfle noist.:re} , 

and the busflings are repaired. 'If,.is maintenance, usually ~ormsd in t.rie 

field, is n~ to assure contim:.ed safe cperatiai of. the transfol::!!'.er 
as severe cegr=-caticn ·o£ tfJe asR:are.l can cause rrajor arcing within .t.l-ie. 

t:r.ansfoJ::mer. 

S:imilar maintenance has been routi."lely per=oi::red en the -· 

several million oil-filled t:ransfollIB.-"'"S. 'll:e oil iri. many of these uni ts 

rray I:e c=ntamined with l?C:SS to a concsnt=aticn of seve..~ hundred ;s:arts 

per million due to past use·of the scare equiprent to service l:oth oil-filled 

and askare.l transfo:crers. It is also E=C5sible t.~ PCS ccn~-natic:n of ti-.e 

oil may na~ occcr.red in the nanutacturing precess where plants·rrace oo:t:h 
oil-filled ar.d a.skaxel t:ans:foI!IEIS. Disp:sal of t..-ransfomer oil has bee."l 

through. c::::tmE.rci.al wast.e oil ha1JJ ers ,--WU.idl.-l'l.as-appa:rently- .. fur-ther -ir.creased­

levels of FCB contamination of reprocessed and reclai.'T'ed oils. 

1.2.S Elt::et:.cma.~-nets 

- · -~-, =__;:. -·•Several· hmdred---e..½:c t::::a1agr...ets-tave-l:::eerr ma:nafac L::u:eJ.-w±th-­

PCS oil as a ecol.ant. 'Ihese rragr.ets are used as rragr.etic separators over 

coal c::orNe:-j'Or l:::elts. The magnets are similar .in consttt:c-..i.on .J:o._ t."'"aI:S~ _ -·-·· 

fOI:merS. The.."i: is no prese."lt use of PCSs by th.is· in::US'-...... -y for either · 

manufac--._.iring or mainter.ance. 

-a- .... 



· 1. 2 ~ 6- Capacitors 

PCEs have teen used as . the. liquid dielect.'"'ic in a.lm::lst all 

;c (alte?:nating o.u:rent} capacitors made i.11 the. United States si.11ce the rnic.-
1930 's. PCSs are 1.Jilf"~JJed in-their prc:perties of chemical stability, 
fire resistance, anci high dielect::"ic strength. Al t±ough. r.o other dielec­

tric liquics equivalent in ~omar.ce to PCSs have been cevelq::ed, ot.'ier 

liquids are ?::ei.ng used successfully in capacitors wflich perfoi:m the saxre · · 

funC""..ion as PCS capacitors. All of the manufacturers of. lar;e power factor 

capad tors have swi. tched to non-PCB substitutes. M:lst of the manufacturers 

of small capacitors have either stopped using PCEs or ar.r.ounced their in­

tention to switch to ot.li.er liquids early in 1978. 

1. 3 · PCB Restrictions in t...;...e · Toxic Substances C...""'ntrol Act 

Prior to the enact:rrent of the Toxic Substan<::es control ~..ct, t.lie 

only authority of tile EPA with. respect to Pc:3s ce:aJ.t with discha..-ge of a:m­

taminated water fr.::m indust::ial point sources. Ql Febn=ary 2, 1977, the 

El>A pronulgated .regulatior,.s uncer S~..ion 307 (a) of the _Federal Water-· 

Pollution Control Act which banned the d.L~ disc;,.ar;e of water. contami­

nated with. PCSs by elect:::.cal t...--a:nsforn:r and capacitor rrenuiacturc_i:s after 

Fe.bnlarJ 1, 1978. (1) 

'Ihe enact:Tent of the Toxic Substances COnt::"01 Act (in Oct::l::er, 

1976} placed ac.d.itional requireI?Bnts on t."ie use of FCEs and required ti'.at 

ce.rta.in ac-..ions I:e_.taken-by ..the EEA..-Section-5=-(e.)..U.}- of .. the ... Act re::;uir.ed --·-

. that the· ·EP.Jt promclg-e1te nm:dng· arnhir::sp:,S'a~~-fcr:·.P.CSs .. ~ ··- ··· ,~-~..,.. 

regulaticris were pramtlgated· -~ Februazy ·17-, 19-98. (~) ·· ··'Ihe regulations re---· --~- · · · ·- · 

quire that spacial wa.mirig J ateJ s be a;:,plied...to . .Eea-eq.iiprent,....conta;i..-.eJ:S.r----•·-·-·· 

(l} EPA "F,_:.'1al Cecision" Fece_~ "Register, Feb. 2, 1977, pp. 6.531-6555. 

(2) EPA, "Polychlorinated Biphenyls (PCB.S) : Disposal and MaJ:ki.ng," 
. Fec.eral Pe<tlster, Februazy 17, 1978, pp. 7149-il64. 
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ar.d storage areas. The reg-..ilations also ·r~e that ~sal of PCS 

liquics, r.aterials ar.d equip:rent !1j by approved rret.~ .. ( genen.lly high 
tenperature L,:cine..~tion...or chenical' •..ias"-c:e lar.dfill) ar..d est:abLi.sh · approval. 

criteria for the ~sal facilities. 

'll'le Toxic Substances Ccntrol ~.ct also est~bl ished c-.Jtoff dates 

for cer-...ain PCB activities as follows: 

January l, 1978: All nanufactur.ing,prccessing, distributicn 
and use ~ be in a totally enclosed rrenr.er. 

January l, l9i9: No furtfier manu:fact:'..Jr"..:ng or irrportinq of 
PCEs allcwed. 

July l, 1979: No further processing or distribution i.'"l. c::m­
nerce of PC3s all.c:wed. 

1n1e pl:OF,CSed PCB Ban Fegulatior..s i.Irplenent these ~ts . . 

of the Act and also aut.~ze the o:ntinuaticn of sp:ci.fic activities 

where t..~ EPA has deteJ::mined that sucn activi t:ies will ~t present an 
unreasonable ~sk of injur/ to health. or the_ envi.rcnlrent. 

l. 4 · Sumr.ar/ of P~sed Ean :Eeg-u.l.atior.s 

'Ihe continued tnsnufacturing, processing, dist...---ibt..ticn in came.rce, 

and use of PCE.s has been regulated by Congress. Section 6 (ef of the Toxj.c. 

Substances COnt=ol Act (?Jbllc L. 94-469, 90 SI:A1' 2025) , established 

vari.ou.s restrictions on ?:S activities and the dates on which these re­
strictior..s bemra effective. EPA is required by Sec+-..ion 6 (e) to establish 

by rule se,re.."c!l technical . findings regarding PC3 ac-..i vi ties. '!hese fi.."ld­

ings must establish: 

(1) 'll-..e level of e.~sure of human beings ar.d the envs-.-cn-
me..'Plt to PCBs that may be considered ir...signi.fican t 
[Secticn 6 (e) (2) (Cl]. '!his level of e."<E=Osure is the 
basis for juiging whether any ·activity or· use is in 
"a totally enclosed manner." 
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(21 \'lletfle.r cia..itain uses prese.."'lt an unreasonable risk to 
heal t.'1 or the envi.rcrare.'lt. 'Ihis. criterion is to be 
used as the ca.sis for autfl.orizations of-activities 
that are. .... '10t cor..c:tJC+...ed in- a totally enclosed rranner, 
and in evaluating petitions for one year e:<ercpticns 
from the mancated cans on tfle manufactl.lri.."'l.g' processing' 
and ~..hut.ion in c::rma.1"'Ce of PCs. [Secticn- 6 (e) 
C3I (BI]. 

(3 l' 'lllose ac-..i vi ties whicn, al though not conducted in a 
totally enc.1.cse::i mar.r.er, neve.."'t.;...eless will r.ot pre­
sent an '\Jilr='-asonaole r-i_.sic of injury to health or the 
envixorment. (Section 6 (eJ (2] (BJ]. 

'!he prcposed ''PCS Ban F.egula.tior.s" state these· findings, ir.cor­

:erate the mancatc:cy ~-enents establ.i.sf-.ed by COngrc_ss, ar.d would grant 

authorizations for ccntinuation of c0 ....-..ai."'l. activities cased_ on _t.~. fi.."'l.4i-11gs._ 

'!hese regulations we..~ prepared by the EPA Office of Toxic Substances in . . . . . 

o::q:era.tion with t.'1e !nte...'l"'a,gency FCB Wol:::k.. Group. 'Ihe basis for t.i:e prc;:osed 

regulations is t.~ finding t.'lat the.re is no identifiable level of PCB ·re- -· 

lease to tbe environrralt that can be considered .insignificant. 'Ihereiore, 

only totally e.11.closed ac-..ivities _such as cent.in~ usage of existing t...-ar.s­

fo:J::m:rS and capaci t::>rs _•Ali ll ::set ~re: ri teri "' - re:;ri red :2 ft 0 .,.. rec=mte.,.. 3 J u 

1977. 

'Ihe Toxic Substances Cmt..~l Act grants t."le EPA aut.~rity t:::, 

pe_""tti.t ot.i,.er PCS ac-...ivities after t.~ end of 1977 if the activities co not 

~ti an~e-d.sk es };cal t::e/4ilai' ·-b~~ oku.-lj ·:.;;;cl& 

t.ili al..it.:,,Orit-j, tbe EPA in t.'1e pro;:ose:i ban regulations wcu.ld ?=-,?:nit t.:O,.e 

following PCS ac-...ivities in other than a totally enclose:i rranner. 

(a) Continue:i min:lr naintenance of PCS transfomers to 
---· ··:--·~-·minimi.za.-.u:-e ::e:on:..xu.L.. --m;-,a~ ..J:a-t: ~trl:eTeS\tl-t"~-:"'."""'"~__,.,_., . ......, ___ ,. · 

prara:ture -retirement an:i-lac.1<· of replacer.ent uni~. 

-· ....... __ .. (b) .... c:cmtinne4 ·use.and. sci--e-5uJ ei ;ibase-on:t of .use....of...B:3... __________ .. 
rail.road lo:acptive fCW& transfomers • 
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. . . 
(cJ Ccntinued use ara sc.;....eduled ?r.ase-out of use of PCS- . 

filled ITOtol:S used on cer---ain min.i."lg equipm!.11t. . 

(dl Continued' use of ce,_~ nyeraullc system; contami­
nated witn. FC'.Ss if · efforts are per..:00.cally made to 
decontaminate the systems. 

(el Use of waste oils ccntamina:ted with Peas below a con­
centration of SO p;m, e.~ as a sealant, o::,ati.'lg 
or dtJst o::,nt:ol agent. 'Ihis could ban the use of 
oil contaminated wi. th. arw- measurable atr0mt of PCE 
for oiling roads or as a· pesticide carrier. · 

l.S · ·Effects of the Pro;:osed Regulations by PC9 tise 

'llle eo::nomic inl?acts resulting frcn the prcposed regulations were 

detsl::!nir..ed by evaluating ~tile effects of the regulatiais on eacb: identifiable 
J ,-# .. 

PCB use. The rep:,rt of the: :analysis also addmsses· each·-use in a: separate 

dl.apter, and the fornt of the--_t'e!_:x:,rt, therefore, &:es not parallel. tr.e 
• • ' - r • : -

fo::crat of the regulaticn~ A sm,de to the discussion of the various sec-..ia-..s 
. . .. --

of the p~ed regulations is presented in Table l. S-1. 'llle various cost 

and eca.actic ilrpacts are sumiarized, in Chapter l 7. 
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2. 0 ME'XEOCOI.CGi FOR ECCNCMIC IMP.Pp.:' ANALYSIS OF TEE ProPOSED 11P(;B. BAN 
REG11:Al'ICNS'' . 

2. l General APPrciach - . 

T.he approach used in developing the econcmic impact ~.a.lysis of 

the pro~se:i "PCS Ban Regulations" is sumiarized l:::elcw: 

(l) Each .in:il:ls-..zy significantly affected by the draft regulations is 

~ide..i-ed separately.· The ar..alytical methodolo;y use:i is the 

same for each llldust::l:y, ar..d tr..e results are presented in a fOJ:.!Iat 

pe:mitting aggregation. 

(2) Analysis is limited to. impacts e.~..ed to result from the 

prcpose:i ban regulations. The impacts are t.~ i."lc:at'a1tal changes. 

fran a base condition assured to be the :indust:;Y practices in 1975 

as TTJ"XJi fied by tr..e PCS efflue.?lt standards, and tb.e PCS Di.s;Qsal arid 

Marki."lg regulations. :. 

(3) Increasecl_ i.nius-..ry costs c.-ue to t.~ use of sucstitutes for PC:3s 

and t..11e resultir.q prc:duct develoi;:ment costs or t.~ costs of dis­

continuing certain products are t..11e basis. of tr..e. calculation of ·.· 

cost -impacts. Tl"..e resulting price and prcduct quality ef::ec+-..s are 
• • • ... 4 

use:i to calculate exi;::ec"""...ed changes · in demand and market shifts 

am:mg canpeting prcd.ucts. The impact of t.~ market effec+-..s on­

individual L"'.dustries is use:i to calculate en,ploytte.Tlt char.ges. 

(4) Each ir.dustty is regarded as a link in an inp.lt-output cbain or 

web. Thus , c...'1anges in outµlt affect cu.starer .ir..dustries ari.d, 

logically-,~' castcuets. ·•?rrrtcst"--eases-;- t.1-:e·-e::::oi-,..anic ---­

analysis is extended only to t.11.e first tier custaners, · and second­

ary impac-..s wera..a.ssumed -t:l-,l::e, negl j gabl~ •. 
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(5) '!he chain eff~..s are al.so traced backward at least one stage to 

su;;ipliers; ~ice, quality and delivery eff~ are considered as . 
. ,_ - . 

deteminants.Qf. q\lalltity:d • 

(6) At each stage (supplier, directly ~ ~' cu.stater), 

~..s on the various factors of prcduction were considered. 

Physical factors of pro:i1Jction at each stage include lal:.or, 

materials, equipnent, ~..cry space and land. There may also be 

.impac:ts on fixed. and wxking capital requirane..11ts and capital 

narl<ets, incluii."'19' re.111:al · or leasing ar.rangenents. 

(7) Significant exte.."'!la.lities are considered in the analysis. 

(8) The analysis considers only tbe costs iI"..c-..irred by the regulations. 

No estimates -are made of the benefits to health.or the-~t 

achieved by banning the use of FCBs. 

(9} D:ist:iru:'"-...ion is made cetween trar.sitional. and long tem =f~ec--..s. -· 
Transiticnal effects .ir.clude . the costs of p±anat".Jre obsole~en:e 

of pra:iuction facilities and equipre."'lt,• retooling, research· ar.s:i 

·· deve.l-e~t:, t!11d LatifOLa.t.J w .. enploynenc ~ase:i by 1tatket: ~-
.... ·-

rang te:c:n effec-...s include L-icreased prices ar..d c.--:anc;es in aggre-

gate market c.enar.d. 

following for.rat: 

Variable 

price of output 
- quantity-pi"cduced . ' ' -

1.abx employe:i 

Transitional Imcact 
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Secondaiy econanic effects which are discu.ssei where.relevant include 

wages paid, materials usai, pi:c:dtJct redesign, ne,, i.westment, space require-.. 
ments. servicing a:,sts , _ _prc:duct relia.bilicy, fire safety, and. analytical· . 
testir.g costs. 

2.2 Definition of Econanic Imca.ct 

Impact is- defined as the cbanges result.in; f:an the iltlplanentation 

of the regulation. calculaticn ~f the iml=act. requires that the base con­

dition te carefully defined to exclude the effects of the proposed regu- · 

lat.ion bJ.t to include the: ':ff e::ts of s-~ i."ldustry prac-..ices ar.d other­

relevant regulations an::l. laws. In the present case, tbe base t=eriod u.se:i to 

define industry practica..s is ass-~ to be l.975. Thus, t.."'le effec-..s of t.."'le 

vol)Jiltary ban on open systan u.ses of PCBs that was taken by M.,nsanto in 1972 

is fully reflected in the base cor.dition, but other· acticns take."l by 

industry in anticip!.ti~ of the requireneilts C?f the Toxic Substances_ eont..-ol. 

Act do not affect t.ius base cor.dition. The impact ~ysis then distin­

gw.shes the impacts_ of the prop:ised ban regulations L-ran tbe effects of t..~ . . 

PCB Effluent Discharge ?J?gulations,·the PCB Dis;:osa.l and Marking P.egu.1.ations, 

an::l. the ban provisions of the Act which cause:i M.,nsanto to cease PCB 

prcduction in 1377. 
. . 

versar used two ma.jar data resources to establish the base 

corciticn: 

(l) Test.mony at the public hearin9s in Washington (July lS, 1977) 

and in Chicago (July 19, 1977) ; ar.d 

.. (2) .. Inter.ziews_'M.itb affected par:t:i es, co.eructed ~s:.1¥.-.b.y_t:el~b.or..e~.__---­

with .i.nfOJ::m:1.tion · contacts estabiishe:i by versar during: pre11ious 

?:Bs study tasks~ 
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3.0 IMPACTS OF ~.NS CN .THE DISTRIBUTION OF ?:3 O.P1Cl'IORS 
AND~ 

The pr01=0sed ban ~~tions ~-require t.11.at _PCB capacitors not> be· 

installe:i in newly manufactured prcducts after Cecenl:er 31, 1978, and t.1iat 

new equi;ma."'lt contair..ing PCB ca:paci tors net l:e dist=ibuted in ~ce af+er 

_June 30, 1979. The ban on manufacturing would apply not only to the instal­

lation of a capacitor in a piece of electrical apparat.is, a.it also to the 

installation of any 'P::B Equipnent' · in a lar9,=r assenbly. For instance, tbe 

Decenl:::er 31 ban ""°'-lid apply to the assanbly of a PCB capacitor into a 

lightir.g ba J J a s1-., the assembly of a PCB ba JJ a st: into a lighting fixt:.Jre, ar..d 

to the assanbly of a PCB lighting fixture into a sutway car. Bi1i Jdirgs con­

taining PCS capacitors, r-~, are specifically c.efine:l as not being 'PCB 
. . 

Equi;:ment I • The ban ori distribution of newly manufactured gocds. in caanerce 
would also apply to all of the varieties of '~ E'.qu.ipne.+it' • 

3.1 Effect of the Ban Regulations 
:. 

. -· 
~bst rna.nu:factm:ers of ac capac~tcrs switche:i to substitutes for t."le 

PCB dielectric liquids by early 197.8 •. No i?CS capacitors are expectsd to ce 
manufactured after August, 1978, when Aerovox Corporation ~ to a,"(!'l.aust 

its inve."'l.tory of ?::a liquids. Manufacturers who use PCB ca.pa.cit.ors as c;:m-
. 

pcnents of 'PC8 Equ.ipnent' w'il.l generally be able to use up t.lieir invenmries 

of PCB ca;a.citors by t.J.ie end of the yei3I, and little inventory loss is 

--· exp;ct:e::i. ------------- ---- -------· 

The greatest impact of th.is po.rt.ion of the ban regulations uay be 

.... -on_rM:aiJ inventories of aroJianc0 s sucb as ai:r; moditicners and t=Jevisian 

--~·:'·sets·; .. :..'"' t3n:its. mamtfai: 1 1.11 ecr:-~ Eid ec:· 9!;;:::i:918::..w±t.lr. !=(::S. t::a;::ai::1:t.ot.s:may• ..... 

not·· all :ce~ soid to· t.he-u:itinate ase.t by June 30-,-m 9 wi!en l..l~·-- --·-· · · · · -
1...;.;,...._.; .......... -- • -·,· , ___ ,...; ,__ 1-.. _., ,.,,__ . 1 -- - . . ,_ ~..=~ .. J.ll .. cc:nmerc:e:w:..~-JM; V?DPeo •"-'·~-pract, ca errec:t,.,or:, .. .t.:l.l,s..l:ailw: ...... - __ _ 

is not ~...eel to be gro_at sir.c:e such appliances T...OuJ.d not be lace.lei as 

PCB equi~ (since t.11.e JareJ; ng requi.ranent dces not l:e:::ate effective until 

January l, 19791-, and the appliances t...oild be widely disttililted in retailer's 
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inven-:ories. The limited Illlitli:er of FCS items still L~ invent:ocy could not .. 

easily te ide."l'tified, ani the. practical difficulty of en:force:nent .. weuld 
. . . . 

limit the real_ impact of the regu.la;t,ion. Sr.ould any speci a J' situations-: ... · . 
·-. . -

result in large ni:im!::ers oi r-e11 PCB appliances in •...nolesaler' s or retailer' s 

inventories on June 30, 1979, the O\<Jl'lerS of t.,e units could apply to the EPA 

for a tat;:oraey exen;,t:ion f::an the provision of t.11!! ban regulations s:unilar 

to that which is discussed in the preamble to the proposed regulation for the 

contL"lued use of FCB capacitors in f;:."le repair of electrical equiprent. 

3.2 Suimarv 

The only impacts of the pro;:osed bans on 'distribution in c::mner::e' 

may ce t.17e obsolesceI".ce of certain retailer inventories of PCB appliances. 

Options avai Jable to such .impac--...ed parties include the repiaceren.t of PCS 

capacitors with r.on-FCB units, or the application to the._EPA for an excep­

tion to t.l-ie ban regulation. Total costs· are unlikely to exceed a few . huro.red 

dollars . per affected establishment' and ~uld :li.7<ely total . Iess than -one 

million dollars. The prac-...i.cal di f:ficul.ty in enforilig th.is part of the 

regulation will probably result in real .impacts consicerably lMr than these 

estimated am::runts. 
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4.0 IMP1Cl'S ON USEFS QF. ~ ~O~ 

Ve..-rsar estimates tbat· t.1lere are amut 140,000 a.ska;raj. t....-ansfoi::ners in· 
.. ~. . . .. 

use. About l,000 of these are l:eing. used on r~- lcc::m:,tives·and can-

muter cars; the .impact of t.1.e draft regulations on these railroad lcc::ItOtives 

is di soJ.Ssed i."l detail in C.l-Japter 6. Of t.'le renaining units , rrcst are pad 

nomtsd distribution and~ t:ansfci:mers located in b1i Jdi.ngs and el~.zic 

generati.."lg stations, with a substantial nmt::er oi a.skarel precipitator trans~ 
. ' 

fc:cmers being rr.ounted an stac.1G. · The distrib.ition of awnership of these 

transfa::rcers is smnarize::l in Table 4.0-l. -With-an estimated average of 

2, 500 p::,1Jiids of PC:Bs in each -trans£~, the total in-service inve."ltory of 

PCBs in t...."'"a.n.sfot:me.rs is approximately 300,000,000 ~- The t...."'"anSfoz::ners 

are ~ed' and,,maintained by either the utility or the user·, de~g qi- t."le. 
., ~ 

~ . . 

business an'allgsments made at the time of each i.nstµlation. 
:' . . ·. 

. :~. ·---•1,, 
~ =.. ....... •· · .• Table 4.0-l 

. : ..... : 

Estimated Number of PCB Transfomers ~. S~1ice 

category of User NlJml::er of Units. PCB Conta'lt-Pour..ds 

Utilities 42,000 105,000,000 
-· 

Industrial and ~i--c:ial 97,000 191,000,000 

Railroad. 1,000 4,000,000 

. 140,000 300,000,000 

-- --

!he profOsed ban regulations forbid the najor retw.lding of askarel 

transfoi:mers. Therefore, failed askarel ~-ansfs,mers ~uld have to l:e 

==-=r-epl:ace:i'-"~~-sw;;~~~.:fmC~~-~et•~~~"t;~""'-·.~,".•c::.. ,.,_..., 

L~eased costs ·will-i:::e inct.Jn:e:i· at the ·time of failure of all-140,000 exist-· 

-···· ing_ .askarel transfonners..:~ : _____ ... __ 

4.2 Ci::nclian:::e costs 

Foreaone Savinas from Rebui'l.dinq 

If it is a~~ ~ta replacement transfoz:mer ~f ~ satisfactory 

high fire point liquid o::ole:i design·~ cost t..1ie sarre as t..':.e historical 
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price for an a.ska.rel t...-ansfor.ner (.see C:apter 16), an:i t.~t rebuilding •...ou.1.4 
cost 70% of the o:,st of the neH transf~ if allcwed·, (l) the."'l the foregone . . 

savings f:ran bann.i."'lg rebuilding of as.karel transfom.ers -would be 30% of_. the 
• l. • • 

o:lSt Of the units. Base:1. on an ave_"'"age cost of $20 1 000 per tra.nsfoi:m:,r, fore­

gone savings will be $6,000 per askarel t:ansfoo-er. 

Total foregone savings will depend on· the propr-...icn · of askare.l 

t:ansfo?:m:rS wh.ic.ii. are ~ be-...ause o£ non-repairable failures or cbso­

lescer.ce rat.tier than because of recai..---able failures.. An active rra.rket in used. - . 

askarel t..-ansfOl!Ie-...-S existed in t.~ past, but dlis market has l::eCOite ItDJCh less 

active over the p..-=.st year ce:""use the provisions of the wat=-.,. p:>ll~ control 

regulations and t.~ oscm. regulations on ....o~ ex;:csure to FCEs · have increased 

t.~ risk of using askarel transfo:aners. ~ data is available on t.~ propor-..icn 

of a:skarel t=ansfoxme.rs. that are renoved fran service prior. to ~~ure,. and . 

eve.ti. if historical data were available it~ k::e tµ.Sleading because n"Ost 
. . . . . ·. . . 

askarel transfo?"m:rs have not. bee.ti. in service long enough for. aging o~ t.~ 

i."1SU.lation to ir.c:rease the risk of failure· of '·the units. It is likely,·· based · 

on Versar' s estimat=--s rather t.11an on hard data, that· one-t.liird to two-thirds 

of t.~ existing askarel transfome..1'"5 will be retired due to obsolescence prior 

to failure. The total foregone saVJ...:.gs •~uld t.--.erefore be $6,000 per unit x 

l/3 to 2/3 of the 140,000 units in service, or a total of $280.milliori to 

$560 million. · 

Timing of these foregone savings will deper.d on the rate at whic.-i 

··--·---------·-a.s.Rarercansfcmifrs· f.ur:-"Presen"'t-fai J11rerat:ss-are lcw75ecause ·o·f· er.e 

ral.atively young age of IrCst existing units. A previous EPA sponsored 

study (2) es---imated t.iiat approximately 80,000 gallons oi fCEs were used in 

(l) Based on a consensus oi .i.ncustty estimatss obtained by Versar duri.'"lg a 
telephone survey of transfcmner manufacturers and reblilders·. 

(2) Versar Inc., PCSs in -the tlnite:i States: Industrial Use ar..d Environrre.11tal 
Distribution. Springneld, VA: National Technical Information S~ce, 
(NI'IS PB 252 402/3WP), E'ebr.iacy, 1976. p. ll4. 
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the repair of ask.a.rel transfoz::me..?"S in 197 4 • AsS1.lI!Wl3' an average transfom.er 

capacicy Of 240 gallons, Of l:CBS (300- gallons Of I~~ I rn.uct;,.Jre)° this ··. 
implies that a total of _J3.S askarel =. transfoi:mers were repaired dui'.i.~ tf.at ·year. 

'Ihis ""°1ld have to be considere:i a lor.,.er l:::cun:i estilra te of the futize .i.mpa~...s 

of t.11e ban on rebuilding as the rate of failure. of askarel ttansfomers· is 

expec+-...ed to in:rease as the average age increases. An u~ bourxi estiirate 

might reasonably be based on an average expected renaini.'1g se..-rvice 1 ife. If 

it is asst.m:d, for example, that. one-half of t;he exist.i.-:q askarel t."""ansfomers 

will be ren:::,ve::i fran service over the next twenty years due to failure or · · 

obsolesce."X:e, an average rate of r!:!roVal. frcm ser.ri.ce of . 3 • 4 % of e.xi.sti.."'l3' · 

units is jmplied. If the prcbabili~J of failure or rercval. were ir.deperxie...,_t 

of the age of the unit,. it ~d be expected t.,at 3.4% of the 140,000 existing 

units •...ould be·retire:i in 1979, or a total of 4,760 units·rarcved, ·of which· 

1/3 to 2/3 ( 1, S87 to 3 , 173) would have faile:i. · 'l1".e · range o•f expected failures -

t,,,10W.d, therefore be al::out 335 to 3,173 t..-.ansfoz:mers per year, result:i,ng in arm~ . ;, . .. - . •, -· - .. - -.~ 
costs due to foregone savings of $2 million to $19 million per year during the 

ne."<t fell years. At ~ average failure rate Of 4760 ~ts per year an:i an 
.. . 

average rebuilding ratio of 50%, fo;-egor.e savir.gs·•...ould l:e $14,280,000 in 1979. 

Lost Sez,,Jice Time 

Transfcmners can be rel:uilt and retume:! .to service in. three to 

four weeks, canpare:i to a delive..ry time of 12 to 16 w-eeks fer ne11 units. In 

the G:'"Se of many sna J J rnaoufact:iri;og c:o:npa, nes, fa; J •1re of ~be si ngJ e · t-racs-
-- --~cii:irer·· wru:di- supplies an of .. the ~. for t11e fac-i J11=1 can·· Stop a11 o;:er:-·- -·-------·­

ations until a satisfac--..ory replacenent unit is obt.ai."'l.ed. It is likely that 

___ . _ q,_g;_gp,_tez: _S!.l'QP.li _of _r_eplac.em:...,_t , mits w:i J1 teco;re ava ;, ab J e ...in_i::.es;:onse.....to_=a __ 

- ··· --spare units-~·reSW=t-·in-¼.ncrc._ase:i--cost!! to the=-canpan±eS""1.:ra::in1::aj:n:±JlCl~:-.t:----- -· - · 

_ .. _µ,n,it,s _ .~..incro....ase:i. gri ccs: to tbe users. .. ~~ J J be w:i J J ; ng . ta ra.¥ .. mre-AQ. .--... .._.,.... ._._ ... -. 

avoid pro-lon;red ·loss ·of eiectri.c-service. -There is• no i."'lfor.nation available 

as to tbe costs of renting replacement tr~fomers, but assuming a reasonable 

ra::mthly rental of 2% of the cost of the unit, total costs due to t.1ie ·1onger 

.... 
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lead times for replacement t..-ansfoJ:mers could in::=ease by t..i-ie ~st of 1:'....c> • 

to three rront.11's rental of an avei;a_ge $20,000 unit or $800 to Sl~.2.0Q per 

failed transfomer. Base:i on· the assumed nui:r..t::er an:i f=equ.e.."'r'l of a.ska.rel 

transfomer failures, t:ata.J.· costs.~ to lost serrice time •~d ·be ·($8.00 x 

140,000/3 = $37 million) to ($1,200 x 140,000 x 2/3 = $ll2 million), an:i 

annual costs of ($800 x 335 units = $268 ,000)· to ($120 x 3 ,17:! units = 

$3,800,000) ~uld be ~, wit.11 an average cost of (.5 x 4760 units x 
$1000 rental per unit= $2,380,000) e."<PECted in 1979. 

4. 3 Ecor..anic ImPact of Cost In::reases 

The i.nc::'eased costs to users of askarel t..-ansfomers will b:' l:ori,e 

cy t.'1e o.-m.ers cf t.1-ie units. Approximately one-half of t.116 ml.its are owned 

by utilities, and tne.u: increased costs are expected to c:e factor~ in"t:O t.~ 

rate base ar.d passed a.long to t.'le users of electric~ty. The ot.1-:er half of 

the units are o.vned by major office an:i apartment buildings ar.d by sh?ppi.."'..g 

centers~ f~..ories, aro: other establ.ishnents. ~ Increased facility maintenar.ce · 

costs ~ be i.nC'.It:red by a large number of· facilities. Significant mic=o­

econc:mic impac-..s are not antic.ipate:1, ar.d no c.11.anges i."'l. t.~ level of employ­

ment fran micrceconanic efi~..s is expect.ed. 

4.4 Sunmuv 

Conrolic:nae Costs 

Foregor..e savings :Eran 
rebuild.i.."'lg · 

.test service time 

Total 

1979 

$2,000,000 to $19,000,000 
($14, 280,-000 best- estimate)-

$268,000 to $3,800,000 
($2,380,000 best estinate) 

$2.3 million to $23-million 

Total 

$280 mill.ion ·to 
$560 million 

$37 million to 
$112 million 

$317 million to 
$672 million .,. : 

EnroLoument af.:-ects: Sane short te.t:m lay-offs p:,ss:i..ble due to lac.'< of ca.ck 
up t:ransfonners. ~ct may be l.imi te:i to small manufacturing fions. 
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5. 0 IM!?~CI'S CN ~FMER SERVICE CCMPANIES 
. . 

Mainte.-.,ance of a.ska.rel t.....:.ansfomers is usually c:mtracted out to 
'"1.o. - . 

specialize:l se._"Vice shops· or to the manllfacturer ?f the unit. Major· rebuild-

ing is usually per.fome:d b'j the manufacturer. There are approximately 250 
.. . 

small service canpanies whic.',. can ?=rlox::m routine t..-an.sfom.er ·se._i-vi.ci.'1.g such 

as gasket replacar.e."lt ar.d testing of the liquid. 

Based en a telephone canvass of ~ent c::m;anies which se._i-vice ar.d 

repair transfomers and on infomation obtained during visits to GE and 

Wes""~e seJ:Vice sbops, · it is ~-nt that e.-tl.si."1.g ?::s t....-an.sfom.er re­

quiring. in-shop repair v.0rk are l:eing serviced· only by the GE ar.d Westing­

house service ope._"l'g,tions. These b.Jc canpanies have reduced the nl.ID1ber of 

shops presently peciittecl to service PCB t..""ail.Sfomiers to 15 and 8, · respec­

tively, for a total of 23 shops nationwide. (l) · These shops are· ?=tioimir..g 

the major warantee maintenance for both GE and Westinghouse am for. ti'..e . . - •, 

other transfm:mer manufacturers. There are approx.irrats.ly 250 small electric 

apparatus service sr.ops which repair t:ransfOJ:'!ners. ( 2r These st,.ops no longer 

....ork on a.ska.rel transfat:ner~ because of the risks of ira.jor cleanup costs ar.ci 

~.leer e.'<'fX)sure that wculd be inC'.xrre:i by any .:::ic-idental spill. 

5. l · ~ of tr..e Prop:>sed F..gulatior.s 

The effect of t.11.e proposed regulations would be to e..-rrl t.,e pract.:.ce 

of r=b1iJding._transiorniers, bit the.re '-'OJ]d be oo cons:ttain.:ts on contimied 

minor field maintenance. The effects ....01.lld therefore :::e limited to a de-

... __ creased .. .denar.d for .. the ma jar senr:i ces r,erfo:med by ..tr.e... se.?:\7.ica sbops cwne:::! b;!- __ 

the manufact:urers. These ~-~es wOUld l::e ~~:~ __ with an inc::-eased ... ___ -··· .. 

·-·- ·(l)·-Versar--Ine.7-FCB·-.~..ivi~~,-special~-,--·~-~·-, ----· ···-····· ·· 
July ll, 1977. 

··---tzr-- El'ect=±ca:1.-~S::z"v:b::e ·Asscciat1on lttt::., 19~~~~-----:~'.·-- ·-·· 
SI:. Louis, M::l: 1977. · 



danan:i for ne11· transfooie..?"S •. }.sam\ing ~.at manufac:;,~...ng and rebuild.ir.g are 

equally l.ai:or intensive, there •~ul.d !:e a c.liange of auployment fro:n t.11e se..'l"Vice 

shops to the central manufact.lring plants, but ix, r.et change in anpl~t . 
. •. - - .. 

A rough estitrate of t.~ employrrent effec-..s ray !:e calC'..il.ated f::an 

t,i,e total of the transfomer rebuilding busi...,ess. It was estimated in 

Olapter 4 t.'"'..at:. a minim.mt of 335 _askarel t:ransioc,ers are retuilt each year at 

an est:imate:1 cost of $14,000 each (70% of an ave-..-age $20,000 per l.ll"l.; t replace­

rcent cost). Assuming that or.e half .of tr.e cost '..ia.5 due to direct an:i in:iirect 

labor, t."le annual payroll resulting f:r:an this ac-..ivity ~ !:e equal to (335 

x $14, 000 / 2 = $2,345,000) • .n..ssuming an average burder.ed lal:or rate of $3 O, 000: 

:er year_, t.~ payroll is equivilant to 78 full t:ime jobs. SL--x:e the estilrates 

of pe._~ent later and annual wages are rough es-..imates, the employme."lt .im;::a.c-..s 

might !:e !:et-..er stated as ranging fran SO to 100 jobs. It· sh:ruld !:e ootsd · 

that inc=easai anployment at t.1i.e manufacturing plants. will offset t.11ese job 

losses, so arrt structural ur.employment rust !:e considered to be a t.~itior.al 

cost of the regulation. 
:. 

,. --
'!he FCB ~sal regulations require that units !:ed..~ and 

flushe:i prior to di.si;:osal. Survey of a numl:er of users has in:licated that 

this will usually !:e contracted out to experienced reliable.transfoi::ner 

se..1"v'i.ce organizations. This i.?JCrea.Sed denan:i for t.1-..e services of the larger 

(usually manufacturer cwned) service shops may offset rrost of the busi...-iess 

lost by t.1i.e ban on ,reblild.i."l.g of a.skarc...J. transfoi::ners. ~efore, t.11e draft 

.ban. regulat:.ons_ar.e. IX>t ~-..tc__.ba_w_a.. significant ..ecorani.c. impact. on. _t.,e_ .. __ .. 

transfomer service and rraintenance in:i~--y. 

'Ihe only directly· identifiable- impact- of-the· draft- regulations on· 

. transfor:r~.maillterian:::.e,, ~.is.-tba..reqi1; rerent._t.~t. .a..spill. ~enticn. ... _ 

an::i control plans !:e prepared.-· Preparation-of t.liese · pl.ans ~ tt.e requi=ed 

prof essior.a.l. engineering revier,o1 may require four man-days ?f effort and 

result in a cost of $1000 per_ fiDn for fi::ms han:llir.g a.ska.rel t.~foi:::ners. 

'Ihls wOJ.ld terrl to bar the small ope....-ator, resulting i., min:>r market shifts. 

cost of the required plan could equal $1000 for each of al:out 100 f.i:ans, or a 
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maximum total cost of $100,000. If prof-oi::ra plans were prepared un:ier the· 
sp:insorship of a trade .assccia:tion or made available by a major nanui~er, 

t.,e only costs to a ~l _ operator· ~uld.. be one day of . services fran ·a _"-- · . · 

registered professional engineer to adapt, revLc:iw,· an:l approve t.~ plans. '!he 

cost of this ser.rice wuld run about $250, reducing t.i.e total C"""...Sts to. a. 

range of $25,000 to $100,000 for spill cont..-ol plans. 

5.2 SUttma.tv 

lost wages ( ten;:o.rarJ 
sttuctw:al ur...ernploytre."l.t) 

Spill preve.,,,tion am 
oont..-ol plans 

Total 

Annual Costs (1979) 

$0 to $2,345,000 

$25,000 to $100,000 

$25,000 to $2,500,000 

-2s-

Total Cost 

-$0 to $2,345,000 

s2s, ooo to s100., ooo 

$25,000 to $2,500,000 



'!he railr"...ads -±n: the ~.ortheastem _tllited_States fian Washington, 

o. c. to New Yorx and neaJ::lY areas are electrified. '!he p:wer to the loco­

ncti ves and self-powered cars .is canied to the equipm:..?lt through high vol­
tage ac cater.an.es. Trar.sfoJ::Ite.....-s on t.•.e lcc:::rrcti ves and cars· reduce the 

voltage to that required by the t..-ac-...icn mtc:rs. It has been stancard prac­

tice to use askarel (PCS based) liquid in these transfoi:mer.s dt:e to- the 

risks that would result fran spills of fl.amrable liquid follcwing an acci­

ce.?lt in a tunnel. 

'!he t:ransfoJ::Ite..""S in the rail.road loa::::ncti ves and t=ansi t cars are 

knom to be a na.intenancs prcblen because of the design limi tati~. in;:csed 

by space requ.ire?ents and because of t."-.e severe ~1<,_ ~ration, .ar.d 

med'-.anical iII;Jacts encountered in service. Leakage of PCSs .is not an wrusual. 

c::ccm'Z'er.CS, and control 'ar.d disposal of this leak.age is b;css:ible as- it' .is -· 

usually sp:r:ayed on a well-dJ:ained road bed. 'lherefore·, the rail.road trans­

fol:m=-..-s present a significantly mre severe risk of loss of l?CSs to the 

envircnrIE!Ilt th.an do stationaiy transfol:ltel:S. 

6. l ~?lts of the Pr.:ccsed Fegulaticns 

'!he proposed PCB ban regulations will allcw continued use and 

mintenance of rail.road loc:nctive and car·tt"ansfar:m:rs for five yea.rs, but 
with the follcwing 1imi. tatior.s : 

l. Each cwner of a PCB railroad t=ansfoz.m:r ImJ.St ret;:art t.'1.e 
liquid vol1.lnl: of eadl t:ransfoz.m:r to t.~e EPA within 90 
days after tr..e efiective date of the regulation. 

2. Each pe.rson who- uses .. a.. PCS--ra.i.li:oad. t=ar.sio~...rm:st. .de-_ .• _ .. 
velop ar.d ~em:nt a fol:ln:ll spill preve..?1ticn and. ~nt..-ol 
plan. 

3. '!he conc:e..?1t..-aticn of PCEs in the dielectric liquid in 
PCB rail.road transfOJ::rterS. ImJ.St be reduced to belcw four 
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;e.rcent within 15 m:mt."-.s a..~ the ef::ective date o£ · 
the regulation. '!his_ will requi..-e tbat the tral:lsfol:!n=r 
be drained. and flush~,{ to ~ve the PCS liquid and re­
filled with a non-PCB liquid. · 

4. 'Innsfoz::m:r liquid rrmt be analyzed Lil'!'ediately after the· 
· tzansfoJ:mer is retrofilled or the liquid is. precessed to · 
decrease the concentration of FCBs. 'Ihis analysis nust 
be repeated betwesn 12 and 24 ncnths after each such ser­
vicing to detel::mine whether PC9s leaching out of the w.i.nd­
i.ngs have increased the concent..-atian to greater t.'i.an t.i...e 
naximJm allcwed by __ t.lia. regulation. ____ ... 

S. !he o:mcenttation of PC3s in the dielectric liquic;. rrust 
be reduced to less t.'lan O .1 percent within t.11.ree years of 
the e..-Ffective date of t."le regulation. 

6. 2 Prese.?lt Cwne...""Ship ar.d Use 

'llle arme.rship and use of PCS t..-.msfoz::cre_""S installed- in raiL~ 

loc:cm::itlves and ccmnuter cazs is sumari.ze::1 in Table 6.2-L ·· Present-plans 

are to conve..""i: the elect::ic pc:wer on t."le Nort.11east Corriccr c:cn Washi-"lgton, 

D. C~ to New Yott City to 60 hz 25 K'J by the mid-1980s. 'Ihe N:!w Haven line 

r.orth of NeN" Yoijc rray-be-ccnvez Led laLe.t. .L.1 Ll!e 198~s. As a te="td.t' o.C this·· 

change, new ttansfomers will be requi...-ed in sare of the· cm,· and the ol~t 

cars ar..d lccatotives will be .. e• i=ed fl:crn se...""Vice. · 'llle effects of this vol-· 

tage chanc;e en the transfol:m:..""S in each type of car is i."ldicat..od in Table· 

--6-.. 2,,,,1.-.-------· ----------·----------·-----

-- - · 6. 3 · Tec::mi.cal·· Alterr.atives-for- F€8.s · in -~i.road -~-r.sfo.tm"...r.;- · · 

_ .. _ .. _:__ __ ...2c:Ss have teen used in rai J mad t:::ansforr:ers to cecr0 ase fire_ __ ---· ---·--·--

mineraJ:·-oil-:b-.. -this--epplic:a:t:!:on, ~r.et: =appear ro=resultdn-an-- ···- ··- · ______ _._ 

--·~lJOJ:!=aScnabl~ ... ha~ai:cotJS roflc:i :tion........ _'.!be .... Jar.-mese_?iiati or,al 3ai 1 mad O?t::cfi 1 Jed '.~--- .......... , _ 

a -nmt:er-of-loo:tICtive-t::ansfo~-witr. silicone flu±d--and has ope..""ated- ·- ... 

them successfully for several years. AMI'.AAK has recently l':ee.Yl testing an 

~tal locom::,tive on t..."le ~rtheas·t Con:icor (built in Swee.en by A.5EA) 
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which uses si 1 i c:::ne as a t;"ar..s_=omer ccolant; tb.e tests ii.ave not revealed 

ar.t problems due to the use of silic::one. 

'Ihe Fec.era.l ?ail..~ Acmir.istration has S"9Cnsored research by 

Westi."lghouse Cl) and General ElecL-~c (2) to cetet:mir.e t."l.e feasibilicy of :-e-

t:rofilling existing PCB railroad trar..sfo~ wit.11. silicone. '!he woxx per­

fol::md under these cont::acts ir..cluded the perlomance diaracterization of a 

418 KVA trar..sit car transfozm:r wil.ich contain~ 168 gallor,..s of askarel; 

draining, flushing, and ret:rofilling the transfo.r:rre.r with silicone; and 

d'la.rac'"~-Zaticn of the transfOil!E.r per.fom.ance when filled with silicone. -

'Iba tests conducted under these pr031.ams indicated t.1,at d...---aining and flushing 

could reduce the am=unt of resic:ual PCB in a transfo.r:rre.r to a level lcw 
enough to assure that the concentration of PCS in the silicone liquid would · 

remain bela,r four percent. '!he use of silio:r.:e ·as a replace.rent for PC6 re­

sults in a t..-ansfoJ:Irer that runs hot-..er by per.haps five to ten d~ c·. . . - . •, 

'lll.is inc=ease ~,. te!ipe..""ature will mt necessa..'l"i,ly decr=_ase the service J ; re 
. -· 

of a transfo.r:rre.r, as t..,e solid insulation used in transfoz:::rars nay degrac.e .. . 
less rapidly in silicone t:l.an in PC:SS. 

ElCSs and tric:uor::be.."lzene a..-re sel~..iv-ely- acsoz::::ed· f=o:n silicone ·-· 

liquid by activated car!:on. D:;w Coming recently ~t...-.oated t..:~t ri, t----a-
. 

ti.en of silicone fmn a ret:rof•n led· PCS transfonrer t.,at had i::een ; n se_---vice 
" 

-· -. -

for ten rrcnt'1.s reduced the ccncentraticn of PC.ss fran 2.53% to 4i2 par-...s 
--per-mil-hi.en. (J) ~~-m-a- ?~, it--rray-be------

(1) Walsh, E.J.; Vcytik, D.E.;-Pearce, H.A. (W;stinghouse El::::<:t...ic CoQ.) 
- ---- · · Eval oation-of ··Silicone· ·Ftu±d-fcr-Fs:llac:erent-· of-Pa3-0:X.,laz t Ls-±n-Pa±lwav· ··--- -

In,.!;.,,et..i-v· -Draft: -:r.,-::ria£:_.;;,-n"I.-...... 1:?emrt-~~~-~ ·_-.,,_ 1ii1,.-.-L0.1;, · ···-~, -7': ·· -·· · _. W,....._ .~• ,t • ... ~~ ...... ,..-. • • lo~~;_' , •r--• ~I•"" rr-~,.,:• -· ..,;.•,•••••• -~.-r. ''-

'2-) ..,, s .. -i.. 0 t:..i.~ ... .,. ~ i..- ~-i..-- · r-- .i,.; T' ~,:;.A,..,. · - -- · -•.. -\ .i: oss,.. ~uen- .. -;, -·~~r-JOu~•~-B-..- ;.-..,'-4-J,;.i;:»tcn-,.- w;Elav .... ; ·--.....,;(~ ,.....iai:i:es-•. , ___ , •' 

M. (General Electri~:~.:!.2 , .: Petrofi.11.ing. of_.Bail.road ~..nsfo:cm:...i-s, .. D:r;aft :._. _ . _. __ 
·Fir..a:l --?e;ort; '-cor:rt:act--~A:29~.,.,.Jw:y}-f§.,.'f-'.h-------··" •-"'"• .. , .. -- ::. . . . - ; '. - . -· .. -· 

(3) t:cw Coming Cor;cration, -Beroral. cf PCB fran t:x:w Corning 561 (R) T:rans-
fonrer Li.quid bv °'.arcoal Filtration, --~t-;;a. 
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;:ossible t.o ir.s--.all a car-..ridge filter containing a&..ivated car.oon in the 

liquid circulation piping. ·The filter ~d continuallY:_scaver.ge resic.~ PC.3s 

f:::an the silicone after crost cf t.1,e: FOs h'3d already bec>-Il replaced· when · t.-:e · 
. . 

tran.sfozmar M.S retro.filled. '!his proce::iure might assure that the concent..-a-

tion of ?:Es in the silicone ...oul.d r:ot i.n::rease to c-on::ent...-atiorus al::ove the 

1000 p;:m required by the proposed regulation. 

'Ihe decontamination of silicone t..-a.nsfome.r liquids is still in 

t."le ~..mental testing stage. West.inghcuse Electric Co.r;oration has re­

~--sdly applied for a pa.tent on t.lie pi:ocess of using activated carb:m to 

rem:,ve PCBs f::'om silicor..e. No results have been rnac.e ?J,blic on tec.l-miqi:.es 

to reIOve PCSs frcm hydrccart:on transfol:m:r liquids, al thcugh RI.'E Cor;:oration 

is rer::orte:Uy doing r~11 in this area. 

6.4 Cost Impacts of the P?:op,sec:1 Regulations 

It is oot kn::'Wn at this ~ wr.ether the liquid used to replace . . :. . .. - •, 

t.~ PCs will l:::e silia:me or a high fi...-e point h~=ori. liquid. Ecwever, 
.. -

silicone bas l::ee."l ~i~1ely tested ar.d is ~..e m::>st e."<P=!"..sive of_ the alter-

natives; accordingly, costs based on.the use of silicone provide an upper 

oourxi estimate of the costs of retrofilling. 

Silicone liquid sirices range fran $11.00 ~ $14.50 pe.r_gallon. Re­

cent cbarges for field ret..-ofilling of t...-ansfomers b.ave r..m from $20 to $40 

?=r ir.stalled gallon, incli:ding dis;:osal of tl'i.e FCEs and contaminated flushi."1g 

---··· ··liqc±d-· anc:t-ara±ys±s--of the··n:c:ofilled-·liquid--for-?:Bs-;--SiJ',..ce--t..~--:-e~f±-1·1~-~ 

of loccm:rti ve transfoi:::rers will l:::e done only in a feM well-equipp;d s.11ops , t.'1.e 

installed costs should not exe-ced $20 p:r gallon of silicor.e. 

Det=e-~':-tbe=-s~:l:fk'~-am"USe, ~-~~ 'ave.rage· sert±ce -=±-~,_ 
of rail.road transiol:!l'Ers-i.s •f:cm foar-to· 10--yes:rs· ... · Failed· t...--ansfc5mer.f are 

presently rebuilt. ~-,-~..approxima:tely. ·,25% of~ ca,..Q;)St..:.0£..- .• · ~,.. .. , 

a new transfoi::rer. Rebui Jd.i.ng-requires ·approxir.ately 4-.6 weeks while de­

liveries of re,1 replacem:nt t=ansfom.ers require 12 to 18 rrontbs. 
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The rrajor cost impact is _expected to result £::on the ret..-ofilling ~ 

decontamination of t."le t..-ansfom.ers. The concentration of ?:Es can be reduced 
. . 

to · the required Li.mi t of 4% · by dra.ini.'"'lg the ~el, flushing the transfomers, 
. • ... . .. -t.. . 

ar.d replacing the liquid--with a suitable high fire ~int transtoi:mer liquid 

such as silicone. Based on the retrofill costs presentai in Table 6.2-l, the 

costs i.nC'.J.rred by the railroads in the first 15 mnths following ·tb.e effec-....ive · 

date of the regulation will total· $7 , 043 , 000. 

Beduction of t.'ie conce.'ltration of SCBs to 1000 ppn by three years 

a.a..~ the effec-....ive date of the regulation ~d require t.iiat a transfor.ier. 

te retrofille:i an acditional .b.o times or t.iiat the liquid te processe:i ~t 

least twice to rercve ?:Es. N:J estimates have beo-?l trade by t..-.oansfomer can-

panies as to the cost of precessing to rarove ~. The cost should be similar 

to the cost of ret...-ofill. less per.haps 90% of the cost of the replacanent li~. 

The cost of processing as calculatai in Table 6. 4-1 ~d .. t.ierefore be al:out 

37% of t.lie cost of ret..-ofill.ing. .?-.aditional analyses would be requireq. 12 to 

24 mnt.1i.s after each ret..-ofiJ 1 i ri.g or prccsssmg at a cost of about s'is per -­

analysis. The t::::rtal cost of reducing t.-ie PC:3 conce."lt..-ation m t.,.e ret:rof illed 

tnnsfonrers wOU.l.d t.11.e::-efore incl\.JCe coth t.i...e cost. of t.-i-.e prccc_ssi.."":g and t..11.e 

acditionaL.~d.:&::a.1:yzing::tbe J ii)1 irJ a~, at :Jte b dl::afi ,t ,&11 i:s:::natcr:,;ed:;:t::r. - · 

serlice. The additional cost to the railroads of ac.~ev-i .... "'lg this lcw level of.· · -· -­

?:Bs is calculated in Table 6~4-1 to be $5,46-0,000. • These costs will be i."'l- .. 

C'.Jn"ed during the yea=s 1980 and 1981. 

-- - · ·· ·· · · ·- - · --sp±:tl-prevention ~ eontro-L£_1aris wi.IT _have_Jp __ be p~.eparei ·.....;cy __ 

each of the seven owners. Be:ause of t."7e _complexity of rail.road operations, 

these plans will cost se11eral thousan:l dollars to prepare ar.d implere..11t for 

a total in:iust..ry expense· of-i:erhaps -$20-,-ooo.-·-·· ·--

Fir.ally,_ the initial ~f.....t:i,e..._ident-.i--ty-~~ Pe:B· -equip--~-~-- ·· 

ment and the liquid capacity of each transtozmer will cost several dollars 
····tet·-unit, for an add:itiol"'.ai cost o·f perbaps-$5,000. . -·---
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TABLE 6.4-1 

Cost of Processing Re~filled Fai.Lroac Transfocner . . ... 
Licuie: to Reduce · the eor.ce.."ltratlon of FCBs 

Cost of ret-~fill $ 20.00 per gallon 
less cost of silicone 

· less cost of flu.sl'wlg liquid 
less cost of incineration of ·2 gallons 

labor, overhead, and analysis costs 

plus . l gal silicone s:er gal of transfomer 
capacicy .l X 12.00 = 

plus 2 lb carbon per gal @ .60/1.b 
plus disp:)sal of 3 lb wet cartoni;:er gal@ .15/lb 

'IC't.!U. ~SDG COST 

:. 

12.00 " " 
.42 " " 

3.00 " " 

4.58 pe.r·gallon 

l.20 
1.20 
... 45 

· S ·. 7.43 i;:er gallon 

Cost of processing as· a· fraction of cost of ret--ofil.Ung = . 

7.43/20.00 = 37% 

Cost of orccessir.c:r retrofilled transfonners: 

Analysis for PCBs* 1,009 units@ $75 
Processing $7,043,000 X .37 
Analysis* 
Second ?rOC=SSi.."lg 
Analysis-Ir__.·-······ .. .... --··-· -· ---········--···-··· .. 

Total cost of precessing to meet 1,000 pp:n limit 
. onP:Bs 

*Analysis conducted 12 · to~ 24 lTOilt.11s·· fc:llcwing­
previous ret::rofill or p??Xessing .. 
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75,675 
2,616,000 

. .. 7S,675 

$5,460,000 



The P.t"OFOsed regulation authorizes oonti.'1ued use of t.1.e retrofilled 

transiomers far only five years frcm t.J.ie effective ca~ of t.11e regi~..raticn. 

It is assurred t.1iat a review of t.-ie environmental i.'TICact of lossas :ran the-- . . . . . 
.i !_ • • • 

retrofilled units will .z:esult in this a1:ithorization bei.--ig exte.."lC.ed .ir.definitely. 

6. 5 Econanic Imoa.cts of t.-ie Prot:osed Reau.la tions 

The required retrofill- and prccessuig program sboul.d cost less t.,an 

20% of a comparable prcgrarn to replace all of the transfomers •N'it."tl.."'l ti-.e ne.'tt 

several years, and t.119 ret::ofill program should avoid any significant dis­

ruptions of rail.-oad sernce on the No.rtb.east Corridor. 

All of t.1.e affected ~-r.ers of PO rail..""Oad t...-ansfoc-ers are gove..""'!l­

rrental or semi-gove..171In:ntal corp::,ratior.s which are r.mni...--ig o~'Pc.tL-ig de£icits 

as stmnarized in Table 6. S-l. 'Ibese deficits, of over $800 million -=er . vear, . . . .. . - . - . 

are presently be.mg covered by subsidies fran tax r_even~s. 

n-,.,e ret=ofill and precessing ~...m is not ex;:ectsd to result· in 

significant ser.rice disruptior..s, ar.d no effect on railroad· o;:erating- erploy­

m:nt is anticipated. The retrofill and precessing programs are 9X?=C""..ed to 

generate a consice..-rable ce.'!Bnd for !.al::or. Calc-.Jlated total lal:::or and. over::ead 

sts . ed . .m • l 6 - 2 -....:... a±. be ' ; . a:t - '69 CO are ~_z · 1.."l- .1.ao e· ~:,- . 1..u .. S 'M.,; a_ ..lle eqw.v e!!L O.i. "" 1te..'i_ ··-·--

years of e.mplc-;r-n:ent, assuming a burdened lal::or rate of $30,000 per .ran year. -· --
. . 

Additional emplcyrrent i.-.ould result fran t,,e· increased product:;on of the .siliccr.e -

liquid and ac-..i vated . car!:on arr.. inc=eased.. dis;osal .. L"'lci.'"leration sa..'P"Vices. 

----+.6 .-v · St.mn'iS:rT 

·. Arrount .Timing 

---_ _;:_ ___ -···--· · -cos1:-of .. ·re"t;'Or'in prcgram ---~ST;o-.r:r-;·ouu----· ·1:9-r;--· · --· -· --·- --=-.;.- ··· ----=- ·:-··-- · · · 

•·· -· •· ----•··Cost- of-pnaicess~-- 5·;·460-;~--- ·-1980-19-!U-- ---------···· ·· 
Fep:)rting 5,000 1979 

••. c. ~---·· ·- · · ··Spi:l:l~ preve.ntiOlT -pJ.ans----·-- .... -~·000' ~ -.-.... ?9-7?· .. - _,_; , ..... ,_._.' ... · . . . . ·-

$12, 528,000 
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Rail.road 

NJ ror(JJ 

AMrPAK.(4,51 

OJNFAIL(6) 

1976 Cl;e;-ating Losses of Fail..~ds tJsing PCB 
~fox::re.rs 

1976' Cpe.rating Results 
· s· ·millions 

19. l ope....-ating c.efici t 
3. 2 MrA depreci.ation 

l. 25 O?=,-..-ating loss 
6 • .38 depreciation 

Total !Dss 1976 
S mil.lions 

22.3 

7.6 

38.5 subsidy 38.5 

441 total loss other than 478.5 (Est.) 
NE a:,rricor naint. 

37.S l/2 of $75 million loss . 
for NE co~ operation · 

. 205.5 losses for 9 ~ths, 
April-cec. 1976 

Total !asses 

. 280 (Est. i . 

$ 826.9 

(1) Met:topolitan Transit Authority,· Annual Pe:ort, · 1976, p. 44. 

(2) 51:ll~, ~ to the Pub.lie and Financial Staterre."lts for 1974 
and 1975 - Staterent of C0e.rations 

(3-) . NJ Cepa:i:trient of 'I'ran.sE=ertation, Hiahllc::b:ts of ~...iv.i.ties, 1976, p. 14. -- ..... 

(4) Amtzak, 1976 Amual Ret:ert, pp. 6, 7, 28. 

(SJ Amtrak, Five-Year corporate Plan, l977_, p •. lSS. 

( 6) consolidated· Fail:::-.Q:irpm:ati:on~,-Am:rnna:1 .. Be~ Jfr.J&r·pp~·l::;_. l.4 ,:...,18-.. _ .. ,,. . ·,·. 
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~ 6.5-2 
,. 

Labor and Overb.ead-Costs of Ret..-ofill ar.d 
Process:£nq. Prcgram: for RaiL~d TraT1.Sfomers 

Total capacity of transfomers:· 
$7,043,000 ret..-ofill cost/$20 per gallon = 

labor and over.head cost of. each ·reti:ofill or . 
processing@ 4.58 per gallon= 352,150 x 4.58 = 

Total labor costs for one retrofill and t:'..ro 
processing of eac.'1 transfoi::mer 

Labor and overhead costs of 3 additional analyses 
paI: transfoi::mer ,~ 50%. of $75 test price: 

352,150 gallons 

$1,613,000 

4,839,000 

l,009 units x 3 tests per unit x $75 per te."<t ~ 50% = lJ:3,000 

:. 

™ !AB:)R .~ OVEREEAD cosrs ---$4,952,000 

'!O!AL r;..roR DE?::mND ·-a $30, 00.Q.....PER- .. --- --· 
80ROENED M&~ YEAR 165 man years 

Ec::rnomic Irrrr,ac-:s: 

Increased ccsts are ~....ed to l::e paid f:an gcvenment 

-------subsi-d..~;es~.------------------------------------------------- ---·-··------ -----
Emo Zoument: 

An i.nc%'eased·enployrcent to~g at_least 16l_man years 
. . . ed 

. is. antic"pat . 01rer tilree- years ...... 

-JS-

... - ---------



. . -·---

7. 0 OIL FnLED ~ AND DIS'rnIBOTICN 'l'PJ)..NSFQIM:PS 

-,. - .. 
PCB-based asbra...l l.iquics have histori~y bec..n offered as ·a 

higher priced al temati ve to the pet...-oleum based t::ar.sfoJ:mer oil used in 

m:st liquid o:oled transfOl:merS. 'lhe PCB and oil filled transforme?:S were 
nenufactored in the same facilities, and mmy opp:irtuni ties were pr==-..se.11t for 

the o:mtamination of t:ansfolltm' oil with PCEs. In addition, field servicing 

of PCB and oil filled t:ansfo:cims has been pe.rfcmned using the same equip­

aent providing additional ~al fe>r contamination of the oil by PCEs 

residual i."'l tri..e equi;:ment frcn previous uses. 

'Ihere are no repJrted incidents where PCBs ha-ve been intentionally 
added to oil filled transfol:l?ES, and such an cccm:rer..ce would _be unlikely . • 

be::ause of the higher cost of PCBs relative to oil. ~er,_ analysis of 

oil taken fn:m b:'ansfo:cners has indicated that a significant mmber ~ con­

taminated with PCBs at· a ccncen'b':ation al:ove '50 PEJll. !hese- ccntamiriated -· 

t:ansfo:cners would be subject to cer-...ain ~ts uncer the pmvisions 

Of the pr0I=OSed regulations. 

7. l Requirenen1;:S of the Prccosed Regulations · 

T:ransforner oil contaminated with PC3s · in conce."ltra:tions ~ 

SO ppm will have to be d:i..sp:)sed of by high tenpa.""ature cherni.cal waste in-
. cirerati on. ~, transfo:rn:e:rs co:ntarni nated with PCB-s j n .the. .range_.of ~-- .. -· . 

.. ··---· -... ··- ·50. ·tc-500-i;mi will not ·nave -t:6--be mai::ked~ ~r will•" the..~ .be ar!IJ. rest:rictioris" -- .. 

on se..""1icing, rebni J ding, _ or disposal 0£ the drained transfo:crers. 

7. 2 Estimation of the ··Extent of ~~-oil 
Contaninatfui1 by -PO!s" · 

Number of T:?-a,,,.s farmers 

Ava.i_l.able data .on.. us -t::ar.s~ ~on~sal~.cc-mt- ... -

differentiate between oil filled and askarel t:ansfoJ:marS , but indicate only 

the total prcduction of liq\Ji.d filled uni ts of va:ious sizes and types·. '!he 
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IT0St recent data, for 1972, are sumnarized in Table 7. 2-:1-, belcw:. 

NU1Tber of I.i.a'Uid Cooled Transfoi::ra.?-S Manufactured: 1972 

Class 

~...bution Tr.msfOJ::m:.."'S 

Ovemead and Pole ~unted 

Pad M:runted 

Snail ?ewer 'IransfoJ:IrerS (less than 

10,000 KVA) 

seo::,ncary thi t Substation Transfot:trers 

Lar9e Po-.er T:ransfOJ:m:IS (al::ove 10,000 KVA) 

Total 

:. 

Quantitv 

1,253,400 

231,600 

l3 ,ooo· 
· 3·, 400 

3,400, 

1,504,800 

'Ille nm:ter of ove?:head and pole nounted t::an.sfol:m=l;S .c ....... ~1tly L"'l ··· · · -· -. 

_service· is not ac::urate.ly kncwn, but. an estinate of. 30,000, 000 uni ts is 

usually accepted L"l the i.."1dustr.1. 'Ihese t:1:'ansfoJ:Irer.S- ccntain an average of 

al::out 16 gallons of oil each. Very fa,,, of . these transfozmers _have ever l:een 
_w.Ie,L with ECS.s, and many of them r,.19~ t U-1 mamtfa . . ---------·-·· ----

-~ only th.is ~ of t=ansfomer and never bandled askaxel 'lhQZ;"Qfo:i::a~,.------~ 

it is ~.elY...~~.the.se...transfomers were cmtarni nated wi.t!l ~en .. ma,nu-.. .. -·-·· · 

factm:ed, -and--the-uaits-are---sel02·serJ'ic::ed in the fre.l:d-.---'Ibe i·ail1.It"S·-rate ·· - · · 

·o.~-~--~e·f:ole~~-W .. · tl:·i41S:tor:i:ers ·is-·atx:rut a·. Si i,el:·:iearJ.21:~-~~t- a~iJ-~-~=::-: .. ~--- -~, 
units are rebuilt. ~ dat;:,.. have been foond conceming the extent. of PCB 

. -______ .,. __ ' . -· ··-- . - .. -· - ., ···--- -~-· ·--· ---- -· - .. -·· - .. - ·- ... - .. -----------· __ ,.,_ - . 

(l) Bureau of· the Census, Elect...-ical. ~t- and Distribution E91ir 
~, P.eport No. M:72 (2)-36A, Table 6A. _ 

(2) Consensus of cpinicns of transfoi:mar It2nufacture.rs contacted 'cy Ve.rsar 
by ~na, 1978. 
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c:Dntamination of th.is type. of , t:ansfoJ::In:r. 

'llle remaini.,g.-250, 000 liquid ccoled tl:an:5fOJ::!Iel:S ~ufactured in 

1972 included a.tout 5,000 askare.l units. Assuming that there are 140,000 

a.ska.rel uni ts in service and t."lat the ratio of oil ccooled to a.ska.rel t...~­

foxmars has always been 40 to l; as was the case in 19 72, then the calculated · 

nlJttber of oil ccoled t:ansfOJ:liel:'S other than pole imunted ~uld l:e 6,850,000. 

Altel:M:tiv-ely, it could be ~ that since the ratio of +:he 

total nuncer of pole rrounted t=ansfcmre.rs to the l9 72 production of ~ type 

of unit is 30,000,000 to l,25.3 ,000, that this ratio tiitEs the 1972 prcduction 

of other ~JpeS of liquid filled trans£~ WOtlld give the numer of ether 
r, 

t:ansfoDm"S presently in use. By this rretr..od · 0£~ calc-.llaticn, ~ are· 
. . J ... .• . . • 

6,000,000 non-pole nx:unted liquid filled transf~ in . use, minus the 

140,000 askarel units, or. a total of 5,850,000 oil ft~-Ji:d units • 
. ~- . . . . . 

Another nethcd of ce,.1"'j_ving the totai rnmi:)er of oil-filled ~.s­

fo?l?el:S · is to calculate ti'.e prcduct.ion of t:ransfoz:m:_~ fxan available data 

en sales of t=ansfom..r oil. '!he annual sal.es of·transfoi:ner oil non 1968 

through 19 77 are Sun:rtarized in Table 7. 2-2, belcw: 

(l) 

~ 7.2-2 

Annual Sales of ~t9.~ Oil in the o~.:s. __ C~l . 
Year 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977. 

Sales: Millien Gallons 
70 
72 
75 
76 
82 
94 
96 
70 
75 
78 (est.} 

Fouse, T. ; P-aab, E. (General Electric Co. ) , U. S. Transfonner Oil 
Supply and Demar.d, 197S-1985, In~...m Fep:irt, Palo Alt;o, _Ca.lit.: 
Electn.c ?ewer Fes~'1. Institute (Fep::irt No. EL-303), Nov. 1976. 
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'Ihese data suggest that ~e sales of trar.sfozm:r oil haye inc=eased 

gearetri.cally at a rate of ·s.4% per year (ave..,.-a_ge inc:::ease) fr:::m 1968- t.1,xpuch .. - . .. -
1974. Assuming t.'lat t.~· gzcwth rate cesc:tibes oµ. sales prior to 1968·, 

tctal oil sales th..""OUgh 1974 would have been l. 8 billion gallons, or a total 

sale of ~ bi l J i m gallons up t::c the present. Since fF:M t:ansfol:lt'el:'S have 

ever been so:apt:ed and since c:ansfol:IDer oil has been routillely rec, aiitl=d for 

reuse, the tcta.l ancunt of oil in service is probably about 90% of t.'le total 

ai:rcmt produced, or 1.8 billion gallais. 

Assuming that the pole ItDJnted · transfozmers ~ an ave..,.-a_c;e of 

16 gailal.S of oil per unit, the 1972 transfoz:ner production required 20 

mi J Jion gallons of oil for the pole m:ronted t:ansfol:lt'e....-s and 60 to 62 million 

gallons . (depe."lding on the anx:,unt of oil used in transtc;me,r maintenance). · to . · 

fill the remaining 245,000 oil filled tzansfol:Itl:rS. '. ~ .. gives an averac;e oil· 
·,::, 

capacity for nOil-tx)le IICUnted t=ansfoz:rre...?S of 2S0 gallons.' ·?e~ unit which· is 

not significantly different t:r..an the 300 gallons per askar-=._{ ~fo~· used 
in previous calculations. 'Ihe t.~ million· t=ele rrounted transfoz:rre.rs con­

tain about 500 mi J Ji on gallons of oil at 16 gallor-..s f)er unit. '1he remai.r.ing 

1.3 billion gallons of. oil-would fill- 5,200,000 t:rausfozm:zs l.::av.L. .. g an aveage 

capacity of 250 gallons. Since improved t...~f~ designs.have reduced ~ . 
quantit'j of oil· requi...~ per o:ansfoz:m:r over the years, t.1.i.s · figure t=erbaps • 

overstatss the numc:er of t=ansfo.Im:rS i.--i service, but. an estimate of S.,000,000. 

--~f~e,.. mac ps;,Je rrnm.ted 1:mits ·;s, remaps :ea_scnabr1e based ;;a -

. ._. ~ of the po.er ~ ~~tion transfol':!l::et'.S_ . ~ _cwned_ and . ..mai.-i=..- . __ -

.... 

-··· tained._.by...J.1ti Ji ti es,- 'Ihe -a.irership-;of,,-the--'-S'MJ 1 •p::1Her,.--ttans-fe~d·,-t:he-... ,.. ... ~--:-·"·ii>··--· ··.·· 

pad It'OUnted dist...~tion tr.an.sfcmrers depends on t.'le ~licies of individual 
---itt:fr ,ties,- mi . &.ere· o:es-not ~ -to' l:e .. any -standard p:;u.cy t.'lat-~lies 

across tr...e country. Almst all the larc;,e dist...-ibution t::ran.sfo:i::me...'1"'$ are 

cwned by utilities; those owned by industrial plants and lar;e buildi!igs are 



generally smiler units •. Estimates by kncwlec;eable industrj representatives 

o::ntacted by Ve:rsar su~t that~ 80% of the total ~;cit:!I're ·of oi.i ·1n· 
t:ransfol:!IES other than pole m=unted units. is in units ~ed. l::y utilities. 

1Vumber of Contarrrina:ted Oi 7.--Pi i Zed Tra:ns formers 

'Ihe cnly available infomaticn on the extent of PCB contamination 

of oil-filled transfOJ:lie..T"S is the i;esults obtained by one major t=ansfoJ:::Irer 

m:1nufacturer which analyzed the.oil from 55 units. 'Ihls oil was taken fJ:an 
dist:ri.bution t=ansfoJ::Ira.T"S and pcwer tr.msfOJ::l'ter.3, and in a fe, cases ~rem. 

bushings en t=ansfozme.rs. Based en the results of quantitative analysis fer 

PCBs in the oil, 25 of the 55 t=ansfo:z:rei:s we...~ ccntanunated with POs in 

excess of SO p;m in the o_il. 'll".e ccncent:ration of PCBs .in . the . s~les. · 

var.ied from 5 ppn to 1S5 ~ 'Ihi.s sarq;,le was _taken on. the basis of conven­

ience, ar.d probably dces net represent an unbiased saxq;,le of all oil filled 

t:ansfozm:rs presently •in use. In addition, 'it is not kncwn hew· arrt· biases· 

ma.y affect t."le acc-.mtcy of e:.-<.Ltd.fX.)lating the ab:lve data to all oil filled 

units. If this sazt;,le were unbiased, it would ui.dicate that 45% of all oil 

filled transfo.rr.ers were contaminated wim--PCBs- in excess of 50 ppm. 'Il'l..e 

95% ccnfide..'lce int:e..?"OJal for this esturate is from 32% to 59% of t.i....e frans­

fo.t:me.-~ presently c::ntaminated with• PC:Es above 50 p;m. 

No ca.ta is available on p:,ssible contamination of the 30 million 

pole tcp··t..~-=oz:ner.r,-·ma-tt---J.s not pcssi±d.1: m-"ca:l.cr..!:l.--a:t:1:t.'"'.e" -effect of· the 

l?CB ban regulations on these units until th.is infol:!!Btion is available. 

Eased on the results of the smtl.l and possibly biased sanple cescri..l:ed ato·ve, 

it would a~ that pcssibly as many as 2',200;-000 oil filled t:ansfoi:n:rs · ·­

could ce 'contimina~~~sl-"at =eohcelil::at:±cus ~,- that: .1one---­
of these transfoz:ners· ari!- contaminated at levels. al::ove 500 ppn, · and that the 

t::acsfo.tlR&"S-- contaminated~~~-i>(}~ccn~--aoout·-606-;0$) ,,G0Q · ,, .. ,. 

gallons of oil. At an average concentration of 80 ppn PCas, this would 

suggest t."lat the rrate.rial .affected by the regulaticns consists of 384,000 

pour.ds of PCEs dissolved in 4.8 billion p:,unds of oil. 
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' . . . 

7.3 COsts of canolying with the Prot:osed Regulations 

'!be pmposed. regulations. ~ not af£ect t."le ccnti.i-itied use and rnai.."1-

tenance of oil filled t:ansfoz:m:rs; tr..e.t are- ccntam:i.r..at..cd with PCEs in o:)n­

cent::atic:n.s belcw 500 PJ;Xn. Disposal of oil ccntaminated wit.'1 Pqs . in excess 
. . 

of SO p;:m will be a.llcwed only by a;:proved chemical waste incineration. c:m-
. . 

pliar.ce with these regulations would require that ccntamir"..ated t..-ansfot::rerS 

be identified by analyzing the oil ;or PCSs, and that the oil f=on these 

transforIIerS be d:i..sE=Osed of in a ~ a J incinerator. Ccsts will be incw:red 

for"sanpling, analysis, and di.sp:,sal. 

. '!be cost of disposal of FCB liquids was investigated in an EPA 

sponsored stucy of the cen:xxaic ur;,acts of the PCB MaJ:.xing and Disposal 

Regulations. (l} 'Ihe follc:wing costs for di.s;:osing of contaminated ·trans~ 

fo:crer oil are develq::ed from these previously re~rted o:st:s. 

- .... 

Cetemnation of the PO content of transf0%'lIJ:r oil requi..i-es that 

a sanple of the oil -I::e analyzed O'f an e.,q;:erienced. laboratory using a gas 

dlranatcg.raph equiP?=d--with. . .an-.e.l~ detecto~ --l!bs.t .. liquicL- ... ;. . 

filled transfozners have a provision for obtaining a sample ·of ·t.~e oil-. 

Assuming tha. t a: transfO?:IIEr has a drain ccck- which can be used to obtain_ a 
. . 

sanple of t."le oil, the o::st of cbtaini.~g t.~ sanple should be lit'"..le d:i.ffsr=-..nt 

than the· cost of at=Plyi.r.g a lacel calcula:ted .. for.. the. Ir.a.z:tlng regulations....S~ .... -

Fresent o:::mnarcia.l charges for the required analysis are $60 per sarrple for 

quantit"j orders of six to eleven. sanples · analyzed at one ti.'!B. (2) Order 

processi.,g and shipping costs of $SO per o;-c::er ~f ten samples would ce .in.;..· 

. cw:red by .,the-tnnsic~~~t?ta J ms:t-'lf . .aoa..lys.;i & . of.::'"-'-'--'·'· 

$67 to $80 per trans:t:1Im!r:.1n.-:-a::.:cut:ine"::sarnp'ling:and'::?Da'lysi:s:-~=-:.::..::.~:--·· 

-------------------~-----:.•• -.~----~·,• .... -. 
(l) Versar Inc. M:.i.o:oecon::m.ic. Im:acts of:. tb.e. Procose:i Mark.inc a.rrl Diso:::sal . 

~ations for PCBs, (EPA Re~rt N::l. 560/6-77-01.3), Springfield, Va.: 
National Technical Infoma.tion Service (Nl'T-5 N::). PB-267 833/2WP), 
April 26, 1977. 

(2) Versar !r..c., Price Schedule - OJantitative Ar-..alysis of PCBs in 10~ 
Transfo:c:rer Oil (Price Sheet lOO), Springfield, Va.: ~.ay .1, 1978. 



$2 to $15 san;,l.L'"lg; $5 order prccess.ing; -$60 analytical- se.."'Vices. 

Diar,osai 

'llle ir..c:L~i-atich ·of oil ~tamwted with. PCBs .in the nnge ~f- 30 

to several hundred parts .p:r mi J 1 ion ,NOUJ.d r:ot require any additional fuel, 

but t."le costs of facility aIIOrtization, rraintena.n:e, oi=e-i-ation, ·and capital 

~ be the sar.e as for a unit bw::ning p.u-e PCB.s. The cost of ir .. cinerat.:.."lg 

the' oil depe.Tlds criH ca lly on t.11.e value of t.1le mat=.,.ial as fuel in an inci,r,..eratcr 

handling fuel-~ materials sucn·as pure PCBs·or shrecded capacitors. ?re-

sent practice is to fuel suc.-i inc:ineratcrs wit..11 chemical wastes which have a 

high fuel value. Present c.~es for the incineration of ·PCS sol.ids r-..m al:out 

$0.LS/lb~, (l) which reflec-...s t."le auai Jabi lity of essentially free fuel. There­

fore, urxier prese."lt conditions, the.re is little dem:md for the PC3 C?Ooi:nina~. 
oil as a fuel for PC3 incinerators; an:1 the oil~~~ vaJ_ue as a fuel. 

in such units. It is ~sible tba.t the denand for i.ndJleration of capacitors 

will in:::rease to such an- axtsnt t."at t..11.e fuel require:ne."lts ca.nr.Dt ce met ·by -· 

waste solvents; the contamir..ated t:ransfcmner oil may .then ba.ve sar.e ecorianic 

value as a fuel, an::. .. the i.."ci.neration ccsts ~ f:e expe::ts:i to dec::2:3.Se to 

re..-FJ.ect t.~ value. 

'!he use of the a::ntamina.ted oil in arr/ cl-..e.'tti.cal waste inc:L.,era tor 

other than 01"'.e which is bu.ming PCBs would result in additional analyti~ 

costs ar..d record keepi."lg requi.."'ar.e."lts. Because of the lii-n:i.ted nurrber of PCS 

incinerators t.~t will be i."l use., it is. not.. likely tha.t..a. carpatiti~re ma1:ket. 

for contaminated oil for use as fuel in E:c:B incinerators will develop and 

the ch.axges for incinerating contaminated· oil would then l:e cont..-olled by 

the price that could ce charged by a ~ ~se oil inc:L"le.ration u."li t .. 

al: ' - -•-'- . l . ' ---- . . ed ' .'\ cost an ysis,-. .tor~..=AA.U...~ SiEO a . pm:pose• -µ1mne;a ............ ~. sumnar.i.z ••.lJl; ,. ---.-.."'--

Tables 7 .~l .and 7 .3-2.6 . .: ~uni-t.i.s oLa ...size.equivalent .to-.the. inc:L~erator ·· ·-· 

used to evaluate the disposal costs for PCBs and capacitors_ r=..sulti.,g f.ran _ 

(l) ENSCO, General Infornation ENSCC-PCS-001 Rev. 3-78, El Coraco, 
Arkansas : Marc:l, 19 78. 
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Preliminary Ccst Estinate fer a C:enical Waste. Inciwatcr fer 
!%ansfol:mer Oil Ccc.taminated wi.t.i. tcw Q::ncent:::atiais of ?:Es 

Plant Ca.pad ty: 4,000 lb oil/hr.. (500 c;al;br. } 

!cuit:m:.."lt Installed Cost 

c.o:rbJsti.on f'..:r::ance, after bJ:c1er, 

assoc.; ated di:c'--..illg -

Stad:, E'~..s, Site am Site 

P::eparaticn 

~...:.vat.ed Cartx:n FilL-aticn System 

Set-...!.ing P.::o.c:. 

~ 

?i-;,ing ar.d Valves @ 25% 

SUbtotal 

$ 

$ 

s 

$ 

l,000 ,000' 

500,000 

150,000 

.250 ,000 

100,000 

2,000 ,ooo. 

500,000 

2,500,000 

175,000 

2,675,000 

- .... 

... • 

- .•• 

-· -. 

o:ntingency @ 20% 535 ,OOQ - -- ,:- ·· · -· ·-:.:..~:-, .... -
'!ct.al s 3,210,000. 

. .: 



Annual ep:rating Ccsts for O:::ntaninated. Oil Irri -,,,r,:itor 

Plant C?pacit-.1: soa. ga.1/br. C4 ,-000 lb/hr. 1 
~ Factcr: 7,300 bcurs/~ 
Annnal Cap,c~t"l'! 3,6~0 ,000 gal/year ( 30,000,000 lb oil/year) 

Capital !nvest::tmnt: $3,210,000 

Va:riab.le Cc:sts: 

01.-ect c;:e._"g.ting I.aI:cr, 2 !l'Sl/shL.~ @ $10/hr. 

~...Sien & ~ticn@ so, of ~..ct 
cp::ra.t.i.,g lacer 

;i.c-..ivate.l ca:r:b::n systen (l) 

Ma,ir;.tenance@ 20~ o£. capital~ 

Pc-Mer: l00,000 ~@ 3~,/R'WE 

Sampling and · ~mUysis 

:'ixed. Costs: 

?etu:::l on Invested capital (.lOS..} 

~tal ~7 (10 years@ 10%) 

1'a:<es ar.d Insurar.ce (4%. of capital c:st) 

~ 

Tot.al Fi.~ C.Os-..s 

Total ~.nnua.l Ccsts 

Ccst,11~~··0; l7 ¥ ... .:.... .... ,.,_,::,. ......... ,., ... ·· • . .. .. 

c.ost/sal,. o::r.tarninated oil:_: -·. --- . -. 

$ 175,000 

· · 87,000 

~,ooo· - . ~. 

640,000 

3,000 

100,000 

.$1,.l.27,000 
- ·--

321.,000 
321,000 -

l.28,000 

S 770,00Q 

$1,89i,OOO 

$ • 0632 

$ .31 

(1) 'Ihis il:icluc.e.s repl~..:at of 4::3, 000 lb/yr. of spsnt activated ea:r::,:;n. ar.d 
incineration of t.~ S?mt mterial. by a general ~se chsmical. was--...s 
i"Md r:enticn. 
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the "PCB Disposal Pe;ulati~·-" '!he i.."lcineration a:st of $.0632 :;:er· r;:our.d 

of conta:mi...'l"lated oil is -~~ar to t."'.e 1~ bound estiri-atss· ·of prci:able: .. · · 

mal:ket prices z:sEX)rted infom.11.y by prese.Tltly operating che.'lti.cal waste L"'l­

cineration carpanies ~ Transportation costs incu:c:ed in deli ver-0.g t.~e oil 

to the incinerator would be af:oµt $.02 per fOUild based on costs previously 

calcw.ated for askaJ:els. (1} 

· Comr, Z.umce . Cds~ 

'I?le effect of tfae prcposed regulations.will be to require~ i.n-:­

cine..-,..a_tion of oil contami.nat""'1 with PCEs. Control of t.i...e disp.,siticn ar.d 

use of t.Sed t=ansfoDter oil will require t.11e ar..alysis of oil for PC:Ss. 

Analysis of oil for PCBs will only be ea:r.cmically justified if. the expect_c:.c.­
value of t.Se savings in d:Ls;osal costs if .t.rie oil is r:ot .. contamir..ated e.s«:ee:is 

the cost of analysis. For instance, it would ccst $7S tc sarr;,le and analyze 

t.~ oil · L'l a t.:ansfoJ:ItEr that has a 45% expectation of being· ccntam:i.nai:ed 

with PCBs at a concentration in excess of 50 · ppm. ~ value 0£ oil to the 

transfcmrer cwr.er is zero if the concentration of· Pc:Es is less than 50 ppm 

(i.e., a o::mrarcial collector will be willi.~g to pick it up-~ haul ~ c!Ma."t. 
for free) • Oi.sp::sal would cost $0. 0832 per pound for t...-anspor'"..aticn and L-i­

c:ineration if the oil is contamir.atec above 50 ppm.·· 'n"'.e expect.co. savings 

to be obtained by analyzing t.'1e oil would be equal tc (0.0832/lb x m2!'Cer cf 

pour.cs of oil x prcbability the oil is not contaminated ·with ·rors than· 50 

P!=ffi PCEs) minus the cost of the analysis. .~ysis is therefore a gcod in­

vestm:nt for large transfooers ar.d tr.ose t=ar.sfoz:rers less 1.i;<ely to be 

contaninated wit.'1 PCas. -'Ibis relaticr,.ship. _is p~e.T1ted in graf,hical foz:m 

in Figure 7. 3-1. 

(1) Versar Inc. , Microecon:,mic !rr;,aet:S of t.li.e Procosed M:.?:!<ln ar.d 
Di.soosal _ at.ions .:or PCSs, ~ Reoort No. a 6- -013 , 
Spr...ngnelc.; Va. : National Tecbnical - Info.rnaticn Sa.rvice (NTIS 
No. PB-267 833/2wr} April 26, 1977, ~- 3-19. 
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Although t.11e ave;a~ anount of oil per transfoJ::r!l:r has been calcu­

lated to be aoout 250 gallons, no info~tion is available on·the·di.s:tr±bution 

of transfol:ma....-s cy oil capacity'. As a ro._asor..able guess, t.~ median t::ans­

fooe.r capacicy might be 150 gallons. A lo;.Jer oour.d est.:irntg of . .the fraction 
. . 

of transfo.t:ra=....-s contaminat..c.d is _32%. At this level, tes-..i.."lg would I:e j1..Sti-

fied for approxiiratsl.y one-ha.LE of the oil filled t:ar.sfozners ot.'ler t.'lan 

p::>le ncunted units. 'Ihese larger transfol!!el:S would account for perilaps 
. ' 

75% of the total oil. Incineration would therefore be the re:rtJired disposal 

rrethod for all of the 25% of the oil in the small tran.sforna.1'"'5 ar.d 45% . of . 

tbe rest of t.~ oil. 'Ihe resulting analytical and disposal costs would tne.?l 

ce calculated as sh.c:wn in Table 7 .3-3, celcw: 

Testing and Disposal Ccsts for Trcmsfor=Er Oil 

As~: 32~ of all transfoz::rrer.3 con-

Nunter of t:ar,.sfol:!l'e.....-s 

Analytical Costs@ $75 

Oil in t=ansfOI!!er.l · ·· --·· -

Oil requL.--:i.ng incineration 

Inci."leration cost @ $. 0832 

tain m::,re than 50 FPIIt PC=s. 

· Size- of Transfonre.r 
> 150 gal. < 150 gal. 

2,500,000 

$187.5 million 

· 7. 9 billion lb~ · 

2. S billion lli. 

$210 million 

2,500,000 

0 

2.6 billion lb. 

2.6 billion lb. 

$215 mill.ion 

Total analytical and incir..e_"'c.tion costs: $612. S millicn 

'll'le upper bound est:.:!:,nate of the £.rac+-...i.on of t:rar.sfOl:!!Ers t.--iat are 

o:,ntami.~at..c.d was calculated to be 59%. At t.ltls level of o::ntmti.naticn, 

testing would ce justified only for transfoz:ners containing ncre than. 2i0 
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gallons of oil. Tb.is c:riteria rrey· result in the testi.~g of pel:h.aps 20% of. 

all trcmsfom-i-s o::m~~g 50% of all of. t.~e oil. '!he · ca.lculaticn cf t..1ie · 

resulting ar.alytica.l and~ costs are· sumrari.zed in Table 7.3-4: 

Testing and Dis~ Costs for Transfo:i::mer Oil 

Assme: 59% of all t..""'aruSfOJ:m=rS con­
tain IICre than so 9i:m PCBs_. 

Size of '!'r"",..r,.sforrer 

Nurrber of trar.sfozm:rs 

Analytical CCsts@ $75 

Oil in t:ransfOJ:IIe-?"S 

Oil ~g incir..e...""3.tion 

Incineration cost@ $.0832 

> 270 gal. < 270.gal. -

1,000,000 · 

S75 million 

5~25 billion lb. 

3.l billion •ii:,. 

$257 mil.lien 

4,000,000 

0 

5.25 billion lb. 

5.25 billion lb. 
-

S4.37 million 

Total analytical and .inci.--:erat:.on costs: $769 million 

By CD?tparison, arln.trarily ir.cinerating all 10. 5 billion ~uncs of 

r:ossibly ccntaninated transfo:ce.r oil would cost $880 million. ~.ssuming 

t.,at no additional contaminatiai of transfot:n=r oil by PCEs will occur, re­

pl..acetent of the oil in arrt contaminated oil filled transfoz:rer would be 

~..ed to recuce the concent:ratim of .. resid\Jal--E!Cas-"tc-.we.U--,\Jnde:1:---.SQ-~;:ma- --· -· ., 

'!be rats at whid1 these ~sal ·CCS""'..s will be incu:tTed c.ep:."'lds- en 

the rate of disposal of cofrtam:i..nat~ ..t-..-a.nsfoJ::Te.r. oil •.. n-.e regulatiaris -do · 

r.ot prchibi t t..-ie p:rocessi.11g of- contaminated oil so long as it is retm"'.ed to 

the scme tnnsfoJ:m:.r it was taken £rem. Processing losses are e..~ to 

be lcw, so ITCSt of tr-.e ccntami."lated oiJ. •,.;ould rot l::e disposed of until t.11e 
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t:=3n.Sfomers are reti=ed : ... cm se:vice due to fail1Jre. If on&-balf of t.~e ?3 

ccntami."1.ated transfonners will ce sc...--ap;:ed or refilled ·,o1it.-i ne,; oil wit."lin the 

ne."rt t-11enty years, an::1 t.~ rate of such oil disp:isal does ~t c.epen:i on the 3.ge -· - -
of t.li.e t:::ansfor.rers, the rate of ~sal would ce 3. 4% per year (i.e. , a 

failure rate of 3. 4% per year L"?plies a 20-year half J ; fe) • Sa,sed on t."lese 

a.ssunptions , ar.nual at1.a.lytical ar.c:. c.isposal costs • ... "OU.l.d be fICn $21. 4 

million tc $26.l million in l9i9, and decrease in fut'~ years by 3.4% ;:er 

year as the nm.cer of c::::ntam:inated tr:-...nsfor.1=.....-s i.""l se..1""Vi.ce dec=e=sPs cy 
this f...action. 

7. 4 · · S1.EtlarV 

AnaZuticaZ a:nd. Dis~osaZ Costs: 

1979 -

succeeding Y.:-s -

Total -

$21. 4 million to S-26·.l million 

3. 4 % less eac.."l year 

$612 million·· to $769 million 

Analytical se.-"MJices - Assuming t.'lat 50% · of- tr..e· cost- of t.':e·· 

analysis is for Lai:or ar.d t.1ia.t t:i..e b~~ec. lacer =ate is 

· $30,000 per year, t."l.e analytical costs of $75 :nil.lion to _ 

$187 million i.'rply a total lacer dem:nd of 1250 to 3ll7 rrai 

y~. L-ii;ti,~_demand.:...:~dJ:..e_3...~! .. of .cl:li.s.,._.o.,.. ;op in-_ · ··--·· 

creased arplcyme.~t L-i 1979 of 42 to 106 jcl::s. 

Disi:osal - '!he disp::,sal cost analysis ?r=>..sented in Table 

7 .3-2 --assi.:ned t.:.iat--dL-ect··:l:acor-and-~..:sor-·b:bor·c::::sts---··-- ··· 

. we_-,.,a 14% 0£-t.~::..cost-bf ··dist:osa1::'---A~ 1-aoor-i:a~ .·...:-·--- ·. - - · 

assumad. L"'l. the table, di.s;:osal cerand · of $ 4 2 s million to· · 

$69.4 .mi.lliCI!l--WOuld.~~.labo:--~'"a-t··•an,,,,~ge~--ra:te--=-•-·_.,,.'"'"." -,. 

of $30,000 ;:er year of ($435 million x .14/S30,000/~cn yeE.r = 

20301 to ($694 million x .14/$30,000/~an year= 3239) ~an 
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years oi iabor. . At a cereand rate of 3. 4~ du:ri ""lg _the fi ::st 

year, this in;?lies an increased errplcyrrent of 69 to llO 

jof:s in tf!.e disposal inchJst:y :L.-,, 19i9. 
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8. 0 MINDIG ~~ 

'lhe only knam use of ?:Es in electric rrctors was by Peliance 

Elec-..rlc canpany of Clevelar.d, Chio, whic."l use:1 PC8s as a ccolant in cer-,..ain 

si:ec,ia.lized uetcrs. '!bese rrct::::lrs we.re used by Joy M:mufactur--"lg cerrpany of 

Frankl.i."l, Pa. , in seve.."'"a-1 ~JPeS of mining mc.:.ur.es built duzing the late 

1960s and early 1970s. 'lb! rrctcrs ~ rebuilc::ir.g ev"'er'f f~ yea....-s. Al­

tbough ?CEs are selc:cm lost fran the rrctcr hous:L.-,,g whe.l'l tr.e· rrotor fails, such 

loss of fluid would !"=SU.lt in substantial e.~ of t..'ie rradtl."'le cpe_,-a_t::::,r 

to PCBs. The pro~sed regulations all.cw a limi.~sd ~ of tilre for conver­

sicn of the mac:l.ines to rrctcrs which do not use PC:.s. 

8. l P.e:rui..."'"9!t'ents of the Pro;:os~ Regulations 

All of the· PCS :rotors rm:st be remv-ed from service in min:L.~g 

rrac.~"les by Cecerrt:e.r 31, 1981. '!he r.otors on t.11.e conti.r.mus rn:i.."'lers rr:a.y ::e 
rel:uilt as :ElC:3 r:DWrs :or one year after t.1:e e.ffec-..i•1e date of t.i.:e regula-

tior..s. · 'I'.he rotors··on· t:he-l--caders:-!r.OSt-l::e .. ei::.uill.. as .:....:1 LT.,.:e·m.Jt:c.ts wis. ;.::,e---· 

rotors are ret'JJ:'Tl.ed to t.,e sh::lp for se..'l'"Vicing. Continued use of Pea rrotors on 

mining .rach.ines· must be re?X"""...ed to EPA with.in 90 days aft 0 ,. t.-:e effec-.. i:.ze 

date of the regulat.ion~ an:i a spill resp:mse plan :rust !:e d.evelo;:ed a..-xi 

--~-=¥-..a.-~is~ac:ed ?t:efass.ional e~fr1eer =er aac;.. "Ser L"'l.S:-~J J =-~c ... 

8. 2 Cwnersh.io ar.d Use of Pea ~"ini."'lg ~.a<:I,-1.nery 

Joy Manufacturing- Cattpany was· the ·sole· u.s-~·-;;,rc:c.uce.r·of-mi."'1ing 

.... 

equ.i;ment _wnich usa:i. F(:3s __ as .a_rrx:,tor ccolant. __ 2ath_cnnti.,...1•ous ::ni .,...e,..s_.aci. ____________ .. .. 

loaders were built using ·EO ~tors. Table 8. 2-l surmarizes -t.n.e ?rodu~..i.on 

statistics am the ?resent use status of t.:...Sse machi."les. 

One snail coal mi.."1.i.ng operation lccateci in Penr.sylvani.a is 

o;:erating t.11.e t.iree rsna..ini.ng rrccel et:43 cont.i."luous :niners k:rnm to be 

-51-



I 
Ul 
N 
I 

lbnl i1111ou~ tli.J~c 
t-tll~l L\J41 

Co11li11uous Hiner 
M.Jo.lcl Y01 

lD<MluL" 
tt ,dcl l 4tllll0 

Speth! M.1ton, foe 
IDJcl 141.JJl0 

'J'able 8 . 2-1 

Production Statistics & Present Use Status of fC.8-COOled 
Mining Machines 

ho<l11ctio11 tluul,cc of 
_1li1tel:l Klt:hi1aoli nuilt 

1961-196~ lJ 

191,·1-1 !1"10 •.n 

l'.17l-l'.17J 5H 

l !f/J-l'.11J 14 1101.0n1 

Ni,,,,m: ot 
K1chi11es !itlll 

--1.!!. &!1vi~--

} 

- 15 

-S]l 

tl•••.Jt!r of 
Lh1uld-0x>lcd 

1"l.Jto1·s l'cr K1d1ino 

} 

] 

2 

I• 

th1bll· of 
l'CU-COC,lu.l 

n·,1ucs !itill 
111 Secvlcu 

l 

- 45 

l 652 

tl.111LC!c of Gallons 
of J(:U Used l'cc t-1,t.t:11.: 

T--
4 

5 

4 



still i.'l se_,...._,.;_ce. n..o of these rredrir.es presently use siliccne-o::oled ~rs 

while the t.'ti.rd rra.dune. bas only ori.e· ='CS- rrotor rsrai.."'li."lg - i.e., two of t.l-:e 

three rrotors are siliam:-ccoled. 

Fifty-four of the fifey-seven m:c.el 9C1 contim:ous rni."!'le-.""S built 

'cy Joy M:anufactur....ng have teen located :in t.11e course of t.1-tl.s :inv-estigaticn. 

'IhL'"ty-five of those lccated are idle (standby se_""Vice or stored as a source 

of spare parts) , thir'-...ee.."l are being used to mir.e ccal, three are in uses 

other t."l.an ccal pmOJC"..ion (e.g., cutt::ng ove..~ts and cle~..ng air courses), 

~ are used as spare equip?E."lt, ar.d one is being used ; ri a t:::aini.'"lg pr.:::g::am 

at a vocatior.al sc.~l. TN'O of t.~ t.'lree rn::del 9C1 contim~us rni.-i.e-.""S t.,at 

ha"Je riot =een account-=d_ for were reportsc.ly sold. 'Iherefore, it is_ es~a~. 

that a total of appmx::itra.tely fL~...n units are still ir. service •. 

nie FC3 loade-.?"S were sold to ~; ghty-e.ight di ~ferent min.L~g ope_>-a­

tions, the l'I'ajority of t.~ small coal m.:L.,es. =· Si."<t'i of these mi.?1es use·-
t.:U-ee or fe,rer leaders and, based en a survey of thirfy-six :nines, it is esti­

mated t.."1at r-..early all of tbese leaders are st-i ; l in service. 

'nle rrctors i.?1 loaders ger.e._""'ally ~-e rebuildi.,g. ever/ .2.8 to 24._ 

m::nths,. tt-.e ti.ma to failure depending upon ope.rati."lg ccr.ciitions. '!he r.otors 
. . 

used in ccnti."luous rnir.e-.""S usually re:;)lire rc....buildL'"lg ev-erJ 12 wes.lG ce----2.u.se 

conti..,~us :niners are ope.rat-co. under relatively severe ccnci tiori.s. Pe.build­

ing, fxcm t."le tiJre the rrctor is renoved fxcm service until t."le rrachi.-:e is 

ret'..:J:ned to ser:lice, usually requi....""SS one t::::l °1=NO we.c...ks. 

Sot.11. the continuous mi.."leIS anc:i the loacei:s are i.:seci in unce.!.g .. ~und 
' Ji v ... - - · '--~ .. i.._... /: ~ the t..~--- ,..,,...;,.,.;,.,.:,11,,. rm.nes. oy 1.·•1:1.uur~C't'~-.=...... -~-a.. =et[_ OI:.. ..IraC?u...= .. w.ei::e.~~-.,. -- . 

sold for use in ;:ct.ash mines, bt.t all of t.'1e mines that were· ic.entified ir1 

t.~ cou..-se of this survey. 'N"e--re C"'....a.l mines. ~e ccnti..'1:0us rni.:1ers gcuge 

the coal off the face of tt-..e seam and contir.musly load it onto shut'"-1.e 

cars which haul it to a conveyor. After the miner ras driven L11to t.:,,e seam 

about t'M9Ilt"f feet, it is rrcved t::::l a near::,y section while t..~ rcof t.~at it 
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e.~sed is 1::ol ted. 'Ihe · leaders are used in conve."lt:.onal mi.,ir..g ir1 wr.ic."l t.~e 

C'Oa.l face is drilled and cr.ce..~.:t by a c,r_lling rracl-.i.~. A.-=tsr the c---..al is 

blasted, t."le lcac.er scccps it up ar.d loac:s it .b.to a shut-...le car. Poof 

bolti.11g is also required in th.is type of minL'"lg o;:e..>-a.tion. In eit."ler ccr.­

tinuous or conventiol".al m:L."ling, an e."ltire sec-..i.on wi t.1-i all associat...:d equ::.p­

rrent will be icle i£ the miner or loader is out of service anc. t.'le..~ is no 

stanc-by capaci +:-J, as is generally t..'1E: case for snail :r.i.."l.ing c;:erat:.ons. 

'Iba output of conventional and cont:inoous mining ope._..-aticr,.s has 

been o:mse..""Vati"!;ely estimat=-1 at 250 tr:ns of coal ~ section per shi.::t 

(eight hcur •...erkir.g day} • Given ~ sh.i=ts ;:er cz.J, each c---...al rn:L"li.r:g t-=ch­

nique produces over $10,000 i...ert.f'l of coal per day (valt:ed at C'.JJ:::-snt prices) . 

Conventional coal mi.rung operations ger.e_'"ally ~=a eleve.11. to t.~..ee...11. 

ma."1; ccnt:inmus mining cperations requi...-e only ~v:en rren. 

8.3 Cotmliance Ccsts :. 

l,oaders 

'!he FCS-cooled notors pro...se.11.tly used ; n loac.e....-s can =e readily 

replaced or conve..""ted to ai.r-c::oled (i.e., cry) rrot=rs i...t-..e.11 ·serviced eve.."'1· 

18 to 24 mnths. 'Ihe cost of replace:re..11.t 'With a re.-1 air-=:::oled 1..T.it ~ 

$6,258 per mt:or or $12,516 per leader. However, conve....-sicn kits a...-e avail­

able fxcn ~.iance Electri..c c:anpany, sole rrotor supplier to .Joy Mar.uiact:u..---i..--.g 

COn'pany, for S 3,100 per kit. Each kit conve..~ or.e rrctcr, and eac.'1 loac.er 

uses t".-10 notors. 

Over t..'le past f&,1 ~{ears, :Joy Manufact:' 1r..r:.g has =ee..11 ccnve.:-""...:..--.g 

the m=tors· -en• loacers- · to :> a:i'.r: c:o 1.±..~q ~ '"'.·At• a •PCS· hear..:ng,. ±:1 ··Ct:::'cas;o- en· July 

19, 1977, .Joy Manufact'..1..~~g stated t:iat they had o::,nver----ed· 3S3 of t."lese -

trOtors. An acdi tional 9 5 · rrotors had l:ee.11. conve.r-...ed _ as .of t.11e :ni.,..;c.J e 0£. . ... 

~-e..,mer, 1977, lea"-r....ng 652 loader rotors to be o::,r:.~ed (r.cte t.t.:at t."lis 

figure includes t.'le thi...."'"ty-four spare loader mtors). :Jcy M.anufact::.1r~~g 

estinates that all reraining PC:-ccoled loader rrctors can ce c:::m,~ed to 
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ai...-o:oled by the er.d of 1981. 'Ihe cost of this conversion is $3100 9er_ 

rrotor, =esul ting i.."l a tQ.tal cost of ·aoout $2 million to convert the rera ~ ":­
ing 652 rroto.rs. 

Continuous Z1inezos 

'nle PCB and silic:one-c:::oled rroto.rs .i."1 mine..""S prese."lt t..-a.nsition 

s,roblens. .;.s a result of the s,~sed regulations, the rrat:<et for used 

PCB-c::oled conti."luous mine..""S e:;:ui:;:m:.."lt will vi.rti.Jally di.sap~. 'Iherefore, 

various mi."ling ope....-a_tions will be con~:::ont-=d wit.~ obsolete e:;:uiprrent s:erhaps 

pre:raturely, resulting .in substantial capital lesses witlch. cepe."lci u;:on t.:.. .. e 

re.1!la.ining use..-Ful life of the equip:ra"lt. 

All but one of t.i...e nine mtors i.11 t.~e. Joy. Manu;act:.Jri.'1g .Yo::el CC:43 

continuous mi."le..""S that are st-ill in service ha~--e been ccnver'"...ed to silicor..e 

coolants by the cwner. · Ho;..'ev--er, it has rece."ltly teen found that silicone 

va;:ors may de.activate die elec-._""Oces .L."'1 rrethane cet-oetors which are used to 

rrcnitor the arrt:iie."lt air conditions in ur.c.ergrcund mi."'les. 'Ihus, silic:or.e 

fluids :ray r:ot =e acceptable. whe..--e such cetect.ors are used. 

M::x:el 9C1 continmus mi.ne..""S ca.T.ct be refit--._=d with air-cooled 

rotors d,;e to spacs li."Tlitaticr.s, nor can sue.~ equi;.ue."lt house converted . 

rrctors. 'Il:erefore, ,z,.less a saH sfact:Jry replaceme..11t heat t--ansfer 11.:-uic. 

can be ce~;,eloped for use in rotors, this equiprre.."l:t must-be scra;:¢.and .neil 

equ.iprrE..'1 t purchasec.. 

'llle valoo of the o::ntinu:ius miners is best app:roxinated by its 

value of S40 ,000 on the used equ4'"'II'E!nt rrai:::<et" • ..,--n:e-·ner..r ~:1:acS!l'Elt mac.w.-es· · 

will hav--e a rm:dl higher price, : but will· ·l::'e ·rrcre prcduc-....i. v--e ar.d rsqui=e less 

mai.,.-itenance. Historically, mining ~ t bas i:ecorce ot.solete after abcut 

ten -years of sern.ce, and mst mining cpe..""ati~-tend·"'to· cpgrace·ti-reir~?­

nEnt prier to the er.d of its useful life. Since 1970 was t.1-ie last prcc:uc-....i.cn 

cate of PCS-ccoled oontini.:ous miners by Joy ~u:f actur. ~g CCirpany, aJ..:.. sue..~ 
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equipne.11t is likely to =each obsolesc~ce. ~Y t.1:e ?C-;:csed canpl.i3r.ce cats -
. 1 o9, l ,.. . . hi . ..J,.. ·- r-------=., l.. e. , --- ... • Rep aceme.i: or . ti: s equ.ipre..-rit, ~.ereJ::1,,;re, way ccc-..1r - :::-:,c:......u.ess 

of t.11.e 9ro;:csa::l Fa ban regulation. -E:owe:,er, minir.g ope.rat.:i.or.s will no lor.ger 

be able to e:rploy t.11e obsolete ~t as spare equip-r.ent to ta~ 1..ip t.11e 

slack resul t.:i.."lg ~::.'O[!l rrachi."le se...rvic:.ing, n::,r will they be able to_ sell it ; n 

t:-..e used equi;:rre,.11t mar~<et. Forced scnppLi:g of t.ili equi;:me..'lt prier to t:'..e 

eni of its useful lite can result in significant costs (losses) to a m.i.'"1.i."lg 

ope.."'"ation, depen::i.ing upon t.11e rena.in:L"lg useful lite of such equipne.'lt. 

Six of the eight o::mpanies using the FC3 m.i."le..~ are relatively srral.l, 

with. production of frcm • 7 to 4. 2 million tens per year. '!he other PCS 

!Iti.ner.s are in use in mir..es cwned by c:,nglanerates f ... "h.ic.:i. produce cor.sic:a-r-::i_bly 

greater tamase of coal. Airf costs ~ch a..-e l.i.'<ely to l:e ~.me by t:.ese 
c:JTpanies as a r=....sult of the lost cpportunity to sell the.;,.. PCE equipne.."'lt i.."l 

the used rn.a.zket will have li t+-..le or negligible il!pact on the IraJ:ket price cf 

ccal. 'll't..is stems fran t.?e SI!'all mai::ket share o_f o. s. ccal r.cw mined by PCS-:. 

ccoled continuous miners and the abili 'cy of corrpeti to~ to e.~d operat::.or.s. 

Furthe.tm:lre, Versar es-...i.-nates that whate,;er c:sts are inC'..ItTed by _ t.1,,ese eight 

m.ini.."lg carpanies will oot r~.Jl t in ccn:pany closures and subseque..'lt lesses of 

e:rployment. 

· Table 8. 3-1 ~_zes the possible ec::)r.cmic costs of the prc;o~ec 

PCS ban regulation to t.:...S eight mi."ling o::rrparu.es t.JSing t."'ie conti.'1.ucus rn:L'1.e...""'S. 

Neta t..'1.at only PC:S-CCOled cont.inu::,us rnine....-s that are still in service are 

CO".Sire-red in this analysis because it is not kncwn hew rrany of the reirai.11.ing 

forty-one cont.inu:rus mine..""S located have a f:OSitive :ra.:ket vali.:e a..~ t.JSe...--=ul 

life. Assuming that forey of t.~e rnine_..-s e:an ~ sold in the used equi;:rrent 

rrazket (i.e. , . cmi tting t..'18 on~ c:::::nti."'lu::ms~mi."'J.er_.J:.~ .is. .l:ei:J.g-..usac-:::Y .J:...:,S.. -- __ ,.,,,, 

vocaticnal scl-.col) , t..'18 ac.di +-.; ori.al ecor.anic ccsts . w':luld. i::e a-:ra:d..ill.ml of.- --

($40, 000 x 40 = $1,600 , 000 }·. In ro case coes the ecor.cmi.c i.rrpact en any 

corr;iany exceed cr..e ?=,-rcent of the annual value of the coal rnir.ed by t.:...S. 

catpany. 

-56-



Cost L-ra::ac:t of Forced ?eti.re:rer1t of ?C3 ·eonti..r1uous Mi."'le..>-s 

Nurber of Nunber of Cpf:ort-..ru.cy 
Contim:ous CCntinuous Cost Due to 

Cc:rr;iany Mine....-s Miners Absence of 
No. ~ CU43 Mxe.l 9CM Used E:qcipne."lt 

in Service Market 

l* l (l) 0 s 40,000 

2* 3 $ 120,000 
3* 2 s 80,000 

4* l ~ 40,000 

5 l s 40;000 

6* l $ 40,000 

i 2 s 80,00Q_ 
~ 

8* 5 S 200,000 

'!'O'mL l 15 S 640,000 

(1) Note that ~ no. 1 operates three m::del CJ43 com::.nt:aus mines 
but cnly one machine still uses !=CBs as a rrotor ccolant; anc. only 
cne ~r of t.lie t.'1...---ee used to c;:erate the rrac.:.-..i..;.e &:es contain 
PCEs - i.e. , the ot."1.er cro rrotors enploy silicone as a coolant. 

Snail producer (less than five million tens ?=r year total CCITpany 
?roc:ucticn). 
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Reoortir1.a Ccsts 

'Ihe pi:opcsed ~ations •,.;ot:.14. requi..""e that the EPA. be Luo~ of 

t."le icenti t:-J and cwne._?"Ship of each. FC3 rni."ling l!'ac."tlne within 90 days of t.~e 

effecti~;e date of tr..e regulation, and t.11at the cwne._.-s maintain: co:rrent 
records of t.~..e mac:hi."l~J and report changes of cwnersh.ip to t.:O:.e EPA.. The .. ~ 

are approximately 96 mining c:cl"q?anies which. cwn ?CE machi."les. The i..'lioz::ra­

tion re:;:ui..~ for the initial ret=0rt should be available .=rem inventc.cy 

reco:rcis, and p~...,arati.on of the report should requ:L--e r:o ncre than or..e to 

t"..;o days per c:orrpany. Assumi..,g an average of cne and one-hal.f man days s:er 

ccrcpany report, ar.d an ave.."c.se burceo.e:i labor rate of $30 ,ooo ?;r man year, 

the.repor---ing =equirerent will result i..?J. costs of (96 ccrr;,anies x LS :ran 

~ .. pei; ~any X $30,000 per man year/240 man days per rten year= $18-,000)· .. 
~ . 

'Ihe ot.'-.el: -~rd keeping requirements are similar in sccpe to nomal inve."l-

tozy prc~.xi::es -ar.d should not result in significant acci ticnal costs to 
_. , , ' -

the mi.9li.~g co:rpanies. 

A fOI:ITal contingency plan will be requi.red of eadl.. cacpany which· 

o;:e..~tes Pea mir..ing rmch.ines. ~ plan will !".ave to be specific for each. 

o::rrpany, and will have to t:e revier.-A:d and approvi:d by a regist0 red profes­

sional engineer. A s~le plan for these nac.hines •,.;ill be prepared by 

Ve...-sar L,c. i.:r.c!er a cont..~ct 5E=Onsored by the CJ. s. Bureau of Mines. Gsi:lg 

t.lus published plan as a basis for t.11e preparation of a s;:ecific c::rc~r.y plan 

should reduce the effort to one day of corrpany ti.Ire and or.e day of profes­

sional eng:inee...'l"'j_'lg services fer cx::xrpar.y. 'Ihi.s •~ll result i.'1 ccsts to t.'!e 

mining c::npanies of (1 man· CZ'/ x $30,000 per man year/240 :nan cays per rran 

year + 1 cay ccnsulting x $250 ;er day = $375 per car;,any) • For tr.e er.t.; '!'"I; 

indust..."7, total costs will·te ·(96 ~es x ~75 per corrpany = S36,000); 

-58-



8. 4 Si.mrar, 

Cost Ir.roacts: 

r.cacers -
Pebuild: 652 rotors@ $3100 

Continuous Mine..?"S -

Premature sc::apping: 16 o;e,..'l"'a.t:i."'lg 
miners @ $.10, 000 

40 ot:1.er mine..i-s ,~ a - $40 ,ooo 
Reporti."'lg Costs -

Spill prevention and cont..-ol plans 

·Total 

$ 2,021,000 

640,000 

a - 1,600,000 

18,000 

36,000 

$ 2;715,000 

[Plus up to $1,600,000 am tiona1.. All 
costs will l::e i."'l.cun-ed in t,i...e p;..~cd 
1979 th ... -ough 1981.] ~ 

No loss of coal prcduc'""..icn is antid.patec. Since ccal ?rices 

are set by:. com;:etiti~ m:u:ket forces and a_""e i.:sually set by long t=!:!tl ccn­

t=ae"'"...s, .it is a:,q;:ected t. .. .at the adciticnal costs of t.-iese ::-egulaticr-.s wj 1 , 

be absor.::ed by the mi.ni..11.g c::rr;,anies as reduction i."1. profits. 

EmoZoument Effects: 

men.ts for additional re'E=Qrting ar...d the preparation of spill preve.."1ticn 9lar.s 

will result in a total increased labor ce.rrend of CI".e to ~ man years o..:=i.-:g 

1979. 
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9 • 0 E!.E~QIE'!S 

-
Large elect-ara..snets a..-e ir.stalled ever conveyor belts to rerrove 

t--arrp L""Cn .= ... ""'m r.on-!!'asnetic c::rmcdi ties S".ich. as coal and srai-:'"l· M::st of 

these elceL...atJa~T.ets are ccoled with 100 to 150 gallons of mir.eral Oilo 

Where increased fL-e safe-cy was ~ed, the rragnets we....-e ofte."l filled wit.11 

PCE.s. '!1'1.e t.1iree rragr:et n-.anufac--~~r.s woo used PCSs were: 

Stez:ns t-"..agr.etics, Cl.:idahy, Wis. 
Eri.ez tA'..agr..ets, E...-ie, Pa. 
Dings co. , Milwaukee, w~s. 

Di.'"lgs Co. stc:pped using PCSs .in mi.d-19 i6; the ot.11& two r..anufac­

tu..-ers hav-e ::ot used PC3s si."lee 1971 or 1972. A total of al::out 250- PCB· 

rragr.ets we...""e manufactured; appmximately 200 of t.11.ese rray still be in use 

in the Qtl ted States. M::st of the PCB magnets are being used iJl C""'...al mi."'les, 

ccal preparaticn plants; and in coal-fi.red gene..,.-a_ting stations. It Ls 
pcssi.ble, but r.ot confi.z::rred, Hiat sare of the PCB nagriets ~ be used on 

grain con-v-eyors because of tbe fla:rmebilit°'J of grain dust. 

'lhe electrcrrac;r.ets are of ccrrpletely welded cor.s~..1cticn, and 

·1.te...'7 feM leakage incicents have occ--=ed wit.:.i either oil filled or PCS 

filled rragr.ets. Eased en design cor.siceratior.s, el~gnets would be· 

~ec-..ed t::, be less likely. to fail than w-culd t--ansfoi:rre..""S. Tti..osa leaks 

which hav-e occ-.Jn:"ed have bee.11 caused· by i:hysical abuse or lad< of adequate 

mainter1ance. Maintenance requi....-e.rrents co rot ~se ~1::ke.rs or t."l.e e.'1Viron­

rrent to contact with PG.s. · 

9.1 Faqu.L1'"9m=nts · of the'· ?ro¢sed-Regtilaticns·· 

Cnly transfo~""S ar..d capaci tcr.s are cefi."'led as I' totally enclosed 

uses 11 of PCB.s. All other PCB equi;:me."lt, i."'lcl\.:C.ing Pc:3 · elec-...... -crnagr.ets, rm.:st 

l:e r~ from service by t.11e effec+-..ive date of t..i.:.e regulation, ar.d cis­

?=)Sed of in ao::ordance with the "Pc:3 Disposal and Maz:king" regulatims. 
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. . 
Since incine.....-ation of the el=et..cnagnets is not f easi.ble, eao awner will 

.be required to submit a writtei application to t.:...e Regier.al .r..dr:linistrat?.~ 

re::;:uesting pe_i-.nission to- di5t=Cse of the ~its L"'l a c.:,,e.rai.cal waste landfill. 

9.2 COrrcliance Costs 

'!he PCB electxcm:ignets could be replaced wit.~ oil filled units at 

an average cost of $8,000 per rragr.e1;:,. Ecwever, use of m:L.'1.e.."c..l oil in t.1iese 

a;:plicaticns 'tlO\lld signific2ntly inc::-ease fire ri-Sks. All of t.'1.e manufac­

t'.Jrers regularly f-.:!I!l.ish. magr-.ets f-i 1, e:i wit:n silicor.e fluid for use ;..here 

fixe charact':r"..:.Stics superior to t::=ansformr oil ars required. Sue±,_ silicor..e 

-i:.;7 led transfonre..-rs are 40 to· SC% mre ex;:en.sive than oil filled units, i.e., 

$12,000 ~ average unit. 

E.rie:z: also offers a pmprietary air ccoled elec""'-"'Orragnet which 

has Undezwriters Lab:lratocy approval for use in dim/ and dusty en~--:--""Ot'lI!'e.'"lts. 
-

'Ihi.s unit costs about 30 ~rcent rrcre t.1i.an an ··oil filled rragr.et, i.e., 

$10,400 per average cit. 

?splace.'ie.."lt costs for sui..table n-agr.ets would l::e $10,400 to $12,000 

x 200 ur.its = $2,080,000 to $2,400,000. · Ce.livecy and L:.s-...al!.aticr. ccsts wculd 

be an additional ten to c-renty ;:erce.11.t. 1-.s in t..~ case of mi..-tlng ~ch.i.r.es 
. . 

(diapter 8) , the i.--icro_ased costs ,"'Ou.ld :;e e.~..ed to ::e al:soced ~Y t.~e coal 

mi.11es as reduct.ions in profits. These costs s..'1.ould not result L'l arrJ loss of 

·-· . erployn-en:t O~-_____ _ 

-----·-- ----·cei±ver.rof-200- reE,)lace.teIL mai:;z.ets wculd ... :!4ui=e fou:c to··s±:( ---··-· ·--- -····- .··· 

· uDnt.':s·.- .Cl~~tiorr of Ll::e wal aashers-wit:l:out :-LOLecl..l..cu to 2.e.tcv"e t:::arnp ··- -

..... _metaL.c::::ruLi_re..suJ ~ in _a_bigh....risk....o£.~~of ~i-,e cn·she-rs_ wit+, s, u::st::ir:ti ~ J 

-·· ·--losses-±n fm:ductiorr.-~ f.i. sq c:ern:y mat:a::l:.--cle Lee t:,~retal--er;c;--- · 

shut d:wn a com,eyor !:el t until tr.a r.Etal is rerrcved manually. These systerrs 

(l}. Consensus of indust=y cpi.-i.ion cbtai.--:.ed through a p~e 
sur..'ey by Versar !nc. 
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are ex;::ensi ve i."l tSJ:nS of .m::r:--°"er and lost prod.uc-..icn carpared to the use 

of sepa._-,.a_tor magnets, but rretal cetectors could provide the te."q?Ora..ry prc­

tec-...ion needed. until replacete."lt magnets were celi~;ered. Cetector systems 

which a..---e prese."ltly in use a.~ r..ot manned ccnti."lually, so it ir.lJSt be assured 

that t.'ie lost prcduc-..ion n:om l::elt stcppa<;es is less ~i ve t.~ manning 

v.Ould be. Assuming that a two-itentb. celay would be e-~enced in cbtaini..~g 

replacerent magnets , full tima (3-shift CFe,-"'"aticnl manning of t.~ cetect:n:s 

at a burdened lab::>r rate of $30,000 would cost (60 days x 24 hours per day 

x $30,000 per man year/1920 man hours per rran year= $22,SOO per ~.a.gr.et). 

-~ lal::or rsqu:L"'"e.Tt'Erlts might r=_asonably be 10% of this figure. nu.s lal::or 

~t wculd have to l::e adced to t.i...e cost of a cet..cctor system. All of 

t.~e additior.al costs are ve..ry cepende-"lt on the timing of th.e effective 

date of t±-.e regulation, and ~u.ld be el.L-nira.ted. if the :Lr.dust:ty had six 

l!Ont.~ r..otice of the i.."ltanticn of the Age."lCf. 

9. 3 Sumr.ar, 

Cost Irrrpaats: 

Replac::enent cost - 200 elect:::orac;nets - $2,080,000 to 2,~00~000 

r:eliver.t and L"'l.Stallation osts - 200 
· electrorragr.ets - $208,000 to 480,000 

Laber ost increases dt:e to short t-0 :!:!!l lad< 
of replacem:..Tlt rragr,.ets - $0 to $4,500,000 (prcbably 

$500,000) 

?rod.u.ai:ion. c:r.d. Price I:-rroacts: · 

Costs a..---e. ex;ectec -to .. be-.abscr::ec ~ .. ce .. cca.1.:t.ining: .. L'"lc.ust--y 

as a reduction in profits. 

arro Z.Oumen.t -Sf feats: 

. No loss of· et;)loym;nt at tr..e mines is anticipated. .il..ssumi.ri.g 

t.'iat one-third of t."'..e rnanufactl.lrir.g and i.'1.Sta.llation costs of t.i....e replacerrer.t 

units represents later at $30,000 per man yea:r, in::rease:l la.l::x:)r of 
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($2,288,000 to s2,aao,ooo( S3q,ooo ~er rran year x 1/3 dollar la.i:or ;:er 

collar cost = 25 to 32 nan ye.arsl. would be ~---ec. in· late-1978 ·and early-

1979. E.-rtra laf::or due to a lac.le. of replaceme..'1.t ~its might increase e.~ 

ployrre..'1.t by ($500,000/$30,000 per rran ye:::= 17 rran yeaI:S) d~..ng the first 

few rrcn:ths of 1979. 

:. 
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10. 0 ~EW.JLIC SYS~.S 

PC3 fluids were use:i ..:.n a large number of hydraulic systems; ::=ar-.i~..i~ 

larly i."'l. die--'3.Sti.~ .ra.c.lp..:.es arc in s~-1 :L~ust=y applications where high~ 

taripera.ture st-:obiJ.it:y and fire resistance were m;:ort.ant considerations. L"l 

1972, wr..en PC3 hydraulic fluids were no longer available, users_ •N-ere forced 

to switch to substiti.J.te fluids. Sir.ce t.li.e substit'.ites were ccmpatible with 

the PC3 fluids, tbe mac.'i.ir.es were not drained ar.d. flushed but were si.uply 

tcp;ed off as required wit.11 the r'eN fluid. Topping off usually requires 

addition of ria1 fluid at the rate of 2 to 10 tirres the system capacit"j ?=r .· 

year to replace leakage losses.' 

Available data on residual PC3 levels in die casting rnach:L:.e hyd..-aulic 

systems in:iicate that many of t.-:e tested rracbir.es contained ?::35 in cor..cent..-a-
. .. ... 

tions of 60 ppn to as high as SO% in a fe,1 cases. '!he d.iffere."lCes in c,cn-
. . . ' ·: -·~· ;." 

centration apparently re1:'"lect differences in the rate of leakage fr-::m ~rar::.9us 
. ~ .. 

r.achines and differing c;::mpany maintenar..ce pol~cies regardir.g pericc.i.c w·-t.:a.(_:"-

replacem:mt of hyd..~ulic fluid. 

10.l P-ecuirerents of the P?:ocose:i ?.equlations 

Tr.e proposed PC3 ban regulations ~uld prohibit ~he use of fluids 

which contain over SO b-flll PC:3s in ope.11 or semi-closed systems. ~ver, 

hydraulic systems on metal die casti."lg machines which contain fluid wi t.11 rrore· 

than SO ppn FC3s would l:e allc-wed to remain in se."l""llice i.:: th.ey are draine:i, 

:lushe:i with clean solve."lt, and retilled.· wit.1, un::ontami,r,.ated hydraulic fluid. 

"nle fluid irust l:e re-prccessa:i or replaced at :L"lterva.ls of six rrcnt.i.-.s to 

rerove i?CSs until tb.e concent.....-a,tion of PCBs rs:nai.ns be.1.cw SO ppn. L"'l ac.dition, 

use.i-s of contaminat.e:i s--1st-c:rns wculd have to- rei::crt suc.'"l use to EP.i\ ar.d cet~ ticn .. - -
arnually•ferexemptlcns1:0""contmtle4:Ising--am-:-pe.r:.cdically-de:onominating the··· 

equipte."lt. 

'!he provision--for~nt:moe::r·uscr··of·t.~se- sys-._en.s ·is- 1-±nited to 

five years in tr.e prop::,sed regulation. Hcwever, it is anticipated t..~t t.-:e 

required t=ericdic decontamination of t.'1e systens will reduce t.li.e conce.'"lt._...-a_t:.cn 

of PC:3s to be.10w SO ppn before t.i.e provision ex::ii=es. Hydraulic systems en 
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ot."ler t-yp;s of .:-achi ... "'les wi:ruld not be allCWed to ·continue :in ser-.;ice if t.1--.e 

fluid c:mtains r.cre t.~ 50 ppn ?:Ss. Tr.e machi."'les •...ould b.ave to be rE!!DVe::i 

f:rcn service by the e.ffec:t.ive date of t.,e regulation an:i rot used until t.lie 

PCS level :in t."le fluid is reduce:. to a conce."lt=aticn i:el.cw 50 p;m. 

10. 2 ~ershio an:i Use of Contami.r.at-=d Hydraulic Systems· 

A previous EllA s;onsored study re;:orted t..,at sales of ?:B hydraulic 

fluid during tr.e :=ericd 1970-1971 totaled over 13.S million ;;:cur.ds to 585 

different fizms. (l) Except for a fo:f!N ~es with contamir.ated die casting 

sys-...eros which have =ee."'l ide."'ltified t.1i.rough statsrre.."l.ts at public hearings on 

PCE.s, little .L'"'lfoz::mation is available on t.,e o.,;nersh.ip of contam.L,ated systsns 

or the levels of FCBs in t.1.e flu.id • 
. !• 

Based on state:rents·'~e. by several die ca.sting· canpan.ies ari:i by· 

a represe."'ltative of the American Di~.:casting Institute, (2) PCSs were used as ...... 

a pre:n.i.un priced alternative fluicf-'.ili. fr.e· ~-aul.ic systsns of die ~t..i."lg 

mac.,ines use:i to foi:::m alumi.."'lUin, magnesii..m\, an:.:1 ·· zinc castings. Tl':e.re a.re 

a;:parently f&"1 barr:.ers to ent.---y :in t.1i..is • rxiust:=y, an::i the cor..stant enty 

of r-.e"' die ca.sting ~es has provided a ready ·market for 1.:sed rrechi.."les. 

A revie11 of the ~ri..santo cu.starer list reveals &.at al:cut 80% of· 

tb.e 40 lar;est c:mpanies ?l,lre-'la.Sing PCS hydraulic fluid in 1970 ar.d 19il were 

die casting c::rnpanies. (l) A.ssumi.."lg that c.ie ca.stin~ can;:anies pur:::-.ased 90% 

of t.~e fluid sold and used it in die castir.g rrachir.es, a total of (13.S 

· ... {l·r Ver~ I:nc-;-,-trsase of PCEs in Ccer an:i :3eti--lcsed-SVs t..eris a.-x: ;_';.e-~- -- · -------- - · 
,.:--.::. .:::..::..:.:_:_:sul t....t.g . .f:osses,;ot::;;.;,eBs •. ,t:o..,ehe:::~J.;:C:>t!lllent::..::±~~.i:Jr~~-=~:::. -~::: , ~--.: ::~: 
--- -- -- .. ( El?A -Cont..-aGt- No.-., 00-01 ... 3~7--lie.t:sa&-. Re-i::crt.a No. ~14:- 5C)-,-SQO"t-=ni:er: AA---- ,.- - - --· .. 

1976, ?• 13. - -
.. __ (2l_Telei:rone c:mversation1 __ Mr._ Cornel (:..irerican Die Cas~ ;r_-.sti~~.!. ;..~_._)_ _________ ... 

with ?otert West:..-ri (Versar), April 2s·, T9'7a-.- .. - ... ---·--·-
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million lb x o. 8 / ll lb per gallon = l million gallons) of PCS flu.id was used 

in t."'lese rrac."ti.."'les during ¢e two year ~icd. Assuning fur'-2-.er that each 

rrachine had a hydraulic ~stsm containing 500 gallons ar.d requi.=ed· t.:.~t arrour.t 

eac.1-i year c replace leakage, the total one million gallons of fluid could b..ave 

bee..11. used by 1000 rrac.i-ti.r.es •N'hich used 1000 gallons each. 

'llle rera.ini.."'lg 20% of t."Je largest purcr.asers of ?:E hydraulic flu.id 

were st..oel mills. ?:E hydraulic fluid was rep:,rtsdly used as a star.dare. flu.id 

in many plants in t.1:ose applications· where leak.age •...o.tld prese.."lt a fire bazard. 

Representative uses wculd ir.:clude steel f!..ll::-..aces, ladles, s-...rip mills, vac.Jum 

degasers, ar.d continuous casting rrac.'tl.."'les. There is n:::) i..-'1.forrat:.on available 

on t..'1e total numi:er of hycL°'Q.ulic systsms i.'1 the steel L-rxiust..-y t.~t used PCS 

fluids, I"'.Or is th.ere any infoDT1ation av-~le as to the ?reSe.'1.t conce.'1.t..~tion 

of ?Os i.., these systems. 

10.3 Comoliance Costs 

Die Casting ,;1aahines :. 

~st die casting rrad1.:L.;.es were flushed ar.d refilled with a_ r:on-PC3 

hydraulic fluid at~0 r the Owners became aware of the env-i ::onrnental ar.c r:.ea.l th 

hazards asscciated wit.11 ?:Es. '11-..s hydraulic flu.id recam-e..-rXJ.eci by ~nsanto 

as a replacene..11.t, for t.'1e PCS fluid in 1971 was based on ~lyc:h.lo=ir.ated ter­

phe."lyls (Pers) . 'Ihe manu.,=act'.1r.ir.g of PCT fluid was disc:::mti."'lueci L"'l l9i2 or 

1973 and the prcduct. lines were. replaced with ot.1.er typ:s of cyc...-a.ulic li~s. 

'l'he refilled. hyd.---aulic syste:ns have bee-Ii rra.:L."'lta.i.ne:i in use 'cy 

topping off 'N!len necessart to replace le.a.lGge losses, ar.d i.."'l sare cases by 

;:eriaiic replacsrent of t..1ie flu.id. As a result of the continual rmoval ot 
contami.-,a,ted fluid, t..'1.e conce.'1.t..-ation of. ?CEs has. cec....n .. gz:aduall.y.. rcw-'!J'cerl to 

low levels-, al t.l-:cugh in many cases the resiolal -?::Ss excee:i t.:,S 50 · :-~ll l.imi t-· · 

?ro;::ose:i by t.:.'18 regulation.. The available ir.£or.ration on prese..'1t levels of 

:S:C:SS in t..'18 hydraulic systens of die cast.i."lg rrachines is SU"r'm:!.Iize:i L"'l Table 

10.3-1. 



Table 10."3-l 

Present :C3 tevels· L"'l Die Cast.ins: ~.ac..1ii..'1e Hvcraulic Systems 

Ccm:anv 

Ca.st Forge CO. ( 1) 

Cate.."?illa.r Tractor ( 2) 

CUt:::card ~.arine ( 3) 

PCB Level ( ;:mi) 

80 

below detection limit (systems 
are drained twice a year) 

90-6000 (c-..:rre."'ltly average 500) 

OUt:.!:oa.rti ~i."l.e cor;:oratlon cwns approxi.-nately 130 die castL.--:.g 

machir.es t.'"'.at at one ti1re used PCS hydraulic fluid. These :rac..-unes eac:i 

cont.ai.."l an average of 500 gallons of fluid, ( 3) ar..d are all contam.ir.ated wi. th 

PCBs .L'l conce."ltrations al::ove SO p;m. · 

Se~.reral ccrpanies proviaea estimated costs for replac:L-:g hycraulic 

fluid, alt.~ugh rot all of the figures •..iere· for the ?=,tmitted draining and -

::u.sh:Li.g ?rccsdure. CUt!::oa.rd ~i1.ari..11e e.sti.-nated a cost -of $840, o·oo ~ dr:;.in 

their rrac."li..."'les, flu.sh tb.en twice with mi::eral oil,· ar.d raiill t.1:en with ::.e"' 

hVl"'..=a.ulic . £l, Ji,.; --If -~"'"aw.ic ~ln j d we._--e.:..use:La:s .the.: :=, 1 's...,irq -·so 1,,-:-..: or_..t::i._ .. - .. 

a~id flamra.bility 9Z'O~lens the cost •...ould l:e Sl.2 million. (4·) 

Gene..---al :1::itors state:i that t.:i.e cost of materials for replaci.."'1g 

t,:,,e :luic. .L..-i. t.1-i.eir hydraulic systems wculd ce as follcws: ( 5 l 

(1) Telepbcne conve..~ticn, '!an Grover (Ca.st Forge Co.) with Br.ice Wccc.c::cl< 
(Versar) , September 22, 1977. 

(2) Telephone-· conversa'Ei.""Orr;-Tan oe.rl~~ter;,illar· !'ra:ctor) wit.'1· ar.ice 
-""-==: .:..:Wn::ccccX?:?4Ve-~a!:).;:;.:"""eptCl'!jt:e!:!'":~''l.~7;7,....., .. ,.-._»..., ... :'~---·-- :.:.~·-··· -·· -- ' - - · -:.--"-·- :,.:. · - ·- -·-·-· - ·,-. 

-·+3+-·-•n-iaras, Hu~h-~"ti·-._~~-Corp.+,-?l:'ese."ltat..ie?r-a-t:--t."le-~F-. !.~~- ·----·- · -·--··-
Hearir.gs en the PCS San 8egulat:.ons, Washingtcn, D. C. , July 15 , 1977 
(p._ 91 of_ t....-ansc~ipt) . _ _ 

(4) Telephor.e conve..~tion, Hugh T!"lat'as (OUtl::oard ~!arine CoI?.) wi~:,. 3r..:ce 
Wccrlccck (Ve..rsar) , Septe;r,l:er 23, 197i. 

(5) Ward, William (Ge."leral M9tors Corporation) , Presentation at the EP.ii.. 
Hear:L,gs on the PCB aan Regulations, Chicago, Illinois, July 19, 3..9ii , 
(p. 201 of transcript). 
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Ite.n 

Solvent 

Ne,1 Hydraulic Fluid 

D~sal 
Total 

Material Cost 
($/gal of replaced fl1..ud) 

$. 2. 26 

7.57 

0.37 

$ 9.40 

Chevrolet estin'at:!d. that it •,..c,uld cost $500,000 to replace tr.e hydraulic fluid 

in the 2S systens (29,000 gal total capacicy} in thei.r 3ay City (~;ch.) ;,lant. (l] 

Represe."ltatives of tw-o c:cmpanies stated that :.£ they were forced 

to use hexane or scrre similar solve."1.t they w0uld i:e severly affected as t.i.ie 

seals .L--i t."ieir mach.i.11es •.-i0uld have to l:e replaced. Al.so, there ...-as .conce..'"TI. 

arccng t.1iose r..mo have alrsady flushed their m:i.cb.ines tbat ft..xt..1ier flushi.--:.g 

•...ould ~t significantly lc-wer t.1ie ?O level in their machines. 

All of t.1ie available industry cost esti.ira.tes ar.e surtn".arizeri i.."1 

Table 10.3-2. 

Table 10.3-2 

Inc.ust..-y Est.irrates of t.ii.e c:ist of Draining,. Flushing, a.rxi 
Refilling Die Casting Macri.ine nydraulic .Systens 

No. of No. of Total cost 
COttccny Mach.i.11es Gallons $ $/Gallon 

Chevrolet 25 29,000 500,000 17. 24 

General M::,tors 9.40* 

CUt=oard Marine 130 65,000 840,000 12.92 

-kMaterial cost cnly. 

(1) Michigan De~.art:ra11t_ of Natural Rescu..-ees, :'ile ~, ~t.:w-:. 
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The .in::ust::y cost estimates are roughly ccmparable to _t."le cost 

estimate rrade by Versar an:i prese."lted in Table 10.3-3 .. S.L"'lce t:-.e Versar 

esti.rrates co not i."'lClude-.inve.'1.tory costs -or tb.e cost of decontami.'1ati.i.--:.g the 

waste liquid truck, a figure of $14 per gallon might l:e a rore realistic 

estilrate of t!1e average :;xrice of decontami!'.ati.ng hydraulic systsns. 

The effec-..iveness of ti'.e de::ontamir..ation ?rocedure will depe."li en 

hew thoroughly the system can l:::e dra..:ir.ed of i:oth t."le contaminated liquid an:i 

t."'".e flush.i.~ liquid ar.d also on the ancunt of PCBs which are absorbe::i into 

gaskets a."li other porous rr.-:it0 ... ial. Assuming t.bat t.,i,,e d.."l"'3..i."W".g an:i flushing 

prccedure will rercve 80% of t."le total PCBs, a system origir..a.Uy· ccntamir.a ted 

wit.."l PCSs at 1000 ;:-flu will still be cont.3Ini.r.at:sd with 200 b-flll six rrcnt.11.s 

after the first flushing, i:ut t.b.e le'l'el of FCEs after t.-ie s·econ:i_ :lushing will. 

r,.ever exceed 40 ~- Sir.ce tb.ere will probably !:::e considerable leakage ar.d 

topping off be~-n t.1.e flushings, th.e con::e."lt=ation of PCSs is li.-<ely to be 

eve."l lc,..,er ~..s.n these calc.il.aticns i.-xlicate. ~ 

Assuming that each of the 1000 pro_sently ccr.tamir.ated syst::ros rr:ust 

!:::e flushe:i ar.d =eiille:i twice, a.-id tbat cherical ar..alysis for PCSs is required 

si.x ront."15 after eac.'l flushing, t."le total costs involved will be: 

First flushing 500 gal. ,~ $14/gal 

Chenical analysis 

Secon:l flush.L--:.g 

Chemical ar..alysis 

Total ;er mac.,ine 

Total for 1000 mach.L."les 

. $ 7,000 

300 

7,000 

300 

$14,600 

$14,600,000 

·----------- - A. ma-3-Qr~ac~k~--oos=t-*~~.,,g---hyerauii= S'JSt":!.',s-·±s---- ·· ·-·--

the cost of th~. ~~te:,-:fln·id i;sed· ·to r=fi H·· .t:ie.:-~.:steos._:_~:rt..:.is ...i.m:ier.,.- --~ --~ •. 
• • ., .... --- ... - • .,. • • ,_ __ , - - ••••• w • • • -

.... steed -t.~t .:::Ot.h--CUttcar~ine-am.-Gee...~-~!:t' have--e:m: .. .1cted- :..Ssl...::i ct-·· - · ··· 

met.Ii.eds t) rarove l?CSs fran hydraulic fluids. It is not kr.o.m whet...1ier these 

met."'.c::ds involve distillation or adsorption. The feasibility of such ?re-

cessing may have a substantial effect on the costs of decon:tam:L'"'Jat.i.--:.g h~.(c. ... ~ul.i.c 

systans an:i on t.11ose ~es ....tuch reclaim hydraulic fluid. 
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Table 10~3-3 

Estimated Cost of Decontamir.ati.11g Hyd.-aulic. Systsns 

Ner~ Hydraulic Fluid(l) 
(phospb.ate ester) 

Flushing Fluid ( l) - 1 gal/ gal 
( lC'W viscosity mL,e....-al 
oil wit.1iout additives) 

' (2) 
Trans;:ortation . 

( 400 miles,· ir.cludes 
flushing fluid) 

L-x:ine....-ation - $ .15/lb 
(includes flushing fluid) 

Labor 
(2 man days per mac..l'line 
at $15 per curc:e."l8i rran hour} 

' Total 

Cost ;=e.,. gallon 
500 gallon 2700 gallon 

systan svsten 

7.80 7.60 

1.15 1.13 

• 41 .• 41 . 

2.85 2.85 

.48 .09 
-· 

12.69 12.10 

(1) · Telephone cor.versation, John Colucci (E.F. F.cughton) with 3r..ice Wco:icxk 
(Versar) . APril 27, 1978. 

(2) Versar Inc., -Micrce::oncrnic t.TTipacts of the Pro;osed Ma.rki.""la an:!. Oisccsal 
Regulations for ==<:3s, S9r1.ng1:.1.e.ld, Va. : National Teci".!lical !nfoma tion 
S~1ice (N'TIS PB 26i 833/?N"P), April, 1977, 9. 3-20. 
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Other Hydrau.z-ic Syster.rs 

Approxi.,rately 2·0% of the fi=ns :;:urchasir.g :::CS hyc...~uli:= flu.id L11 

1970 and 1971 we..~ steel -i:::cmpanies an:i 0€:1.er fir.ns rot engage:i in die casti.'1g. 

It is t."lerefore l.L1<ely that 20% of the usage of PCS hydraulic fluid was in 

systens ot."ler t.11an in die casting trachines. Althcugh there is little infoz:na­

tion available on the use of tb.i.s material, appare.T'ltly not all of the systsms 

are still contami.'1ate:i with significant conce.11t::atior.s of PCBs. aucd Co. 

state:i that t.11.eir q:erati.ons sh:luld :-.ct be significantly affected by t.1.e ?IO­

s:ose:i ban regulations sir.ce t.lie hydraulic systsns on each of . their welders 

have beo...n drained ar.d refilled on t.,e order of 120 t.il-nes over t.1.e last five 
years. (1) 

The prcce:iure of draining, flushin.g, ar.d refilling any of these • 

other hydraulic systens to re:iuce die level of :?C:Es shcu.J4 · cost approxiirately 

t."le same per gallon of fluid as a similar prcce:iure perfoone:i on a die casting 

machine hydraulic systen·. As a rough estimate' base:i on t.11e · pro!;=Cr+:; on of ~ 

hydraulic fluid use:i in such ~tens, the cost of dec:5ntami.;ating t.1:esa oti:er 

hydraulic syste:Iis s.tould cost 25% as ;?U1Ch as t.1.e cost of decont.3mi."".ati..i--q the 

die casting ma.c..11.ines, or a total of $3,650;000. 

The _prc;:cse:i regulations •~ require that t.1.e level of ?::3s L'"l 

these other hydraulic systens be rerluce:i to less t.=ian 30 .:-;:rn by t.,e e.£::ective 

date of t.1.e regulations or the .. systsms reroved :ran se..""Vice t.:ntil t.--.e required 

Ceco11L!ntL:a~o11 is cuuplet:eJ. !'itis te;u:Liecei1t.~tay .... estllt. ill ;:)i~.d.i!lc&.l.. 

acdi. tional cos-..s due to disr.ipte:i pro:iuction in steel mills , as t.'le hydraul.ic 

systen.s are ce."'lt..-a..l to the operation of the large ~pre.."lt used in t.,ese 

· - fae,u.i.a~Hewever,-t.-.ere i:3 •• ot: stlffiei:euL :..£..,cr~t:ion available to es::.s:bl.:.sh ··­

~.--: :wnether· ·the-:~::. ·aecontamiiiat±6ff -an,=~·acdii'tpi.i . .sLel by t!.te 1:z..:a:tini dat:2 

of the regulation, r.or to estimate what t."'le costs due to prccu:tion L"'ltac"...l?-
tiGflS-·WOl:l±a···be,-·-·· .. -·-..,..-··· ___ ,, __ ..... -··········· .. ··· - ... ....... ·- ····--· -----···· 

(ll Teleph::me conversation, C.W. Habitz (Budd CO.) with Bn:ce rl'k:cd.ccck 
(Versar) , September 22, 1977. 
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The pro;osed regulations •~ require t.i.:at ONners of c.ie casting 

rte.chines ii.aving hydraulic systsns coritamir.ated with over 50 ppn ~s ra~tt 

t.'ie identity of each contami.-iatc:,,4 rrachine an:i the concentration of ?:Es in 

t.1ie fluid. This w-i...ll require the identification of all ira.chines tb.at ever use:i · 

l=CE fluid and tbose that nay have 1.J.Sed. PCB-contamir.ated reclai.,ie:i hydraulic 

fluid ar.d the chem.cal al"'.alysis of the present fluid in these rrachi.-.es for the 

presence of FC3s. This sampling and· analysis .program rray cover as many as 

2500 machi."'leS ar.d must !:e o:::mpleted wit.bin 90 cays of t.1ie effeci-...i.ve date of 

t.1ie regulation. 
.. 

Chan.ical analysis for t.,e· quantification of ?:Es in hyd...-aulic 

:luid •~uld !:e considerably rrore can;,le.-< ar.d expensive t.~ t.11.at requirsd to 

dete...nni."'le the conce.."lt....--ation of PCSs i., 10-C trar.sfo:z:mar oil. 'lb.is is be­

cause the presently used hydraulic fluids rray !:e.based on.chemicals such as 

pr.osphate esters ',vnich require t.~t t."le PC3s ~ ex-""~t:.ed u.cm t.1ie sample 

prior to al"'.alysis. 'nle ;:.cssible presence of PC:'s i.'"l t.i...e fluic could L'1.tQ""=ere 
• 

wit.11. t.-ie al"'.alysi.s for ~s, ar.d discrimination be~..n t.-iese similar c.1ier.icals 

•...ould require t.t.ie use of a gas chrcmatcgraph/rra.ss s;ec---=::::meter rat.1i.er t."'lan 

t.11.e si.'tlpler gas ch...~tograph usually used for PCB c::e+-=rrnir.ations. Versar 

esti.'T'ates t.~t the ccmplete analysis of cont:!Ini.-iated hyc....-aulic !luid :or ~s 

may cost as :!UJCh as $300 :;:er sample on the ave..-,,-a_ge. 

P-evierN' of t.1ie . ..recor-..s. __ to ...dete.J::roi.-ie... it!II'l.ich. ma.chines .. may-1::e_con-=- _ _:._ . __ 

t.ami.-iated wi tb. PCBs al"'..d the preparation of t.-:e- re!=Ort to EPA ~uld ce e.~-=1 

to require an average of three cays for each of die sas fi:ms which purchased 

PCB hyd...""3.ulic fluid in 1970 an:l 1971. This ~uld result L"l a ~t ·ernplcyment 

•--dararxi of--(585 cc:m;:anies-x.:-l--:ays ?Qr~~y-,L...240,~ys ~man-year•-~:·--:::!..:: 

7 .3 nan years). At a. b.:rder,.ed-=ata..cf..-$30-rOOO ?E,r-man Y&arr· this woul:i 

result L~ total rep:i~..i."'lg costs of (7.3 x S30,000 = $220,000}. 

Total costs at---ributable to t..1-,,e re;o~...i.."'lg requirE!!'.e.."'lt ~uld :e 
($300 per sample x 2S00 n-ac.11.ir.es = $750,000} + $220,000 clerical= $970,000. 

Soi 7,7, ?rs-:;ention c:r.d Co11:tro i PZa:ns 

Each ccrnpany '.vnid1 uses or services a die casti.-:g rrach..ine t.1;.at is 

contami."latsd wi t.11 FC3s will be r~ed to develop and i.'tlplerrent a fonnal 
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spill prevention and cont..-ol plan. Bet""-ause of t.i.e cat1plexi"::y of t.1-ie mac.~.es 

am the assumed requirenent for periodic flushing a."Xi decontamination, t."le. 
. . . ···.. . 

plan will be rather canplex and may require the services of a registere:i pro­

fessional engineer for one week at $250 per day. Preparation of these plans 

by all 585 affected canpanies could cost a total of (585 plans x 5 cays ·x 

$250 per cay = $730,000) • 'lhis cost could be r~ed by perha:ps one half 

if a pro folJila plan were develop:d urx:er the sp::msors.~p of a trade association 

or najor manufacturer and :nade available to all affected fim.s. 

Total expected cost of this part of the regulations would therefore 

be expected to be $363,000 to $730,000. 

l0.4 S1.Jin't1aZY 

Identification of Con-:aminated Die Casting Machines 
: 

Analysis arrl ~ling 

Clerical - Report to EPA 
:. 

Spill Prevention and Cont..-ol Plans 

Decontamii.7ation of Die cas-...i."'lg ~.achir..es 

Cecontami.Mtion of Other Hydraulic 
Systens 

Cost of ?.!:'l::duction Int0 ni.."Pt,ions when 
ot:her Hydraulic Systems Rarcved from 
Service 

Total 

Emo l.oymen t Effects 

$ 750,000 

220,000 

$365,000 to $730,000 

14,600,000 

3,650,000 

? (i,X)te."ltially , 
large) 

$19,720,000 

Iaoor equals (.48/12.50 = 3.8%Y .of fer gallon cost. 'lbtal labor 
cost= (~038 x 18,250,000 = $693,000). At $30,000 per ~an year, this is equal 

to 23. l man years of labor, or 12 jabs for 2 years. Spill pre"Tention plans 

Tt.Olld require 5 man years of effort. Rep:Jrting =equirerents •...ould require an 

additional 7 man years. 
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Price Eff eats 

'llle impact of t..riese regulations may effect alm::,st all die . casting 

am. steel carrpanies. Increased C'OSts '.\Ollld t.11erefore be expec---...ed to be passed 

along to the consUir.ers in higher product prices, al though no in:lividually 

significant price increases are ~ted. 

:. 
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ll.O HEAT TFANS:ER SYSTB15 

·P':Bs have been er--...er.i.sively used. as heat t=ansfer liquids-·beca~ ~f. 

their excellent t.'"lemal stabili t:J and ir.berent fire safecy. Al though the 

heat trans£~ systens are usually quite tight, leakage can occur _ciue to 

nee.~ darrage of t.~ systan or because fittings have looser.ed as a result 

of theJ:ma.l cycl.i.11g. 'lhe Yust.o in:ice."lt in Japan in 1968 caused the PCB 

poisoning of 1001 people due to the leakage of Pc:Bs frcm a heat transfer 

system into rice oil that was being heatei by the systen. (l) 

A previous El?.~ sponsored study estimated that total usage of FC:Bs .i.11 . 

heat t=ansfer systans in the rJnite:i States has bec..n over 21 million p::iur.ds. (2) 

~t of this material was rranufactured by M:lnsanto an:i distributed under the 

t::ade nazr.e ~l. M:lnsano stoP?=d, prcducing PC3 based heat t...-ansfer 

liquid in 1971 arrl advised its custarers to drain arxi flush their ·systems 

before replacing t.~e fluid with a non-?:B based liquid. An acditio~- orie 

million pounds of PCB heat transfer liquid wa.s~rranufac-:ured during the pericd 
1971-1973 by C-eneva In:iustries of Houston, Texas. (3) There -was at least or.a 

carpmy still usi."lg·PCB ba..-=ed heat t...-ansfer lic;:uid as late as 1976. (4 )· 

ll.l Recuirerrents of the Prot:osed ?.egulations· 

As of the eff~...ive date of the regulation, r..eat t=a.ns:fer sys~gns 

containing a liquid contaminated with rrore than 50 p;rn p.-n5 could rx:it r:e used U.."ltil 

t..~ concentration of PC3s is reduced to less than 50 ppn. 

(l) Kuratsune, ~.asarori, et. al., "Yust.a, a poisoning caused by rice oil con­
taminated with polychlorinated biphe..11Yls", ~ Health Reoorts, Vol. 86, 
~- 12 (Decanber, 1971), pp. 1083-1091. 

( 2) Versar Inc:. , Usa e of PCBs in Ocen arrl · Seni :..Closed Svste.rns and the 
Resulting tosses ox PCBs to e Emi"J.rOnm:."'lt, Unpub · Ora::-= Re;:ort, 
(EPA contract It>. 68-01-3259, Versa.r Repxt N:>. 474-5C), Septanber 30, 
1976·,· ;i". ·13: ... -· 

(3) Ibid. 
(4) Ibid, p. 26. 
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ll.2 CWnership ar.d Use of Contaminated Heat Transfer System; 

'Ih:re is rx, data a'1~able on tr.e total number of heat. tr~-isfer · 

systsms which have use:i PCS based fluids in the past. Hor.,..:ever, a revie,, of 

M:lnsanto's custcmer list for 1970 and 1971 indicated that 8.2 million pour.ds 

of PCB based beat transfer fluid was sold by MJnsanto during those years to 

a total of 533 different f:i.1::Ins. Cl) 

'!be present conce.'11:ration of PCBs in the r,~t t...---ansfer fluid i."'l 

acy of the systens which previously.used PCBs depen:is on oow thoroughly each 

sys--...en was flushed whe.?J. the PCB· fluid was replaced an:i t.11e ancunt of leakage 

and topping off that has CCC'.Jr.re:i since then. Data on present PCB le~,·els is 

available for only one system: a 14,000 gallon capacity PCB heat transfer 

systen was drai.""!ed an:i flushed in 1972 and refille:i with a non-FCB fluid; 

the system bas bee?l in constant use s.i."lCe 1972 ar.d p.rese.11,tly contains fluid 

that is c:mtaminated with t'...o. :parcent PCBs. ( 2) 
:. 

Lacking acy additional .infoi:ma.tion, it Im.St t:e assumed tbat rrcst 

of t.,e 533 car;ianies which purchased PCB heat transfer fluid are ~till. ope.....-ating 

t.11e s:r-stems ar.d. that mst of these systsms are contamir.ated with PCBs in 

excess of 50 ppn. It must furt.,er be assumed tbat the use of t.'ie.se systems 

is cent....-al to t.~ rr.anufact:uring precesses in which they are use::1, whether 

for dryi.l'lg, raating, or tatparat-ure cont..'!"Cl in e.~.eonic precesses. 

ll.3 Con0liance Costs 

It is wt s:ossilile to estimate t.,e total costs cf deccntaTtlinating 

the existing heat transfer systenS to ccm:ply wit.11 the requ.irarents of the pro­

posed regulation because neitl-..er the total number of systems nor their 

capacity is kn::;wn. In principle, the costs of draining, flushing, am. re­

filling t.~e systans srould be al::out the sare p:r gallon for heat transfer 

systans as for hr...raulic systems ( see Section 10. 3) . 

{I) Versar Inc., Usage of PCBs i."l Open and Semi-close::! S'Jste.rns and t.1-ie 
P.esulting I.csses of FCBs to the Environrre..?J.t, Unpublishe:i Draft Rep:)rt, 
(EPA contract~- 68-01-3259, Versar Fsi:ort ~b. 474-SC), September 30, 
1976, p. 9. 

(2) Confidential infonr.a.tion obtained f...-an the user of t."le system by Versar 
during a teleprone su.-vey of major users of PCB :neat transfer systens. 
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n,e disruption of i.ndust:rial'prcduction caused by the requirement 

that contaminated 1-.eat t...-ansfer syster.s be raroved fram se..">"Vice imre:iiately 

upon the effective date of the regulation ma.y result in far larger· costs.than 

will the requirem:nt to decontaminate the systens. Here again, tr.e available 

.infOJ:!t'ation will not supp:>rt e,.~ a guess at t.11e ma.gnitude of t.~ econcrr.ic 

~...s of t.,e disr.l-pticn on costs, production, and E!!lployment. 

ll.4 s.mrar., 

aver 500 heat transfer systans may be contaminated with Peas in 

conce."ltrations exceeding 50 p;m, but available data is rot sufficient to 

sup;:ort an analysis of t.11.e costs of decontaminating the systens or the econcmic 

impacts resulting from disruption of r=-....lated Wustrial pn::duct.ion. 

:. 
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12. 0 CCMPPESSORS 

'I\Jr.biml 153, a P:B-based fluid, was tried as a tur.b.ine lcl:lric.3nt ar.d 

"wOrking fluid in natural gas pipeline cc:mpressors 'aj seve-""al canpanies during 

the late 1960s and early 1970s. ~nsanto ceased prcducing this product in 

1972, and the canpanies t.11at ~e using it switche::i to al terr.a~- fluids at 

that time. 

12. l Reauirem:nts of t.'ie P:rooosed P.egulati.ons 

'Ihe proFOSed regulation ~uld prohibit t.'ie use of any systans whic..11 

contain liq-.iids contaminated with FCEs in cor.cent.."'"ations exceed.L.g SO p;:m aft-e,.. 

the effective date of the regulation. 

12.2 cancliance costs 

'Iwo purchasers of Turbir..ol 153 , Columbia Gulf Transrni.ssi.on ar..d 

Texas Eastern 'Iransni.ssion, were contacted by phone. Neither ccrr;:any had 

ir.fonnati.on av;; i J able on the residual levels of FCBs i.."1 the t.Jrbine fluid, . ~ . .. ·. 

but bot.l:l indicated that the systens 'N"ere relatively tight, and there was 

seldcn the requirerent to top off the systans. Base:i on data avap.abl~ for 

hydraulic systans ar.d heat t.~fer systens, it must be assuned that t.11e 

canpressor fluids are probably contaminated with Eleas i.."'l. e."<Cess of SO ppn. 

Tr.ere are perhaps ten gas· pipeli.-.,e compressor tlr.bir.es i.n use t.~t 

have their oil contaminated with PCSs. The pro1=0sed regulations ~d require 

t.11at these t.ir.bines be rat0ved fran use until the conce."1.trati.cn of ?:Es is 

reduced to below SO ppn. It is ~t known what costs .....ould be i.nwl ved oor the 

disruption to the deli very of natural gas· t.11at ~uld result fran reroving 

ttese turbines from use. Assuming that the canplexity of the turbir..es is 

similar to that of the hydraulic systems d.i.sc'..1.Ssed i.n Chapter 10, a cost of 

perhaps $20,000 and $40,000 per machine na.y be involved Li. t.1i.e c.econtami..11ati.cn 

of tr,.e oil systans. Total costs might be several hun::red thousan:i dollars 

plus t."le cost of disruption of tr.e gas deli very system. 

'Iha cost cf shipping gas by pipeline is established by long tel:m 

contracts. Jlcditi.onal costs resulting from t.11e provisions of the draft 

regulations ~uld have to be absorbed by tl-..e pipeline ccm;:anies. 
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12.3 Stmnarj 

Decontamination Costs 
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13. 0 REX:IAIMED OIL 

Approxi.'t'At0 ] y l. 3 billion gallpns per year of used oil : is collected. £or 

use as road oil, fuel oil, re-refir..ed hytlraulic oil, and re-ref ir.ed lubricating 

oil. Much of the waste oil previously used .in applications ot."'.er tban auto­

notive lubrication has bec...n contami.."1ated with low levels of PCBs, ar.d dissipative 

uses of this contaminated oil can intrcduce P:3s directly .into t..~e enr...ronrnent. 

A total of 2,376 mi 1J ion gallcns of re11 oil were sold during 1975, the 

major a:::nr.ercial uses being autarotive lubrication (50. 8 percent); industrial 

and aviation lubrication (30.5 perce."lt); ar.d other i.ncust;-ial uses pri.Tilarily 

i.'l rraterials precessing (17. 4 pe.."Cent) • The arrcunt available for collec--..ion 

and recycle was estimated to l:::e 1,154 million gallons, or 48.6 percent of 

to-...al sales. Data on U.S •. usage of new (virgin) refined oil• ani availability 

of used oil for recycling are presented for the year 1975.in Table 13.0-1. (l) 

Data generated by Recon Syste:ns (2) f~ a~ 12-m:mth pericd during_ 1970-7.l 

indicate that, out of a total O.S. produc-...ion of 2,480 million gallons per 

year, approxi.Irately 901 mill.ion gallons, or a.oout 36. 3 r:ercent, w~e a~.Jall.y 

collected for recycling or use as fuel. An additional 601 million gallons 

were estiiratsd to be used on roads (application for dust cont...-ol ar..d possibly 

i.'l asphalt) or as fuel oil; this used oil could conceivably have bee..?! col-. . 

lect-od for recycle so that t.1-ie rnax.:imJm am:runt of oil available for collection, 

based on t.t-ie Rccon Systs:ns estimates for 1970-71, nay be as much as 60 per­

cent of that prcduced. 

A flew chart sr.owir.g the distribution ar..d utilization of waste oil in t.11e 

United Stat0 s, based on tha 1970-71 data of Recon Systans, is presente:i on 

Figure 13.0-L Sumnary data for disposition and usage fran Figure 13.0-1 are 

as fo.llcws : 

(1) Adapted fran Table .1, page 24 of Assessment of Industrial Hazarcous Waste 
Manageme..1"lt Practices, a document prepared for El?A' s Office of SOlid 
Waste and presented with test.i.m:,ny of H. Lanier Hickman, December 12, 1977. 

(2) Weinstein, No.t:rnan J., {Pecon Systems, Inc.), waste Oil Recvcl.ing arxi Dis­
E9sal, El?A-670/2-74-052, Princeton, N.J.: August, 1974. 
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Table 13.0-1 
New Oil Usage and Waste Oil Availability for Recycl.i.-.g i..'l 1975 (l). 

Tvt::e of Oil 

Alm:IZCti'le !.1±::e Oil 

"':-cJ, :s !....iAl & -~ via.t:.rn 
Ll..ce Oi:s 

Otte::~ Ci!.3 

:,uce Oils ?.:::::-.ased 
'='f;;.3. G:,ve_~ 

OUt.!....01: c::: O'se 

Se.."Vice s l:a1::icr.s 
Ccmm'c.a.l er:qi.-,e 
fleets 

Mew car :.ea.le..-s 
Al.%tQ :.leet and et:'.e: 

ll.be oil ·.:ses 
:lstail sales :=r :=n-
:nercia.l er.i;"-~ 

Gar:~. 3Uto su;:pl1 
st==s 

Ci.sci:t st::res 
Fa.c:r:r:y ~ ( au1:0 .. 
fam eq, j :,rent) 

SUbt:otals 

li'.f-C..""31.ll:.c: .. =-==-
la1:.b; sysamoi.:.s 

Metal ·""0d<::.,-:q oils 
AV"...at:.a1 & ccsr 
Gas eo:;-...r..e oils 
Pa.i.!.::Bd. ea;"-"..e c.i..ls 

SUC'Ct3.l.s 
~..:u oils 
?:ocesa oils 
:e::-:.;e:-at:..::n :ils. 

Sl.li:i:..'"'tals 

G!A"iD ror.u.s 

":'=ac:-~cn ava.i..:.~le :c:: :ec-,"t:.l.i:::cr ai-:.er 
:i..:sses :..-i t.:Se ar.d := envi_-:nna.-,,-c.. 

(ll 
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(51al X 10-•, == ?sc-;c.!.e ::::r ~ /Cll:".= 

2J9 .6J l.SO 

22.5 .50 !.l2 
lOJ .90 93-

!.3l .50 7S 

95 .SJ 60 

90 .63 57 · 
250 • .22 35 

34 .30 49 
Oo'r 

._ 
00~ 

:. 

314 -~ !.J2 
us • 70 .:.01 
!.47 . .so n 

so .90 34 
sa • .53 Jl 

--:-n- 7s!" 
62 .90 So 

340 .10 34 , , .50 s 
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---11 .50 l.S 

2,376 ~ • .l.5-. 
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Figure 13.0-1. Distributicn and Utilizaticn of Waste Oil in 
the United States During 1970-71 
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Fate of Oil After 
Primary Use 

Used as fuel 

Dissipated to environment 
an::i waste di.sp::,saJ. 

Applied to roads 

P-e-refined lube oil prcducts 

Percentage of New 
Oil Prcduction 

· 41.S: 

42.3 

12.9 

3.3 

100.0 

'lbe ge.,.,.eral distribution prt:ayed in Figure 13. 0-1 is l:elieved to be · 

valid at prese."lt, although t.1;e magnitudes of the specific_ flews have fluc­

tuated as prices of virgin ll±e oil an:l fueJ. oil have varied. Tr.e v-c.lue of 

fuel oil has ir.creased since 1970-71, an::i virgin lube oil was scarce duri."lg 

the pericd of t.~ Arab boycott an::i during a portion of the pericd. of price 

cont..-ols. One result of t.~ factors has bee."'l -increased use of waste oil 

as r..ie.l, either i.-,,tsrnally by i."'.xiustrial cor..ce..""DS which ger.e...,-a_te was:ta oil 
:. 

or via processors. 

'!be prima:ry sources of waste oil available to collectors az:e service 

stations a.-xi ot.'1er auta!Dtive-related facilities. I.rxiustrial an:. avaiaticn 

facilities are also signific3.nt s::rurces. A significantly larger fraction 

of avaµable oil is collected in urban areas tr.an in suburban. or rural areas. 

Based on stu:lies in the Pittsburgh area, spills am ot."ler wastes f::crn ;ira:iuct 
' pipelir'.es are a lccally sic;nificant scurce of waste oil for collection. 

'Jl1e use pattern of processed or rerefir.ed waste oil is extremely dif­

fuse. Users incl.me states and rrunicipalities (road application), i..n::lus­

trial ar.d ccmre..~ial facilities (fuel, re-refined lul::e oils, read oil), 

utilities (fuel), am the consuuing public (re-refined rrotor oil). 

A small p::>rtion of t."le oollection a."li processing of used hydraulic 

oils does wt follow the general pat"..,em of scattered sources, many re­

c.lairne.rs, and nunerou.s uses ir.dicata:1 for the waste lul:e oils. ReclaITation 

of used hyc.raulic oil, perfcmna:1 in m:ist pa.rt by four c~es, results in 

a prcduct which is marketed as hydraulic oil. 
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13.l Reaui.."'c!'e."11:S of tl-..e P~P?sai Regulations 

The disposal of oil contaminated wit.i.i ?CBs i.."'l excess cf 500 ppn is 

regulated by the 'PCB Marking ar.d Disposal Regulations'. The prol:X)sed 'PCB 

Ban Regulations' t,.,CW.d char.ge t.1-:.e definition of 'PCB ~1i.xt.Jre' used L11 t.lie 

Marking and Disposal Regu.latior.s to include all mixtures containing rn:,re t.~ 

50 ppn FCBs. Tl'iis will affect the allc.Wclble uses a."Xi disf:csal of oil con­

taminated with lower cor.ce."lt----atior.s of PCBs. 

Un:ier the provisions.of ·the prop:,se:l ban regulations, oil con­

taminated wit.'1. P:Es in excess of 50 ppn would have to i:e identified, segregated 

for pur::oses of disposal, an:i burr..e:i .in an approved ch~ waste incinerator. 

Oil containing measurable anounts of PCBs less than 50 ppn could be processed 

for any use i."'X:ludi..'1.g as fuel. or reclaimed lubricating or hydraulic oil, but 

could not be usa:i as read .oil· 'or as a consti t'..le."lt of a."ly sealant, · coati.~g, 

or dust cont..-ol age."lt. 

13. 2 Sources ar.d Arn:lunbf'ot' tontaminate:1 Wasts Oil 

Budi•au.Zi,a F7,uids Oil .is usa:i as a lcw viscosity fluid .in hydraulic 

systens, ar.d PCB base:l hydraulic fluids were widely use::i prior to 1972. The 

rrost e.-.cpe."lSive (and ?=>lluting) use was .in die casting rnac!'..i.11ery. FC3 based 

hydraulic fluids were also used in const-~...ion mach.inerJ, faJ::n r.achir.e..ry 

(a source of fee:1 contamination) (l) and i."l deep mining ~t wtlere t.11e 

use of PCBs resulted .in· greater fire saf et<J. 

Al t.11ough hydraulic systens are rx::minally air-tight, leaks rray 

occur at dynamic seals an:i rrajor spills may occur due to r.ose rupture. Nor.nal 

leakage is collected .in drip pans. 'Ib: rupture of a rose can spray hydraulic 

fluid over a large area due to high operating pressures. It has J:::e=,-n esti­

mated t.,at 80% of phosphate est.er hydraulic fluid losses CCC'.Jr due to leakages 

in the hydraulic system. (2) In certai.11 .irxiust=ies, ope..--a.tors state t.11at it 

is rrcre efficient to continually add hydraulic fluids to the systsn rather 

than shut t!"...e systan do,,m, repair any leaks, an:i ref ill t.~e system. Leakage 

:Eran these systars is often collected and re:la.iroe:3.. 

(1) U.S. Cepartrent of Agriculture Ad Hoc Group on PCBs. Aaricultire' s Res­
bfnsibility Cor.ce..""!ling Polvchlorinated Bichenvls (PCBs) Washington, D.C. 

£ice of &:ier.ce an:l Education, U.S. Depa.'4:ment oi: Agricult..n-e, 1972. 
(2) Lapp, T.W. (Miciw'est P.esearch Institute), 'lbe ~.a..,,.ufacture an::i Use of Selected 

Aryl and Alkyl Arvl Phoschate Esters, EPA 560/6-76-008, Feb. 1976, p. i7. 
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M::>nsanto manufactured al.TTOst. all the PCB-based hydraulic fluids.­

When M::msanto discontinued _manµfacturing PCB-based hytL-raulic fluids in 19i~_, 

they did r.ot reccmne."Xi draining or flushing of hydraulic syster.s but t.'".at· · 

replacanent fluids smuld be added to the rerei.ning PCB fluids in t.i...e systen. 

As a result, hydraulic systems which used PCBs in 1972 arxi prior. years rcw 

contain replacsri.ent fluids contami.-iate:i with • 006 to 50% PCSs as d.iscusse:i 

in Chapter 10. The total arccunt of contam:L11ation is a fur.ction of the system 

leakage and dilution during the pas~ five years. 

A p:,rtion of the available used industrial hydraulic oil is refined 

and sold for reuse as hydraulic oil. ·'!his specialized reclaiiili.""1.g se._~ce is 

funri.shed by the fo.llcwing four can;,anies •..m.ich. reclaim a total cf at:out 

150, 000 gallons of hydraulic fluid per year. 

E. F. Houghton and CO.,. PhHadelphia, Pennsylvania 

Radc:o COrp:,ration, LaFox, Illinois • 

Fin::1et:t, Inc., St •. Olarles, Missouri 

Wallover corp. , East Li ver:x;cl ~ Ohio 

l.., 

Automob-i te 01d Iruiusi;r-t:.a l, £ubr·foatina Ci Z. 'Ihe arrount of used oil 

collected for reuse .in 1970-71 was aJ:out 900 rr.illion gallons ?=r ~•ear, with 

an acditional 600 mill.ion gallons used inte.."T'.ally for fuel or dust control 

on roads. (l) nros, aJ:out 60 percent of t:r.e arrount of ne11 oil_ sold was reused. 

Major uses of t.11.is oil were as fuel (1028 million gallons) , road oil (319 

million gallons), and feedstock for-re-refined lubricatir.g oil (138 million 

gallons). 

'ttle extent of PCB contamination of t.'ii.s oil was studied on a 

l.i..1ri.te:d basis by the EPA National Enforcement Investigation Ce.'1.ter (NE!C) in 

De.-river. (2) Samples of oil were taken fran ·selec-....ed tank ~""1Ck lots of used 

oil that had been collected in Virgi.'1.i.a, Marjlan:3., and N'.:lr-...h Caroli.."1a. This 

oil had been delivere:i to continental Forest !nc.ust=ies in Eopewell, Vir;ir.ia, 

{l) Weinstein, N.J. (:Recon Systems, Inc.), Waste Oil Fecycli.,g ar.c"Dis:::osal, 
EPA-670/2-74-052, Princeton, N.J.: August, 1974. 

( 2) Magruder, Po.t::ert S. ( continental Forest Industries) , testi.·n:my presented 
at the US EPA infoDt1al hearings on the PCS ban regulations, Wa:;;hington, 
o.c., July 15, 1977. 
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for use as supplerrental fuel i.., a steam '!:oiler of a paper mill. The oil had 
bee.11. collected pri.rnarily frcm aut::rrobile se.."'Vice stations, although it is 

~s:ible tbat sane industrial oil, including hydraulic oil, bad l:ee.11. in:::luded 

i.."'l some of t.11e lots. FCBs w-ere foun:i in the samples of oil at cor.ce.11.trations 

ranging fran 3. 2 ppn to 19. 4 ppn. Al t.'1ough t.liese oil samples '~ere collec-._ed 

fran a restricted area, the exte."'lt of PCB contamination is probably repre­

sentative of waste oil collected thraugr.out the United States. 

The PCB contamination of the waste oil could car.e f...-c:m contaminated 

:iniust=ial hydraulic oil or t:ransfo:r:mer oil or from PCB additives used in 

lubricating oils prior to 1973. In applications suc.."l as railroad car jo~.al 

· b:lx oils, FCBs nay have c:een used as lubricant additives. (l) Peas roay also 

J:i..ave been added to autarobile transmission fluids to ccnt..-ol t.11e swelling of 

oil seals. 

It would not be expected that FCBs ,NOU1d be dest..-oyed during re­

refining of waste oils. PCBs were re1=0rted to=· be prese.'1.t in· con::a1tra.tions -· 

of seve..-ral pa..-t.s r:er million in reclaime:l oil use:l to lubricate whetstones. <2) 

13.3 Conol.iance Costs 

Collection of any was""I..S oil likely to be conta.rni.T'lated with Pc:Ss 

for a controlled use •...ould rot 1:e attractive finar..cially ttless tJie oil ~e. 

kn=wr'l to contain PCBs at levels belcw the control arcount. Analytical costs 

for deteJ:Inin.ing lcw levels of FCBs will 1:e conside...-ably higher t.~ the 

costs quoted for t...-ansfol:!Iler oil because natu..~ly occurring sulfur am. 
chl.or:ine ~ :in petroleum oils cause .interfere..,:ces i.--i the use of electron 

capt'...1re gas chranatography at conce..11.tratior1:5 of 5 ppn ?:Ss or eel.cw. (
3) These 

(l) M:r..santo 0-.enical carpany, Aroclors for-, St. Louis, M:l.: 1.JI'rlated. 
(2) Weans, George, (United States Cepartm=nt of Interior, Cenver, Colorado), 

"Polychlorinated Biphe.11yls", File HIS 3-3-lOh, June 13, 1977. 
(3) Hof.stader, R •• i\. (Eocon ~ch ani Enginec_ring Co. ) ; L.i.sk, D. J. , Eache, . 

C.A. (Cornell University) , "I.11.terference in the Electron-capture Technique 
for CeteI:mination of Polychlorinated Biphenyls by Sulr...1r-COntaining ~ 
:-r:,un:is in Pet..~leun Products", Bulleti,"'l of Env-ironzrental Contamination a.r:d 
'Ibxicolcgy, Vol. ll, NJ. 2, 1974. 
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interfere."lCes result in :;alse positive irxilcations of the prese."lCe of EC:3s. · 

Tbe PCB c:cJilE:Onents can onlr be_resolve::i through_complex clean-up prccedures 

or the use of gas chrc:matography /mass spec-,_---orret::y, techniques that ~uld · · 

cost up to several hun:lred dollars per sample. 

Road Oiling 

'Ihe rrost rece."lt data iniicates t.,at road oiling ccn.surres 319 

mi J J ion gallons of waste oil per year (Figure 13. 0-1). At an application r:ate 

of 1/2 gallon per square yard, this is sufficient to oil 45,000 miles of 

roam;ay 24 feet wide. 'n-.e proposed l:::an regulations would forbid the use of 

oil containing de+-~...aole am:lU."lts of PCEs for dust cont-~1. Fluids from t....-a..."lS­

foi::ners are likely to have det-oct:able arrounts ar.d other in:iustrial sources are 

at least sanewhat suspect. Curre.11tly t.riese indust:ial oils are o::>~~ al?ng 

with used rrctor oil. Although vL~in rrctor oil r,.as oo PC3s, used rrotor oil 

may have PCBs f:ron previous recycling which ir.cluded .indt:Strial oil sou,_~es 

azrong t.'ie ieedstoc.1<s or fran old transnission oils whic.11. contained ?::3s as an 

adcitive. Nevert.-ieless, used rrctor oil ur:mixed with imustrial sources is 

unlikely to contain as r:tUCh as 10 ppn P::3s, an:i may have PCB conce.•1t=ations 

tbat are i..:.rxietectable without unusually elamrate an:i expensive analysis. ~ne 

of the re;:orted analyses of waste oil for FCBs was base-:! on used 1TOtor oil 
without·anv r:ossibility of i.""'ldustrial contamination. Presumably waste oil 

solely fran autarctive sources ~d contain fe,;er PCBs. It is doubtful t.'1at 

road oiling could stand the costs of even "s.iltiple" tests at SiO per ~le. 

Prospective road oilers therefore would :t:e safer using waste oil if they take 

precautions to ensure t.1iat it does r:ot contai..'l .industrial oils (ar::d certai..-tl.y 

no elect=ical oils) . 

Ccmpliance wit.-i the requ.iren:mts of t.118 prc;:osed regulations could 

:t:e ac.'lieved by either of the follcwing st--a.tegies: 

(1) Avoid all waste oil an:i substitute virgin oil at conside._..-able 

rtDnetary and energy ccst where the custaner is willing to pay t.11e i."lcraa.sed 

price. At an average price of $.375 par gallon for ~2 fuel oil vs $. 08 per 

gallon collection costs for used c..-ank case oil, the cost of road oili.""lg 

....ould in:re.ase (.3i5 - .08) x iJ9 million gallons = $94 millicn per year. 
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(2) Use synthetic road stabilization chemicals which coth r;duce 

dust an:l ~_de surface stabilization. The L~eased cost of this t'.(1:e of 

material is prese.'ltly offset by lower road ma.inter.an::e costs. on heavily·· · · 

t....-a_veled dirt: roads at mines and ot."ler industrial facilities. Savir.gs i."'1 

maintenance on lightly t,.-,-a_veled roads wculd be less si9ll,ficant and wculd 

or-1.y partially offset the increased material costs. A typical synt.11etic 

material is "Cohe-~", rranufactured by Wit=o- Chemical Co. This iM.terial is 

an organic resin in a water enuls~ which is sold fer Sl.25/ga.llon, an:i 

applied after a 3 to l water dilution at a rate of one gallon per square yard. 

Increase:::. costs. in:::unai bf t.,e use of this rraterial '..nlld be: 

COherex: 1/6 gallon per square yard @ 1.25 = .208 

minus: Osed Oil: 1/2 gallon per square yard 
@ • 08 = .04 

equals: increased naterial cost per square yard . 

x 14080 sq. yds. per mile of road 24 
feet wide :. 

x 45, 000 miles 

.168 

= $2365 per mile 

= $106 million per year. 

'Ihese increased costs will be incurred i.mtil the concentration of 

l?CBs in used not.or oil drops below detec+-..able levels. !n perhaps five years, it 

rray be p:,ssib.le to use waste mtcr oil for road oiling with little char.ce of 

relea.s~g PCBs to the environment, provided that care is taken to av-oid using 

waste indust._---ial oil. 'n1e diverted industrial oil can be made up at m::c.est 
added costs by rrore. extensive collection efforts partic..llarly in rural areas. 
'Ihe costs of obtaining this replace:nent rrotor oil for road oiling ccnsists of 

costs to persuade service stations to accept used oil fran persons who change 

oil thenselves, and ?:!rbaps either greater storage capacity at stations or nore 

freque."lt oollectians. Alternatively, colle::tors could travel further in r.Jral 

areas arrl t-h11~ lTi~it-: m-,~ ~l""lri~ ~-t-:::ii:'i~~ ~ ~ r--ri= c-f tho r,;;icyc-1~ ~s:t-ms. 

'!1lese extra costs will not be incurred i.mless r--....ad oilers will accept r..ecessary 
price increases to cover these costs. Total costs might reasonably be expecte:i 

to :L-icrease . 02 per gallon ($6. 4 million per year) plus the risk of inadver­

tently using contaminate:l oil i."'1 occasional instar.ces. After an additional ten 

years, it rray oo longer l:e necessary to segregate the in:iustrial oil, and 

costs v.OUJ.d return .to their prese."lt levels. 
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Users Other then Road Oilers· 

Al::out 27 million gallons_per year of transfm:mer·oil ~ill r.ot. ce 
to collectors, thus initially reduc:ir.g the total supply. other 

in:iustrial oils may or may mt be contanir.atsd with Fc:Bs; to be absolutely 

safe, the recycling indust:y would avoid them. .Ir..dividual in:iust=ial. fi:ans 

can probably continue to use their own waste oil as fuel oil if they make 

initial and cccasional later si:ot check lal::orato:y analyses to make sure their 

oils continue to contain less than 50 PJ:Itl FC:Ss. 

The impact on re-refiners (who maka re-refir..ed lul:e oil) and 

exte.rnal. prccessors (who precess waste oil for use as fuel oil) will det:en=i 

on what happens to road oiling. A strict enforcarent policy wit.."l occasional 

all-out efforts to fini E:c:Bs in waste oil could prevent its use as road·oil.· 

Diversion of waste oil f:rcm this use •~- create a ·large. ir.a:ease in. supply 

for prccessors ar.d re-refiners.. Probably nDst of this would origir.ally go to 

fuel oil use since t..11.e capacity of re-refir.ers: is limited an:i the consumer 
acceptance of used rotor. oil is limited. Later, a majority of the increase 

might go to re-refiners if the Fmst and Sullivan market projec:tions of 23 

~t growth per year until 1985 proves to be ev~ roughly accurate. (l) 

'!his would provide an ext:a use as lube oil while retaining mst of the heat 

value for later use. 

CoZ7..eators 

If collectors avoid t.."""anSfomer a.."ld in:iu.strial oils, the.it" total 

business will decrease. However, haulage of the contam.ir.ated oils to chenical 

waste i."X:inerators will be required an:i could offer ne11 market opp:,rtur.i ties 

to the collectors. 

Processors 

Waste oil for fuel use sh::ru.ld become rrcre· ple..""ltiru.l as use fo= 

road oiling is discouraged or made .in;:ossilile by the regulation. 'Ihe effect 

of a larger supply of waste oil on the price to prccesso.?:"s theoretically •....ould 

ti) Ma.ugh, ·1'.W., "Rerefined Oil: An Option ~.at Saves Oil, ~tinimizes Pollution", 
Scier.ce 193, p. 1108-lllO, Septenber 17, 1976. 
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be tc lcwer the price. ~ver, s·i.i-x:e use on coal in boilers is relatively · 

t:roublefree ar.d expandible! t.~ use is prol:ably verJ eleast.ic. Consequently 

if coal burning plants can absorb tbe increa..~ 5llrt'ly,· which ·SeeHS 4kely,· 

the price decrease sh:::,uld be negligible. 

Re-refiners 

Re-refiners of ~ubricating oils should be or=erated at capacity ar.d 

thus be rore profitable. The recycling ethic E=Ota"ltially can be used tc 

e.~ the market for used lube oil· faster than ir.dustry cai:aci~. This will 

be especially . true for industrial _and carmercial fleets, tut might be e.xter:ded 

to personal cars. Similarly, mcreases in danestic crude oil prices would 

increase t..1ie rrarket for all uses of waste oil. 

Infa:mati.on- collected t.11rough teleptone inte...1"Viaws Wica.tes 

that at least three of tbe canpanies which re-refine hydr:aulic fll:lid re:eive 

~ulic fluids which are contaminated with FCBs. 'n:lese fluids are sareti.me.s 

contaminatsd to the extent of 6000 Pl=ffl• Inmst cases, the rec~·prccess -
re:roves rx:, ncre than lOi of tr..ese PCBs. (l) It is also reported that the con­

centration of PCSs i.."l sane of the hydraulic fluid applications ericountered 

by these canpanies rare.ins at appmx:i.mately 2000 ppn despite repeated flushi."lgs 

an:i dra.in.ings. In such cases, lcwer PCB levels may be_ achievable through t.11e 

use of &..~vated carton fil t.,.,-a_tion. 

'ttx:)se hydraulic syste:ns contaminated with ?::Es will be identified 

as required by other provisions of the craft regulations. Once t.'us is done, 

waste oil .S.an these nachir.es an:i fran t.'1:e oil separators in plants using the 

:nac.11ines will pmbably have to be diverte:i fran fue.J. use to c.'iemical waste 

inci."lerators. 

'!!'le pr_ce differential between re-refir.sd and virgin hyd..~ulic 

fluid is al:out four doJ Jars per gallon. 'l1le requirement t.")at c:,ntamir.ated 

hydraulic oil be incine-i-ated rray reduce the supply of re-ref.i."lei oil fran 

150,000 gallons per yea:t: to 50,000 gallons per year. This would result in 
increased costs of ($4.CO per gallon x 100,000 gallons per year= $400,000 

(1) Teleph:me conversation, twain Fcwkes (RAOCO corp.) with L. Fourt (Versar) , 
Sept.er.ber 19, 1977. 
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i. year) , a.~ could force the closing of t.l'iree small firms with a total 

~loyment of 12 to 15 persons. 

Indu.s-tria. l, Waste Oi 7., Ge:nera:tors 

Those iniust:ries whose waste oil contaL"lS rcore than _50 ppn FCBs. 

will have to in::ur disp::)sal costs of $.0832/1.b. Even i.-.c.ustrial oil con­

taminated wit.11 less than SO ppn PCBs may be avoided by waste oil collectors. 

nus will not be a big problen for ~ burners. Fuel oil bUrni.ng ccmpar..ies 

can use a mixture of waste an:i virgin oil but t.;,,.ere are technical problens _ 

to be mastere:i L."'l this use. COnt.ir..ental Forest !r.dustries in::licate:i t.~t up 

to 14 perce."l:t waste oil mixed with #6 residual oil is feasible. The result 

may be the;_ developnent of a separate market for ir.dust:ial oil wit.11 lcw levels 

of PC8s·~gr ~~ as fuel. :LOng tem e:::cm:mic impacts sh:lu.ld_not_~ significant. 

l3 4 --~f-.. -~ 

COTTf!)tianca Costs 

Fcad Oil --increased costs of virgin or 
synthetic material (years 1-5) 

Pead Oil - increased cost of obtaining 
adequate supplies of segregated used 
ITOt:or oil (years 6-15) 

Lost prcduction of re-refine:i hydraulic 
fluid 

Emr:JLoument Effeats 

$100 million/year 

$6.4 million/year 

$ • 4 million/year 

Three small re-refiners ma.y close with a loss of 12 to 15 jobs. 

Shifts will ce---ii-r i.."l the collection se;ment of the in::ustty, 1:ut will probably 

have li t-...le net impact O."l enployment. 
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. . 
14. 0 Pc:3.5 11.S WD.'TEN!ICNAL P~DUCl' CCNXAMnTAi.'lTS 

Although m:st of the PC8s i."l use were p...-cduced by ~nsanto as the pr±muy 

prc::duct of a reaction process, other chemical reactions can pro:luce FCBs as by­

prcd1.1Cts, resulting in contami.11ation ?f carmercial chenicals~ S~arly! cont.a.~ 

ination of existing material rriay result in PCS contamination of prcducts made 

by .recycl.in;' these rr.ateri_al..s. Rec-;cled paper is ~ to be c::mtani.na:ted with 

PCBs at kw levels, but a detailec. st;,.:tdy of this indu.strJ ir.dicat~ that it would 

not be affected by the· SO PIE limit on ?:B ccntami.'1.ation. (l) Polydllorinated 

t.erphenyls have al.so been rei;orte:l to ce ccntaminated ·wit.11. PCSs fO?:ln=d as a side 

reac-..ion curing manufac+--...Jring, ( 2) but the sole a. s. distribt.-t:.or of t:lis · mate.rial 

has .reportedly assu=ed its major cust:::ner that it would wa:i:ant t.11.at future 

sh.4:m=nts will contain less th2.n 50 ppm PCB. (3) 

The only dlenicals known to be ccntaminated wit.."l PCBs i."l c:r£ent:ations 

e.-<:oeerli..l'lg 50 ppn are C=rtain phthalocyanine bl~ and gree."l pigrre."lts ~ ~l-te 

diarylice yellcw pigm:nts. 

14.l Fequiranents of ti'.e Pr:;:osed Fegu.lations 

The regulations ba."l the conti."D.Jed rranufactu...""'e of I:CBs after 

Ceceri:::er 31, l9i8. 'Ihis ban al.so applies to mixtures o::ntai.-ur.g rrore t.~ 

SO ppin PC:ss regardless of whetbe:r t..'ie· PCBs w'ere adced inta"lt:.onally or fOJ:::rn=d . 

during manufacture as an uni."ltsnticnal by prcducts. 

14.2 Cartolianc:e Costs 

Ph-thaZo~..1anir.e Piamerr.ts 

Phthal.ccyani.ne pigments ~ major sources of heat- and llght­

st;mle blt:e and green colors in the plastics and printing inks ir.dustries. I."l 

the manufact:.J.re of c:::pper pht.'1al.ocyanine blue pigrn:nt (phthalo blue) , the 

(1) Versar Ll'lc., Involven;nt of PCBs in. t..~ Pulp and Pa;:er Indust=y, EPA 
560/6-77-005, FebruarJ 25, J.977. 

(2} Versar L'P'lc., Assess.rent of the· Envi..ronnE.ntal and Ecor.omi.c L-n;,acts of the 
Ban on ~:r""....s of PC3s, EPA 560/6-77-007, Febma..ry 22, 'l:977. 

( 3} Personal o:::nmJIU.cat.on, L.M. Argt:eso (M. Argu,:so and Co. , Ma?::naror.eck, N. Y. ) , 
Au:;ust 30 , 19 77 • 
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~ used in the reaction apparently catalyzes the dehydrocllorination of t."le 

t:ridllorobenzene ('ICB) solvent TJSed. in. tr.e piocess to fo~ varying am::unts of 
.. . ' . 

t:richloro and ,t:entachloro biphenyl residua in t.tie procuct. Further· c:hl.orir.aticn 

:,f phthalo · bli.:e to make fhthalo green pigm:.11.t res-..tlts .:L--i the formation of PCBs 

resicues in the gresn prcduct. D::m:stic and foreign manufacture...~ of phtl-ialo 

pig:nents, using the 'ICB sol ~.tent process, have tested these pic;me."lts for PC3s 

level. P-esults indicate that this process o::nsiste..T1tly prccuces pigrrents with 

PCSs residues in the 100-300 ppn range. one analysis from a darestic manufactu=e.c 

re-ported concentratior.s as high as 1000-2000 ppm. Several u .S. c~es manu­

facture t..11e F£l tflalo pigm;nts fran tbe basic raw materials,. while t,:,e other U.S. 

o::mpanies rtlal:keting these pignElts i.~ foreign TCB-base:1 c:-..u:e pigmmts ar..d· 

pllri...~ the.lll for sale in the United States. Uncer t."le prq::osed P::B ban regulatior.s, 

all of these manufacturers are in effect prcducinq a PCB mi..'<tilre wnich. could riot 

l:::e sold or dist....--ibuted in ca:merce effective 30 days ·ar-i-er- pranu.lga:tion of t,i,e 

draft =egulaticns. 
:. 

DisOJSsions with t.~ darestic ;9hthalo pigrrent manufactn..""E:rs 

have disclosed t.1-iat cnly one manufactw::er cces not use t.118 TC::s solve.."!t. prccsss 

l(kerosene is used as t.-ie solvent i."l a ?rcprieta_ry process ar.d t.'"le pism=nt pro­

weed has i:ssentially zero PCSs). All ot'ier &:mestic ar.d foreign manufacturers 

use TC3 solvent, · and a...-e accor.iingly ~aced wi.t.11. major precess revisions to ~ly 

with t.~..e pro~sed 50 ppn PCEs limit in their prcduct. 

The ccncentraticn of PCBs ·in the phthalocyanine blue an:l gree."l 

pic;nents can re;ortedly be reduced to 1:::elcw SO H=lt1 by a change in the sol•Je."'lt 

used in t."le manufacturing process. Such a· change will requL-e rro:iificatior.s of 

the process and quality a::ntrol procedures, ~ rricrt oost $100,000 for eac.11. oi t.,i,.e 

five or so manufacture.rs and ~ers of the material. S.inca uncontani.·,a:t:...cd 

pign-ent is available fran one U.S. manufacturer, tb.ere is sufficient price c:m­

petiticn to prevent these inc::eased COS-'-5 from l::eing passed along in higher 

procuct prices. 'The effect ',,,OJ.].d therefore be a decrease in c:::>rp::,rate profits.· 
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Dia:ryZide· YeZcow Piqmenta 

Di..aJ:ylide pigm;nts are t.~ major i-ello.,, pigme..l'lts used in 

printing iz,..ks. Thesa pi~ts are mace by reacticr.s of pracur&)rs ~,.ni::h i."'lclPcc 

dichlomba"lZidir.e. .; mir..cr side reaction res-cits i.'1 t.i.e deamir..ation of the 

benzicene resulting i.."'l. tl'..e foe?ation of 3,3'dichlorcbiphenyl. A-c:cordi..,g t:, 

Con Morgan of t.i...e OrJ Color Manufac!:'.J?:ers Association, (l) nost diarylide yellcw 

pigmants are c:ont.:minated wit.i-J. PCBs at a:moa.l'lt...-ations of several hu."".dred far"tS 

per mil.lien. Alt.~gh a few batoes of pign:e..l'lt have bee.11. found to contain less 

than 50 PFffi PC3s , the L'ldus-...ry is net yet able to ccnt..-cl the rranuf acturi.."lg 

precess to reliably ac::"'..i.eve th.is lcw levsel of PC:S contanir..at.icn. 

Sales of diary lice yellcw 9igrrent i.Jl l9i5 we..~ abcut 12. 66 

mill ion pounds havi...ng a value in excess cf $52 million. (l) . 'lhis pigtre..11.t .was 

a::intaminated with perh.a:ps several thousand pour.ds. of .3, 3 '~cb.lorc:biphe..l'ly 1, whidl 

is a relatively bicdegradible isarer of PCB. If the pr~sed PC3 ban =~ticns 

result L-ri an effec+-..ive ban on t.,e ma.'lufactu..~ of this yellc:r,r· dye, m:st" colored 

printi."'lg L'1ks will have to be refoinuJ.atsd, resulting in SOii'e lost pro:iuc-..ion 

while tec:mical cnanges a.re macs :ill the ~690 million/year L"'lk L"ldustry ·and the 

$43 bil J ion per i""eS.r graphic arts industry. 

~e is no tschnolcgy a--.railable that can reliably reduce t.1-ie 

c:::noa."ltration of P<:3s in diarylide yeil.cw pigire."'1.ts to celcw SO r=-pci. If t,.:,,e ban · 

en t.~ manufacture of PC9s after Deceml::er 31, 1978, res..ilts in an effect:.ve ban 

an the rranufacture of this pigrrent, lost sales of this material will :ce about 

$52 milliai p;.r year. lUter.'lative oic:xrents are available, but tr..eir use results .. - . 

i.."'l hig.ber .ink costs as the alt0 ~..ativ-e materials are less effective and/er more 

e.~"'1.Si va. L"1crea.sed costs due to the conva.?"Sion to substitute rr.ater...a.ls may 

equal 20 ?=,rcent to so perce.,i.t of the value of the discontinued yelicw pisrrcnts, 

or $10 million to $25 miJ J iori ~r year. 'TI;ere should be r.c net employma'lt e.f::ects 

as t..11.e production of substitute materials will offset the losses f....,....__m t:r.e disc::n­

tin.uation of manufacture of th: diary lice yellcw. Hcwever, seve.=al hundred jcos 

may t:e affec+-...ed at the .i."l'lpacted manufacb.Jr ...... "1g facilities, and an i...nkr.cwn arcunt 

of pzodu::t.ion equii=ment wcu.ld lose econanic value. 

( l) Teleph:ne conversa:t:l.cn, con ~rg2!l (.i;.tton,.ey for the Dry Color Manufactu.r=_rs 
Association) with R. ~stin (Ve.rsa.r), Septenter 22, 1977. 
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14. 3 Surmi.ary 

Corrroiiance Costs 

Phthalccyanine Blue - Production changes 
Diar:{lide Yellcw - Inc:teased o:sts of 

substitute pigmsnts 

Emptoyment Effects 

$500,000 - 1978 
$10 rni J J ion to 
$25 million?=.::' :;ear 

Several hundred. jobs ~uld ce af fect._ad if tr.e nanufacture of 

diazylide yellcw pigrrents wa.-re banned. These wa.lld re offset by ~loyment · 

increases in the SegI'll=-"lts of the pigment i."1dustry supplying the substi t..t; 

mat0 ria.ls. 
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15. 0 c.;F.:a.crroR M&.'4U'ACIDRING 

'Ihe use oi PC3s in the manufaci?Jre of "OeN capacitors is ~..ed to. er.d 

by mid 1978 due tc a number of factors ir.cluding the ending of production 

of FCBs by M:msanto in Cctobe.r, 1977 am. the zero PCB discharge req:-liremer.ts 

imposed on the manufacturing plants by the EPA un:3.er authorits..t ·of t."le Fe:!eral 

water Pollution Cont..-ol Act. (l) However, the decision of t."J.e capacitor manu­

facturers tc dj scontinue t.11e use of PCBs with:,ut at""~ti."'lg to develop 

alte?:nate sources of supply after M:,r..santo stoppe:1 prc:duction was rrade in 

anticipation of the iinplenentation of the Ban ?.egulations of Section 6(e) of 

the Toxic Substances Cont..-ol Act. Although t."J.e EPA appare."ltly has r:o dis­

cretion L"l t.1ie i.-i;,lene.."lti.ng t.11e ban en the use of PCBs in the manufaci:'Jre of 

capacitors, t.1ie ecor.anic impact of the change to alternate material~ a.~ 

designs is un:ioubtedly the result of tbe previsions _of the Act as_irnple­

rrented by the pro};:Ose::i regulations. 

15 • l ?aauirements of t.11e ?rocosed Recrulatior1.s 

The proposed regulations ,..iou1.d ban the r..anufact'..J.re of caoaci tors .. - , 

ccnt.ainir.g FC3s after December 31, 1978 as the EPA has detar.ninec that t.:ie 

ban in Toxic Substances Cont--ol kt on the manufacture of FCBs appliec. also 

to tb.e rranufact'ze of items whic.li. are considered. to :::e "PCB Articles" or 

"PCB Equipn:.."lt. II 

15.2 Caoacitor Prcducticn and Sales 

PCBs have l:.een used as a dielectric lic;uid i."l rrcst of the alte-"1'lati.ng 

current capacitors manufactured since 1930. FCBs provided the advantage of 

ncn-flarrmability whic.li. is not available with elec+-..=ically s-..tltable alte....,-,.ative 

liquids. The cevelopnent ar..d camercial i."'lt..~cticn of r:on-PCB capacitors 

star-...sd in 1975 in re~ to grcwi."lg concem over t.11e enviromental effec-...s 

of FCBs. The ti.Ire required to develop various t:"JP=S of non-:CB capacitors 

(1) EPA, "Final Ceci.sion," Federal Register, Febr..Jar'J 2, 19i7, pp. 6531-6555. 
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bas bec...n a function of the fire hazard wr...ic..~ •....-ould resul. t from t..\.,.e failur: of .ch type of capacitor. ~taticn of t.1tls :L'1Ciust..ry by type of capacitor is 

~ed to calC"..ilats the impac-...s of. t:he draft regulations. 

PCB capacitors b.ave bee..11 mace L'1. many differe..'1.t sizes and ; n designs 

suitable for rrany different voltages and applications. For t.'1E; pl..Jr'fXJse of t.:...is 

analysis, all of the various types of PCB capacitors will be classified as 

either power fac+-...or capacitors or :L,dusttial capacitors. Pc-wer fact::,r capacitors 

are those large high voltage unit:s used by utilities to correct for lagg:L--.g 
' fCWer factor in electric transnission ar.d distribution syste.rr.s. Indust..-ial 

capacitors ·include all ot."1er types of PCB tmits 1,..;hi.d1 are used i.11 asscciation 

wit..'-l specific ~s of equipre..11.t such as electric rrotors, fluorescent light 

:oallasts, and eleci:--ronic circuitry. 

Census fig,.u::-c_s for capacitors are collected by t.1;.e U. s • · Departrre.1"lt 

of Ccmnerce an t.\.,..e basis of seven digit SIC cedes. The rrcst rece.11t data at t.1tls 

level of disaggregation was obtained L11 1972 ~d is SUim'arized in Table .15. 2:--l­

belcw. M::lre WoJ:Iration at this level will be cbtai.."'led i.'"1. 1.9 78 , but will not be 

available for several years. 

Table 15.2-1 

FCB capacitor Prcd~Jon an:i Sales: 1972 (l) 

~ Prcduction-Units 

Shunt and Series Power Factor Correction 192,700 

Gene-~ Purp:)se Y:etor Control 22,100,000 

Fluorescent Light Ballast capacitors n:,t available 
an:i ot.~ capacitors except elect..i-onic 

Sales-Million$ 

41.l 

39 

32.3 

(1) Source: a.s. 0epart:ra11t of camerce, Elec--._rical ~.easure:re."lt an:i Distribu­
tion Ecuiorent, Publication t~ (2-36Al. 
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Annual estimates of ca-ca.citor sales volume are available on an -. . . 

aggregate basis fran a_ 20% survey of rranufact..ir~rs at the five digit SIC cede 

level. The re:::e.11t i.'"lfor:ration avajJable f::on th.is source is sumnarized in 

Table 15. 2-2. 

Table 15. 2-2 (l) 

PCB capacitor Sales - by Year 

Year Sales - Million Collars 

1972 ll2.4 

1973 143.l 

1974 157.3 

1975 ll9.3 

1976 149.0 

(l) source: u.s. Cepartrrent of Ccmrer.:e 

15.3 Camliance Costs 

'n'lere are t'~ basic techr.olcgical alte-0'.a:tives available to capac­

itor rranufactu=ers wro must ceV'elop non-FCB capacitor prcduct lines. Tr.e 

direct, am. probably short term, s:llution to t..'"1e problem is to develop a di­

elect=ic liquid· which can ce usa:l as. a d.ire=t replacem:mt for· FCEs withi.--; t..11e 

presently used techn:>lo;y of capacitor prc:duction i.i.vclvi."'lg aluni.11um foil ar.ci 

paper as a solid c.ielectric. Th.is type of constr..iction has bee..'1 develci:ea to 

rnax.i.,mze the advantages achievable using PCBs as a liquid c...ielectric. .;n 

al---e.1'.'!'lative approach ~d be to develop a ne:11 technology which makes opti..rrn.m1 

use of the materials remaining available to product designers. 
. . 

MIJC.11 effort has been S"p=nt L--i evaluating rraterials for use as 

PCB substitutes in l:oth .t.l-ie U.S. an:1 in foreign countries. ~ substitute 

liquid has bee."l developed which ~s FCB in dielectric properties, fire 

resista.."'lce, ar..d. stability. Any trade-off entails en!".ancing electri,..::i.l pe..r­

fomr..ce at t.i.e expense of envi.ronrrental or safety considerations. L-rrpregr..atir:g 

car,acitors with alternative dielectric fluids and/or redesigr.i.'l"lg t.liem rray 
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result in substantial retooling., r=_sear~1i. an:i developreit, ar.d ot.11er prccue'""...ion-

t at-cd costs. SUch costs _are_ noi::mally high at first, si.""l.ce the i..'1dust.-y is 

entially c.."'l.a..-acterized as infant: _Le. , it is facing .. a neiN leaming curve 

due to the pro:iue'""...ion of techr.ologically new capacitors. Eo,,.-ever, sir.ce all 

manufacturers are developi."1g r.on-PCB capacitors, ar.d sir..ce tr..ese nEM prcducts 
. . 

will be L"'ltroduced essentially s:i.mul. taneously, t.11ere will be subs-""~tial can-

petition which. will prevent the rapid r~J of cevelopr.e.."1.t an:l tccli...~g costs 

through market skintning. 'lherefore,_ it is expected that t.11e initial prcduct 

prices will closely approximate the long te.t:rn canpetitive price struct..ire of 

the capacitor ir.cus-t:ry. A revie:., of t,r,..e prese.-rit status of each of t.1ie rrajor 

segments of the capacitor indust...ry should provide an aCC'.JXata pict"ura of t,r,..e 

resp:mse of this indust:J:y to the FCB ban regulations. 

P~er Factor Ccroaaitors 

Large power factor oorrection ca;=acitors which o;:erate at voltages 

above 2000 V'Olts are usa:l by el~._ric utilitie$ to compensate for ir..duc+---ive-­

current lags caused by in::luctive rrotors and other similar rracru.ne_.ry. 'n:esa 

capacitors are usually rrcunt-=d out of dc:ors i..11 substations or on f:CWer poles, 

~ little risk of significant fire losses is i."11curred by t.11e use of a 

flarmable dielec-...=ic liquid in these units. · 

Prior to 1977 , there were four rranufact:urers of PCB p::wer factor . 

capacitors. All four of these rranufacturers discont.i.,ued t.~e use of ?::Bs during 

1977 an:i intrcduced oon-PCB capacitors having t.1ie sarre fun::tional ~i.fica­

tions as replacer.e.11t products. Table 15.3-1 lists the rranufac·turers of 

these large capacitors and surmarizes t.1-,.e techr:olcgy used in the ne,; prcc.ucts 

int..ra:iuce::l by each rranufacturer. The sell~g Pl:ices of these large capac-

i tors are r.egotiate::l on the basis of large orders, an:i n::i published price 

lists are ava i J able. ~-ever, Versa,.. esti.rnates t.11at the pric~s of t.11e capac-

i tors manufactured by Westinghouse, General Electric, an:i Sang-dI'CO ir~ease:i 

10% to 15% follcwing t.lie int.reduction cf r.on-FCB units, an:i the price of tr.e 

~~aw Edison ca;=acitors increased 15% to 20%. !vt=Graw Edison clai.'n.S exceptional 

prcduct life ar.d efficiency for t.~eir product, an:: the higher price has 

apparently not had a significant im;;act on their sr.are of t.'1e narket. 



Sales of PCB ~ factor correc+-..icn ·capacitors in 1976 are esti:­

rrat...od to have bee.'1 approxi.TT1ately $54. S million. A.ssum.i."1g relatively· -.... 

constant output and cer.and, a ten to ~ .... -ency f:e.r::e."'lt price i.""lc=ease of c:::m­

parable oon-:?CB 'fCWer fac+-...or correction capa.ci tors will =esul t in sales of 

approxi.rnately $60.0 to $65.4 million (using constant dcllars). 2e.."lce, 

utill ties and ot.:.ier users of pcwe.r factor capacitors are expect._od to F,aY 

approximately $5.5 to $10.9 rnillion·rrore. 

Utilities e.11?loy appro~ately r-.inety-five percent of all p::.wer 

factor correction capacitors. Tr.e ability of u-H li ties to pass all of the 

acditional costs associated with non-PC3 capacit:::,rs on to residential ar..d 

c:cmn:rcial users in te?:rnS of higher E'.)rices w~-11 de?=,.'ld u;::on state regulatoi:y 

o:mnissions' attit.:des toward rate structures. Total revenue for all 

electric utilities was $46.2 billion in 1975. It is estircated t.1iat total 

reve.""lue for all utilities in 19i6 will ha~ll: been approxi.--rately SSO. t) .. billion. 

If all t.."ie utilities acditior.al costs a.sscciat-od wit."i usi.11g non-FCB capacitors 

is passed on to residential con.surrers, and that their ave..-r-age rront.1-uy- electric 

bill is fifty dollars, it is es'"'....irratsd t..1iat residential consure-s will incur 

an increase i.'1. tr.eir electric bills of ap9roxi..ately • 02 ?;rcent, or one ce.'1t 

per rront.~. [Note t::.,at t.1-ris is tl"t..e long run effect; in t.'ie short .ru.""1 the 

e.'Ctra costs of non-PCB capacitors will apFe3X as a capital item in e:e rate 

base. I:: cepreciaticn and replaceme.."'lt are roth straight-li.-:e. fu.?1Ctions, ove.!:' 

a ten year p:_-,..i_od, the rate base a"ld tr.e return on it will rise ur.til e-.e 

tenth year at which £=Qint a small retw::n· on capital will =e obtai."1ec. as ·well 

as capital replacem:."'lt costs. ] Since part of the costs will be passed on to 

i.l'JC.~...rial users, the relative price impacts will be even less, and are not 

exp:c-...ed to si<;T1.ificantly ~ct eit.11er the price or derr.and far electricity. 
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Table 15.3-1 
CUrrently Available ~bn-PCB ~ Factor 

Correction Capacitors 

t-'.anufacturer 

Westingrouse 

C--eneral Electric 

Sangarro Electric Co. 

M::Graw Edison 

Solid Dielectric 

Pa;:e.r an:1 plastic f ilrn 
ccmbination 

Paper 

Paper. 

Plastic film 

Liauid Dielectric"' 

Isopropyl biphe.."lyl 

Phthalate est-Qru 

Phthalate ester** 

Butylated rroncchloro­
d;i.phe.."lyl ether . 

* All of the liquid dielectric rraterials contain srall arrounts of additives 
as f:ree radical scavengers, etc. The identity of these minor constituents 
is proprietary infoz:rration. 

** 'TI1e pht.1ialate ester cased· liquids re'f=Or-._edly contain a significant anount 
of t=ic...11lorobenzene as an additive to r-i-ise:, t.~e ,c:,ror.a ext:.nct:.on· .voltage •. 

In.dus"t!'ic.Z Cc::ooci tors 

~ capacitors have l:een used in a number of c.iverse i:idust=ial, 

appliance, and lighting applications_ including arc welders, inct.:.etion ::.eating 

fu..~ces, fluorescent light ballasts, ar.d television sets. Table 15.3-2 

lists the manufacturing plants knc'wn to have used PCBs iJ1 t.i-}e _ rranufacture of 

t.rus tYJ;:e of capacitor in t.1i.e early 1970s. Versar contacted t.~ese rr-anu­

facturers in September, 1977 to deter.ni.."le whether they were still using FCBs, 

ax:tl if so, when they anticipatai en::iL.--ig their use of EC:Bs. Tr.e z:-esults of 

t.11ese contacts are suntnarized in Table 15. 3-3. 

All of tbese rranufacturers plan to int.reduce ron-FCB capacitors 

to replace tl'-.e discontinued PCB prcducts. In all cases, tr.e re11 ca;=acitors 

will use liquid phthalic acid esters (phti'.alates) as a direct substitute for 

Fc:Bs. As a result of th.is material change, an increase of 6% in the size of t.11e 
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TABLE 15. 3-Z 

M3nufactur0...rs .of FCB Industrial c.a~citors L11. 1976 

caroanv Narre 

General Elec--.... ""'ic ~y 

Aerovox 

Uliversal M3nufacturi..-ig ~rp. 

Comall Dubilier 

P. R. Mallo:z:y & Co. , Inc. 

Sprague Elect-.""'ic Co. 

Electric utilit:J co. 
Capacitor Specialists Inc. 

Jard Corp. 

York Elec--..... -onics 

RF Intel:t::nics 

AJ<e.l Electronic, Inc. 

T±e Ceutsc."mann L3bs. 

Elect.."'O M:!.gr.etic Filter CO • 

:. 

Location of the Pla."lt 

Hue.son Falls, _N. Y. 
Ft. Edward, N. Y. 

New Bedford, M:i.ss. 

Bridge;:ort, C.Ori..n. 
Totowa, N.J. 

New Bedford, Mass. 

Waynesboro, Te..11n. 

North ~, Mass. 

IaSaJl ~, Ill. 
Escondido, . cal.:L.f·. 

Benni.11.~--on, Vt. 

Brooklyn, N. Y. 

Bayshcre, L.I., N.Y. 

Janaica, N. Y. 

Canton, Mass. 

Sunnyvale, calif. 

source: Versar Inc., PG3s in tl-.e Unit...od States: Industrial 
Use and Envi.rori.m:ntal Distribution, Spr~field, Va.: 
National TecJmical L"\fomation Ser-rice, (~'TIS PS 251 4 02/3w"P) ~ 
-Fe.bniacy 25, 1976, p~ 89 .. CJp:iated ':Jy Versar in later 
st'..idies, -Contract 68-01-3259. 
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Table 15.3-3 
M:!.nufacturers of Sirall Ll.auid Dielectric ;...c. cacacitors 

caroanv 

General Elect..-ic 
j\.erovox 

Universal Mfg. 

P. R. Mallory 

Cornell Dubilier 
Jard Cor;:oration 

Electric Utility Co. 

Srr.all capacitor 
Sales (1975)* 

Million $/veax 

30 

24. 

13 

10 

7 

4 

-3 

3 

Status of PC3 Use as of Late 1977 

No PC3s used 

PCBs inventory sufficient until 
June 1978 

Will end PCB use by mid 19_78 

PCBs inv-entory sufficie.'1.t th."""Ough 
M:irch 1978 

· No infol:!I'ation a-vailable 

Will end use of PCBs during first 
quarter~ 1978 

~ inve.'1.tory suf.=icient ·through·. 
mid 1978 .. -. -· 

No use of PC3s after 1977 

Source: Office of Envi.ronrrental AffaL"P"S , U. s. cept. of Ccmre..~e 
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capacitor is required to provide t.~e same elect=ical r'.JilC'"...ion. As a result of 

the size ir.crease, sore manufacturers woo use capacitor.s .in their prcduc;:ts will . . , . . 

have to redesign to allow room for tb.e la.~er ca;:acitors. capacitors using 

rretallize:i plastic film an:l phtbalic acid ester liquid dielectrics are l:eing 

tested; i£ successful., such units w0uld :t:e tr..e same size as equivalent PCB 

capacitors. 

The phthalates are nore flamrable than FC3s, and satisfactory 

fire safe't:1] can ce achieved only by incorp::,ration of adequate circuit breakers 

(pressure or t."lel::ral t,Jpes) which will prevent r.1pi:'..1re of the capacito~ case 

follcwing electrical fa i 1 ure of the capacitor. Substantial testi..-ig has l:ee.."1 

required to prove the adequacy of these circuit breaker devices to the sat.is­

fac-..ion of the users of. t.rie capacitors cecause of t...lie fOSSiliili t:J cf sub­

stantial product liabiliey claims should a fire proplen develop with the r:on­

PCB units. 'Jl,..e developn:nt ar.d. testing requ.irerents t-.ave delayed t...1-ie int..-o­

duction of t...11.e n:m-PCB capacitors. Hcwever, oor..e of the rranufacturers of -· 

snall capacitors contacted anticipate using PCBs after mid 1978. Use of FC3s 

until t.½en will be based on existing L"lventories, as ~nsanto stopped ·shi;=ping 

PCBs in cetober, 1977, arxi ro im;;:ortation of PCBs is planned by any cai:acitor 

manufacturer. 

'!'he S'Nitch to phthalic acid esters will incr=se t.~e demarxi :or 

t.1tl.s class of chemical by approxi.~tely twenty million lb/year, carr;are:i to 

a total prcduction of a.tout one billion lb/year. This two percent increase in 

c1aran:i will rot significantly affect either the availability or price of th.is 

material. 

Estilnation of t.11e unit ccst impacts of di.e PCB ban regulatior.s on 

t."le industrial capacitor segrne."lt of t.r:e market is diffic..tl.t for seve....~ reasons. 

First, M::lnsanto significantly increased the price of PCBs during 1976 and 1977~ 

These price increases reflected greater prcduct.ion costs due to e.'1vi.ronrr.e."1tal 

percautions in han:iling and shipping the material, plus costs i.n=urred tbrough 

M:lnsanto par-....icipation in the regulatory process. M:lr..santo was also i.---i t."le 
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~sition of supplying a unique prcduct having a lcw price elas-...icit:y of 

~- The anticipated regulatiorls prese."li:ed a high barrier. to en~ -into 

this market for other f=OSsible manufacturers of PCBs, so M:,nsano was L"l"l a 

m:mopoly t=05ition, and their pricing may have =eflected tJlis rrar.~et conditic:1 

in addition to general inflationary- pressure on all · mmo:li cy prices ciuri.'lg 

this pericd. nie net effect was to ir.c=ease the price of ?::s capacitors 

aoove what would have l:een e..-q:ected uncer long tezm ccmpeti ti ve ccr.di ticr.s 

had t.11.ere not bee.Tl the threat or. regulatory action on the manufacture and 

use of PC3s. 

At present, both PCB capacitors and ~n-FCB capacitors are 

available, al though frcm different manufacturers. The non-PCB indust=ial 

capacitors are selling for about ten perce."1.t rrore t.1:.an the PCB uni ts havir..g · 

the sam: fune'-...ional characteristics. Since the· manufacturers of ·non-PC3 

capacitors co not have the option of prociuci."lg PCB uni ts, tb.is pric~ in..: 

crease may reflect the premium which users are willing to pay for avoidi.11g 

any possible impac+..s of the ban regulations on t.11.eir o;e..-raticns and i.""lven­

tory rather than reflecting increases in ·m:mufacturing costs. Equili.brit.:n 

pricing would not ::e ex;:ected to result until PCB c~paci tors were r.o longer 

avai Jable. 
. 

The demand for capacitors is highly inelastic, i:::ecause close sul::-

s-'"'d tutes are not available and the number of uses to which. capacitors .ray 

be put are limited. Consequently, capacitor use.rs will l:e confronted wit, 

prices for r.on-FCE units wh.ic.11. reflect· t:'.e acditional costs ·of prccuction 

of suc.1-i UI"'..its due to the proposed regulation. The i.11Creased price of PCB 

capacitors and the present o:::mpetitive pressure.en the price of non-FCB 

capacitors suggests that t.'"'.e long te:cm price increase due to the bar.rung of 

PCBs will be rrcre t.li.a."'l t.11.e prese.'1.t differential of 10 percent. A total 

price .increase of 50 to 20 perce."l"lt is perbaps a m:,re reasor..able estirrate of 

t.1i.e price inc:ease for r.on-FCB capacitors. 
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Sales of ~ ; ndustrial capacitors in 19 7 6 ere estirratec. to ri.ave 

teen approxirrately $51. 7 million •. J\ssuming relatively• constant c~t;mt ar.d. 
darand, a f.i.fte<"'-Il to t'"'enty percs.."l.t price ir.crease for c:::mparable non-PCB 

industrial capacitors will result in sales of fran $59.5 to $62.0 million 

(using constant collars). This suggests t.1iat users of .ll"l..dustrial capacitors 

will pay approxinately $7.8 to $10.3 million rrore for non-PCB units. 

Ma.nufact.Jrers of elec-...=ical equi~t whic..11 will use ncn-PC3 

:industrial capaci toz:s may face various redesig:i prcblens. For example, manu­

facture.rs of miniature electrical equipre."lt, who specialize in cpti.'1lizing 

space in the ccnst=..iction of t.1:.e.ir prccuc+-....s, may find t.;.,..at t.11e ;,reduction of 

a ne,,, larger opacitor makes t,.:,e ccnti.11uation of t.11eir mi."liat"..irized ?ro:i'u-'""t 

line uncer-...ai."l.. Apart . f::'an the market for mi..--tlature equ.i;rrent ,. rrost 

electrical equipr.ent can be redesigned to. accarocate t.-ie. sarewhat larger 

non-PCB capacitors at relative_ly little cost. 
:. 

capacitors represe."lt a very s:nall !..-action of t.11e total ;:reduction 

(i.e., input) cost of a given appliance. Any price increases L"l_ fi.."!al proc­

ucts due to enploying non-PCB capacitors will be i.~ceptable to ccnsurrers -

i.e., tbe Lricro..ase in price per unit will be so snail t.11at t.-i.e 9&ca1tage 

change .in quantity demar.ded will be very close to ze..~. It is e.~ected t.'-1at 

sales of ele7...=ical appliances will not be affected appreciably nor will" 

there be any drarratic effects on enplc~t i.'1 t.1-i.e capacitor prcduction in­

dust...ry nor in the electrical appliance rranufaC'"""--..iring indust...-y. 

Users of non-PC:3 in:iustrial capacitors rray face greater risks of 

fire as they switc.-i to such units. Ir...surance rates will incr~e to reflect 

a.ny increased fire losses, but only after a ti.-re lag s..lf f icient for new 

risks to 1::e i.'1<:0rc=orated into the e..-q::erie."'lce record. 

Any decrease in the expected se..-rvice life of industrial capacitors 

will have a disproFQrtionate effect on econan.ic impacts due to the pro;:osed 

regulations. It is estimated t.'iat fewer t.11.an t'~ percent of all small 

capacitors fail before the equifm=,.11.t is scrapped due to cbsolescsnce. TI1.e 
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st of replacing t.11ese capacitors includes out of service ti.Te and high 

~- costs, and may total te.11 t.imas e-.e retail price oi the repl~.ent 

capacitor. The cost of replacing failed capacitors may therefore be 

equal to 20 percent of ar.nual ir.dustrial capacitor sales. If sr.ortened 

service life res--.llts in an inc=ease of t.~ rats of failu..."'"e to 5 :=ercent of 

the non-PCB units prior to obsolescence, t.11.e b.crea-~ replacerrent costs 

could !:ie 50 pe_rcgit of the value of t.11.e total small capacitor rrar!<et. 
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15 • 4 SurrmaI·v 

Trznsi tiona Z Cos ts: 

Redesign of equipre."1t to acccm::date 
larger capacitors 

Lona Te!"!n Costs: · 

Pcwer factor capacitors 

Price increase for ncn-PCB capacitors 

Lidust:rial capacitors: 

· Price increase for r-.cn-.?:3 capacitors 

Increased fire risk 

Decreased service life 

$5.S to 10.9 millicn 
per year 

$7.8. to-10.3 mil.lion 
~ year 

* 

Erm, Zoumen.t Effects: Not ex;:ec-..ed to be significant 

*L"lSU.fficient data available to supp:,rt esti!rate of impact. 
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. Liquid filled t..~foi::ners contai.11.ing a PCB ha se:l liquid k:rxJwn generically 

as 'askarel' have been used for msny years in t.l-.ose installations· where · t.~ 
risk of fire justified the use of a fire resistant fluid. Askarel t..""an.Sfoz:nars 

have l::een allcwed t::, l::e installed. in hazardous locations such as · ·in buildi.'l'lgs 

without the requirere.."lt for a fire prc:of vault or fire sprinklers. N:> sub-

sti tute transfomer lig:uids have yet been develope:i which :r,..ave fire resistant 

properties equal to the PCB based askarel. 

16.1 Requirerne."lts of the Promsed Regulations 

'Ihe prop::>sed regulations would prohibit t.~e mar.ufacture of ne11 

PCB tran:fomers after Decanter 31, 1978, but classify continued use of e.'tlsting 

:K:3 t=ansfonners e.xcept. trose used in railroad lcccrrotives as ~~ in a totally 

e.11elosed !l"anner. The regulations ~d authori~e ce...i-ta.i.x:, m.i..~r mainte.'1ar..Ca of. 

existing transfo.nrers for five years after the effective date of t.h.e regulation 

but 1/wOuld prohibit major rebuilding of failed=units. It is assume::1 mat 
authorization for mi.Lor maintenance ~uld l::e grantsd on re:;iuest after t.l-ie five 

year servicing aut.~rization has expired as such rnaintenar.ce decreases the 

risk of catastrophic failure of transfonners an:l mi.•ilinf.zes t."'.e risk of loss of 

PC3s to the environment. Disposal requirements for failed askarel transfonners 

are specified by the ?:B ~larking and- Disposal P.egulations, and these requir~ 

rr.ents ~d rot be char~ed. by the proposed FCB Ban Regulations. 

16. 2 Indust..-v Strueture, Production; an:1 Sales 

A review of M::,nsanto's custarer list for PCBs in the early 1970s 

irxlicated t.'urtee.n canpanies which used PCBs to nanufacture a.ska.rel t..~.s­

fo.tmers. 11".ese canpanies and .t.1ie location ·of t."1e.ir transfomer rran~a.cturi.-.g 

plants are liste:i Li. Table 16. 2-1. Prcduction of askarel t.."?"c..~for.rers averaged 

5000 U."Uts per year in the early l970s. When t.1iese companies were contacted 

by Versar in September, 1977; only.one manufacturer was still producing askarel 

transfo:t:ners, and it anticipated. ceasing prcduc-...ion of this type of unit prior 

to the end of 1977. All of t.~se manufacturers prcduced f::oth oil filled an:1 

askarel transfomers in the same plants. Oil filled transfor.ners are i.."lter-
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Table 16.2-1 . . . . 
U.S. Transfo::crer Manufacturers Which Used PCBs After 1970 

<:atD3ny Name 

West:L"lgh::mse Elect=ic Corj?. 

General Ele...--tric Company 

Rac-.ea !'.'Ch-COttrell 

Niagara '!ransfo::crer Co. 

Standard Transfo:mier Co. 

Helena Corj?. 

Hevi-Dut"J Elect=ic 

Kuhllran Electric Co. 

Electro Engineering 1M:,rks 

Envirotech Buell 

R.E. Uptegraff Mfg. Co. 

H.K. Porter 

Van '!'=an Elect..-ic Co. 

Plant Lccation 

South Easton, Va. 
Sharon, Pa. 

F!:xre , Ga. 
Pittsfield, Mass. 

Finderne, N. J. 

Buffalo, N.Y. 

Warren, Chio 
M:!dford, Ore;on 

,,, ... _· 

He:leri.a,. .. Alabama 
J _,,j ,i 

G:>ldsi::in~·, N.C. 
. . . 

<:cyst:al, ~r~~gs, Miss. 
~ •• ·: t ~ • 

San r.earidl:o ·, calif. 

Lebanon, Pa. 

Scottsdale, Pa. 

Eelm:,nt, Cs.lif. 
Lyncr.burg, Va. 

Vandalia, Ill. 
Waco , Te."<a.S 

Source: Versar Inc., K:Bs L"l tr,e United States: Industrial Use 
and Envi..""Onmental Distribution, Spring£.1.eld, Va.: Natl.or.al 
Technical Intonnation ~ce (NTIS PB 251 402/3WP), 
February 25, 1976, p. 89. 
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changable with askarel trar.sfoz:rers in r.e11 applications provided t.11at t.t.ie 

installation is pro~ly e.11ginec-red. Other substitutes for a.ska.rel transfoz:mers 

are also avai J ahle. 'nle 140,000 ~el transfor.ners prese..11tly in se....-vice total 

only two percent of t.rie ·total num!:er of ~er ar.d ,..:;; .,. ....... .;'!....ti'on ----:c~o,.,......,,,,,.,.. · ::--·· ......... .__...uu. 1......=~ ..... , ........ s m use. 

16. 3 Substitutes for PCB T.ransfom.ers 

The askarel t..-ansfoz:rrers presently in service ~e specified 

because this cyr:e of liquid filled transfoDn=r offered advantages in size, 

rellabilicy, and fire safety· that· were not available with other types of t..."ailS­

foJ:Iters. Alternatives to PCB transfoz:mers have always .been. available, alth:,ugh 

all of the other typ:s of transfor.rers have differc..nt design characteristics 

ar..d none are d.i...-ect substitutes for the PCB units. Therefore, eventual re-.. _·· 

place.mant of the existing PCB t..-ansfoi::r.ers will r~ .that each of t.11e pre-
• ' • .a • • • • 

~ent installations l::e re-evaluated and that the r.ecesS:a,;.j' e.ngin~-ri.ng changes 
... " . 

· l::e made to allcw use of the l::est available ·reolace.'!ent.:udie-~;- New transfomer 
. . .. . . ::·:-.:·~- . : ( . .. ~ . -. .. . 

installations will l::e des_igned to make opt.jJrum ~e of th$: available ~-PCBs,-· · 

t._"lgI'lSfonrers. The choice arrcng t.11e avai J able alternate transforirer tyJ;:es and 

:aa.terials de?=nds on tb.e req-..ti.rare.11ts of each specific application and. t.be 

characteristics of t.iie available non-PCB units. 

A nurnter of alteoatives to tr.e use of PCBs in firs =esistant 

liquid filled tran.sfo:mers a.'"Xi to the· use of t..-ansfol:!!'er:s which contain any 

dielectric liquid have 1:ee.~ develot=ed and are ccrnre_~ially available. These 

substitutes for PCB transfol:!re.rs differ in-. their ?=rfor:rance characteristics, 

applicable fire code installation requirerre.~ts, and c:ist. Tr.e following sec-..i.ons 

discuss tbe major types of substitute units which are available. 

Eigh Fire P~int Liauid Insuiate4·Trznsformers 

The 1975 National Electrical·Code and previous issues allowed 

only the use of ~-1 arrl drj- type transfo:c:ner? in hazardous lccatior.s with­

out vault protect.ion. Askarel was essentially defined as PCB based liq-Ji.d. 

The 1978 NEC has added a specification (Article 450-23) for 'High Fire Point 

Liquid Insulated Transfomers' w"h.i.ch can be used. under t.."lese sarre condi ticns. 

The 'High Fire Point Liquid' must have a fire point of at least 300°C, and 

ItulSt not pro-fOgate flames. 
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Unce._"Writers I..ab::)ratory. presently lists three liquids as 

meeting the 'High Fire Point' prop:_~ requi.r2m:Ilts for t..ransfome.rs operating 

at voltages below 600V: 

Ccw Com.i."lg 561 

General Electric SF-97 (50) 

Sw"'S Silicones Corp. F-190 

Factory M.itual ?ssearch has not yet c:cmpleted cevelcping 
forrral approval requirem:nts and procedures fer 'H.i.gh Fi...---e Poi..,t T:.ansfonrer 

Liquids ' . ~v-er, based on preliminarJ tests, Factory Mutual has issued 

interim guidelines to its field offices that six silicone·liqui.ds and three 

hydrccar!:on liquids could be accepted · at Fac-..ory Mutual insured lccations 

wit."lout SFe<=ial fire protec--....ion. The list of Factory M.itual accepted li~d 

includes: 

SUPOlier 

Cow COrr..i."'lg 

Ccw Coming 

G:..11eral Elect=i:: 

Union carbide 

S~"S Silicones 

SwV'S Silicones 

Rl'E Corporation 

Gulf Oil Che.'nicals Co. 

resignation 

CC 561 

CC 200 

SF-97 

L-305 

. F-101 

F-190 

Rrnnp· 

RF Dielec--..ric 
Fluid 

PA0-20E 

Mineral, Oi-Z.-Fi-Z.Zed Trans,orme!'s 

. Tiree .of Flu.id 

Silicone 

Silicone 

Silicone 

Silicone 

Silicone 

Silicone 

Hydrccarton 
Hydrocarmn 

Hydr--..ca..--ton 

U fire safeey -r.,.e_-i-e not a cor.sideration, tr..ere ' . ..culd be !10 rea­

so!l W?Y oil-filled t:rar.sfo?:IErs could not 1:e used.· in all applications~ In the past, 

PCB-filled t.."'ail.Sfor.ners have cost al:out 1.3 t..irres as rruch as oil-filled units 

of the sarre capacity, an:i thus rrost users ?refe_rred the oil-typ: where E=QSsible. 

The oil-filled t.."'ail.Sfomers are t..1ie sarre size as the askarel units, ar..d are 

considerably lighter in w-eight. Also, rni.r-.eral oil has sc:rrewhat bette!:' heat 
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transfer characteristics . tb.an a.ska.rel, ar..d an electrical arc in mi."leral oil · 

results in breakdown p.roduc;ts t.-iat are non-cor.rosi ve. 

The major disadvantage to mineral oil is flamnability; trans­

fo?lO=r mineral oil has a flash point of 145°C. If an arc occurs with the 

t:ransfoz::rer, the breakdown pr:cducts will l:e hydrogen ar..d m:thane·, ·· l:ot..ti. of whlc...11 

are flannable. Detailed records of such failures are maintained by t,.,e 

electrical industry. Fire Under.-lrite_...-s does not approve of t,.,e use cf oils ar.d 

other fl.amrable liquids for indcor applications. wne.re oil-filled t.."'c..11Sfomers 

are not specifically prohibited as on-site replacerents for PCB-filled units·, 

the National Electrical Code i.1!1p:lses certain restrictions- up:,n t.--.eir m:de of 

installation. 

Oil-filled transfomers are u.se:i in al.n'cst all ~ trans"'.' - . . . . 

fo:crer applications an::l for m::,st substation distriliU:tion_~licaUons where 

t.'1e t...-ansrnissicn li."le high voltage is reduced to 12. 8 kv for local dis"!='ibution. 

M:)st rural i;:ol~ted transfomers whic...11 redcce the ~;oltage to 220· ~iOlts are· 

also oil-filled. The issue of flarrmability only ceccres .;n;;:crtant where the 

distribution t...-ar.sfonrer nust be buried, as in rrany urban· applications-, er 

located close to, wit."lin, or on tb.e roof of the building it 5e-"'"Ves. PCB-filled 

ttansfoi::ners have, ir1 tr..e past, bee.Tl used in rccst suc.11 applicaticns. Oil-filled 

transfoz:re.rs can l:e used in these applications only if they are suitably _isc­

lat-=d fran flarnr.able s-...ructures or if t.r.ese structures are suitably safeguarded 

against fires. Whe.'1 t..~fonrers are located outside tb.e building they sa.rvice, 

the l~voltage i;cwer itllSt be brought into t.'"ie building v-i_a cables or i..'1.SUlated 

buses. This causes additional energy losses due to heating in the lcw-voltage 

transmission l.ir.es from the transfoz:ner to. the point of use. 
. . 

Ooen Air-CooZed Transformers 

TransfoJ::m:.rs can be built wit.1-x:iut tbe use of a liquid ccoli.11g 

rcedi.um. One t:'P= of dry transfoi:mer tbat is quite successful, under limited 

corxlitions, is the open air-ccoled transfoDne.r. In this design, cooling ai: 
is driven through the transfo:orer by eit."i.er natural convection or forced circ'J.­

lation. !n those sizes where air-ccoled tra."'1.Sfoi::ner:s are avai J able, t.r.ey are 
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al:::out equal in price to askarel-filled. t...~for:ners of the sarre k-.;a rati.-:g. · 

E::iwever, t.1ie follcwing limitations prevent open-air-o::oled transfoorers f....-an 

being conside_~ for rrany applications using askarel-filled t...-,.-a,nsf(:)mers~ · 

Heat capacity: Tr..e i;x:wer d..-aJtm f:::cm a transfoz:rrer usually 

varies over a wide range. The rating of a t...~fom.e= is established :iy t.~e 

p:wer it can handle continuously wit.i.:out over-heating. If a liquid-filled 

tra.""lSfOJ:Irer is operated at overload conditions fer a short pericd of tirre, the 

liquid w'ill act as a heat sink, absocing the e."<Csss heat produced in t.i:e t--ans­

fol:m::r wi th::lut a rapid increase L"l terr;:erature. The res.tl. t of this tl1emal · 

i?:ertia is tr..at liquid-filled transferrers can q;erate at -oi...-t:puts of up to 200 

perce.."'lt of rated capacity for a period of one to t,M) hours witoout c.arrage. 

Air-ccoled tr:=..nsfomers do not have t."lis heat sink effect ar.d are li.mi ted to 

operating at a aaximLlrn service rating not much higher than the conti..11uou.s 
rati."lg. Where t.11e current draw on t."le t...-ansfo:orer does r.ot vary greatly d.uri."'l.g· 

th.e day, t.1us limitation is not a problen. ~ver, in rost cases ~ · varia_:: . . - .. . 

tion in load requires dr-J tr3n.SfCJ:IIEr to have a 20 to 30 ~cent greater capac­

ity t.,an liquid-filled transfoJ:::m=Xs in the sarre application. 

Dielec+-...ric strength: The liquid coolant i."1 a liquid-filled 

t...-i-ansfo:mer also provides a significant level of elec+-...rical ir..sulation tet:wee..-ri 

the various C'.JITent car.rying c:::::n;:onents within the t...---an.sfo.n.er. Air has a much 

lOw'er dielectric st...---erigth, a."ld open-air-ccoled t...""'al"'..sfo.t:m:rs are l.imi ted to a 

maximum voltage of 25 to 40 k:v. 

The pmblen of electrical insulation is even rore severe 

if t.,e o;:en-air-cooled t.ransfcz:mer only o~i-ates inte!:rnit~"ltly. w"he.11 t.1ie 

t...-an.sfo~ is operat.L"'lg, t.1-..e heat genera:t ... od within the windi.--igs keeps t.rie 

L""'.sulation dry, and maintains a high dielec-..xic st..-rength of t."lis solid ; nsula­

t.L"lg material. ~ver, when the t..-ansfoz:mer is net operating, t.11e coils ecol 

to ambient te.'!lp=ratures and tr.e insulation can absom rroisture fr.:::rn the air 

wni.cb. reduces its dielectric st-~gth. o;:en air-a:::,oled t.....-ar..sfor:ners :rust l::e 

t.1ioroughly_ dried i:efore i:ei."'lg put into service after eac.1-i ecol period. 
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One other problem with· ~led transfor:ners is the tendency ·­

of dust to l:e at'"..rac:ted fl:dn tne air to the coils by electrostatic forces. · · Dust 
. 

can build up in the coils ani bloc.I( the fl.cw of air, or it can fom ccr..duc-...i ve 

paths an::l·cause short circuits. 

C\=en-air-ccoled transfo:cmers are ger..erally 1imi ted to drJ, 
clean locations where the load requirements are fairly even and constant, ar.d 

where t."le rraxinun voltage cces not ~ 30 kv. · Such transfoz:rrers are being 

~ssfully used in large office buildi.'tgs, particularly tall buildings wt-.ere 

the transfct:mers are located everJ few floors. Even in this application, t.~ugh, 
. \ 

conditions arise t.~.at e.'«:eed the capabilities of the transformer; for in.stance, 

in the Sears To,,.-er in Chicago, which is over 1400 feet tall, t.'"Je electric ~ 

is brought into the building and up to t.'"Je distribution transfo~s at .128 ~, 

which is beyond the voltage limitations of op:n-ai...~l~ transfonrers. 

CZosed Gas-?iZZed Transfo?fflers 

Transfomers can l:e built with drJ inert gas (usually at an 

elevat-'"'Ci pressure) as a heat t..---ansfer rredium. These t..-ansfczrrers_ avoid t.,e 

maintenance problems cause:i by rrcisture an:i dust in open air-c:cled t..-ansfcr.-ers, 

but t.,ey are s:i.11ti..larly Limited in overload capacii:'j l:ecausa of reduced the,:ral 

ine.r-..ia ;a::n,pared to liquid-filled t..~fo:cners. 

Close:1 gas-filled transfoz:me..."1'"5 rrust l:e installed in pressure­

tight containers due to the cbanges in gas pressure caused by cb.anges in te:rper­

ature. However, t.,e rnaximlm voltage ratings of gas-filled transfoi::ta."1'"5 can 

l:e equal to that . of liquid-filled uni ts. · 

A number of different gases have ceen used as heat t..-ansfer 

rredia in closed gas-filled transfoIJierS. 'I1le rrcst ccmron gas used in the U.S. 

is the fluorocarl:on he."<a.fl.uorcethane (C2F6 ). Nit..""Ogen ar..d sulfur hexafluoride 

have also J:::eo....n used successfully in certain applications. Helium has not cec....n 

fetmd to l:e a satisfactocy gas for this application l:ecause its lc,w dielect...--ic 

strength results in corona discharges within the t...--ansfomer. Hydro;en is un­

satisfactocy as any leak in the transfonrer would result in a severe fLre 

hazard. 
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Because' of the necessity for a pressure vessel contai.'"ler, 

gas-c::oled t:ansfOl:.!!2-'l'"S are· 30 ·to 40 9&cent beavier ~ PCB-filled t...-ansfoJ:Ire..rs, 
..... 

and cost tw:l-t.'lili:ds rrore (ar..d twice ·as muc:.i.i as oil-filled t...-ansfotirers). In ad-

dition, tbe gas-filled t...-ansfonnars must l:e sized larger tii..an oil-filled units 

to allow for the ex;ect.ed heavy load peaks of ~ consumption~ 

16.4 Relative Prices of M:ln-FCB. Trar..sfo?:Iners 

The relative prices of distribution t:ran.sfomers of the size 

and type c:.tm.ouly ins'-..alled in of!ice buildings are sumnarized in Table 16. 4-l. 

If t..~ Rl'E:rlp 'high fire point liquid f i 11 ed transfo~ proves to l:e acceptable 

for installation wit..~ut auxiliary fire protection, t..iere should l:e no cost 

increases for ne1 transfoJ::mer installations resulting f:ran the ban on t."1e 

xranufact,.Jre of PCB t...-ansfo:cners. The open drJ type transfomers. are also quite 

cost ~titive wit..i. tre FCB units for rost applications~ 

rue of Urit 

Oil filled 

FCa 

~ 

Silicone 

C;:en air ccoled 

Sealed gas cooled 

Table 16 . 4-1 (l) :. 

?slative Transfomer Prices 

Price: 1000 KV1\ Unit 

$15,300 

19,900 

18,400 

22,300 

20,700 

30,600· 

Price: 2000 KVA tlr.it 

$ 23,300 

30,300 

28,000 

34,500 

35,000 

46,600 

Source: M:c Engineers, "Distribution Transfol:Iner Status -.WTI Project", 
Mem::iramum to U.S. General Services Pdninistraticn, June 1, 1977. 
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16.5 carcl..ian:e Costs 

CZean..;.ur, Costs. 
. . 

'lhe only costs incurred by transfor:r.er nanufacturers due ·to the 

ban on the use of l?CSs will be clean up am disposal costs incur=ed in flushing 

l?CSs fran storage an:i material han:il.ing equipnent prior to using this equip­

ment to store high fire EOint liquids. This ~t cor~ts primarily of 

storage tanks, filters, ?JmPS, am piping. Clean up costs, including ci.i.sE:osal 
of contami.nate:i solvents, should r.ot excee:i $10,000 per plant, or a total one 

t.iire cost jmpact of perhaps $100,000 in 1977 an:i 1978. 

Cost of Substitutes 

'!he 'high fire point liquid ccoled transfoi:ners' an:i air cooled -

transfoz:mers will cost about tbe sait'e to 10% rccre than a.ska.rel units depen:iing 
on the acceptabilit:J of hyrlrocarI:x:m base high ·fire r:oint transfol:ltler liquids. 
Based on past sales of 5000 askarel units per ye;ar at an average pric;e·of 

. :. . . - . •. 

$20,000, a 10% cost increase \'l0Uld .increase to sales an:i costs to the users by 

(S000 x $20,000 x 10% = $10,000,000 per year). There should be l'Xl effect on 
.. 

total deman:i for transfomers for new applications. ~.e ban on rebuilding a.ska.rel 

transfOim:!rs rray increase the datan1 for~ transfotm:rs by 1000 t;:) 2000 units 

per year_. '!his _acd.itional dana..~ should be easily supplied as_ t."le t=ansfcmner 

manufacturing irrlusay as it has recently been O};:erat.ing at only al::out 60% of· 

capacity. 

Market stnrt:ure should mt be significantly affected as all of 

the fo.cier rtanu.facturers of askarel transfoorers will have equal access to 

the I high fire p:,int transfoi:mer liquid' rrater:Lals arxi techn::)logy. Acc~s to 

this rrarket se;m:nt w'ill ~ to th::>se tran.sfot:ner manufacturers wh::J did rxit 

offer askarel as an alteJ::native to oil. This will prima.ri...ly afford a :narketing 

opp:i:rt'.mity to Rl'E Co.q::oration whic.-i has never supplied a.ska.rel units but w:hic..'i. 

has a st..~ng rrar;-<et ?=)sition in the high fire p::>int liquid transfor.r.er market 

segrrent. 'Ihe increase::i sales by Rm will probably be less t."lan the total 

.increase in transfomer sales, so this srrall shift in rrarket structure should 
not result in a net decrease in the sales by any of the other manufac:ure.rs. 

-ll7-



Increased ?ire losses · 

!t was implicitly assumed atove that the h.i:gh fire ~int liquids 

are satisfactory replacem:nts for PCBs in ter.ns of pe..i-fomance ·and· fire · ~tey. 
In fact, the high fire ~int liquids can burn un:ler ce-rtai..'l conditior.s .ir.cluding . 

exfOsure to an external fire, an:i can release flamnable gases if ·an electrical 

arc occurs within the transfm:mer. It will be se,e.."'"a.l years until a ccm:plete 

evaluation of the relative transfoz:mer fire risks is canpletsd by the Fire 

Safet"j Division of the Na.tior..al Bureau of Stan:iards under a research project 

cun-ently bei.--ig fun:ied by t.11e o. s. Depart::nent of Ene..~. 

It will n::it be ~ssible to ac=.Jrately predict: the ir.creased fire 

losses that :ray result frcn tr.e use o-i substitutes for PC:3s trar.siomers until 

the ~rk of the Bureau of Stazxiards is canplete. ;,.,ey estinates ~~ at _this . 

t:ime must necessarily be based on rat.-ier crude~~- It ~d be assm-eo., 

for example, that t.118 20% price prenium for a.ska.rel t:ansfoil!let'S vs oil filled. 

· transfo:cne....-s was justified by a· decrease :in· fL~ losses. The. use of a- high- fire · 

~int transfomer liquid might achieve 95% of the addi t-ional fire safeey tr..at 

~uld other..r.i.se be achievable by usi..;g askarel. The increase:i fire losses re­

sul ting fran the use of the high fire FC)int liquid filled. uni ts .....-ould t.-ien be 

one :fe-"i:ent of the ·cost of t.118 units. Ease:1 on a ~...ion of 7000 neJ1 and 

replacsne."lt units per year at an average price of $20, 000 each~ this loss 

would be $1,400,000 per year. 

16.6 S1.lim1a£i 

Tra:nsiticnaZ Costs 

Clean up costs for nanufact'..irers·_ 

Leng Term Costa 

$100,000 1978 or.ly 

Increased cost of n:m-PCS transfol:!tlers $0 to $10 mill~on 
per year 

Mditional fire losses f::an use of 
oon-PCB transfor;ners $1,400,000 per year 

(very rough esti.11ate) 



ErrroZoument . 

Increa.sa:l derarrl for replacerent transfo~ sr..ould generate· 
. . . . . ···. . . . 

employment equal to that lost in the transfo:cmer re.building segrrent of the 

industrJ (see Chapter 5). An additional 78 jobs wOlld I:e expected in 1979. 

:. - •.• .: .a 
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17.0 'rorAI. COST AND &:Oro-llC D1PACTS 

· 'llle preced.; ;r,g chapters r.ave disc'.issed t:1e· vario~ costs which will 

result f::an COTpliar.ce with the proposed regulations. Costs of decontarnir..ating 
or scrapping existing equipnent, preparation of spill control plar.s, an:i the 

costs associated with the ban on rebuilding a.ska.rel t..-ansfom.ers are all" 

t..-ansitional costs - the annual costs will eventually decrease to zero, t.1":ough 

this ray rec;uire 20 years or rrcre. Cost increases due to tr.s L"lereasei prices 

for o:m-~ capacitors and t..-.-ansfoi:me---s will be long teJ::m costs - tr..ey will be 

expected to continue iixiefinitely. 

Econ::mic i-,,pacts, as disti..?let fran cost impacts, include euplcyme."lt 

effects, changes i."l market st.-ucture, · and ~cts on energy deman:i an:i the 

international balance of_ tr-o..de. These impacts, too, can be t:ot."l_ ~~it_ional. 

an:i long tex:m. 

17.l Transitional Cost ImPacts 

See Table 17.1-1. 
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I ...... 
N ...... 
I 

It.en (glilpter) 

PCB 'l'ransfonnera 1 

ttanufactl.ll'er clean up costs (16) 

Ban on Rewildliig (4) 
foregone Savill(Ja 

Tranafornier SeLvice (5) 

I.oat Hages 

Spill Prevuntlon Plan 

wcoootive 'f'ransfonnen (6) 

Retcoflll PCO<JrLln 

Processlo:i Pr01Jram 

Final Analysie for l'C8s 

lle(.ortifl(J 

Spill Prevention Plan 

rco capacitors'· 

Eq11t1111e11t ReiJesign (15) 

Inventory Chiolc:scen:;e (]) 

Oil Fllltld TraOBfomcra (7) 

ICU Analysla au.J Disposal 

Hlnfog M,u.:hla1t:s (0) 

llel.Allld l.oai.lenJ 

Scrap O:lntinocA.1s Hiner11 

R£.1ortinJ Cosl:11 

Table 17.1-1 

Transitional Cost Inlf)iiCts 
j 

$ 

$ Hlllion Per Year 

Succeed ill(j 
1979 Yeaca 

.1 

14.3 

2.4 

l 

l 

7 

0 

0 

.005 

.02 

• 
l 

24 

I• 

0 

l.41 leas 
pcr_year 

3.41 less 
per )'}al' 

0 

0 

0 

2. 7 (2 yean1) 

. . l (1981) 

0 

0 

0 

·· 1.41 less 
(-'el" year 

0:lllplet:e ~ Doc. n, 19.Ul 
I 

o:.,,,lete ~ Due, 11, 1901 

.02 ·o 
~111 Prevention Plans .04 0 

Al)ata rot available to llll(\l(u·t elltUl)"OOJ 11.rolli>lily 11mal l oost fo1-.act. 

Eatimated 
f Hillion reel labil i ty 

'lblal of '1bl.1ll 

$ .1 -501 ♦5001 

420 i501 

75 1501 

1 HOOi 

l tlOOI 

7 1201 

5.4 .t201 

.1 1201 

.005 11001 

.02 1501 

1 HOOi 

700 1301 

2 t201 

.6 1501, 

.02 11001· 

.04 .tSOt 

r' 



loon (Clliipter) 

t.:lootro1i.lgneta (9) 

lleplik."'Ullellt Cost 

Increased Labor Coebl 

llytlraulic b"ystaus (10) 

Die C4st1ng Hochi11es 

J\rkllyala aoJ &»11,U"J 

Ret.JOrtlng 

S1iill Prevcntion l'lans 

Docontamination 

Otlicr l~lcaulic sy1:11:a1111 

Decontillnlnatlon . · 

Pludtetion Int.enuptiona 

lleat 'l'cansfer ~)'stonw Ill) 
0...t(Jl'tHSOC8 (12) 

lu:claim, . .d Oil (ll) 

JnCC'3<15ed lk>Hl of SyoUiotic RoaJ 
OU t-t,tcdal 

I.-.:ce;rnoo Coat of IOi.11.l Oil 
lu8t Pu:llJ11ction of Rtlcla.l.mi:it 

Uj'tlcaulic Fluid 

PhUialocyanine l'l<,1H1ta (14) 

rroce8s Cha11<Jes 

'!'able 17 .1-1 (Con' t) 

'l'ransitional Cost Impacts 

$ Hllllon l'uc Year 

Succ~ing 
1979 Years 

"$ 3.5 

.5. 

.8 

.2 

.5 

7.1 

l.6 

•• 
•• 
.2 

,. 

0 

0 

0 

O· 

0 

1. l (1980) 

0 

0 
... 

o . 
0 

$ HUHon 
"Jbtal 

$ ].5 

.5 

.8 

.2 

.5 

14.6 

].6 

•• 
•• 
• 2 

100 100 tyeare 2-5) 0 .. 500 
6.4 (y~rs 6-15) c;4u• ... .4 (1980) · .8 

.5 0 .5 
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l 7. 2 tong Tem Cost Impacts 

Transfo?:merS: (Q,apter 16) 

Inc::reasEd cost of non-PCB trcmsfo:arers 
Increased fire losses 

capacitors: (Olapt.er 15) 

Increased cost of non-PCB ~er factor 
capacitors . 

Inc:rease:i cost of non-PCS capacitors 

m:rease:i fire losses 
Decreased service life 

Diarylide Yel.lcw Pigment (Clapter 14) 
,? 

Increased cost of.substitute pigments 

'lbtal. 

-.. . . . 

$0 to 10 million/year 
Data not available 

$5.5 to 10.9 million/year 
$7.8 to 10.3 mjJJion,/year 

(± 50%) .. 
Data not a;uaiJable 
Data not avaiJable 

SlO to 25 million/vear 

$23 to 56 million :!?=I' yez 

Present value of long tam cost impacts assuning 
10% discount rate= $230 to 560 ~iJJion 

17.3 'Emclovment Imcacts 

Iten (0-.apter} . 

PCB transfonrers 

.Reb1iJding 

Railroad transfomers (6) 

Fetrofill·ar.d decontamination 
pro;ram 

Oil Filled T.ran.sfonrers (7) 

Ar.alysis 
Disposal ser:vices 

Mining Machines (8) 

Spill Preve.~tion Plans 

Electranagnets ( 9) 

Increased dernan:l 
Additional I..a.bor for Operations 

without Magnets · 

Hydraulic Systens (10) 

~taT!'.ination Prvg.tdltl 

?-b. of Jobs·_ (1979) '!btal Man Years 

-so -1470 , 

+55 + 165 

+42 to 106 +1235 to 3118 
+69 to uo +2029 to 3235 

+ 2 + 2 

+50 +25 to 32 

+50 + 17 

+12 + 24 
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Itan (0-.a.oter) 

Lost Prcduction fran 
closing of facilities during 
dec:ontamination 

Spill prevention plans 

Rep:lrting requirarents 

Heat n:"ansfer Systens (ll) 

Decontamination pr~L:m 

Cm!pressors (12) 

Ceoontamination program 

Recla.iir.ed Oil (13) 

Ban on reclamation of con-t:amir.ated 
hydraulic fluid 

Diarylide Yellow Pigments (14) 

No. of Jobs (1979) Total Man Years 

;ctential for t.1iou- · .-500? · 
sanis of layoffs early 
in 1979 in the steel 
in:iustry for several 
m:mths. 

~ + 5 

~ + 7 

? ? 

+l + l 

-12 to·is -24 to 30 

:. 

Loss of jobs in manufactm:e of pi;rne.11ts -200 Jcb losses offset 
by-increased employ­
ment in manufacture 
of substitute 
materials. 

capacitor Manufacturing (15) 

Transfox:ner ~ufacturing (16) 

17.4 Other Econ:mic Irru:acts 

0 

·HS 

0 -

+1470 

No significant· markst shifts are anticipate:i to result fran ti"'.e ban 

on the use of PCSs in t."le manufacture of capacitors or transfomers. 

The orJ.y significant impact on energy dena.-r:d will be for the oil 

requ.ire:1 to replace the contaminats:i t--ansiorme.r oil, hydraulic fluid, heat 

transfer. fluid, an:1 compressor fluid whic.'1 rmJ.St l:e draine:1 arrl ir.cir.erat.ed as 

part of the decontamination pi:o;ianl. This r~sre.11t will be in.significant 

when canpare:1 with total ail consumption, particularly sin::e t.11.e in::reased 

deman:i for t-~fo.t::ter oil will be spread over 20 years or rrore. 
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A number of miror effects an the balance of t..""ade may be 

anticipated. ~ ban an the importation of PCB cap:3ci~s in foreign rrade -

electrical equipnent might decrease the availability or slightly increase .. 
the price of in;:or"'...ai applia?x:es. The restrict.ion an t.~ PCB contamination 

of diazylide yellcw pigments might end the im[:ortatian of this material.· 

~ver, the ban on recycling cont:ami..,a,te:i t::ansfomer oil ~d be expected 

to result in an .increased derand for ne.w oil, am the ban an the rebu; Jd ing · 

of transfo.miers will in:rease the. number of ne.w transfomers bei.."lg manufactured 

resulting in an .increased daran:i for bauxite to make the altmli.num wire used· · 

in their construction. Sufficient data is n::lt aua i J ab) e to su;:;;ort a qt:antita- , 

tive ara.lysis of these effects, and the total irc;:act an t.,e bala.nce of trade 

is n:Jt expectsi to be significant. 

No significant impacts en supplies of strategic materials were 
. . .. 

identified in the COJJ:Se of this study. 

:. - ... 
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APPEN:>IX A 

'I'OXIC SUBSTAN:ES CONTF.OL ACT 

Public Law 94-469:. 

90 Stat. 2003 et seq 

Page A-.2: Section 6 (e) : Polychlorinated 
Biphenyls 

Page A-3: Section 6 (a): Scope of Regulation 
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PUBLIC L\ W 94-469-0CT. ll, 1976- 90 STAT. 2025 

(e) PoLTCHLORL.~An:t> Bll'KL~n.s.-(1) Within s~ months o.iter Rul~. 
the e.tfe<:tive do.ta of this A.ct t.!ie Administl"'J.tor shall promul~te 
rules t«r- · 

(A) prescribe methods for the disposal of polychlorinnted 
biphenyis, a.nd 

( B) require po!ychlorin:ited biphenyls to be marked with clear 
and. adequllte wo.rnings, .ind iruscructions with respl:!ct co their 
pt"OCessing, distribution in commerce, u..c::e, or disposal or with 
respect to a.ny combination of such u.cti. \'ities. · 

Requirements pre::;cribe,~ bv mles under this p,.u-agr:iph shall be con-
:Si:steut with the requirements of pur:igraphs (:2) :ind (:1). · 

(2) ( • .\..) E.:s:cept .is pt-o\-i.ded under subpar:igr:iph. (B), eifecfrte one 
year after the e!fectiYe d.ite of this Act no person may qianufu.cture, 
process, or distribute in c~mmet-ee or use :iny polychlot"inaied bi phenyl 
many m4llner other than in a torn.Hy enclosed manner. 

(B) The A.dministmcor :nu.v bv rule authorize che manuf:i.cture, 
processinz, distribution in conimerce or use ( or :uiy combinacion of 
such activities) of any polychlorinuted biohenyi in a. m:11u1er ocher than 
in a totally enclosed m,mner if the Admi111:Str-..i.tol" nml.s that such manu-. 
facture, processing, distribution in commerce, Ol" use ( or combination 
of :Such :ictivitie:s) will not present ,U\ unrea:sonu.ble risk ot injury to 
health or the en vironruenc. 

(C) Fol" ehe purposes of chis panignph, the tenn ··totally enclosed ''1'oca.J.ly eaclosed 
muuner" means any m:i.nner which will ensu~ ahac a.ny eJ:posure o.f ma.a11cr." · 
human beings or the environment to a. polychlorinated biphenvl ,vill 
be in:signitic:.mt u.s dete,·mined by the Administrntor by rule. • 

( 3) ( .-\.) E..xcept o.s pro,·ided in subparagr-.i phs ( B) :ind ( C )-
( i) no person may manufacture :i.ny polychlorinated bipht!nyl 

:ifter two yea.rs after the etfectfre date of this A.ct, :ind 
( ii) no person may- pt-ocess or distribute in commerce any poly­

chlorinaced bi phenyl :ifter two' and one-half ye:u:s :i.fter such date~ 
(B) Any person m:1.y petition the Administrator for an exemption Pecicioa (or 

· from the ntquirements or: subpu.rngrnph (A), and the ..\.dministr:itor ese111pcioa. 
may gr.int. .by t"'.ile sw.:h .in e:s::empciori if the .\.dministr:.i.cor find:;; 
that-

(i) an unreasonable ri:sk of injury to health or environment 
would not result . .ind 

(ii) good faith etfot-cs ha\·e been made to de\·elop :i. chemic:il 
substance which does not present an unt~u.son:ible· risk of injury 
to health or the environment o.nd which mav be substituted. for 
such polychlorin:ited bi phenyl. · • 

An e:cemption gni.nted under this subp,u-n.gmph shall be subject to Terms ~11d 
:Such terms :.1.nd conditions as the Administrator. may prescribe and coaditiou. 
shall be in eifect for such perioJ. ( but not more than one year from 
the date it is gr:inced) :is che Administr.i.cor may prescribe. · · 

(C) Subp11r:i.gr:1oh (A) shall not :ipply to the distribution in com­
merce of a.ny polychlorino.ted biphertyl if such polychlorinated 
biphenyl was sold for pu1·po51?S ocher than resale before two :ind one 
half ve11rs after the d:ite of enactment or this Act. · • 

( -() .\.nv rule under o:ir:i.gnioh. ( l), ( 2) ( B), or ( 3) ( B) shall be 
promulg:,.ced in accordance with"p11ro.gr:iphs (2), (3), :ind (-l:) of sub-
section ( c) . . 

( 5) This subsection does not limit the authority of the Adminis­
trator. under :iny other provision of this Act or any other Federal la\,·, 
to t:i.ke action respecting :i.ny polychlorinated biphenyl. 
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1S USC 2605. 

SEC. 6. REGULATION OF HAZARDOUS C'HE.'>CICAL StiBSTA:-.CES. A~D 
MIXTURES. · · 

(a) Scon OP R:oon.i.nos-.-!f t.he ..\.dministrntor finds that there is 
a. reasonable basis to conclude that the manufacture, processing, dis• 
tribution in' commerce. use, or- disposaf of a cher:nical substAnce or 
mixture, or that any com~inatio!' ?f such :ictiviti~ presents. or -will. 
pnsent a.n. unrP.a.sonable nsk of tnJury to he:1.lth or the environment, 
the Administrator shall by rule apply one or more of the following 
requirements to such substllJlce or mixture to the enent necessarv to 
protect adequately a~inst such risk using the least burdensome 
rPquirements: · · 

( 1) A. l'cquirement ( • .\.) prohibiting the manufacturing, process• 
ing, or distribution in commerce of such substance or mi:rture, or 
(B) limiting the !lmount of such substance or mi:rture which mav 
be manufactured. processed, or distribut4?d in commerce. • 

(2) .-\. requirement-
(.\) prohibiting the manufacture. processing, or distribn­

tion in commel"C1! of such substance or mixture for (i) :i 
partic11 Jar use or (ii) a· particular ui:;e in a concentration in 
e::tcess oi a le,·el specified bv the Ad:ninistr:i.tor in the rule 
im~ing the requirement, or 

( B) limiting the amount of such substance or minure 
which may be manufactured. processed. or distributed in 
commerce for ( i) :i particu Jar use or (ii) a. particular use 

·in. a. concentration in excess of a. level specified by· tl'ie 
Administr:i.tor in the rule imposing the requirement. 

(3) A. ~uirement tha.t such substance or rni:rture or ·a.nv 
article containing such subst:1.nce or mixture be marked with o·r 
accompanied · by clea.r :ind adequate warnings and instructions 
with respect to its use, distribution in commerce, or disposal or -
with respect to any combination of such activities. The form and 
content ~f such "l'f'arnings and instructions shail be prescribed by 
the Adnunistrntor. 

(4) ..\. requirement that manufa.cturers and processors of-such 
substance or mi:tture make :ind retain records of the processes 
used. to manufacture or process such substance or mixture :i.nd 
monitor or conduct t~sts \t'hich are reasonable a.nd necess:i.n- to 
assure compliance with the rt>quirements of any rule applic:ible 
under d1is subsection.. · · 

( 5) ..\. requirement prohibiting or other~ise regulating illlY 
mllll.ner or method of commercial use oi such substance or 
mixture. . 

(6) (A) ..\. requirement prohibiting or otherwise regulating any 
manner or method of disposal of such subst:ince or muture, or 
of :uiy :i.rticle containing ~ch substance or mi:rture, by its _manu­
facturer or processor or by any other person who uses, or d1sposes 
of, it for commercial purposes. . 

(B) ..\. requirement under·subpa.~gnph ( A) may not require 
:iny person to take :iny :1ction which would be in vi.olati~n. of 
:iny law or requirement of, or in eifect for, :i State or poht1~:1l 
subdivision, :1nd shall require ~ch person subject to it to notify 
each State and political subdivision in \,·hich a ~uired disposal 
may occur of 3uch disposal. · . ·• ... 
· (i) A requirement. directing m:inuf:icturers or processors of 
such substa.nce or mi:nure (.-\.) to gh-e notice of such u.nreasonable 
risk of injury to distributors in commerce of such substa.nc:9 or 
mi:cture :ind, to the e:ctent ren.sonably :iscerta.innble, to other per• 
sons in possession of such substance or mi:s:ture or exposed to such 
substance or muture, (B) to give public notice of such risk of 
injurv, :ind (C) to replace or repu.rcha:se such substance or 
mi.-.:ture as elected by the person to \~hich the requirement is 
directed. 

Any requirement (or combination of requirements) imposed under 
this subsection may be limited in application to specified geographic 
:irens. 
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