&EPA

United States Office of
Environmental Protection Pesticice and Toxic Substances

Agency Washington, DC 20460

Office,df ‘Pesticide and Toxic Substances

| Microeccnomic

Impacts of the
Proposed “"PCB Ban
Regulation”



'EPA 560/6~77-035

MICROECOHCMIC IFPACTS OF THE PROPCSED
- "PCB At REGULATIONS'

FinaL TAsk ResorT

Submitted to:
U.S. Envirormental Prote&ticn Agency
Office of Planning and Management
Washington, D.C.
Attention: Mr. Steven B. Malkenso
Project Officer - -

Contract No. 83-01-4771

Submitted by:
6621 Electrenic Drive
Soringfield, Virginia 22151

(703) 750~-3000

May 16, 1978



This document is available in limited quantities throuch the U.S.
~ Envirommental Protsction Agency, Office of Toxdic Substances (WH-794), 401
. M Street, S.W., Washington, D.C. 20460.
This document will subsecuently be available through the Naticnal
'I’gckmical Information Service, Springfield, Virginia 22151.

el et e g

This report has been reviewed by the Office of Plamning and Manage-
ment, U.S. mvm:omental Protection Agercy, ard arproved for cublication.
_Appreval does rot signify that the contents necessarily reéflect the views
ard policieg: of the Envircrmental Protecticn Agercy, nor deces menticn. of
trade names: or camnercial products constitute .e_;:iorsavr.xgnt or racomerdation
for use. ‘



BREFACE R

This report was prepared by Versar Inc. for the Office of Planning
and Management of the U. S. Envircnmental Protection Agency. The report
summarizes Versar's estimates of the probable costs and utpac's of com=-
plying with the proposed "PCB Ban Regulations.” These regulaticns were
prepared by the EPA Office of Toxdc Substances and the Interagency PCB
Work Croup to implement the requirements of Sections 6(e) (2) and 6(e) (3)
of the Taxlc Substances Contzol Act (Appendix A). ' -

This eccaamic analysis program was sponsoredby the EFA, but the re~
sults reported are thcse of Versar Inc. This rerort was orepared in
partial fulfillment of the requirements of Contract No. 68-01-4771. The
report is not a statement of EPA policy. Howewer, this study dees meet
the requirements of an econamic impact ana.lys:.s of the propcsed re a-

This report was. pma:&md&:h&sww
Principal Investigator. Major contributors wers: A - T e = o

' Lowis Fourt, Ph.D. (econcmic methodology, waste oil, ‘railroads) |
Robert Westin, P.E. (transformers, dry pigments)

David Berkey (capacitors, mining
machines)

Bruce Woodcock (hyd::au].:.c systens, tm.'bm&)

- from Mr.~Steven ac.waﬁcensar'mmj@ctw “ocsepn.r*? s
EPA Regulations-Development Group-of-the- Off:.ce—of‘mnc Sut:s‘.:am:a'-'L 'ﬁ':é" ==
factual strengths of this report are due to the .close. cocperati itk
fram industzy, particularly representat_ves of the t::ansfcmr atnd 'cﬁgk&r* ‘
tor menufacturers and the electric utilities.




This report is being relessed and circulated prior to the public |
hearing on the proposed requlation. It will be considered along with the
infoarmaticn received during the hearing in establishing the final requla-—
tions. Prior to final promilgation of the rsgulaticns, this study shall
have standinginanyEPApm@eding‘orcnurtproceedinqonly to the extent

‘that it represents the views of Versar Inc. It canrot be cited, referenced,
or representsd in any respect in any such proceseding as a statsment of -
EPA's views regarding the impact of the proposed rsgulaticns.

B
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1.0 INTRCDUCTICN

cmm e o 0T . L -

1.1 Purrcse and Sccre

’mepurpcseoftmsstudywas toevalx.atetheecmcmc umac'ﬁ
of the prcposed "PC3 Ban Regulations.” These requlaticns were prepared
by the Office of Toxdc Substances of the U. S. Envircrmental Protscticn
Agency with the technical support of the Interagency PC3 Work Growp. These
requlaticns implement the bans cn various PC3 activities which were estab-
Lished by Congress in Secticon 6(e} of the Toxic Substances Cantwol Act -
Public Law 94-469 (see Appendix A).

The eccnamic ccsts reported herein are those directly and in-
directly attributable to those changes in futire PCB activities which would
ke caused by mplenentaucn of the propcsed *egulaums Frem the word..ng
ofSecthn 6}, it is clea:: that the intent of Contvess was to ban the

 mamufacture of PCBs after December 31, 1978, and to ban the distribution of
solychlorinated biphenyls (PCBS) after June 30, 1979, Therefore, the long
term costsof tsing‘*snbsﬁt&tes*fcr?@s will be-a consequence-of this - — —--

 legislated ban on the menufacture of PCSs and not a consequence of dis-
creticnary requlatory actions taken by the Envirommental Protection Agency. = - -

P -

The effect of the authorizaticns in Section 761.31 o*’ the pro—-

-which could have:esz:lted.fmm_tb.e_umd;ate_apphat;.cn_o:_the bans Set . ..
.forth in the act to Wﬁﬁmsﬁm&ﬂ&-
based_on.tbe_p::e-ls.l? base.hand_mt .the_ changes_.fm_the_mgher ;.mts_ ——
which would result in the aksence of these autherizations. chever, the
assurpticns behind the analysis of the individually identified impacts are
explicitly identified, and the analysis should sizport the evaluation of
altamative regulatory approaches.




This analysis of the prcpesed reculations considered both the
direct costs of camplying with the requirements and the indirect effects
of these requirmments cn price lswels, capital needs, employment, energy
consumpticn, and the availability of strategic materials. The calculated
econcmic impacts were the incremental impacts of the propesed regqulations
cn a Base of 1976 practices as modified by the previously pramilgated PC3
effluent standards and the marking and disposal reculaticns. -The costs
of these other BCB requlaticns were ccnsidered curing their develorment
and are not considered to be a result of these proposed ban regulaticns.

1.2 PCBs Usage in the Unitad States

PCEs have been used in the United’States since 1929. Major uses
of this chemical have included transformer cooling liquids; capacitor di-
electric liquids; heat transfer and hydraulic liquids; as a G&ye carrier
in carbenless copy paper; as a plasticizer in pa.ms achesives and
cauJ.k:.ng cpomds; and as a filler in investment casting wax., A prev:r.ous .
EPA contractor rq:ort(l) estimated the usage and distributicn of PCBs
be as shewn in Teble 1. 2—3..

(1) Versar Inc. PC8s in ﬁhe United States: Industrial Use ard Znvircns
mental Distrisution. Springfield, Va.: Naticnal Tecthnical Informa-
ticn Service (NIIS 5B 252 402/3wP). February 1976.
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Table 1.2-1

tes of Cumulative PChs Prdduction, Usage, and Gross Environmental

ited States Qver the Perjod 1930-1975 in Millions of Pounds
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© 1.2.1 Production of DC2s -

The major U.S. mamufacturer cf PCBs has been Monsanto.
Since 1972, Mcomsanto has hzm.ted sales of PCBs to nanufacturers of trans-
formers and capacitors. Mcnsanto ceased mamfacturing PCBS in mid-1377,
and shipped the last remaining inventory by October 31, 1977. A previcus
EPA sponscored su.:':ym indicated that about cne millicn peunds of PCBs N
were also manufactured By a small chemical campany fram 1972 tfm:ugn'1974
for use as a heat transfer liquid. -

PCBs may also be made as unintentional by-products of
other chemical processes. For instance, the manufacture of the &y pig-
ment phthalocyanine blue by reaction of precursors dissolved in- trichloro-
Eenzene may result in the fommation of PCBs f£rum reacticns mwlvz.ng t;‘:e
trichlorobenzene. These PCEs may cntaminate the pz.gn'ert at PCB concen~
tzaﬂonsﬁrcmpar&permll_ontoasmdmaSOlcercent. Producticn of
diarylice vellow pxgxxents also results in the formation of dich.lorobipb.errgl
cue to a side reaction involving the pigment precursor dichlorcbenzidine.
This results in BCB concentzations in the yellow pigment of wp to several
undred parts per millicn. Chlorihation of water which contains appreciable:
cnecentrations of biphenyl (Which is used as a dye carrier in &ying poly-
ester fiters and which is a common pollutant of water discharged from dyirng
plants) can result in the wnintentional fomaticn of XC3s t© a concentza=
tion of several parts per millicn. No natwral (non-industrial) scurces of
PCBs have been identified,

(1) Versar Inc. Usage of PCBs in Open and Semi—Clcsed Systems and .
the Resulting Losses oOr DCBS O the EnViIcrment. oA 560/6=71-
009 (wpublished Draf: Report) September L, 1976.

=



'1.2.2 Imports of P@s

LTI 0

s

PCBs have been J.nz::ort.e.‘d for use in investment casting -
wax, for maintsnance of certain mining macm.rezy, and as the coolant m
electrical transformers. Ql

Decachlorchiphenyl was imported from Italy for several
years foruseasaf:.lle:mmmumtcastz.rgwax, this use was encded in
mid-1976. Q) Several menufacturers of inmvestment casting wax are presently
using Importsd polychilorinated terpfienyls (PCTS) in their products. The .
U. S. distixfutor of PCTs has given assurances thatPCBs ar= present cnly
at concentraticns Below 0,005 percent, @1 but no data are available on the
actual concentraticn of PC3s found in these PCIs. '

Over 700,000 pownds of PC3s have bBeen imported since 1972 _
. t0 maintain certain mining machines which use PCBs as a motor coolant, (3) . .. _'_:
No additicnal PCBs will be izported for this use as existing U.S. inven-
tories are repormd to be sufficient to meet rrm.nta'zance requirements for
the remaining serv:.ce lifs of the machines.

PC3s have also been imported as components ‘of transformers = — — -
and capacitors. This sowrce of PCBs dees not seem o be significant at
prasent. '

1203 Hydramti e SysStEM, Heat Iransier
System, and Compressor Use

PCBs have not been commercially available for open system
uses since 1974. Leakage of: PR hydraulic: fluid was replaced by PCBs taken-

i a e e  mm e v———

— from tendining maintenance supplies and, after these ‘wers e.*daaused bv

| (l). Ve.rsa.r Inc. Assessnent of the E}nv:L:onrrental and Econamic Tfrnacta or
e - - EHS - BAN- ON- INDOEES~OT=PEBS (~ ~EPR"S 07, Tay; L

(2) Perscnal comumnication, Mr. L. M. Argueso (M. Argueso and Co.,
Mamarcneck, N.Y.), August 30, 1977.

(3) Versar Inc. Assessment of the Envircrmental and Ecoromic Impacts of
the Ban on Dmorts orf PCBs. EPA 560/6=//-007, July, 187/, e 9, 1l0.

Ay S




carpatible non-?C3 fluids. - As a rééﬁlt,‘ the FG3s in service in thess ma-
chines in the early 1970's have been'diluted. Informaticn cbtained during
the course of this study throuch a phcne survey of users of these systems
indicates that the fluid presently in the machines may contain frcm 60 pem
to 3Q percent PC3s, cdepending on the amount of lszkacge and rsplacement over
the past fHve. years.

- When Mensanto discontinued the manufacture of PCB based
heat transfer licuid in 1972, they recamrended that existing systems ke
drained and flushed and the liquid replaced with a ncn=PC3 liquid. A num-
ber of systems were maintained throuch 1974 with PC3s manufactured by a -
small chemical company, but no PC3 heat transfer fluids were menufactursd
or imported after 1974, and it is believed that all systems have been
drained and converted to non-PCR fluid, The éffactiveness of the initial ~
flushing procedure is kown for only cne system whicii was flushed in 1972
and presently is using a fluid which is contaminated by two percent
PCas., ’

_ PCstereusaiasam:kingfluidinanmbe;éf turbin
compressors on natural gas pipelines in the early 1970's. Althouch the -
PCB oil has since been drained and the twrbines flushed and refilled,
resicual PCBs are present‘m-amt:cn-m—severﬁ *‘*mzsard-*ar‘:s—
per millien in the oil.

Another use of PCBs was as & minor additive to certain
autcnobile transmission fluids o cause controlled swelling of rubber
seals. Althouch this use stopped in the early 1970's, wasts lubricating .
oils have been reported to contain PCBs in concentraticns of parts per
millicn. Transmissicn fluid from older autamcbiles may be the sowrce of this .-



wintenticnal centamination of wasts oil, but o mfomat_cn is ava_.able, e
n the extent ofbcssmt:ansm.ss;cn fluids, _ R A e

Contaminatad o:._s have mt been ~segregated trom the flow
of ail collected for reclamation. As a result, mxh of the oil presently
handled by the waste oil collectors, processors, and re-refiners appears ‘ -
o Be contaminated with low levels of BCEs.

1.244 Tmnsfome.r ;Manufact:arinq aﬁd‘Maintanance

¥ost large electrical transformers are designed to cperate ! "
with the current-carrying coils immersed in a dielectric ILiquid. This .
liquid provides electxical insulaticn between the windings by filling in . -
any pinholes in the enamel or paper insulation. The liquid alsé performs =~
as a heat transfer media By aBsorbing heat fmhthécoilsandc@ductir;g c
it to the outer shell or heat transfer surfaces by natural or forced con~ .. el
vecticn. Most liquid-filled tzansformers are cooled with mireral cil. This
oil can present a §zgm.f1cznt fire hazard in the event of a short circuit
within the transformer. Thersfore, cil-filled transformers are not allowed
to ke used iIn hazardous lccaticns such as bulldings except when installed in.
a2 fire resistant cocncrete vault. ‘

e

.In the past, mest transformers used in hazardous locaticns
have been filled with non-flammable coolant liquids containing 2C3s as a -
TR Jor TonEorErTt T ST MR REISIOEEr LIGUICS are KOWn by dle ceneric
- —-term-""askaret!—and-have-beemrin—cammomr e stTeE HE 190 s Irinzardous—
- **ansfom—a:nﬁcatﬁons%-?dﬁr@'ﬁvﬁes‘ i":’tied“*ansfcme.rs“nave"cost“‘" -
—.20.Bexcent., mmmmmmmm as_:.‘;ey.-aa:e e e
--~non—-flammable - and-more-reliadlie—than—oti=fitled transfomers s """ "' =T "o o

rmen et oo+ ... The. manufachmers of 23 _transformers. diSContinued -TaRUse———— -
facturing PC3 txensformers- by the end of-1977. "There are presently in use
arpracmately 140,000 PCB transformers which contain an averace of 300
gallons of licuid (2,150 1b PCB). The averacge service life of these



askarel transformers is about 40 years, if certain rcut.ne :ramtenarce is.
pexrformed. _ IR S :

The electrical prrperties of askarel are significantly
degracded by the presence of moisture, Thermal cycling of the tansformer
during normal use can draw air into the transformer through minor leaks in
bushings, and the askarel will absord moisturs from this air., It is routine
practice to check the electrical properties of the askarel periodically at
intervals frem 1 @ 5 years depending on ambient air mcisture. IE misture
is detected, the askarel is drained and filtered (to remove the moistire),
and the bushings are repaired. This maintenance, usually performed in the -
field, is necessary to assure centinued safe cperation of the transformer
as severs degradaticn of the askarel can cause major am-nq wz-thm the.
transformer.

Similar maintenance has been routinely performed cn the
several million oil-filled transformers. The oil il meny of these wnits
may be contamined with PC3s to a corcentraticn of several hundred carts
per million due to past use of the same ecm.g'entto sexrvice beth oil-filled
and askarel transformers., It is also pessible shat DC3 contaminatich of the
oil may have cccurred in the mamufacturing process where plants: made both
oil-filled and askarel transformers. Dispcsal of transformer oil has been
throuch commercial waste-oil haulers, which-has. appaxrently- further -increased
levels of PCB contamination of reprocessed and reclaimed oils.

1.2.5 Electrcmacnets

PCB oil as a coolant. These &agnets are used as magnetic separators over

cal conveyor belts., The magnets are similar in construction fo transs. ..
formers. There is no present use of PCBs by this industry for either’
manufactiring or maintenance.



‘1.2.6 Canac:.tors . . ' o AT

. -

PCBshavebeenusedasthelJ.qmnddlelectncmahnostall

o] (alte.matiné current] capacitors made in the United States since the mid- . -

1930's. PCBs are wnexcelled in their prcrerties of chemical stability,
fire resistance, and high dielectzic strangth. Although no other dielec-
tric liquids equivalent in performance to PCS8s have been develcped, other
Liquids are being used successfully in capacitors which perform the same
function as PCB capacitors. All of the menufacturers of.larce oower fackor
capacitors have switched to nen~-PC3 substitutes. Most of the manufacturers
of small capacitors have either stopped using PCBs or announced their J.n-
tention to switch to other licuids early in 1978. ' o

L3 BCB Restrictions in the 'Ib:d.c Substances Contxol Act

Prior to the enaciment of the Toxic Substances Control Act, the
only authority of the EPA with respect to PC3s dealt with discharge of con-
tzminated water from indust—ial point scurces. n Febrvary 2, 1977, the
EPA promulcated requlations under Section 307(a) of the Fedexal Water-
Polluticn Control Act which banned the direct discharce of water cont

nated with PC3s by electrical trensformer ané capacitor menufacturesrs after

February 1, 1978, &

The enactrent of the Toxic Substances Cont=cl Act (in Cctcber,
1976) placed additional requirements on the use of PCBs and required that
certain actions be.taken.by the EPA. _Secticn £(e) (1) of .the Act required ...

' that the EPA prcxm..gats*m::fcmg: Frrdisposai-z=gutatiosfor- PCs Tr-Theke —

requlaticns were prcm:lgated on February -7, 1978. @) ~The requlations re~

(1] EPA "Final Decision" Federal Register, Feb. 2, 1977, cp. 6331-6535.

(2) EPA, "Polychlorinated Bighenyls (PCES): Disposal and Marking,"
'Federal Pegister, February 17, 1978, pp. 714%-7164.

M AwsY



ard storage areas. The regulations also recuire that disposal cf PC3
liquids, materials and ecuipment by by arproved methods (genera._ly hich
tameraturs incineration-or chemical waske landfill) and e establish’ porova.l
criteria for the disposal facilities. | '

The Toxdc Substances Control Act also established cutoff dates
for certain PCB activities as follows:
Jarmuary 1, 1978: All menufacturing processing, distributicn
and use must be in a totally enclosed manrer.

January 1, 19795: No frther marufacturing or .mx:rt:.r*g of
PC2s allowed.

July 1, 1979: No further processing or distributicn in com-
merce of PCBs allcwed. .
The propcsed PC—B Ban Regulat:.ons urple:rant these "equ:.rezre.
of the Act and also authorize the continuaticn of soec:.f:.c: activities
where the ZPA has determined that such activities will rot present an . ..
unreascnable risk of injuxy o health or the envirorment.

1.4 Sumary of Prcoosed Ban Requlaticns

‘The continued mamufacturing, processing, distributicn in crrerce,
and use of PCBs has been regulated by Congress. Secticn 6(e) of the Toxdc
Substances Control Act (Public L. 94~-469, 90 STAT 2025), established
various restricticns on PCB activities and the dates on which these re-
strictions became effective., EPA is recuired by Secticn 6(e) o establish
by rule several technical findings regarding PC3 ackivities. These find-
ings must establish:

1) The level of expoéure of human teings and the envizon-
ment to PCBs that may be consicdered insignificant -
[Secticn 6(e} (2) (C]]. This level of exposure is +*he
basis for judging whether any activity or use is in
"a totally enclicsed manner.”



) “hether certain uses present an \nreascnable risk to -
health or the envircrment. This criterion is to De - .
- used as the Zasis for authorizations of activities o ca R
that are-not conducted in a totally enclesed manner, = ’
and in evaluating petitions for one year exempticns
frem the mencdated Bans on the manufacturing, processing,
~ and distzibuticn in commerce of PC3s. [Secticn. 6(e) '
@r@il. :
QI Those activities which, although not conducted in a
totally enclcsed manner, nevertheless will not pre-
sent an unreascnable risk of injury to health or the
enviromment. [Secticn 6 (el (2] (B]1.

The preposed "PC3 Ban Requlations” state these findings, incor
corate the mandatory requirements established by Congress, and would grant
authorizations for continuaticn of certain activities based on the findings. .
These regulaticns were prepa.red by the EPA Office of Tbx:.c Sucstancs in )
cooperation with the Interagency PGB Work Growp. The basis for the preeosed e
regqulations is the finding that there is no identifiable level of PGB xre= - =~ - - ~%=
lease to the envirorment that can be considered insignificant. Therefore,
only totally enclesed activities such as contimued usage of existing trans-
formers and capacitors uwdll meet the cwitaria: remzired afior Dacember 31, ) ,
1977, ' R - T e = o

The Toxic Substances Control Act grants the ZPA authority &0 - - -
permit other PCB activities after the end of 1977 if the activities do nct
. . . . Aotinc-arder
this authority, the EPA in the ororosed ban regulations wculd permit the
following PC3 ackivities in other than a totally enclcsed manner.

(@) Contimued minor maintenance of PCB transformers to
e = i i M Zer e RO e dmpartS - shar e ni e s L S e e
rramatire retirement and-lack of replacement units.

e e (D). . .Contimued use and scheduled phase—cuk of use of QR . L.
railrcad loecamotive rower transiormers. -




(c] Continued use ard scheduled .hase—out of use of P
filled moters used on certain mining e:;u:.pzrent.

@l Centimeed use of certamhyd:axﬂ_c systens c:ntam.—
nated with PCBs if efforts are periodically made o
deccntaminate the systems, .

(e] Use of waste cils contaminated with PCBs below a con-
centration of S0 pom, except as a sealant, coating
or dust control acent. This could ban the use of
oil contaminated with any measurable amownt of PC3
for oiling roads or as a pesticide carrier.

1.5 Effects of the Proposed Requlaticns by BC3 Use

The eccnamic mpacts resulting from the prcposed requlations were
determired by evaluating the effects of the regulations on each identifiable
PCB use. merecortoftreanalysn.s also addresses each-use in a separate
chapter, and the fommat of the feport, thersfore, d&ces not parallel the
format of the regulaticn. & gu:.de o the d:.scussmn of the varicus secticrs
of the prcpcsed regulat:.cns is presented in Table 1. 5-1. The vanous. cost
and econemic mpactsarestmsanzedmdtapter 17. -
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2.0 METECCOLOGY FOR ECCNCI'EC D’!PACT‘ ANALYSIS & THE PROPOSHD "PC3. BAN
REGILATICNS"

2.1 General Approdch

Theapproachusedmdevelonmgtheeconmu.cmpactanaljss.sof
- the proposed "PC3 Ban Regulations” is summarized belcw:

(1) Each industry significantly affected by the draft regqulaticons is
considered separately. The analytical methodology used is the
same for each ind:.;stry, and the results are gresented in a format
permitting aggregaticn. _ o

(2) Apalysis is limited to impacts expected o result from the
proposed ban requlations. The impacts are the incremental changes -
fram a base condition assumed to be the industry practices in 1973
as medified by the PCB effluent standards, a.r:dtl'zePCBD:.sposaland
Marking regulations. , ot e -

(3) Increased industry costs cue to the use of substitutes for FC3s
ard the resulting product development costs or the costs of dis-
continuing certain products ares the basis of the. calculation of
cost -impacts. The resulting price and product quality effects are
used to calculate expectad changes in demand and market shifts
among campeting products. The impact of these market effects on-
individual :.m:ustr:.es is used to calculate anployrre::.t changes.

(4) Each industry is regarded as a ‘link in an input-cutput chain or
web. Thus, changes in cutput affect custamer industries and,
loglcaliy-rcnstmers“mmmst‘cases: the sooname =
analysis is extended only to the first tier custamers, and second-
ary impacts were.assumed ta.be.negligible.. .. . -



(5) The chain effects are also traced backward at least one stage to -
sappliers; price, quality and delivery er...ec:s are cnns:.dered as.
determinants. of quant.'l.tv dena.nded

(6) At each stage (supol.x.er, directly mpac:ed precucer, custmez:) '
impacts on the variocus factors of producticn were considered.
Physical factors of production at each stage include labor,
materials, equipment, factory space and land. There may also be
impacts on fixed and working capital requirements and capital
markets, including rental cr leasing arrangements.

(7) Significant extsrmalities are' considered in <he analysis.

(8) The analysis considers anly the costs incurrsd by the regulations.

" No estimatss are made of the benefits to health 4cr': the emruonmant
acm.evedbybannnmgtheuseo:PCBs. ST '

(9) Distinction is made between transiticnal and leng term effaces.
Transiticnal effects include the costs of gfemature Cbsolescerce
of production facilities and equipment, retocoling, research and

: dmmmmpmmm“
Long term effects include increased prices and c..arges in aggre—
gat..'na.r:cetdamrd. ' . : : - - -

——_The econgmic i
T following format: -

Variaple - Transitional Impact . Long Term Impact

srice of cutput '

- GuAntity Brodiced
labor employed

ERE R C v tae el . o= e . . PO AT Gty e T
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Secondary econamic effects which are discussed where relevant include
wages paid, matarials used, product redesign, new ivestment, space require-
ments. servicing costs, product reliability, fire saf}at:.y, and analy't.tcal
testing costs. ’ ' a

2.2 De:mt:.onoracnnaucmnaa.ct

A Impact is defined as the changes resulting fram the unplarenta.t.cn
of the regulation. Calculaticn of the impact requires that the base con-
dltlonbecaraﬁzllydeﬁnedtoeccludetheeffectsortheproposedrecu-
lation but to include the’ effects of standard mdusu:y practices and cther 1
relevant requlations ard laws. In the present case, the base per.od used to
define industry practices is assuned to ke 1975. Thus, t:he etfects of t.he _
voluntary ban on cpen system uses of PC3s that was takenbymnsanto in 1972
is fully reflected in the base condition, but other actidns taken by
industry in anticipation of the requirements of the Toxic Substances Cc:nt:ol
Act do not affect this base condition. The impact apalysis then distin-
guishes the impacts of the proposed ban regulaticns fram the effects of the
PC3 Effluent Discharge Regulaticns, the PC3 Dispcsal and Marking Regulations,
ard the ban provisions of the Act which caused Monsanto to cease FC3 - Y.
production in 1977.

versar used two major data resources to establish the base

(1) Testimeny at the public hearings in Washington (July 15, 1977)
and in Chicago (July 19, 1977); and
- {2).. :m:erneas.-mth.aﬁfx:eﬁ_pa::ies;‘:on&uc:ed,msﬂx.by.:elepmmq___...__
with information contacts established by Versar during: previcus '
BCBs study tasks.



3.0 IMPACTS CF BANS CN THE DISTRIZUTICN QF PC2 CAPACITCRS ' -
AND ECUIPMENT . A
The proposed ban rsgulations would require that FCB Capacitors not' be:
installed in newly manufactured products after December 31, 1978, and that
new equirment containing PCB capacitors not be distributed in comerce after
-June 30, 1979. The ban on mamufacturing would apply not only to the instal- .
lation of a capacitor in a piece of electrical apparatus, Dut also to the
installation of any 'FCB Equipment' in a. larger assembly. For instance, the
December 31 kan would apply to the assembly of a PCB capacitor into a
lighting ballast, the assembly of a FCB ballast into a lighting fixture, and 1
to the assembly of a PCB lighting fixture into a sukway car. Buildings con-
taining PC8 capacitors, however, are specifically defined as not ceing '3C3 . -
_ Bquigment'. The ban on distribution of newly mamufactured goods' ia commerce
would also apply to all of the .varieties of 'BCB Equipment'.

3.1 Effect of the Ban Requlations

Most marufactursrs of ac capac;t.ors switched to substitutes for the
PCB dielectric licuids by early 1978.. No BC3 ca;.;.acitors ars expec‘;ﬂ to oe
manufactured after August, 1978, when Aercvox Corperation expects to sxhaust - . .
its inventory of PCB liquids. Mamufacturers who use PCB capacitors as came
pcnents of 'PCB Equipment' will generally be able to use up their i.rwe.m:brieé '
of PCB capacitors by the end of the year, and little inventory loss is
~—expecteds ‘

The greatest impact of this portion of the han reguiations may be
..-on.retail inventories of agpliances such as air copditricners and tsleyision S,
e’ sEtss o Units. memmfactared- beforertecomparedd~ia7 gyt thr-PE B tapatttorseraysnm——s e
not-all be-sold to' the whtimateuser—by Jume—30, 197 9whemrtherfurtier s
is not expectad to be great since such appliances would not be labeled as
PG equirment (since the labeling requirement does not became effective until
January 1, 1979), and the appliances would be widely distriluted in retailer’s




invenzories. The limited mumper of PC3 items still in inventory could not
easily be identified, ard the practical difficulty of enforcement. would
limit the real impact of the requlation. Should any special sztn.at_cns
result in large mumbers “of new BCB apnh.ances in wholesaler's cr ..eta::....e::"
inventories cn June 30, 1979, the cwners of the units cculd apply to the EPA
for a temporary exemption from the provision of the ban regu.lauons similar
to that which is discussed in the preamble to the prorosed requlation for the
continued use of PC3 capacitors in the repair of electrical equipment.

3.2 Summary »

The cnly impacts of the proposed kans an 'distribution in a'z.mke.rce'
may be the obsclescence of certain retailer inventories of PC3 apeliances.
Options available to such impacted parties include the replacement of PC3
capacitors with non-PCB units, or the application to the EPA for an excep- .
tion to the ban requlation. Total costs are unlikaly to exceed a few hurdred
dollars per affectad establishment, and would ‘likely total Iess than one
millicn dollars. The practical difficulty in enforc:mg this part of the
requlation will probebly result in real impacts ctnsiderably lower than these
estimacted amounts. .

-]18=



4.0 IMPRCTS CN USERS COF ASKAREL TRANSFCRMERS . -

Versar estimates that there ars about 140,000 askarel t:ansror:ners in-
use. Abcut 1,000 of these are be.mg usezl on ra..l.rcacx loa:not:.ves “and cdn-
muter cars; the impact of the draft regulaticns on these railrcad locamwtives
is discussed in detail in Chapter 6. Of the remaining units, most are gad
mounted distribution and power transformers locatsd in buildings and electric

| generating stations, with a substant_a.]. mmber of askarel precipitator trans-
famers being mounted on stacks.’ The d.Lstrlbuuon of ownership of these
transformers is summarized in Table 4.0-l. With an estimated average of
2,500 pounds of PBs in each-transformer, the total in-service mventory of
PC3s in transformers is approximataly 300,000,000 pounds. The transformers
arecwnedandnmnta:nedbye_thertheut:.htyortneuser, depe.znmgcnthe
business ar‘ancarents made at the time of each J.nsta.llat..on

{ix]f?é.,<u Table 4.0-1
ﬁstimate& Mumber of PCB Transformers in Service

Category of User - Mumber of Units ~  PCB Comtent-Pounds

Utilities ' 42,000 ' 105,000,000

Industrial and Cammercial 97,000 . 191,000,000 - -
Railrcad | © 1,000 : 4,000,000 . -

. 140,000 ‘ 300,000,000

4 —Reguirements—of—theProvosedRequiations
The proposed ban regulations forbid the major rebuilding of askarel
transformers. Therefore, failed askarel transformers would have to be
=woreplaced-withy-suEitablevron-2CErepiacomentaarpita et rhnn e remmaited I s o mree
Increased costs will be incurred at the time of failure of all-140,600 exist- ‘
—...ing askarel transfQImMers.. . .. o i e e

4.2 Comliarnce Costs

Joregone Saquingcs from Reobuilding

If it is assumed that a replacement transformer of a sat.x.sa.actory
high fire goint lJ.un.d cooled design-would cost the same as the historical



price for an askarsl transformer (see ‘Havte:: 16) , ard that rebuilding would
cost 70% of the cost of the new "*'ans‘omer i allowed, (1) then the forsgone
savings from banning rebuilding of askarel transformers would be 30% of the
cost of the units. Baséd on an average cost of $20,000 per transformer, fore-
gone savings will be $6,000 per askaresl transformer.

Total foregone savings will depend on the propqrticn" of askarel
transformers which are scrapped-because of non~repairable fajilures or cbso-
lescence rather than becausa of repairable failures. An active market in used
askarel transformers existed in the gast, but this market has beccme much less
active cver the past year because the provisions of the water pollution control
requlations and the CSHEA requlations on worker exposure to PCBS have increased
the risk of using askarel transformers. Yo data is available on the proporticn
of askarel transformers that are removed from service prior to failure, and -
even if historical data wers available it could be mslead:.nq because most
askarel transformers have not been in service long enough for aging of the
insulation to increase the risk of failure of-the units. It is likely, basad ~ -
on Versar's estimates rather than on hard data, that Yne-third o two—thixds
of the existing askarsl transfommers will be ratired due to cbsolescence prior
to failure. The total foregone savings would thersfore be $6,000 per wit x

1/3 to 2/3 of the 140,000 units in service, or a total of $230 milliod & -
$560 rm.ll;.on. B

!

Timing of these foregone savings will deperd on the rate at which
askarel transformers fail.” Present failurs Tatss i¥e IoW Becdlse Of £RE
relatively young age of most existing units. A previcus EPA sponsored
study(z) estimatad that apm:oxmately 80, 000 ~a.1.lcns of PCBs were usad in

(1) Based on a consensus of industry estimatss obtained by Versar du.r:i.ng a
telephcne survey of transformer mamufacturars and rebuilders.

(2) Versar Inc., PCBs in the United Statass: Industrial Use and Envircrmental
Distributicn. Springrield, VA: Naticnal Technical Information Service,
(NTIS PB 252 402/3WP), February, 1976. p. 114.




the repair of askarel transformers in 1974. Assuming an average transfcrmer

capacity of 240 gallons, of PCBs (300 gallons of aska.r_l' mixture) thJ.s

implies that a total of 335 askarel’ transformers were repau:ed during ghae ‘vear. B
This would have to be considered a lower bound estimate of the future impacts

of the ban on rebuilding as the rate of failure of askarel transformers is

expectad to ircrease as the average age increases. An upper bourd estimate

micht reasonably be based on an average expectsd ramaining service life. If

it is assumed, for example, that.cne-half of the existing askarel transformers
w:llberamvedfrcnservmeoverthenexttwentyy&arsduetofa:.lureor T
~ cbsolescence, an average rate of remcval from service of 3.4% of existing - !

units is implied. If the probability of failure or removal were irdeperdent .
of the age of the unit, it would ke expected that 3.4% of the 140,000 existing ) -
units would be retired in 1979, or a total of 4,760 units ramoved, of which =~

1/3 = 2/3 (1,587 to 3,173) would have failed. The range of expected failures’

would therefore ke a.bcut 335 & 3,173 transzonne.rs per vear, r.sult:mg m annual

costs due to foregone savings of $2 million o $19 rm.LL.on :e. year durmg the

next few years. At an average failure rate of 4760 umts per year and an

average rebuilding ratio of 50%, foregore savings would be 514,280,000 in 1979.

Lost Service Time ‘ - - N el

Transformers can be rebuilt and returned o service in. three 5>
four weeks, campared to a delivery time of 12 to 16 weeks for new units. In
——the case Qf man
T IZommer which supplies all of the power for the fac:_hty can stop all oper-
ations until a satisfactory replacement unit is cbtained. It is likely that

-__-a_g:_aate;._alpplx_of;rsplacaxent_units_wi&bmmavai‘ah1a in response o a

F K

- .- .Spare units will-result-in-increased-costa—to—thecampanies—ratntaimng—the————- - -
aveid prolonged-loss-of electric-service. ~Thers is'no infarmation available
as to the costs of renting replacement transformers, but assuming a reascnable
monthly rental of 2% of the cost of the unit, total costs due to the leonger



lead times for rsplacement transformers could increasse by the cost of two
to three month's rental of an averace 520,000 unit or $800 to $1,200 per
failed transformer. Based on the assumed mumber and frequemcy of askarel
transformer failures, &5tal costs due £ lost service time would be ($800 ¥
140,000/3 = $37 million) to ($1,200 x 140,000 x 2/3 = $112 million), and
anmual costs of ($800 x 335 units = $268,000) to ($120 x 3,173 units =
$3,800,000) would be expectsd, with an average cost of (.5 x 4760 units x
$1000 rental per unit = $2,380,000) expected in 1979.

4.3 Economic Impact of Cost Increases

The increased costs to users of askarel transformers will be barne
by the &wners cf the units. Approximataly cne-half of the units are cwned
by utilities, and their increased costs are expected to be factored into the .
rate base and passed along to the users of electricity. The other half of
the units ars cwned by majer office and apartment bu:.ld.mgs and by shepping
centers, factories, ard’ other establishments.: Increzased facility maintenange ’
costs would be incurred by a large mmber of facilitiés. Significant micre-
econcmic impacts are not anticipatad, and no changes in the level of amploy-
ment from microeconamic effects is expected.

4.4 Sumary
Comolicnce Costs 1979 ' Total
Foregene savings fram $2,000,000 to $19,000,000 $280 million to
rebuilding - - - - - ($14,2807,000 best estimate) - - -~ $560 million
Llost service time $268,000 t= $3,800,000 $37 million to
- (82,380,000 best estimate) $112 million
Total $2.3 million to $23-million $317 million to

$672 millicp -

Zrpioument 2ffects: Same short term lay-offs possitle due to lack of back
up transformers. Impact may ke limited to small menufacturing firms.

-22-



5.0 IMPACTS CN TRANSFORMER SERVICE COMPANTIES : _

Maintenance of askarsl transzcmers is usually @ntracted out =S
specialized service shops or to the mamfacn:.re. o: the unit. Major rebu.:.ld
ing is usually performed by the manufacturer. Thers are acoro:c.mat..l[ 250
small service campaniss which can perform routine t:'ans&onre. ae:v:.cmg such
as gasket replacement and testing of the ligquid.

. Based cn a telerhone canvass of indeperndent campanies which service and
repair transformers and on informaticn obtained during visits to G2 and
Westinghouse service shops, it is apparent that exising B3 transformer re- |
quiring in-shcp repair work are being serviced cnly by the GE and Westing-
house service operations. These two campanies have recduced the number of
shops presently permitted to service PCB transformers to 1S and 8, respec- =
tively, for a total of 23 shops natiormide.(l) - These shops ares perZorming
the major warantee 'na.J.ntnance for both G2 a.rxi Westinghouse and for, the
cther transformer manufactursrs. There are aporox.:.mately 250 small a.ect:*c
apparatus searvice ;hops which repair transformers. (2§ These sheps no longer
work on askarel transformers because of the risks of major cleamup costs and

werker exposurs that would be incurred by any accidental spill.

5.1 Irmacts of the Provosed Regqulations - B .

_The effect of the proposed reculations would be to erd the priactice
Wg.uwmwm__
minor field maintenance. The effects would therefore be Limited to a de-

.. ~creased demand for the major services performed hy the service shops cuned by . . -

. the mam.facturers. These same « canpanies would be faced wit.‘n an increased

Caeam e

== (1)~ Versar--Inc.+-2C3- éc‘av:ty—z\rxa:lvsw —Specizl -Repert, ER2 —— e

July 11, 1977.

“Te(2r- Electrical-Apparatos-Service-Asscoiation It 1977197 g

St. Louis, MO: 1977. -



demard Ifor new t:ansfo::ners. ~ Assuming that 'namfac*'u'ing and raruilding ars
equally labor intsnsive, t.here would ke a charge of amployment £rom the service
shops © the central manufacmrmg plants, but o net change in amlcyment.

A rough est..mte of the axployme.nt effects rray be calculatad frem
the total of the transiommer rsbuilding busmess. It was est.matad in
Chapter 4 that a minimum of 335 askarel transiormers ars r_:m_lt eachj&arat
an estimated cost of $14,000 each (70% of an average $20,000 per unit raplace-
ment cost). Assuming that one ha.u. .Of the ccst was due to direct ard indirsct
labor, the anmual payroll resu.l.t:.rq fram this activity would ke ecual to (335
x $14,000 / 2 = $2,345,000). Assuming an average curdene_d labor rates of $30,00Q
per vear, this payroll is eguivilant to 78 full time jobs. Since the estimates
of percent labor ard annual wages ars rough estimates, the employment imeacts
might be better stated as ranging from 50 @ 100 jobs. It should be moted -
that increased employment at the manufacturing plants will offset these job
losses, so any struc‘:zral unemployment must be consideved to be a t-_tansz.tlonal
cost of the requlaticn. :

The PC3 disposal requlations reguire that units be draired and
flushed prior to dispesal. Survey of a number of users has irdicated that
this will usually be contractsd ocut 0 experienced reliable transformer
service organizations. This increased demard for the sefvice_s of +he larger
(usually manufacturer cwned) service shops méy offset most of the business
lost by the ban on rebuilding of askaresl transformers. Therefore, the draft
ban requlaticns are not expected to have_a significant economic. impact.on. the .

former service and maintenance industry. |

The only directly identifiable- impact- of- the-draft- requlations onr-
‘transforrer maigtenance. qxupames..:.s.ﬂ:be,requuanent that a.spill praventicn. .
ard control plans be przpared.’ Preparation-of these plans-ard the recquirzed -
professicnal engineering rsview may require four man-days of effort ard
result in a cost of $1000 per fim for fimms harndling askars]l transformers.
This would tend to bar the small operator, resulting in minor market shifts.
Cost of the required plan could equal $1000 for each of about 100 fimms, or a



maximm total cost of $100,000. If proforma plans were prepared under the
seensorship of a trade asscciaticon or made available by a major manufacturer,
the only costs t© a small operator weuld be one day of'éervices frem a
registsred prcfessicnal engineer 5 adapt, review, and approve the plans. The
cost of this service should run about $250, reducing the total costs to.a
rarge of $25,000 o $100,000 for spill control plans.

5.2 Sumary
Annual Costs (1979) Total Ccst
Lost wages (terporary S0 to $2,345,000 $0 to $2,345,000
structural unemployment) '
Spill prevention ad $25,000 to $100,000 $25,000 to $100,000 -
control plans ’ _ ' ' o
Total $25,000 to $2,500,000 ~ $25,000 % 32,300,000

- . -
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6.0 RAILFOAD IOQOMOTIVE TRANSZCRMERS

The railrcads in the northeastarn United States from Weshington,

D. C. to New York and nearby areas are electrified., The power @ the loco-
motives and self-powered cars is carried to the equirment througﬂhigh ol-
tage ac catenaries. Transformers on the lecamtives and cars reduce the
voltage o that required by the tracticn motors. It has been standard prac-
tice to use askarel (PCB based) liquid in these transformers duve io- the
risks that would result from spills of flammable liquid following an acci- .
dent in a tumel. : o

The transformers in the railrcad locamotives and twansit cars are
known to be a maintenance problem because of the design limitaticns. impesed . -
by space requirements and because of the severs shock, vibratien,.and
mechanical impacts encountered in service., Leakage of PC3s is not an wmsual
cccurrence, and control and dispesal of this leakage is impessible as it is™
usually sprayed on a well-drained road hed. Therefore, the railroad trans—
formers present a significantly more severe risk of loss of PCBs to the
envircrment than é&o staticnary transformers.

6.1 Reguirements of the Proocsed Requlaticns

The proposed PC3 ban requlaticns will allow continued use and
 maintenance of railrcad locomotive and car transformers for five years, but
with the following limitations:

1. Each awner of a PCB railroad transformer must report the

liquid volume of each transformer to the EZPA within 90
days after the effective date of the regulaticn.

2. Each person who- uses..a- PC3 railrdad transformer must de-.. _
velop and implement a formal spill preventicn and. control
plm. . . - .

3. The concentraticn of PC3s in the dielectric licuid in
PCB railroed transformers must be reduced to below four



vercent within 15 menths after the effective date of

the requlation. This will require that the transformer . ...
be drained and flushed to remove the P3A licuid and re= -
filled with a non—-PC8 liquid.’

4. Transformer liquid must be znalyzed immediately after the
‘transformer is retrofilled or the liquid is processed to
decrease the concentration of PCBs. This analysis must
be repeated between 12 and 24 nmonths after each such ser—
vicing to determine whether PCBs leaching out of the wind-
ings have increased the concentraticn to greatsr than the
mexdmm allowed by the regulatien._. . .- .

5. The concentration of PC3s in the dielectric ligquid must ’

be reduced t less than 0.1 percent within three years of
the effective date of the regqulation.

6.2 Present C?wne.rship and Use

The cwnership and use of PC3 transformmers installed in railrcad
locomotives and commuter cars is summarized in Table 6.2-1.  Present plins
are to convert the electric power on the Northeast Cbrrider from Washington,
D. C. to New York City to 60 hz 25 XV by the mid~1980s. The New Haven line
rorth of New Tork uay-be-mnWWﬁﬁﬁrmﬂrrﬂm
dzange, new transformers will be required in scme of the cars, and the oldest.
cars and lecamotives will be retized from sexvice. ™ The effacts of this vol-- . -

. tage change c¢n the transiormers in each tyce of car is indicated in Table-
—b6¢2=L —_— e

-- -6_.;_3_ Tecmica)-Adtermatives—for- FERs- in -Railrcad Transformers

& . _BCSs have. been used in railrpad t—ansformers to decresse five
~rr-hazards. in: aceidentsees Baremeanrrrackt cechegriraditiona darsbean: try aggem- e sxeame- o > e
mineral oil- in-this-eppkicatism;—end-this~does-net-eppear—to-resultimman == -<m = ome
-~.Muzeascnably bazardeus copdition...The Jsparese Naticpal Railmad retzofilled ... ...
. a ‘murber-of-lecometive transformers-with—stlicone—flutd-and has cperatsd - - -
them successfully for several years. AMTRAK has recently been testing an
experimental locomotive on the Northeast Corridor (built in Sweden by ASERA)
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which uses siliccme as a transormer ccolant; the tests have not revealed )
ary problems due to the use oz: s:L.L:.cone. ' v T S e

The Federal Railrsad Administration has soonscred research by
Westinchouse @€ and Ganeral Zlectzic (2) to determine the feasihility of re—
trofilling existing PG railrcad transiommers with silicone. The work per-
formed under these contracts included the performance charactsrization of a
418 XVA transit car transfomer which contained 168 gallons of askarel;
draining, flushing, and retzofilling the transformer with silicone; and
characterizaticn of the transformer pei"fonnance when filled with silicome.- !
The tests conducted under these programs indicated that draining and flushing .
cculd reduce the amount of resicdual PCB in a transformer to a level low _ -
encugh %o assure that the concentration of BCB in the silicone liquid weuld ©
remain below four percent. The use of silicore -2s a replacement for PCB re-
suls:.nat*:ansromar thatnmshotter by perhaps J.J.vetotandegrees C. . .
This increase in te'.'perature will ot necessan;.y decraase the service l;fe |
of a transformer, as the solid J.nsulat..on used in transko::re.rs may deq-ace
less rapidly in silicone than in PCBs.

PCGs and trichlorchbenzene are selectively acdscrbed: from silicone + - 0 0
Lioguid by activated carkon. Dcw Corning recently demonstrated that f.iitra—_
ticx3 of silicone fram a retrofilled BCB transfommer that had been in service
for ten months rec‘:uced the concentraticn of PCBs f£rom 2.33% to 472 parts
-—per-miilien—~——F (3) cr&wsmmw—w&r&m—tbﬂay—w

(1) Walsh, E.J.; Veytik, D.E.; Pearce, H.A. (Westinghouse Zlsctxic Corp.)
— "‘valuatmn of" Sai:.cone Fluid-for-Replacement of PCE-Cootants - T Ratlway —=— ~— - -
: Incx.snrv,b Dratt. Finad cRepont; - eemm.msmﬁmm T ULV Lo s 7 wiihs Mo s i

..{2) Foss, Steghen. D HigGins - JoHn By 1mJCHASOMy~ DORALE i MEQUACE - JERES e s -
M. (General Electric.Co.), Fetrofilling. of Railroad 'm:ans:.cme::s Draf*- L
- Final ‘Report; Contract m-ﬁse_-§293='=5u.}:y*-i9~/#- «:7-‘-----

(3) Dow Cormning Corporation, Removal of PCB from Dow Corning 561 (R)
 fommer Liquid bv Charccal riltration, undated.

’I‘:ans
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cossible to install a cartridce filter containing activated carbon in the

liquid circulation piping. 'The filter would continually scaverge res:.dual P3s

frem the silicome after most of the BCBs had already been replaced when the
transformer was retrofilled. This procedure might assure that the concentra-
ticn of PC3s in the silicone would rot irncrease to corcentrations above the
1000 gmm requi.fed by the proposed regulation.

The decontamination of silicone transformer licuids is still in
the experimental testing stage. Weséirx;muse Electric Corporation has re— N

portedly applied for a patent on the process of using activated carbon to

remove PCBs from silicone. No rasults have zeen made public on techniqi:es '
to remove PCSs frem hydrocarbon transformer liquids, althouch RTE Corporation
is reportedly doing research in this area.

6.4 Cost Impacts of the Proposed Requlations -

A It:.smtlnnwnattmstmewnether the liquid used t© v-eolaca
the P3s w1..l ke silicone or a high fire po:.nt pycrocarbcn licuid. HBEcwever,
silicone ras been ext._nsz.ve..y tested and is the most expensive of the altar-
natives; accordingly, costs based on the use of silicone provide an upper
bourd estimate of the costs of retrofilling. :

Silicone licquid orices range from $11.00 to $l4 50 per gallen. . Re= _
cent charges for field retrofilling of transformers nave run from $20 o $40
cer installed gallen, including dJ.sposal of the PC2s and contaminated flushing

~ligquid- and-amatysis—of the-retrofiilted-idcuid for-PC3s+— Since-the-retrofilling

of locamotive transformers will be done only in a few well-equipped shops, the
installed costs should not exceed $20 per gallon of silicore.

Deperding<crithesspectfic desigrard "se, “theaverdge- sérvics Tife—-
of railrcad transfommers—is fram four—o 30 vesrs.  Failed tfansfdrmers dre
presently rebuilt by.the mamifacturer.for.approximarely.25% Of . rhe CoSt 0f - o <~ -
a new transformer. Rebuilding-requires apcroximately 4-6 weeks while de-
liveries of new replacement transformers require 12 to 18 months.



The major cost impact is ac-::ected = reéult &om the retrofilling and
decontamination of the transformers. The concentration of RCBs can e reduced
o the requirsd limit of 4% by draz.n.u-g the askarsl, flushing the t:anszorrrera'
ard replacing the liquid-with a suitable high fire co:.nt transformer l.qu.:.d
sach as silicone. Based on the retrofill costs presented in Table 6.2-1, the
costs incurred by the railrocads in the first 15 months ;ollmng the effactive
date of the requlation will total $7,043,000.

Reduction of the concentration of XBs to 1000 prm by three years
after the effective date of the requlation would require that a transformer
be retrofilled an additional two times or that the liquid be processed at
least twice to ramove BC3s. No estimatss have been made by transformer com-
panies as to the cost of processing to remove DCBs. The cost should be similar
to the cost of retxofill less perhaps 90% of the cost of the replacement licuid.
The cost of processing as calculated in Table 6.4-1 would thersfors be about
37% of the cost of retrofilling. Additional analyses would be required 12 to
24 months after each retrofilling or processing at a cost of about $75 per ™
analysis. The total cost of reducing the PC3 concentration in the retrefilled
transformers would therefors include both the cost ¢of the processing and the
additional costof aratyzingthe—icuid ater—the—arsictoer isreturmed o= -
service. The additional cost to the railrcads of achieving this low lavel of — — -
PCBs is calculated in Table 6.4-1 to be $5,460,000. - These costs will ke in- . = _
curred during the years 1980 and 1981. '

— o - -Spiti-prevention and QNEYOL BLEns will have t5 Fe prepared by

each of the seven owners. Because of the camplexity of railrcad operations,
these plans will cost several thousard dollars to prepare and implement for
a total industry expense of-—perhaps $20,000. " —

. Firally, the initial Leporsing-of—-the-identity -of the PCB equip~ ~
rnent ard the liquid capacity of each transformer will cost several dollars
Pérunit, for an additional cost of r:e..*:ans '$5,000. - _
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TARLE 6.4-1

Cost of Processing Retrorfilled Railroad Transformer .

Licuid to Reducz the Concentration of PCBs

Cost of ratrofill
less cost of silicone
"less cost of flushing licuid
less cost of incineration of 2 gallons

labar, cverhead, and analysis costs
plus .1 gal silicone per gal of transforwer

capacity .1 x 12.00 =
plus 2 1b carbon per gal @ .60/1b

plus disposal of 3 1lb wet carbon per gal @ .15/1b

TOTAL PROCESSING QOST

Cost of processing as a fraction of cost of rstzofilling =

$ 20.00 ::er "allon

12.00

3 OO " "

4.58 per-gallon

1.20
1.20

.45

'$ " 7.43 per gallon

7.43/20.00 = 37%

Cost of orrcessing retrofilled transformers:

Analysis for PCBs* 1,009 units @ $75

Processing $7,043,000 x .37

Analysis*

Secand processi.nq

Analysis* o

Total cost of processing to meet 1,000 ppm limit
cn PC3s

*Ana.lys:.s conducted- 12 -t 24 rmntns "ollcwmg‘
previous retrofill or. pmcess:...g e

-32-

$ 75,675
2,616,000
75,675
2,616,000

. 75,675

$5,460,000



The proposed requlation authorizes continued use of the retrofilled
transformers for only five years from the e:fect:.ve date ot the reg:.s‘"'at:.cn. -
It is assumed that a review of the envirommental impact of losses from tne
retrofilled units will zesult in tl'n.s author:.zat.on being extended _r:de Zinitel; Y.

6.5 Econamic Impacts of the Prorosed Requlations

The recuired retrofill and precessing program shoulé cost less than
20% of a comparable program to replace all of the transformers within the next
several years, and the rstrofill prtgram should avoid any significant dis-
ruptions of railrcad service on the Northeast Corridor. o

'All of the affsct=ad cwners of PC3 railrcad transfcrmers are éovefn—
mental or semi-covermmental corporations which are mmning operating deficits
as summarized in Table 6.5-1. These deficits, of over $800 rn:.l..:.on Ter vear,.
ars oresently being covered by subsidies from tax revenues.

The ratzofill and processing program is not expectad to result in
significant service disruptions, and no effect on railrcad’ dpe.ratiné" employ-
ment is anticipated. The retrofill and processing programs are exgectad 0
generate a consicderable demand for labor. Calcutated total labar and overtead
costs are sumarized in-Table 6 Mmmmm
years o:. empleyment, assuming a burdened lakor rats of $30, 000 oer Tan vear.
Addluona.l amlovment would result fram the increased produc-:..on of he ez.l:.ccre -
liquid and activated . carbon ard increased disvosal incineration services.

-t -

W o e ————
FaY widldlCd /7
—————

Cost Imracts:

mee e et RERSELIL T BESEEAR ST, 043000 979 T ==
. e amm . COSt. Of - PTECeSSiNG—program——- 574607806 1980=198L - —-mmrmmm— -+ -

Reporting .- - 5,000 1979
i Bdueam it L -'Spii:l“ mmw-naw«-.zm.%o:»A.a-.mb-lg‘.?gsw.«-'--s._u"«rn'-—-.- Vot o ) Lt e e
) $12,528,000
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~TRABLE 6.5-1

1976 Oge;at:.ng Losses of Ra:...::oads Ls:.ng PCB

- Transformers
Railrcad 1976 Operating Results Total loss 1976
. $'millicns .S millions
ao por 19.1 operating daficit 22.3
3.2 MIA depreciation
SE'.‘?TA(Z) 1.25 cperating loss . 7.6
6.38 depreciation . ;
ng por ! | 38.5 subsidy - 38.5
avreag (475 441 total loss other than | 478.5 (Est.)
_ NE corridor maint. < e
37 5 1/2 of $75 million loss
for NE Corridor operaticn _
arars ¢ : 205.5 lesses for 9 months, 280  (Est.)

April-Dec. 1976

Total Losses $ 826.9

(1) biétmpol.i.tan Transit Authority, Annual Report, 1976, . 44. -

(2) SEPTA, Rewmort to the Public and F.nanc::.al Statements for 1974
and 1975 - Stat=rent ot Oceratmns

(3) NJ Department of Transportaticn, Hichlichts of Activities, 1976, p. 1l4.
(4) Amtrak, 1576 Anmual Recort, pp. 6, 7, 28.
(5} Amtrak, Five-Year Corporate Plan, 1977, p. 158.

(6) Consolidated Rail-Eorreration;-Apmal. Beport,, 187687 FPerly. L4018 .0 -
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TARLE 6.5-2

Labor and Overhead Costs of Retrofill =".c.
Processing Program: for Railroad Transformers

Total capac:.ty of transformers: ' :
$7,043,000 retrofill cost/$20 per gallon = 352,150 gallons

Iaborandwedueadcostofzdretfofillor
processing @ 4.58 per gallon = 352,150 x 4.58 = . $1,613,000

Total labor costs for one ret:onll and " o) .
processing of each transformer . 4,839,000

Labor and overhead costs of 3 additional analyses
per transformer @ 508%. of $75 test price:

1,009 units x 3 tests per wmit x $75 per text x 50% = 113,000

TCTAL LAEBCR AND OVERHEAD COSTS » --$4,952,000

TOTAL LAPOR DEMAND 4 $30,000 2SR .. . . .
BURDENED MAN YEAR - 165 man years ._

Ecomomic Impacts:

Increasedcstsareexpecteat:obe,a:.df*cmgcvenment
subsidies: : - -

Emo loument:

An increased ezfploynent‘ totaling at least 161 man years
. is anticipated ouer Hhree. YeAN S tras . wiamTE S i . = e
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7.0 OIL FIILED ECWER AND DISI’RIBU'ITQI TRANSFORVERS

PCB~based askarel liquids have historically besn offered as 3
higher priced alternative to the petroleum based transformer cil used in
most liquid ccoled transformers. The PCB and oil filled transformers were

menufactured in the same facilities, and many cprortomities were present for

the contamination of transformer oil with PC3s. In addition, field servicing
of PC3 and oil filled transformers has been performed using the same equip-
ment providing additional potemtial for contamination of the oil by CZs
residual in the equirment frem previcus uses. : '

'mereazenoreportedincidentswherePCBshavebeenintantionanf
added to oil filled transformers, and such an cccwrrence would be unlikely . -

‘because of the higher cost of PCBs relative to oil. However, analysis of
oil tsken from transformers has indicated that a significant mumber are con-

taminated with PCBS at'a concentraticn above 50 ppm. These contamiratsd
t:ansfome:swouldbesubjecttocar‘a:nrequrenmtsmmemons
of the prcposed regulat:.cns -

7.1 Requirements of the Prooosed Requlations _ .
| Transformer oil contaminated with PC3s in concentraticns above
50 pem will have to be disposed of by high temperatre chemical waste in—

. cineration, FEewever, transformers contaminated with PCBs in the range of
750 t0 500 pem will not have to be marked, ror will there be amy restricticns

on sexrvicing, rebuilding, or disposal of the drained transformers.

1.2 EstmﬂcnoftheExtentof'kansfcz:'eroll
“Contaminaticr by BCBS - - o

Number of Transformers

Available data on US transformer production and sales domot .. .

differentiate between oil filled and askarel transformers, but indicate anly

the total production of ligquid filled wnits of various sizes and types. The




mest recent clata, for 1972, are sumarized in Table 7.2-1, belcw:. - -
- mamIE 7.2-1

Number of Licuid Cooled 'Iransfor:ra's Marufac‘:ured 1972

Class N Quantity
Dist—ibuticn Transformers ' o
Cverhead and Pole Mounted : : 1,253,400
Pad Mountsd 231,600
Small Power Transiommers (less than
10,000 KVA) © : -+ 13,000
Secondary Uhit Substation Transformers ' S - 3,400
Larce Power Transformers (above 10,000 KVA) 3,400 _
Total ' 1,504,800
The number of overhead and pole mounted transfonrers Szrently in- - —_— -

serv:.ce is not accurately knewn, but an estimate of 30,000,000 wits is
us:ally accerted in the industry. These transfomers- contain an average or
about 16 gallons of oil each. Very few of these transformers have ever been

o — et o e

Bi0ed WMW&LM&@@—W

made _cnly this type of t—ansformer and newer handled askarsl. Thersfors, ———
it is unlikely that these fransformers weve contaminated.with BCB when.manum-. ——- - '
factured, and--the-units -are- seldom sexrviced -in—the Sields - -The Tailure rate -

ot 18 e St 1o st -£h 2o e, ) pnt e faTe T T

mits are rebuilt. No data havebeﬂn fcund conce.m:.ng the exbentof °C:B

(1) Bureau of the Census, Elettﬁ.@ Veasurement and Distribution T-_‘c:_uip_-
ment, Report No. MC72(2)-36A, Taple 6A. .

(2) Consensus of cpinicns of transformer menufacturers contacted by Versar
by ghore, 1978.

~w
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contamination of this type. of .transformer.

The remaining-250,000 lJ.qtnd cooled transformers rranufactured :Ln
1972 included about 5,000 askarel wnits. Assuming that there are 140,000

askarel units in service and that the ratio of cil coooled to askarel trans— - "

formers has always been 40 to 1, as was the case in 1972, then the calculated

nurber of oil ccoled transformers other than pole mounted would be §,850,000.

Altemnatively, it could be argued that since the ratio of the
total nurber of pole mounted t~ensformers to the 1972 producticn of this type
of wit is 30,000,000 % 1,253,000, that this ratio times the 1972 producticn
of other types of liguid filled transformers wculd give the mumber of cther
transformers presently in use. By this rrethcd cf calcalaticn, there are
6,000, 000 non-pole mclmted liquid filled trans‘onmrs in use, minus the
140,000 askarel wnits, or a total of 5,850,000 oil ;..x.led mits.

Anoth.e_ methed of dewiving the total rume.r of oil-filled t:ars-
formers is to calculate the production of transformers from availsble data
on sales of transformer cil. The annual sales of transformer oil from 1968
through 1977 are sumarized in Table 7.2-2, below:

TARIE 7.2-2

Anmual Sales ¢of Transformer Qil in the U, 'S. (l_)

Year 4 Sales- b'h_lb.cn Gallons
1968 4 70

1969 : . 72

1970 ’ ' 75

1871 7T T ' 76
1972 : ) 82 L
1973 - 94

1974 .ol 96

1975 - - 70

1976 75

977. . . .. . 78 (est.)

(1) Fouse, T.; Raab, E. (General Elect.nc Ce.), U. S. Transformer 0il
Swply and Demand, 1975-198S, ‘Interim Rerort, Palo ALto, . Calif.:
Electric Power Research Institute (FEeport No. EL-303), New. 1976
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These data suggest that the sales of transfommer oil have increased
gecmetrically at a rate of ‘5.4% -pe;:'yéar (average increase) frem 1968 throuch
1974, Assuming that this growth rate deScribes oil sales pricr to 1968,
total oil sales through 1974 would have been 1.8 billion gallens, or a total
sale of two billion gallons wp t© the present. Since few tzansiocrmers have
ever been scrapred and since tzansformmer oil has been routinely reclaimed for
reuse, the total amount of oil in service is prcbhably about 90% of the total
amownt produced, or 1.8 billion gallens.

Assuming that the pole mounted transformers *‘ecu.u'e an average of
16 gallons of cil per unit, the 1972 transformer pmdtrum recuired 20
million gallcns of oil for the pole mmted transformers and 60 to 62 m:_l:.cn
gallens (éepending on the amount of oil used in tzansa.ograr maintenance} ‘to - -
£ill the remaining 245,000 oil filled transformers. ' ’D:«fs Gives an average oil -
capacity for non—role mounted transformers of 250 qalloﬁ*si per wit which is
not significantly different than the 300 gallchs per askirel transforier used
in previcus calculations. The thirty million pole motnhted tremsfcrmers con—
tain about 500 million gallons of oil at 16 gelleoms per wmit., THe ramaining
1.3 billien gallons of e:..~would £11 5 Zee—eee—tms‘omars-*zv-ﬁ-g—a:rave:age—'—‘
capacity of 250 gallons. Since improved transformer designs have reduced the
quantity of 0il required per transformer cver the years, this figqure perhaps -
overstates the nurker of transfomters in service, but. an estimate of S5,000,000.

—-EH'e"'a“v?llable data,

Oumershw of Transformers

. Most of thepcwe:: and substat..cn transformers are cwned and mein= _ ..__

ta:.ned by_.nt:.h.t:. S C

pad mounted distribution transformers depends on the policies of indivicdual

TTatil{ties,” and there &es not appear &0 be any standard policy that a::oh.s
acress the country. Almost all the larce distribution transformers are

owned by utilities; those owned by industrial plants and larce buildings are

> eransformmerssangathe- =—r =tk — - -



generally smaller wmits. .Estimates by kncwledgeable industry repmentatwa
contacted by Versar suggest that perhaps 80% of the total volume of oil in
transformers other than pole mounted wnits is in wnits cwned by utilities,

Number of Contaminated Oil-Filled Tremsformers

The cnly available J.nfcmt:.m on the extent of PC3 contaminaticn
of oil-filled tzransformers is the results cbtzined by cne major transfommer
menufacturer which znalyzed the oil frem 55 wnits. This oil was tzken from
distributicn trznsformers and power transformers, and in a few cases from
bushings on transformers. Based cn the results of quantitative analysis for
PCSs in the oil, 25 of the 55 transformers were contaminated with PC3s in
excess of 50 pom in the oil. The concentraticn of PCEs in the samples. -
varied from S ppm to 1S5 pom.  This sample was taken on the basis of conven— .
ience, and probably dees not represent an unbiased sample of all oil filled
transformers presently 'in use. In addition, it is not known how any biases’
may affect the acomacy of extrapolating the above data to all oil £illed
wmits. If this sample were unbiased, it would indicate that 45% of all oil
filled transformers wers contaminated with-PCBs in excess of 30 ppm. The
95% ccnfidence imterval for this estimate is from 32% to 59% of the trans-
formers presently contaminated with PC3s above 50 pom. . N

No data is available on possible contamination of the 30 million
tole top-transfomers;amtth-is Tt oossibte totalordate the effect of
PC3 ban regulatians on these units wntil this informaticn is available.
Based cn the results of the smmll and possibly biased sample descxibed atove,
it would appear that pcssibly as many as 2,200,000 oil filled tzansformers -
of these transformers ars contaminated at levels above 500 pom, and that the
transfommers. contaminated-at.levels. abewe 50- memcontain-abour 6087090 000 -~
gallans of ocil. At an averacge concentration of 80 rm PQ3s, this would
suggest that the material affected by the regulaticns consists of 384,000
pounds of PCBs dissolved in 4.8 billien pounds of oil.



7.3 Cests of Camlving with the Procosed Recula‘-_cns

The proposed. reculat.ons do not af...ec" the continued use and ':B.Ln-
tenance of oil filled tFamsformers; that are contaminated with PC2s in con
centraticns belcw 500 ppm. Disposal of oil contaminated with PC3s in excess
of 50 pEm will be allowed cnly by approved chemical waste incineraticn. Com
pliance with these regqulaticns would require that contaminated transformers |
be identified by analyzing the cil for PC3s, and that the oil from these
transformers be disposed of in a special inciderator. Costs will be incurred
for sampling, analysis, and disposal. .

~ The cost of disposal of PCB licuids was investigated in an EPA
sconsored study of the ecoromic impacts of the PR Marking and Disposal
Requlaticns. & The following costs for disposing of contaminated ‘trans-
former oil are develcped from these previcusly reported ccsts.

Samp ling and 4nclysis . e

Determinaticn of the PC3 content of transformer cil requires that
a sample of the ¢il ‘be analyzed by an exgerienced. laboratory using a gas
chromatograph equipped.with. an. electzon-capture detector, Most liquid
filled transformers have a provisicn for cbtaining a sample of the oil.
Assuming that a transformer has a drain cock which can be used to cbtain a
sanple of the oil, the ccst of cbtaining the sample should be little different
than the cost of applying a label calculated for the. maﬂc.ng regulat_cns..(_l)*._.‘--.
Present commercial charges for the required analysis are $60 per sample for
quantity orders of six to eleven. samples analyzed at cne time. (2) Crier
processing and shipping costs of $50 per order of ten samples would be in~
. curred by-the-transiormer cwnerresulting in.a. total cost.of analysis.of .o ..
$67 to $80 per transfomerins - routine-samiing-and znatysis mrogrames. coool

PUBRPRE -

(1) Versar Inc. Microecorcmic Impacts of.'.tb.eAProcosei VSark.l.nc a.nd Disocsal.
Requlations for 2CBs, (ZPA Report No. 360/6-77-013), SpringTield, Va.:
National Technical Information Serv:.ce (NTIS No. PB=267 333/2WP),
April 26, 1977.

(2) Versar Inc., Price Schedule - Quantitative Analvs:.s of XBs in lO-C
Transformer Oil (Price sheet L100), Springrieid, Va.: May 1, 1978.

=41- D



$2 to $1S sampling; $3 order precessing; $60 analytical services.

Msvosal

The incinevaticn of oil mntzrm.nated with PC’;%s in tk:e range of 30
to several mundred parts per million would not require any additional fuel,
but the costs of facility amortization, maintsnance, operation, and capital
would be the same as for a unit burning pure PCBs. The cost of incinerating
the:cil depends critically on the value of the matsrial as fuel in an incinerator
handling fuel-poor materials such as pure PCBs ‘or shredded capacitors. Sre-
sent practice is to fuel such incinerators with chemical wastes which have a
high fuel value. Prasent charges for the incineration of 3 solids ran about
$0.15/1b., V) which reflects the availahility of essentially free fuel. There-
fore, under present conditions, there is little demand for the PC3 contaminated
oil as a fuel for P incinerators, a.ndtheo:.lhasmecmum.cvalueasa‘uel
in such units. It is gcssible that the demand for incineraticn of capacitars
will increase to such an. axtent that the fuel requirements cannot be met-by - ° -
waste solvents; the contaminated transformer oil may then have sane sconamic
value as a fuel, and.the incineration ccsts would be sxpectsd © decraase t
reflect this value.

The use of the contaminated oil in any chemical waste incinerator ™ = =
other than cne which is burming PCBs would result in additional analytical
costs and record keeping requirements, Because of the limited number of PC3
incinerators that will be in use, it is not likely that a ccopetitive market.
for contaminated cil for use as fiel in PCB incinerators will cevelcp and
the charges for incinerating contaminated oil would then be controlled by
the price that could ke charged by a special purpose oil incineraticn unit.

A cost analysis.for.such a.special purpose inelnevator.is. sumardzed 4R ~~e~iwen
Tables 7.31 and 7.3-2.. This unit is of a _$ize equivalent .to-the incinerator - -
used &2 evaluats the d:.sposal costs for PCBs and capacitors resulting J.rcm

(1) ENSCO, General Information DISCI}-PCB-OOT Rev. 3-78, E1 Doracdo,
" Arkansas: March, l97/8.
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\mErE 7.3-1 L e

~ Preliminary Cost Istimate for a Chemical Weste Incirerater for
Transformer 0il Cantaminated with ILow Concent—aticns of PC3s

Plant Capacity: 4,000 1b oil/hr. (500 cal/hr.)

Touioment . : . " Installed Cost

Cambustion firmance, afher Durmer,

associated Guoting . . $ 1,000,000
Scubking Equirtent, Tankace, Dues ‘ T 500,006
Stack, foumdaticns, Site and Site Cr -
Preparaticn _ . - 150,000
Aczivataed Carken Fili—aticn System : 250,000
Settling Pend ' ' 100,300 -
_ Subtotal ~$ 2,000,000 .
Piping and Valves @ 25% - ' 500,000
Subtotal $ 2,500,000
noinesring @ 7% _ ' 175,000
Subteotal $ 2,675,000
Centingency @ 20% . . ‘ o 535,000 - <o s
' : © . Total  .-.-- § 3,210,000
~43=



CTABLE 7.3-2 T e

Amnual Oge:atmq Costs for Contaminated Qil Ircirerator

Plant Capacity: 50Q gal/hr. (4,000 1b/hz.)

Coerating Factor: 7,300 bours/yesr

Anrual Capacisy: 3,650,000 gal/vesr ( 30,000,000 1k cil/year)
Capita]l Tnvestment: $3,210,000

Varizhle Costs:

Direct Cperating laber, 2 men/shift @ $10/hz. - § 175,000
Supervision & Mdministraticn @ 308 of direct S
cperzting lakcr : . -+ 87,000
activated Carben System™ 122,000
Maintenance @ 208 of capital imvestment " 640,000
Bower: 100,000 JE @ 3¢/RE : ' 3,000
Sampling and ‘Analysis | : 100,000

- $1,127,000

Fixed Costs: ) . ‘ ) )
Return on Investad Capital (10%) ' 321,000

Capital Reccvery (10 years @ 10%) . 321,000
Taxes and Inswurance (48 of capital cost) 128,000

Total Pixed Costs $ 779,00Q
Total Anmual Costs . ] $1,897,000
wjmm i WA P ardaa T - P $ . 0632

Cest/cal. coptaminated odl —oooato- s - .51

(1) This includes replacement of 43,000 1b/Ar. of spent activated carben arnd
incineraticn of the spent material by a general purgcse chemical waste
incireraticn.




the "PCB Dispcsal Requlaticns." The incineration cost of $.0632 zer pound
of contaminated oil is similar to the lower bownd estinmetes of prebable
market prices reportad informally by presently cperating chemical waste in-
cineration ccrpanies. Transportation costs incurred in delivering the oil
to the incinerator would be about $.02 per pound based on costs previcusly
calculated for askarels,

‘Comp liance Cists

The effect of the prepesed regulaticns will be to require the in-
cineration of oil contaminated with BCBs. Contxol of the dispositicn and
use of used transformmer oil will recuire the analysis of oil for PCSs.
Analysis of cil for PCBs will enly be econcmically justified if.the expected
value of the savings in disposal costs if the oil is rot contaminated exceeds -
the cost of analysis. For instance, it would cost $75 to sample and analyze
the oil in a tvansformer that has a 45% excectation of being ccntammatea -

with PCBs at a concentration in excess of 50 rpm. The value of oil to the
transformer owrer is zero if the concentraticn of 2(Bs is less than 30 gem
(i.e., 2 cammercial collector will ke willing o chk it w and haul if away
for free). Dispcsal would cost $50.0832 per pound for transportatmn and in-
cineration if the oil is contamirated above 30 pom.” The expected savings
to be cbtained by analyzing the oil would be equal to (0.0832/1b x maber of
counds of oil x crobability the oil is not contaminated with more than 50 )
pom PC3s) minus the cost of the analysis. Analysis is therefore a goeod in-
vestment for large transformers and those transformers less likely @ be
contaminated with PC3s. This relat;.cnsh_p is presented in grapghical form
in Figqure 7.3-1.

(1) Versar Inc., Microeconomic Impacts of the Proposed Marking and
Discosal Reculations :or PCSs. (EPA Repcrt No. 560/6-77-013) ,
Springtield, va.: National Tectmical Informaticn Service (NTIS
No. PB-257 833/2WT) April 26, 1977, cp. 3=19. .
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PROBABILITY THAT OIL CONTAINS GREATER
THAN 50 ppm PCBs

100 N

80
59 60—;{ ..--.VI.-.. ......... .......-....-......-.........----.'......--..-...-I..-.-.-...-.-....-.-. .'
. %
45 — aenpebases fTmsssaes asvssesavesassacs X R Y Y A A RN P R Y R R R R R Y Y YR YRR RN
40 DO NOT ANALYZE
32 ~——feASSEancsannass [T YRR NN R RN R RN LY ] sovanasssacans saaas essessnasnns SRV ARBERAED (Y YRR AN NN LR E NN
]
20 - "ANALYZE
0 I I ' I T T 1
0 50 100 150 200 260 300
GALLONS OF OIL IN TRANSFORMER @ 8.1 ib/gal.
FIGURE 7.3-1 DECISION CRITERIA FQR ANALYZING TRANSFORMER:



Althouch the average amount of oil per transformer has been calcue-

\}

lated to be about 250 gallons, no information is available on the-distributien - &
of transformers Ly oil gaéacity. As a reasenable guess, the median tans- -
former capacity micht Be 150 gallens. A lower bound estimate of the fracticn
of transiormers contaminated is 32%. At this level, testing would be justi-
fied for aroroximatsly one-half of the oil filled transformers other than
ole munted wmits, These larger transformers would account for perhaps

75% of the total oil. Incineraticn would therefore ke the required disposal
method for all of the 25% of the oil in the small transformers and 45% of .
the rest of the oil. The resulting analytical and disposal costs would then
be calculated as shown in Table 7.3-3, below:

mars 7303

Testing and Dispesal Costs for Transforer Oil
Assume: 32% of all *ransformers con-
tain more than 50 ppm PC3s.

" Size of Transiormer = - =
> 150 cal. - < 130 cal.

Nurter of transformers 2,500,000 . 2,500,000
Analytical Costs @ $7S $187.5 millian 0

Oil in t=ansformers ~~ ~°° ° © 7,9 billien b 2.6 billion 1b,
Qil requiring incineration 2.5 billion b, - 2.6 billien 1b.
Incineraticn cost @ $.0832 - $210 million $215 million

Tetal analytical and incineraticn costs: $612.3 millicn

The ucper bound estimate of the fraction of transformers that are
contaminated was calculated to be 59%., At this level of contaminaticn,
testing would be justified only for transformers containing more than 270

-4 7=



gallens of cil. This criteria may result in the testing of perhaps 20% of .
2ll transformers containing 50% of ail of the oil. The calculaticn of He
resulting analytical and disposal costs are summarized in Table 7.3-4:

- TABLE 7. 3-4

Testing and Disposal Costs for Transformer Qil

Assure: 59% of all transformers con—
© tain more than 50 cpm FC3s. . : 1
Size of Transformer
> 2/0 gal. . % 4/0.gal.

Nurber of transformers : 1,000,000 - - 4,000,000
Analytical Costs @ $75 . . $75 millien 0
Oil in transformers | 5.25 billien 1b.  S.25 billien lb.
0il requiring incinewation - 3.1 billion Ib. 5.25 billiocn 1b.
Incineraticn cost @ $.0832 $257 millicn $437 millien

Total analytical end incineration ccsts: $769 million Y-

By comparisen, arbitrarily incinerating all 10.5 billion pounds of
possibly contaminated transformer oil would cost $880 million. Assuming
that no additional contamination of transformer oil by PCBs will ccowur, re—
placement of the oil in any contaminated oil f£illed tzansformmer would be
expected to reduce the concentration.of.residual -BCBs-4o- wall-uncer-30-Srme. - - 7

The rate at which these disposal costs will be incurred derends cn
the rate of disposal of contaminated transformer.oil...The reculations. do
rot prohibit the processing of- contaminated oil so long as it is returned +o
the same transformer it was taken from. Processing losses are expectsd to
be low, so mest of the contaminated cil would rnot be disposed of until the

=d8=



=ansformers ars ratirad Srom servica due &2 failura, If cne—nalf of the 2C3

centaminated transformers will be scrapped or refilled with new oil within the
next twenty years, and the rate of such oil disposal does mot deperd on the age
of the transformers, the rate of disposal would be 3.4% per year (i.e., a
failure rate of 3.4% per year implies a 20-year half life)., Based on these
assumcticns, annual analytical and disposal costs would be from $21.4

million to $26.1 millicn in 1979, and decrsase in future vears by 3.4% per
vear as the mmber of contaminated transfomers in service decreases oy

this fraction.

7.4 Sumary

Analuticcl and Discosal Costs:

o Loument I

1979 - $21.4 millicn o $26.1 millicn
Succeeding ¥rs - 3.4% less each year
Total - © $612 million o $769 millien

Analytical services — Assuming that 30% of- the cost of the-

analysis is for lator and that the purdened laber rete is = =~ 7
'$30,000 per vear, the analytical costs of $75 millicn to

$187 millicn imply 2 total laber demend of 1250 to 3117 man

years., Initial demend.would ke 3.4% of this,. cranin=-__ - . .. ..

creased amicvment in 1979 of 42 to 106 jcks.

Disposal - The dispoéal cést analysis presentacd in Table
7.3=2 -assumed that direct-labor-and-swpervisor—tztor costs— o ¢

- were 14% ci-the<cost-of -iSposdli-—At-the lzbor-ratss— ———- - G -

assured in the table, disposal demand of $425 millidn o~

$694 millicn.would<imply.a- labes. demand-at-anraverages ratg— = —=7 = s -« -

of $30,000 cer year of ($435 millien x .14/530,000/men vezr =
2030} to ($6%24 millien x .14/$30,000/man vear = 3239) man

4
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years of labor.. At a demend rate of 3.4% during the first
year, this implies an increased employment of 62 to 110
jobs in the disposal industzy in 1979.



8.0 MINING MACHINERY

The only knownl use of PCBs in electric notors was by Reliance
Electric Camarny of Cleveland, Chio, which used P3s as a ccolant in certain
specialized notors. These motors were used by Joy Manufacturing Corpany of
Franklin, Pa., in several types of mining mechines built during the late
1960s and early 1970s. The notors require rebuilding every few years. Al-
though PCBs are seldem lost frem the motor housing when the motor fails, such
loss of fluid would result in substantial excesure of the mechine cperator
to PCGBs. The proposed regulaticns allew a limited pericd of time for conver-
sicn of the machines o motors which do not use PC3s.

8.1 Regquirements of the Proposed Requlatidns

2ll of the PC3 motors must be removed frem service in mining
machines by Decemter 31, 1981. The motors on the continucus miners may e
rebuilt as PCB rotors Zor one vear after the effachive date of the regula-

tions.” The motors-on e~ lcaders-must—be rsbuitt es<xz7ytyre TotorswrErT—ET

Totors are returmed o the shoo for servicing. Continued use of PCB motors cn
mining machines must ce reported to EZPA within 90 days after the effective
éate of the rsgulaticn, ard a spill response plan must be develcored and

—aroreved. oy..a-registared. orofassional-angineer Sor gach-user installasion

8.2 Ownership and Use of PC3 Mining Machinery

Joy Menufzcturing Campany was the scle U.Si-producer-of-mining

equimrent which used PC3s.as a motar coolant.  Zoth contimvous mirers and L

loaders wers built using PCB motors: Table 8.2-1 sumarizes the sroduction
statistics and the present use status of these machines.

One small coal mining operation located in Pennsylvania is
overating the three r=maining mecdel CU43 continucus miners cxwn to ze
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Machine

Cont inwous Miner
Maxdcl C4)

Cont inuous Miner
Moadel UM

Loader
Mxdel 14010

Spare Motors for
Mxlel Mwlo

‘able 8.2-1

Production Statistics & Present Use Status of PCB-Cooled
Mining Machines

Muber of
Muber of Naber of CB-Conted
Production Buber of Machines Sti)l Liguid-Oooled Mulors Still Nber of Gallons
Dates Machines Duilt in Service  Mators Per Muwhine tn Service Of 1XB Usied Per Moton

1961-1966 11 3 )y - 1 4 .
_19671-1970 57 ~ 15 3 =~ 45 5
1971-1973 534 ~533 2 . .

' 652 4 '

1971-1973 14 notors -



still in service. Two of these machines prasently use s:.l:.c:re—cooled “nt::rs _
while the third machine has only cne 2C3 motor *‘ema.x.m.r'g - L.e., £00 of the d =
three motors are silicore-ccoled.

Fifty-four of the fifty-seven medel SCM continwous miners buils
by Joy Manufacturing have been loccated in the ccurse of this investicaticn.
Thirty-five of thcose located are idle (standby service or stored as a sourcs
of spare gparts), thirteen are beinq.used to mine coal, three are in uses
cther than ccal production (e.g., cutting overcasts and clearing air cmxrsé) ’
two are usad as spare equipment, and one is being used ifd a raining srogram
at a vocational school. Two of the thrze model QM continucus miners that
have nct been accounted for were reportedly sold. Therefore, it is estimated.
that a total of approximately fifteen wnits are still i_.n_semce._

The PCS ioéders wera 0ld o eighty-eight diffsrent mining opera-
tions, the majority of them small ccal mines. “ Sixty of these mines dse "
three or fewer loaders and, based cn a survey of thirfy-six mines, it is esti

mated that nearly all of these lcaders ara stiil in service.

The motors in loaders generally require rebuilding every 18 o 24,
' menths,. the time to failure dspe.nd:mg wen cperating cenditions. The motors
" used in continuous miners usually recuire r=Hu_lc1:.g evary 12 weeks tecatse
continuous miners are cperated under relatively severe ccenditicns, Rebuiid-
ing, from the time the motor is removed from service wmtil the machine is
raturned to service, usually requires one &0 two weeks,

Both the continucus miners and the loacders ars used in underground -
mines. Joy Manufacturing reparted that a. f=w_of. the rachines. were oricinally ... ..
soléd for use in cotash mines, but all of the mines that were identified in
the course of this survey were ccal mines. The ccntinuous miners gouce
the ccal off the face of the seam and continwusly load it onto shut:l
cars which haul it t© a conveyor. After the miner has driven into the seam
about twenty feet, it is moved t© a nearty section while the roof that it



excesed is belted., The lcaders ars used in conventicnal mining in which the
coal face is drilled and wdercut by a &xilling machine., After the ccal is

blasted, the lcader scocps it up and loads it into a shuttle car. Roof
balting is also raguired in this type of mining cperazticn. In either cen-

tinuous or conventional mining, an entire secktion with all asscciated ecuip-~
ment will be idle if the miner or locader is out of service and thare is no
stand-by capacity, as is generally the case for small mining creraticns.

The output of convent:.ona_l and continuwous mining operaticns has
been conservatively estimated at 250 “cns of coal cer seckicn gper shil:
(eicht hour working day). Given two shifts per day, each ccal mining tech-
nigque produces over $10,000 worth of coal per day (valued at current grices).
Conventicnal ccal mining cperaticns generally require eleven o thirtsen
men; ccntinuous mining operaticns require cnly eleven men.

8.3 Comliance Costs | : - _ - . -

Loadzrs

' The PCG3=-coled notors presently used in loaders can te readily
replaced or convertad o air—cooled (i.e., dry) motors when serviced svery -
18 to 24 months. The cost of replacement with a new air-cooled it is
$6,258 per motor or $12,516 per lcader. However, conversicn kits are avail-
able from Reliance Electric Camcany, sole motor sizplier to Joy Manmufacturxing
Campany, for $3,100 per kit. Each kit corverts cne mctor, and each lcader
uses two moters.

Over the past faw years, Joy Manufachturing has teen converting
the motors onr loaders torats ceoling: vt 2 P hexxring In-Cczgo cn'July -~
19, 1977, Joy Manufacturing stated that they had converted 353 of these
motors. An additicnal 95 motors had been converted.as.cof the middls of . ..
November, 1977, leaving 652 loacder 1otors to be convertad (net= that this
figure includes the thirty-four spare lecader motors). Joy Manufacturing
estimates that all remaining PC3~cooled loader motors can ke converted to



air-coled by the end of 1981, The cost of this conversicn is $3100 per
motor, rasulting in a total cost of about $2 millicn to convert the remain-
ing 632 motors. ‘

Continuous MWinars

The PGB and silicone~cooled motors in miners present transition
preblems. 2As a result of the propesed requlaticns, the mariket for used
PCB~cooled continuous miners equizment will virtually disappear. Therefore,
various mining operations will be confronted with cbsolets equirment gerhaps
orematurely, rasulting in substantial capital losses which cepend on He
remaining useful life of the equizment.

All but cne of the nine motors in the. Joy. Manufacturing Model CU43
centinucus miners that are still in service have been converted to silicore
coolants by the cwner. ' However, it has recently been found that siliccre
varors may ceactivate the elactrodes in methane detediors which are used o
monitor the awbient air conditicns in uderground mines. Thus, silicore
fluids may not be acceptable where such detectors are used.

-~ — —— -

Model 9CM continuous miners cannct be refittsd with air-cooled
motors due £0 space limitaticns, nor can such squirment house converted . . . .
roters. Therefore, wunless a satisfactory replacement heat trensfer lisuid
can be developed for use in motors, this equipment must be scrarped.and nev .o
equipment purchased.

The value of the continuous miners is best spproximated by its
value of $40,000 on the used equirment market. —~ The ew r=plztement. rachines -
will have a much higher price, but will te more preductive and require less
maintenance., Historically, mining equipment has became cksolete after abcut
ten vears of service, and most mining cperatiarstend o wperace  wreiytecudes o
ment cricr o the end of its useful life. Since 1970 was the last producticn
date of PCB~ccoled continuous miners by Joy Manufacturing Company, all such



.

equipment is likely to rsach obsolescence. by the propcsed cawpliance dats -
i.e., 1981l. Replacament of this equipment, therefors, may occur ragardless
of the provcsad IC3 ban rsgulation. -However, mining operations will no longar
ce able o emloy the cbsolete squimment as spars squiprent £0 taks up the
slack resulting from machine servicing, nor will they be able to sell it in
the used ecuimment market. Forced scrapping of this squimment prior to the
erd of its useful life can rasul: in significant costs (losses) t© a mining
operation, depending upon the remaining useful life of such equiment.

Six of the eight camanies using the PC3 miners are relatively small,
wi production of from .7 © 4.2 millicn tons per vear, ‘The other PC3
miners are in use in mines cwned by conglameratass which produce considerably
graater tonnace of coal. Any costs which are likely o ke borne by these A
copanies as a result of the lost cocortwnity to sell their BCB equipment in
the used market will have little or negligible impact on the market price of
ccal. This sters from the small market share of U, S. ccal now mined by PCS=.
ceoled continuous miners and the ability of campetitors to axpand operztions.
Furthermors, Versar estimates that whatever costs ars incurred by these eight
mining companies will not result in ccopany clcsurés and subsegquent lcsses of

erployment.

Table 8.3-1 summarizes the possible eccrcmic oosts of the prorosed
PC2 ban requlaticn to the eight mining companies using the continucus miners.
Ncta that cnly PCE3-ccoled continuous miners that are still in service are
considered in this analysis because it is not known how meny of the remaining
forty-one continmuous miners located have a positive market valie and useful
life. Assuming that forty of these miners can be sold in the used egquirment
market (l.e., auitting the one contimwous.miner .that is being used Ty the: -
vocaticnal school), the additicnal econcmic costs . would be a-maxdmm of —
(540,000 x 4Q = $1,600,000). In mo case des the econcmic impact ¢n any
campany exce=d crie percent of the annual value of the coczal mired bty the
cameany.
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" TABRLE '8.3-1

Cost Imract of Forced Retirsment of PC3 Continuous Miners

Nurker of Nurber of Opporomity
Continwous Centinucous Cost Due t©
Campany Miners Miners Absence of
No. Model CU43 . ﬁdgl ergz.cge Usmment
1* 1 @ 0 $ 40,000
2% 3 $ 120,000
3* 2 $ 80,000
4% 1 $ 40,000
5 1 'S 40,000
6* 1 $ 40,000
7 2 . $ 80,000
g* 5 ] $ 200,000
TOTAL 1 15 _ $ 640,000

(1) Note that company no. 1 crerates three model CU43 continuous mines
but cnly ore machine still uses PC3s as a motor coolant; ané only
cne motor of the three used to crerate the machine dees contain
?3s - i.e., the other twe Totors amploy silicone as a coolant.

* Small producer (less than five million tons per vear tctal ccrpany
procucticn). '



Reporting Ccsts

The propcsed regulations would require that the IPA be informed of
the identity and cwnership of each PC3 mining machine within 90 days of th
ffective dats of the regulation, and that the cwners maintain. current
records of the machinery and rsport chancges of cwnership to the ZPA., Thers
are approximately 96 mining camanies which cwn P2 machines. The inforra-
ticn recuired for the initial report should ke available frem inventory .
recorcs, and preparation of the report should require ro mers than one to -
two days per campany. Assuming an averace of cne and cne-nalf man days per
company rsport, and an average burdened labor rate of $30,000 per man year,
the reporting requirement will result in costs of (96 capanies x 1.5 man
c’ayspas capany x $30,000 per man year/240 man days per man year = $18,000).
The OT.'.:E.': record keeping requirements are similar in sccpe to normal inven
tory prcecm:es -and should not result in s:.gm_f:x.cant additicnal costs to
the mining corpanies. '

--

So1ll Prevention and Conmtrol Plans

A formal contingency plan will be reguired of eadz.ccxmany which -
cperatss PC3 mining mechines. This plan will have o be stecific for m
company, and will have to be reviewed and approved by a rec':.st_..md nrofes—
sicnal engineer., A sample plan for these machines will be praparec by
Versar Inc. under a contract sponsored by the U. S, Bureau of Mines. CUsing
this published plan as a basis for the preparaticn of a specific campany plan
should reduce the effort to one day of company time and ore day of profes-
sicnal encineering services rer carpany. This will result in costs o the
mining ccnpeanies of (1 man day x $30,000 per man year/240 man days per man
year + 1 day ccnsulting x $250 per day = $375 per company). For the ertire
incdustry, total costs will be (96 capanies x $375 per &mpany = $36,000) .



$ 2,021,000

wecaders -
Rebuild: 652 motors @ $3100
Contimwus Miners =
640,000

Premature scxapping: 16 operating

miners € $40,000

40 other miners @ Q - $4Q,000 Q
18,000

Reporting Costs -
Spill preventicn and control plens 36,000

- 1,800,000

$ 2,715,000 -

‘Total
[Flus w t© $1,600,000 additicnal., All
costs will be incurred in the pexicd S

1979 through 198l.] |

Iroductior ond Frice ImTacts:
No less of coal producticn is anticipated. Since ccal zrices

tracts, it is expected that the additicnal costs ¢f these rsgulaticns will

are set by campetitive market forces and are usually set Ly long t=xm con-
be absorbed by the mining cormpanies as reduction in profits.

—a )
Ffects:

2o loument 7

1979.

7T 7 WG redickion in mine erployrent is anticipatsd. The reguires
rments for additicnal reporting and the preparation of spill preventicn plans
will result in a total increased laber demend of cne © two man vears duxing

"



3.0 EZIECTROMAGIETS

Large electromacrets are installed cver conveyer belts to remove
tramp ircn Irom nen-macnetic cormodities such as oal and crain. Mest of
these electzcmacnets ars cooled with 100 o 150 gallens of mineral oil.
Where incrsased fire safety was reguired, the macnets were coften filled with
FCBs. The three magret menufactursrs who used PCBs wers:

Stemns Magrnetics, Cudahy, Wis.
Eriez Magrets, Exrie, Pa.
bings Co., Milwaukee, Wis.

Dings Co. stcored using PQRs in mic-1976; the other two manufa
turers have ot used PC3s since 1971 or 1972, A total of abocut 250 PCE
magnets wers manufactursd; spproxdimately 200 of these wmay still be in use
in the United Statss. Mcst of the PCB mammers are being used in ccal mines,
ccal creparaticn plants; and in ccal-fired cerlerating stations. It is © 7
scssible, but not confizmed, that same of the PCB magriets may e used on
grain conveyors beczuse of the flammenility of grain dust. ) '

The electrumacrets are of completely welded constructicn, and
very few leakace incidents have occurred with either oil £illed or PC3
filled magnets. B2Rased cn design considerations, elect—cmacnets would be’
expectad o be less likely to fail than would transformers. Those leaks
which have occurred have been caused by physical abuse or lack of adequate'
maintenance, Maintenance requirsments do rot expcse werkers or the environ—
ment to contact with PCSs. -

9.1 Reguirements of the’ Proccsed Reculatidns

nly transformers and capaciters are cefined as "totally enclosed
uses" of PCBs. All cther PCB equimment, including PCQ3 electrumacnets, must
ke ramved from service by the effective date of the requlation, and dis-
cosed of in accordance with the "PCB Disposal and Marking" requlaticns.



Since incineration of the elecctmecnets is not feasible, each owner will

.be requirsd to submit a written application to the Regicnal Administrator . o
: - o T &l
requesting vermission to- dispose of the wmits in a chemical waste landfill, ‘o

9.2 Cecrmpliance Costs

The PC3 electzxtmagnets could te replaced with oil filled wnits at
an averzage cost of $8,000 per magnet. Ecwever, use of mineral oil in these
applicaticns would significantly incwease fire risks, All of the menufac-
turers regularly furnish magnets filled with silicore fluid Zor use whers
fire characteristics superior to t—ensformer oil are required. Such silicore
£illed transicrmers are 40 o 50% nore expensive than oil filled wnits, i.e.,
$12,000 cer average unit.

Eriez also offers a proprietary air cooled electromagnet which
has Underwriters Laboratory approval for use in dirty and dusty envi *orme.ﬂ* .
This it costs about 30 percent more than an oz_l £illed macnet, -.e.,

§10,400 per average mit.

Replacement costs for suitable magnets ;.v'ould te $10,400 = $12,000
X 200 units = $2,080,000 o $2,400,000. Delivery and installaticn ccsts would
e an additicnal ten to twenty percer Asmtnecaseofrtmmgradﬁnes
(chapter 8), the increased costs would be expected to te akbsorted by the coal
mines as reducticns in profits. These costs should not result in any loss of
_ employment or procuckicn, T T T . T T o

= - —-—Delivery-of 260 mmww four—ar- s e e
T enthss m‘—eoera o of—theooatTrushers- without-Trotectienrtorerocve—tamp—
-metal could result in 2 hich risk of damage of rhe crirshers with supsfantial
- —losses—inproductions—Radio fregeency-metal-detectors—canm<detectmetal-and —
shut down a conveyor belt until the metal is removed manually. These systams

(1) Consensus of indust~y cpinicn cbtained throuch a phene
survey by Versar Inc,
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are exgensive in taxms of marpower and lost producticn camparsd to the use
of separator magrnets, but metal detectors could provide the temporary pro—
tecticn needed wntil replacement magnets were delivered. Detector systsms
which are presently in use are not manned continually, so it must e assumsd
that the lost production from belt stopraces is less expensive' than manning
would ke. Assuming that a two—month cdelay would ke experienced in cbtaining
replacerent macnets, full time (3-shift coeraticn) manning of the detectors
at a burdened labor rate of $30,000 would cost (60 days x 24 hours per day
x $30,000 per man vear/1920 man hours per man year = $22,300 per macnet).
Actual laber requirements might reasonably be 10% of this fiqure. This labor
requirement would have to be added to the cost of a detector system. All of
these additicnal costs are very dependent on the timing of the effective
date of the regulaticn, and would be eliminated if the industry had six
months notice of the intanticn of the Agency. '

9,3 Summary -

Cost Impacts:
Replacement cost - 200 electxamacnets - 52,080,000 = 2,400,000

Delivery and installation costs -~ 200
electromacnets - $208,000 to 480,300

Lakor cost increases e o shor:t texm lack
of reolacement macgnets - $0 o $4,300,000 (prebably
$500,000)

Production ond. Brice Immacots: - »
Costs arz._exsected 1o _be absorbed by the ccal mining induses;

as a recuction in profits.
Zmolovment Effscts:
No loss of emplovment at the mines is anticipated. Assuming
that cne-third of the manufacturing and installaticn costs of the replacsment
wmits represents labor at $30,000 per man year, increased labor of




($2,288, 000 o $2,380, GOO/ $30,000 per man year x 1/3 dollar lakcr per
dollar cost = 25 o 32 man years] would be recuired in late 1978 and e._rly
1979. Extra labor due to a lack of raglacetrent wmits micht increase em-
ployment by ($300,000/$30,000 per man year = 17 man years) during the first
few months of 1979, |

eV



10.0 EYDRAULIC SYSTEMS

PCB fluids wers used in a large number of hydraulic systems, zarticu-
larly in die-casting machines ard in steel industzy appiicatio'ns where high-
tamperature stability and firs resistance wers important considerations. In
1972, when P2 hydraulic fluids were no longer available, users wers forced
to switch to substitute fluids. Since the substitutes were cameatible with
the PC3 fluids, the machines were not drained and flushed but were simply
topped off as recuired with the new £fluid. Topping off usually requires
additicn of new fluid at the rate of 2 & 10 times the system capacity cer -
year to replace leakage losses.

Available data on residual PC3 levels in die casting machine hydraulic
systems irdicate that many of the tested machines conta_rm 2)C3s _n carcent:a—
tions of 60 pom to as nigh as 50% in a few cases. The differences 1::
centration apparently reflect differences in the rats of leakage frem var* ous
machines and differing company maintenance policies ragarding periodic j*‘:.;_ﬂ.
replacement of hydraulic fluid. ) e

'10.1 Recuirsments of the Provosed Regqulaticns

The nfccosed PC3 ban raéulations would prchibit the use of fluids
Wwilich contain over 50 zom PCBs in open or semi-closed systems I-bvaevé.,
hydraulic systems on metal die casting machines which contain flu.ld with more
than 50 gpm PCBs would be allcwed to remain in sexvice i they ars drained,
flushed with clean solvent, and refilled with uncontaminated hydraulic £luid.
The fluid must be re-processed or replaced at intsrvals of six months o
remove PCBs until the concentration of PCBs ramains belcw SO pem. In addition,
users of contaminated systems would have to raport such use to ZPA and petizicn
annually” fer exempticns "% contintieUsing =t periodicaily- decmtanmat:.ng
equipment,

The provision forcontinued use of theses systems is lImitad ©
five years in the proposed ragulation. However, it is anticipatsd that the
raguired pericdic decontaminztion of the systems will raduce the concantraticn
of P3Bs o0 belcw 30 tom befors the provision expirss. Hydraulic systams cn
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other types of machines would not be allcwed to contimue in service if the -
£luid contains more than 50 pom PC3s. | The machines would have to be removed

frem service by the effective date of the requlation and rot used until the

BC3 level in the fluid is raduced to a concentraticn telow 30 oom.

10.2 Ownership and Use of Contzminated Bydraulic Systems

A previcus EPA sronsored study raportsd that sales of PC3 hycdraulic
fluid during the pericd 1970-1971 totaled over 13.5 million pourds to 585
1) Except for a faw companies with contaminatsd die casting
systems which have been identified through statements at public hearings on
PCs, little informaticn is available on the cwnership of contaminatad systsms
or the levels of PC3s in the flu:’.d

differant firms.

Rased on statenents made by several die casting campaniés ard by’
a rapresentative of the American DJ.&Cast...rg Institute (2) PCBs werz used as
a premium griced alternative fluid™ m. Lra hvdraul_c systsms or die c..s"'mc:
* machines used to form alumimm, racnesa...m, and zinc casq.ngs. Thers ara
arvarently few carriers to entry in this *rlus‘-*y ard the wnstan* entxy
of new die casting companies has provided a raady merket for used ‘nach.mes.

A raview of the Monsanto customer list reveals that abcut 830% of -~ — -~
the 40 largest campanies purchasing PC8 hydraulic fluid in 1970 and 1971 were
die casting campanies. (1) Assuming that die casting comanies wurchased 30%

of the fluid sold and used it in die casting machines, a total of (13.5

~{LIy— Versar Iy Usage of DCBs—inmCoaerrard —Semi~cicsed - Systems-and—the: Rge- ~—— — oo -

ooz sSuleing  BossessonzICRs- B Bhen Iy L e TR 1 S e R L e R POE e S T L !

PRV

-~ —-— -(EPA Contract-No..-868~0L=3259,—Varsar- Repert- Now—474-3C)—Septamber- 30, —— .— — — — ..

1976, ». 13.

_(2)__Telechone conversation, Mr. Come._]. (American Die Casting Instituts, Inc.)
with Robert Westin (Versar), april 25, 1378,



million 1b x 0.8 / 11 1b per gailon = 1 million gallons) of 2C3 fluid was used
in these machines during the two year pericd. Assuming further that each

machine had a hydraulic systsm containing 500 gallons ard raquirsd that amount
each year to raplace leakage, the total one million gallens of fluid could have
been used by 1000 machines which used 1000 gallons aach.

The r=maining 20% of the largest purchasers of P32 hydraulic £luid
were steel mills., PC3 nydraulic fluid was rsportedly used as a standard fluid
in many plants in those applications where leakace would present a fire hazard.
Reprasentative uses would include steel furnaces, ladles, stwip mills, vacuum
degasers, and continuous casting machines., Thers is ro information available :
on the total numper of hydraulic systams in the st=zel industry that used PCB
fluids, nor is there any information available as to the present concentration
of PC3s in these svstems. o '

10.3 Compliance Costs

Die Casting Machines

Most die casting machines were flushed and refilled with a ron=-2C3
hydraulic fluid after the cwners became awars of the envirormental ané health
nazards asscciated with PFCBs. The hydraulic fluid recamerded by Monsanto
as a replacement for the PCB fluid in 1571 was bassd on polychlorinated ter-
chenyls (PCTs). The manufacturing of BCT fluid was discontinued in 1972 or

—

1973 and the product. lines were. replaced with other types of hydraulic licuids.

L)

The refilled hydraulic systams have been maintained in use tv

torping off when necessary to replace leakage losses, and in same cases by
pericdic replacarent of the fluid. As a result of the continual ramoval of
contaminated fluid, the concentration of ?C_'Bs nas. been gradually reduced £n -
low levels, é.lthcuqh- in many cases the residual P(3s excesd the 50 pmw limit— ~—
proposed by the regulation. The available information on frasent levels of

PBs in the hydraulic systems of die casting machines is sumarized in Table

10.3-1.




Teble 10.3-1 ‘ -

Present 2C3 Levels in Die Casting Machine Hydraulic Svstems oo
Camzany BCB Level {(Tom)
Cast Forge Co. (1) 80

(2) below detaction limit (systams ’

are drained twice a year)
Qutboard Ma.rine(3) . 90-6000 (currently averacge 500)

Caterpillar Tractor

Outhbcoarc Marine Corporzation owns approximataly 130 die casting - ’
machines that at one time used PC3 hydraulic fluid. These machines sach
contain an average of 500 gallons of fluid, (3)a.nd are all contaminated with
23s in concentrations above 30 com. ' o

Several ccarpanies provided estimated costs for replacing nyc:aul c
fluid, although not all of the figures were for the permitted cra_:u.ng and
Slushing procedure. Cuthboard Marine sstimatad a cost of $340, 000 o drain

thair machines, flush them twice with mirzeral oil, and rafill them with new

bvﬁ*au.lic £laid. If hydraulic fuid were-used as fhe:! flushing solusion &
(4) - T e - o

avoid :larrmab:.lltv groblems the cost woulé be $1.2 million.

Gene.ral Motors stated that the cost of materials for raplacing
the fluid in their hydraulic systems would 2e as fcollcows: (3)

(1) Telechcne conversaticon, Tam Grover ( ast Forse Co.) with Bruce Weodcock
(Versar), Septemper 22, 1977.
(2) Telephone conversationH, Tom aar"e't"(cater:ular rractor> thh ara.cc

...__._Wcocccc&:_é‘lersa.._) 3 xSeptemberdPr MO s a2 e i S e o
—=33-Thamas, Hugh-+{Cuthboard Marine- Corp—-)-;—ilteseptat_\en—at--r".ea&sl.—-zz. R

Har.mgs cn the PC3 3an Regulations, Washingtzn, D.C., July 15, 19//
(p.. 91 of transcxipt). e ’ ..
(4) Telephcre conversatien, huch Tharmas (Cuthoard Marine Corp.) with 3ruce
Weedeock (Versar), September 23, 1977.
(3) Ward, William (Ge.neral Motors Corporaticn), Presentation at the ZPA
Hearings on the PCB Ban Reculations, Chicaco, Illinois, July 19, 1577,
(p. 201 of transcript).



Item

Solvent

New Hycdraulic rluid

Disposal
Total

Material Cost
($/gal of replaced rluid)

$ 2.26
7.57
Q.37

$ 9.40

Chevrolet estimatad that it would cost $500,000 o rsplace the hydraulic fluid

in the 25 systems (29,000 gal total capacity) in their 2ay City (Mich.) slant.

Representatives of two camanies
to use hexane or scme similar solvent they would be

)

ke s

statad that if they wers Zorced

severly affected 2s the

seals in their mechines would have to be replaced. Also, there was.concern . -
among those who nave alrsady flushed their machines that further flushing
would not significantly lower the PG3 level in their machines.
aAll of the aﬁﬂable industry cbst"est;?mates ars summarized _r‘
Table 10.3-2.
Table 10.3-2
Industzy Estimates of the Cost of Draining, Flushing, and

Refilling Die Casting Machine dvdraulic Svstams

| No. of No. of Totzal Cost : '
Camany Machines Gallons $ $/Gallon S/Machine
Chevrolet 25 29,000 500,000 17.24 20,000
Ganeral Motors 9.40*
Quthoard Marine 130 65,000 840,000 12.92 6,300

*Material cost cnly.

(1) Michigan Cepartrent of Natural Rescurces, File Memo, urcated.



The indust~y cost estimates are roughly carparable o the cost
estimate made by Versar ard presented in Table 10.3-3. .Since the Versar oLeT

estimates do not includeinventory costs or the cost of decontaminating the
te liquid truck, a figure of $14 per gallon micht be a more realistic
estimate of the average zrice of decontaminating hydraulic sysit=ms. '

The effectiveness of the decontaminaticn procedure will deperd cn
how thorcughly the system can be drained of both the contaminatad licuid ard
the flushing liquid and also on the amcunt of PCBs which are absorbed into
gaskets ard cother porous material. Assuming that the draining arnd flushing
crocedurs will remve 80% of the total PCBs, 3 system originally contaminated
with PC3s at 1000 gmm will still be contaminated with 200 zmm six months
after the Zirst flushing, tut the level of PC3s after the second Ilushing will®
never exceed 40 Fpm. Since there will prckably be considerable leakage ard

-

topping off between the flushings, the concentration of XRs is likely to be

even lower =han these calculaticns imdicats, * . T

Assuming that sach of the 1000 presently contaminatad systams must
re flushed ard refilled twice, and that chemical aralysis for PCBs is recuired
six months after each flushing, the total costs invelved will be:

First flushing 500 gal. @ $lé/gal . $ 7,000 - N
Chemical a2nalysis 300
Secard flushing . 7,000
Chemical analysis - 300
Total per machine . $14,600
Total for 1000 machines _ . $14,600,000
SN | W mjox-éac‘aes—h%‘ée—cesﬁ-eé—éeeenﬁm&a&ng-hy&m&msta&i—s~—- m———

 the cost of the uncontamipated-flnid used ) refill the systens. i Itlisurdens. L ~-.
.- stoed that toth-Outhcard-Marine-and-Gereral- Motors: have-corgucted-tests-of —
methoads to rawve PCBs from hydraulic fluids. + is not kxown whether these
methods involve distillation or adsorption. The feasipility of such pre-
cessing may have 2 substantial effect on the costs of decontaminating hydraulic
systans and on those c:rm:ames which reclaim hydraulic £luid.
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Table 10.3-3
Estimated Cost of Deconfaminating Hydraulic Svstems

-— -

Cost zer gallon

500 callon 3700 gallcn
| System - ._sSystsm
New Hydraulic Fluid 7.80 7.60

Flushing Fluid

(phosphate ester)

S| qal/sal : 1.15 1.13
(lew viscosity mineral ) _ :
olil without additives)

(2)

Transportation .41 . .41

(400 miles, inclides
flushing fluid)

Incineration - $.15/1b 2.85 2.85
(includes flushing £luid) - : ’
Labor . . .
(2 man days rer machine .48 .Q9
at $15 per burdened man hour) ) . -
Total "12.69 12.10
(1) Telepnhone conversaticon, Jehn Colucci (E.F. Heughton) wiEh Bruce E*Ioodcoék

(Versar). April 27, 1978. . . )
Versar Inc., Microeconcmic Impacts of the Prorosed Marking arnd Disgesal

Regulations for -C3s, opringrield, Va.: National Techmical Lnformaticn
Service (NILS PB 267 833/2wP), April, 1977, o. 3-20. .




Other Aydraulic Sustems

iy

v,

Approximately 20§ of the fimms surchasing 33 hydraulic fluid in -
1970 and 1971 were steel wompanies and ofher firms rot engaged in die casting. s
It is therefore likely that 20% of the usage of PC3 hydraulic £ u.m was in

systems other than in die casting machines. Althcugh there is little informa-

tion available ¢n the use of this material, apparently not all of the systams

are still contaminated with significant concentrations of 2CBs. Budd Co.

stated that their operations should not be significantly affectsd bv the pro-

posed ban regulations since the hydraulic systsms on each of - their welders

nave been drained ard refilled on the order of 120 times cver the last Zive

years. (1)

The procedure of draining, flushing, ard refilling any of zhese
other hydraulic systems to reduce the level of PCBs sheould cost appraximately
the same per gallon of £luid as a similar procedure performed on a2 die casting
machine hydrzaulic system. As a rouch estimate based cn the‘propcr*_‘éﬁ of B3
hydraulic £luid used in such systems, the cost of decdntaminatine these other
hycdraulic syst=ms should cost 25% as much as the cost of decontaminating the
die casting machines, or a total of $3,630,0C0.

The prepesed requlations would require that the level of X 3s in
these other hydraulic systems be reduced o less than 30 zom by the affective
date of the regulations or the  systams removed Iram service until the racuired

o =i =T T TSSO SITES tear
acditional costs due to disrupted production in steel mills, as the hydraulic
systems are central to the operation of the large eguimment used in these
- fae-ili‘a&s.——{im‘evg, “rhore—ig-not-sufticient—Informatoravaitarie—o sst=oitsit -
= whether the-réduired- dedsmAmination-Carr oe~ sccaip isied—by e effecmivedatm— " 0 <
of the regulation, nor to estimats what the costs due o producticon intsrrim—
e EiORS- WOULA: DOy we o~ e s+t ee s ot < ot e e e ame om e i e e

(1) Telephone conversation, C.W. Habitz (Budd Co.) with Bruce Weodcock
(Versar), Septamber 22, 1977. :



Revortine Faquiremants

The proposed ragulations would requirs that cwners of Gie casting
machines having hydraulic systems contsminatsd with over 30 pom 5CSs rapors
the identity of each contaminzated machine and the corcencration of C3s in
the fluid. This will require the identification of all machines &that ever used
23 fluid and those that may have used PCE-contaminated reclaimed hydraulic
fluid ard the chemical analysis of the prasent fluid in these machines for the
presence of X3Bs. This sampling and analysis program may cover as many as
2500 machines ard must be campletsd within 90 days of the effective date of
the regulation.

Chemical analysis for the quantification of PRs in nydraulic
fluid would ke considerably mors camplex ard expensive than that reguirad o
determine the concentraticn of 2C3s in l0-C transformer cil. This is be-
cause the prasently used hydraulic £luids may be based on chemicals such as
phesphate esters which requirs that the PC3s fe extracted fzum the sample -
prior to analysis. The possible presarce of PCTs in the Zluid could intsrifars
with the analysis Zor X(Bs, ard discrimination between these similar chemicals
would require the use of a gas chromatograrh/mass spectzametar rather than
the simpler gas chxomatograrh usually used for PC3 detarminations. Versar
estimatss that the ccamplete analysis of contaminated hydraulic fluid Zor 2C3s
may cost as much as $300 per sample on the average. ' S

Review OL the records. to _determine which machines may ne cop= ...
taminated with PC3s and the preparation of the report to EPA would e exgectsd
to require an average of three days for each of the 535 firms which purchased
23 nydraulic fluid in 1970 ard 1971. This would rasult in a net emplcyment

7.3 man years). At a burdened-rate of $3C,000 per.man year, this would
result in total repor<ing costs of (7.3 x $30,000 = $220,000).

Total costs attributable to the reporting ragquirement would 2e
($300 per sample x 2500 machires = $750,000) + $220,000 cleri = $970,000.

Spill Prevention and Control Plans

Each campany which uses or services a die casting machine that is
contaminated with PC3s will be required to develcp and implement a formal
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spill prevention and control plan. Because of the camplexity of the machines
ard the assumed requirement for periodic flushing and decontamination, the'
plan will be rather camlex and may 'feqtﬁ.re the services of a regi.stered pro-
fessional engineer for ocne week at $250 per day. Preparation of these plans
bv all 585 affectsd campanies could cost a total of (585 plans x 5 days x

$250 per day = §$730,000). This cost could be reduced by perhaps one half

if a pro forma plan were developed urder the sponsorship of a trade association
or major manufacturer and made available to all affected fimms.

Total expected cost of this part of the requlations would t_he:e_fore
be expected to ke $363,000 to $730,000. '

t

10.4 Sumarv

Identification of Contaminated Die Casting Machines

Analysis ard Sampling $§ 750,000 )
Clerical - Report to EPA - 220,000
Spill Preventicn and Control Plans $365,000 to $730,C00
Decontamination of Die Casting Machines 14,600,000
Decontamination of Other Hydraulic ) 3,650,000
Systems
Cost of Production Interruptions when ? (potentially .
other Hwdraulic Systems Remcved from laxge)
Service
Total $19,720,000

Zmp loyment Effects

labor equals (.48/12.50 = 3.8%) -of per callon cost. Total laber
cost = (.038 x 18,250,000 = $693,000). At $30,000 per man year, this is equal
to 23.1 man years of labor, or 12 jobs for 2 years. Spill prevention plans
would require 5 man years of effort. Reporting requirements would require an
additional 7 man years. |
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Price Zffects

The impact of tﬁese requlations may effect almost all die_castiﬁg
ard steel comeanies. Increased costs would therefore be expected to be passed
along to the consumers in higher product prices, althouch no irdividwually
significant price increases are expect=d. '
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11.0 HEAT TRANSFER SYSTEMS

‘BCBs have been ex‘:.e::s'iVeJ;y used as heat transfer licuids. because of.
their excellent thermal stability and inherent fire safety. Althcugh the
heat transfer systems are usually quite tight, leakage can cccur due to
mechanical damage of the system or because fittings have loosened as a result
cf thermal cycling. The Yusho incident in Japan in 1963 caused the PCB
poiscning of 1001 pecple due to the leakage of PC3s from a heat transfer
system into rice oil that was being heated bv the systen. (1)

A previcus EPA sponscored study estimated that total usage of PCBs in -
heat transfer systems in the United States has been over 21 million pourds. (%)
Most of this material was manufactured by Monsanto and distributed under the
trade name Therminol. Monsanto stopped producing PCB based heat transfer
liquid in 1971 and advised its customers to drain arnd flush their systsams
before replacing the fluid with a non~-PCB basau l.x.qmd An additional-one
million pounds of FCB heat transfer licuid was “manufacored during the per:.od
1971-1973 by Geneva Industries of Houston, Texas. (3) There was at least one
campany still using DCB based heat transfer licuid as late as 1976. (4)

11.1 Recuirements of the Prorcsed Pequlations

As of the effective date of the regqulaticn, heat transfer svstems
containing a liguid contaminated with mcre than 50 pom PCBs could rnot be used until
the concentration of 2C3s is reduced to less than 50 pmm.

(L) ZXuratsune, Masarori, et. al., "Yusho, a poisoning caused by rice oil con-
taminated with polychlerinated biphenyls", RESMHA Health Rerorts, Vol. 86,
No. 12 (December, 1971), pp. 1083-1091.

(2) Versar Inc., Usage of PCBs in Oven and Semi-closed Svstems and the
Resulting Losses Of PCBs to the AIVironment, Unpublished Drate Rerort,
(EPA Contract No. 68-(01-3259, Versar Report No. 474-3C), Septamber 30,
1976, p. 13.

(3) Ibid.

(4) Ibid, p. 26.
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11.2 Ownership ard Use of Contaminated Heat Transfer Systems

There is no data available on the total mumber of heat transfer
systems which have used PCB based fluids in the past. BHowever, a raview of
Monsanto's customer list for 1970 and 1971 indicated that 8.2 million pourds
of PCB based heat transfar fluid was sold by Monsanto during thbsé years' 0o
a total of 533 different firms. (1) ‘

The present concentration of PCBs in the heat transfer £luid in
any of the systems which previcusly used PCBs deperds on how thoroughly each
system was flushed when the FCB fluid was replaced and the amount of leakage
and topping off that has cccurred since then. Data on present PC3 levels is
available for only one system: a 14,000 gallon capacity PC3 heat transfer
system was drained ard flushed in 1972 ard refilled with a ron-PCB £luid;
the system has been in constant use since 1972 and presently contzins fluid
that is contaminated with two. percent ICBs. (2) '

lacking any additional infomaticn: it must be assumed that most
of the 533 cempanies which purchased PCB heat transfer fluid are still operating
the systems and that most of these systams are contaminated with PCBs in
excess of 50 pom. It must further be assumed that the use of these systems
is central to the mamufacturing processes in which they are used, whether
for drying, heating, or temperature contrel in exothermic oDrocesses. )

11.3 Camliance Costs

It is not possible to estimate the total costs ¢f decontaminating
the existing heat transfer systems to comply with the requirements of the pro-
posed regulation because neither the total number cf systems rnor their
czpacity is kown. In principle, the costs of draining, flushing, ard re-
filling the systems should be about the same per galleon for heat transfer
systems as for hydraulic systems (see Section 10.3).

(1) Versar Inc., Usage of PCBs in Open and Semi-closed Systems and the
Resulting Lcsses of PCBS to the Environment, Unpublished Draft Report,
(EPA Contract No. 68-01-3259, Versar Report Mo. 474=-5C), September 30,
1976, p. 9.

(2) Confidential information obtained fxam the user of the systsm by Versar
during a telephone survey of major users of PCB heat transfer systenms.
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The disruption of industrial production caused by the requirement
that contaminated heat transfer systems be ramoved from service immediately
upon the effective date of the regulation may result in far larger costs' than
will the requirement to decontaminate the syst=ms. Here again, the available
information will not support even a guess at the magnitude of the econamic
impacts of the disrupticn on costs, production, and employment.

11.4 Summary
'Over 500 heat transfer systems may be contaminated with PC3s in
concentrations excesding 50 prm, but available datz is mot sufficient to

suprort an analysis of the costs of decontaminating the sﬁzstans or the eccncmic
impacts resulting fram disruption of related industrial production.
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12.0 CCOMPRESSCRS

Turbinel 153, a XCB~based {luid, was tried as a turbine lubricant ard
working fluid in nataral gas pipeline compressors by several companies during
the late 1960s and early 1970s. Monsanto ceased producing this product in
1972, ard the companies that were using it switched to alternmate- fluids at
that time.

12.1 Recuirements of the Prorcsed Requlations
The proposed regulation would prohibit the use of any systems which
contzain licuids contaminated with FCBs in corcentrations exceeding 50 £rm after
the effective date of the regulation. '

12.2 Compliance Costs

Two purchasers of Turbinol 153, Columbia Gulf Transmission and
Texas Eastern Transmission, were contacted by phone. Neither cempany had
informaticn available on the residual levels of PCBs in the turbine fluid, _
but both indicated that the systems were relatively ticht, and there was
- seldcm the requirement to top off the systems. Based on data available for
hydraulic systams and heat transier systems, it must be assumed that the
campressor fluids are probably contaminated with PCBs in excess of 50 prm.

There ars perhaps ten gas pipeline compressor turbines in use that
have their oil contaminated with PCSs. The proposed regulations would recuire
that these turbines be removed fram use until the concentraticn of PCBs is
reduced to below 50 pam. It is not known what costs would be involved ror the
disrupticn to the delivery of natural gas that would result from ramwving
these turbines from use. Assuming that the camplexity of the turbines is
similar to that of the hydraulic systems discussed in Chapter 10, a cost of
perhaps $20,000 and $40,000 per machine may ke involved in the decontaminaticn
of the oil systems. Total costs might be several hurdred thousard dollars
plus the cost of diszuption of the gas delivery system.

The cost ¢f shipping gas by pipeline is established by long term
contracts. Additional cocsts resulting from the provisions of the draft
requlations would have to be absorbed by the pipeline campanies.
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12.3 Summary

Decontamination Costs
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13.0 RECIAIMED OIL

Approximately 1.3 billion gallons per yea.f of used oil 'is collected.for
use as road oil, fuel oil, re-refired hydraulic oil, and re-refired lucricating
oil. Much of the waste oil previoﬁsly used in applications other than auto- '
motive lubrication has been contaminated with low levels of BCBS, and dissipative
uses of this contaminated oil can introduce PC3s directly into the enviromment.

A total of 2,376 million gallens of new oil were sold during 1975, the
major camercial uses being automotive lubrication (50.8 percent); industrial
ard aviation lubrication (30.5 percent); and other incustrial uses primarily \
in materials processing (17.4 percent). The amount available for collection
ard recycle was estimated to be 1,154 million gallcons, or 48.6 percent of
total sales. Data on U.S. usage of new (virgin) refined oil ard availability
of used oil for recycling are presented for the year 1975.in Table 13.0-1. (3)

Data generated by Recon S“gsters(z) for a.l2-month period during 19_70—71
indicate that, out of a total U.S. production of 2,480 million gallons per
vear, approximately 901 million galleons, or about 36.3 percent, wers actually
collected for recycling or use as fuel. An additicnal 601 million callons
were estimated to be used on roads (application for dust control and pessibly
in asphalt) or as fuel cil; this used oil could conceivably have been col-
lectad for recycle so that the zra:u.mum amount of oil available for collection,
based on the Recon Systems estimatss for 1970-71, may be as much as 60 per-
cent ¢of that produced.

A flow chart showing the distribution and utilization of wasts 0il in the
United States, based on the 1970-71 data of Recon Systems, is presentsd on
Pigure 13.0-1. Summary data for dispcsition and usage from Figure 13.0-1 are
as follcws:

(1) Acapted Zrom Table 1, page 24 of Assessment of Industrial Hazardous Waste
Management Practices, a document prepared tor EFA's Office of Solid
Waste and presented with testimony of H. lanier Hickman, December 12, 1977.
(2) Weinstein, Norman J., (Recon Systems, Inc.), Waste Oil Recveling ard Dis-
posal, =PA~670/2-74-052, Princeton, N.J.: August, 1974,




Table 13.0-1

New Oil Usage and Waste Oil Availability for Recycling in 1975( )
U.S: Sales fractisn Used H1
1975 Availabias Availzble
T™ee of 0Ll : Outlet or Use . (gal x 10=%) izr fecxcle  Zzx Recrclisz
Aytzmotive Lube 0Ll Service Staticns 239 .83 150
Comrexrcial engins
fleats 225 .30 22
New car <dealers 103 .90 93
Auto fleet ad cthex
icbe oil uses ' 151 .30 73
Retail sales for -
dercial engines 95 .83 4Q
Garages, auto supply
Stoxss . 30 .83 - Y A
Discount stares 250 .22 35
Facwexy #i1ls (aumo & - S : :
farm ecuizrent) 34 30 49
. Subeotals Zeal Q34
Incugtrial § Aviation . - . -
Libe Oils Sydemilic 3 —ogu-
lating system oils 314 <2 b
Metal wxicag oils 145 .70 ’ 01
Aviacicn § cther 137 h) . 7!
Gas engira oils §0 .90 34
railroad engine sils 33 .53 31
Subtotals 128 RES
Sther Induse—ial Cils Zlaczmical oils 82 .30 36
Process oils 340 .10 - 34
Rafrigeration sils . pak .20 ’ s
Supestals Ny} 3%
Late Oils >uxzhased
Tty U.53. GvezTent 2 .30 is
GAND TCIALS 2,376 PP LT
TTac—on avaliiole for cecveling arfter
icsses in use and S envirarmane,
(1) ‘veimstein, Norman J., (Reccn Systams, Inc.), Waste 2il Pecreling and

Dismcsal, IPA-470/2-74~152, Pringawen, N.J.@  AugusT, l9/w.
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Fate of 0il After - . _ Percentage of MNew

Primary Use 0il Preducticn
Used as fuel | $41.5 .
Dissipated to envirorment 42.3

ard waste disposal
2pplied to roads
Re-refined lube oil preducts

j—
[ V]

A ) 100.0
The general distribution portrayed in Figures 13.0-1 is believed to be -

valid at present, although the magnitudes of the specific flows have fluc- |
tuated as prices of virgin lube oil and fuel oil have varied. The value of
fuel oil has increased since 1970-71, and virgin lube oil was scarce during
the periocd of the Arab boycott ard during a porticn of the pericd of price
contxels. One result of these factors has been increased use of waste oil
as fuel, either internally by industrial concerns which generats wasta oil

or via precessors.

The primary scurces of waste oil available to collectors axre service
stations and other autamotive-related facilities. Irdustrial and aveizticn
facilities are also significant sources. A significantly larger fracticn
of available 0il is collected in urban areas than in suburban.or rural areas.
Based on stidies in the Pittsburgh area, spills and other wastes frem prdducf
pipelines are a locally significant scurce of wasts oil for collaction.

The use pattern of processed or rerefined wastz oil is extremely dif-
fuse. Users include states and municipalities (road applicaticn), indus-
trial ard commercial facilities (fuel, re-refined lube oils, road oil),
utilities (fuel), and the consuming public (re-rafined motor oil).

A small portion of the collection ard processing of used hydraulic
oils dces mot follow the general pattern of scatiersd sources, many re-
claimers, and mumercus users indicated for the waste lube oils. Reclamation
of used hydraulic oil, performed in most part by four campanies, results in
a product which is marketed as hydraulic oil.



13.1 Requirements of the Provpesed Regulations -

The disccsal of oil contzminated wikh 2(Bs in excess of 500 pmm is
requlated by the 'PCB Marking and Disposal Regu.lations'.. The propcsed 'PCB
Ban Regulaticns' would change the definiticn of 'PC3 Mixture' used in the
Marking and Disposal Regqulations to include all mixtures containing more than
50 ppm PCBs. This will affact the allcowable uses ard dispcsal of oil con-
taminated with lower concentrations of PCBs.

Under the provisions of the proposed ban regulations, oil con-
taminated with BCBs in excess of 50 prm would have to ke identified, segregated
for purpcses of disposal, and burned in an approved chemical waste incinerator.
Oil containing measurable amounts of PCBs less than 50 ppm could ke processed
for any use including as fuel or reclaimed lubricating or hydraulic oil, but
could not be used as road ollor as a constituent of any sealant, coating,

Cow

or dust control agent.

._’H.

13.2 Sources amd AmuntsothntamJ.natai Waste 0il L . -

Bydrauite Flutds Oil is used as a low viscosity fluid in hydraulic
systems, and FCB based hydraulic fluids were widely used prior to 1972. The
most expensive (and polluting) use was in die casting machinery. PCS based

hydraulic £fluids were also used in construction macﬁinez:z, farm machinery
(a source of feed contamination) *) and in deep mining equipment where the
use of PCBs resulted in greater fire safety.

Although hydraulic systems are nominally air-ticht, leaks may
occur at dynamic seals and major spills may occur due to hose rupture. Normal
leakage is collected in drip pans. The rupture of a hose can spray hydraulic
fluid over a large area due to high operating pressures. It has been esti-
mated that 80% of phosghate ester hydraulic fluid losses occur due to leakages
in the hydraulic systemn. (2) In certain industries, cperators state that it
is more efficient to continually add hydravlic fluids o the system rather
than shut the system down, repair any leaks, ard refill the system. Leakage
frem these systems is often collected and reclaimed.

(1) U.S. Department of Agriculture 2d Hoc Group on PCBs. Agriculture's Res-
onsibility Concerning Polychlorinatad Bichenvls (PCBs) Washington, D.C.
Office of Science ard Ecucation, U.S. Department or Agriculturs, 1972.

(2) Lapp, T.W. (Midwest Research Institute), The Manufacture ard Use of Selected
Arvl and Alkyl Arvl Phoschate Estars, EPA 560/€6-76-008, Feo. 1976, p. 77.
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Monsanto manufactured almost.all the PCB-based hydraulic fluids.
When Monsanto discontinued mamufacturing PCB-based hydraulic fluids in 1971,
they did rot recommend draining or flushing of hydraulic systems but that
replacement fluids should be added to the remaining PCB fluids in the system.
As a result, hydraulic systems which used PCBs in 1972 and prior years ncw
contain replacerent fluids contaminated with .006 to 50% BCSs as discussed
" in Chapter 10. The total amount of contamination is a functicn of the svstem
leakage and dilution during the past five years.

A portion of the available used industrial hydraulic oil is refined
and sold for reuse as hydraulic oil. This spec...al;zed reclaiming service is
furnished by the following four campanies which reclaim a total cf about
150,000 gallons of hydraulic fluid per year. .

E. F. Boughton and Co., Philadelphia, Pemnsylvania .. - 1. b=

Radco Corporation, lLafox, Illinois

Firdett, Inc., St. Charles, Missouri

Wallover Corp., East Liverpool, Chio

Autcmobile and Industrial Lubricaiing 0itl The amount cf used oil

collected for reuse in 1970-71 was about 900 million gallons per vear, with
an acditional 600 million gallons used intermally for fuel or dust control

on roads. (1) Thus, about 60 percent of the amount of new oil sold was reused.
Major uses of this oil were as fuel (1028 milliocn gallons), rcad oil (319
million gallons), and fsedstock for re-refined lubricating oil (128 millicn
gallons). ‘

The extent of PCB contamination of this c¢il was studied on a
limited basis by the EPA National Enforcement Investigation Center (NEIC) in -
(2) Samples of oil were taken fram selected tank truck lots of used
0il that had been collectad in Virginia, Maryland, and North Carclina. This
oil had been delivered to Continental Forest Industwies in Fopewell, Virginia,

Denver.

(1) Weinstein, N.J. (Recon Systems, Inc.), Waste Oil Recycling andé Disposal,
EPA-670/2~74-052, Princeton, N.J.: August, 1974.

(2) Magruder, Robert S. (Continental Forest Industries), testimony presanted
at the US EPA informal hearings on the PC3 ban regulations, Washington,
D.C., July 15, 1977.
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for use as supplemental fuel in a steam koiler of a paper mill. The oil had
been collected primarily from automobile service stations, although it is
tossible that same industrial oil, including hydraulic oil, had been inclided
in some of the lots. P@s were fournd in the samples of oil at concentrations
ranging fram 3.2 ppm to 19.4 pom. Although these oil samples were collected
- from a restricted area, the extent of PCB contaminaticn is prcbably repre-
sentative of waste oil collectsd throughout the United States.

The PCB centamination of the wasts oil could came from contaminated
industrial hydraulic cil or transformer oil or from PCB additives used in
lubricating oils prior to 1973. In applications such as railroad car journal
bk oils, PCBs may have been used as lubricant additives. (1) PC3s may also
have been added to autambile transmission fluids to contxol the swelling of
oil seals. '

It would not be expected that FCBs would be destroyed during re—
refining of wast= cils. PC3s were reported to' be present in concentraticons ™
of several parts per million in reclaimed oil used to lubricate whetsicnes. (2)

13.3 Camliance Costs

Collecticn of any wasts oil likely to be contaminated with PCBs
for a controlled use would not be attractive financially unless the oil were .
krown to contain PCBs at levels below the control amount. Analytical costs
for determining low levels of PCBs will be considerably higher than the
costs quoted for transformer oil because naturally occurring sulfur ard
chlorine compourds in petroleum oils cause interfererces in the use of electren
capturs gas chromatograrhy at concentrations of 5 ppm FC3s or belcw. (3) These

(1) Monsanto Chemical Camparny, Aroclors for —, St. Lcuis, Mo.: urdated.

(2) Weems, George, (United States Department of Interior, Denver, Colorado),
"Polychlorinated Biphenyls", File HLS 3-3-10h, June 13, 1977.

(3) Hofstader, R.A. (Exx¢on Research ard Engineering Co.); Lisk, D.J., Bache, .
C.A. (Cornell University), "Interference in the Electron-Capture Technicue
for Detammination of Polychlorinated Biphenyls by Sulfur-Containing Com-
~urds in Petroleum Products", Bulletin of Envirommental Contamination and
Toxicoleay, Vol. 11, No. 2, 1974.
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interferences result in :’élse positive indications of the presence of FC3s. -
The PCB campcnents can only be resolved through complex clean-up proceduras
or the use of gas chrcmatography/mass spectrometry, techniques that would -
cost up to several hurdred dollars per sample. '

Road 0iling

The most recent data irdicates that rcad oiling consumes 319
million gallons of waste oil per year (Figure 13.0-1). At an application rate
of 1/2 gallon per square yard, this is sufficient to oil 45,000 miles of
roadway 24 feet wide. The proposed ban requlations would forbid the use of

oil containing detectable amounts of PC3s for dust control. Fluids from trans- |

formers ares likely to have detectable amounts ard other irndustrial sources ars
at least scmewhat suspect. Currently these industrial oils are collected along
with used motor oil. Althouch virgin motor oil has ro BC3s, used motor oil
may have PC3s frum previcus recycling which mcluded industrial 63’.1 sources
areng the faedstocks or from old transmission oils which contained 2C3s as an -
adéitive. Nevertheless, used motor oil wmixed with industrial scurces is
unlikely o cocntain as much as 10 pom PC3s, and may have PC3 concentrations
that ars undetectable withcut unusually elaborate arnd expensive analysis. None
of the reported analyses of waste oil for PCBs was sased on used motor oil
without-any possibility of industrial contaminaticn. Presumebly waste oil
solely from autcmotive scurces would contain fewer PCBs. It is doubtful that
road oiling cculd stand the costs of even "simple" tests at $70 per sample.
Prospective road oilers therefore would be safer using waste oil if thev take
precautions to ensure that it dees not contain industrizl oils (and certainly
o electrical oils).

Campliance with the requiraments of the prerosed regulations could
be achieved by either of the follcwing strategies:

(1) Avoid all waste oil and substitute virgin oil at considerable
monetary and energy ccst where the customer is willing to pay the increased
ice. At an average price of $.375 per gallon for #2 frel oil vs $.03 per
gallon collection costs for used crank case oil, the cost of road oiling
would increase (.375 - .08) x 139 millicn callons = $94 millicn per year.

-8 -
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(2) Use svnthetic road stabilizaticn chemicals which both raduce
dust ard provide surface stabilization. The increased cost of this type of
material is presently offset by lower rcad mainterarnce costs on heavily -
traveled dirt rocads at mines and other industrial facilities. Savings in
maintenance on lightly traveled roads wculd be less s:.gm.f:.cant argé weuld
only parLaJ.ly offset the increased material costs. A typ:.cal synthetic
material is "Ccherex", manufactured by Witco Chemical Co. This matsrial is
an organic resin in a water emlsicn which is sold for $1.25/gallon, and
applied after a 3 to 1 water dilution at a rate of one gallon per scuars yard.
Increased costs. incurraed by the use of this material would be:

Coherex: 1/6 gallon per sguare yard @ 1.25 = ,208
minus: Used 0il: 1/2 gallon per square yard
. @.o8 =.04
equals: increased material cost per square yard. . +L168
x 14080 sg. yds. per mile of rcad 24 B :
feet wide - = $2365 per mile -

x 45,000 miles $106 million per year.

These increased costs will be incurred until the concentration of
PCBs in used motor oil drops belcw detectable levels. In perhaps five vears, it
may be possible to use waste motor oil for road oil.ing with little chance of
releasing PCBs o the enviromment, provided that care is taken to avoid using .
waste industrial oil. The diverted industrial oil can be made up at mecest
added costs by more extensive collection efforts particularly in rural areas.
The costs of obtaining this replacement moctor oil for rcad oiling ccnsists of
costs to persuade service stations to accept used oil from persons who change
oil themselves, ard perhaps either greater storage capacity at stations or more
frequent oollecticns. Altematively, collectors could travel further in rural

ars=as ard thus wvisit mre searvice statimms nt now part oAf the racycling systems.

These extra costs will not be incurred unless rcad oilers will accept riecessary
pPrice increases to cover these costs. Total costs might reasonably be expectsd
to increase .02 per galion ($6.4 million per vear) plus the risk of inadver-
tently using contaminated oil in occasicnal instances, After an additicnal ten
years, it may mo longer be necessary to segregate the industrial oil, and

costs would return to their present levels.
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Users Other then Fcad 0ilers

Abcut 27 million gz.-Lllons“per year of transformer oil will not ke
available to collectors, thus initially raducing the total supply. Other
industrial cils may or may rot be contaminatsd with PCBs; to be absclutely
safe, the recycling industry would avoid them. Individual induistrial fimms
can probably continue to use their cwn waste oil as fuel oil if they make
initial and occasional later spot check laboratory analyses © make surs their
oils continue to contain less than 50 pgn'PCBs.

\ The impact on re-refiners (who make re-refined lube oil) and
externzal processors (who preceess wast2 ¢il for use as fuel oil) will deperd
on what happens to road oiling. A strict enforcement policy with ¢ccasional
all-out efforts to f:".ni PCBs in waste oil could pravent its use as road-oil.-
Diversion of wasts oil frcm this use would create a large increase in supply
for processors and re-refiners. Probably most of this would or:.g:.nally oo} to
fuel oil use since the capacity of re~rafiners is limitad ard the consmer
acceptarce of used motor oil is limited. Later, a majority of the increase
might go to re-refiners if the Frost and Sullivan market projections of 23
percant growth per year until 1985 proves to be even roughly accurate. (1)
This would provide an extra use as lube c¢il while retaining mst of the heat
value for later use. '

. Colleectors

If collectors avoid transformer and industrial oils, their total
business will decrease. However, haulage of the contaminated oils to chemical
waste incinerators will be required ard could offer new market opportunities
to the collectors. -

Processors

Waste oil for fuel use should become more plentiful as use for
road oiling is discouraged or made impossible by the regulation. The effect
of a larger supply of waste oil on the price to processors theorstically would

(1) Maugh, T.W., "Rerefined Oil: An Cption That Saves Oil, Minimizes Pollution”,
Scierce 193, p. 1108-1110, September 17, 1976.

-89-



be to lower the price. However, since use on coal in boilers is relatively-
troublefree and expandible, this use is probably very eleastic. Consegquently
if coal burning plants can abscrb the increased supply, which seems likely,
the price decrease should be negligible. '

Re~prefiners

Re~refiners of lubricating oils should be cperated at capacity ad
thus be more profitable. The recycling ethic potentially can be used to
expand the market for used lube 6il faster than industry capacity. This will
be especially true for industrial and commercial fleets, but might be ext..zﬁed
to personal cars. Similarly, increases in damestic crude oil prices would
increase the market for all uses of waste oil.

. Information collected through telephone interviews irdicates

that at least three of the campanies which re~refine hydraulic f£luid receive
hydraulic fluids which are contaminated with PCBs. These fluids are sometimes
contaminated to the extent of 6000 opm. In most cases, the reclaimirig process
removes ro more than 10% of these PCBs. (1) It is also reported that the con—-
centration of PCBs in scme of the hydraulic fluid applications ercountered
by these cawpanies remains at approximately 2000 TEm cdespite repeated flushings
ard drainings. In such cases, lower PCB levels may be ac‘nevable through the
use of activated carbon filtration. - ' -

’mose hydraulic systems contaminated with PCBs will be identified
" as resuired by other provisions of the draft ragulations. Once this is done,
waste oil Zrum these mechines ard frem the oil separators in plants using the
machines will probably have to be diverted from fuel use to chemical waste
incinerators. '

The price differential between re-refined and virgin hydraulic
fluid is about four dollars per gallon. The recuirsment that contaminated
hydraulic 0il be incinerated mey reduce the supply of re-refined oil from
150,000 gallons per year to 50,000 gallens per year. This would result in
increased costs of ($4.00 per gallon x 100,000 gallens per year = $400,000

(1) Telephone conversation, Dwain Fowkes (RADCO Corp.) with L. Fourt (Versar),
September 19, 1977.




year), ard could force the clesing of three small f£irms with a total
lovment of 12 to 15 persons.

Industrial Waste 0il Generators

Those irdustries whose waste oil contains more than 50 prm PC3s.

' will have to incur disposal costs of $.0832/1b. Even industrial oil con-
taminated with less then 50 pom PCBs may be avoided by wasts 0il collectors.
This will not be a big problem for coal burners. Fuel oil burning campanies
can use a mixture of waste and virgin oil but there are technical problems
to be mastered in this use. Continental Forest Industries indicated that up
to 14 percent waste oil mixed with %6 residual oil is feasible. The result
may be the develcmment of a separate market for industrial oil with low levels
of PCBs fqr Use as fuel. Long term ecoromic impacts should mot be significant.

Compliancz Costs

Road Oil - increased costs of virgin or

synthetic material (years 1-5) $100 million/year
Read Qil - increased cost of cbtaining

adequate supplies of segregared used -

motor oil (years 6-15) $6.4 million/year
Lost production of re-refined hydraulic .
fluid $ .4 million/year

Emp loyment Effzcts

Three small re-refiners may close with a loss of 12 to 13 jobs.
Shifts will occur in the collection segment of the industzy, but will probably
have little net impact on emwloyment. ' '



14.0 PC3S AS UNINTENTICMAL DRCDUCT CONTAMDNANTS

Although mest of the PCGBs in use wers produced by Monsanto as the prﬁéry
procduct of a reaction process, other chemical reactions can produce PCBs as by-
sroducts, resulting in contamination of cammercizl chemicals. Similarly, contam-
ination of existing material may result in PCB contamination of 'prcc’:ucts mxde
by recycling these materials. Recycled paper is known to be contaminated with
PC3s at low levels, but a detailed study of this industry indicatsd that it would
ot be affected by the 50 ppm limit an PCB contamination. (&  Polychlorinated
te:phermyshavealsobeenreportedtooecmtamnatedm*ﬁbczs farmed as asn.de
reacticn during menufacturing, (2) but the sole U.S. us‘.:r:.bx.or of this mater.al
has repartedly assured its major custamer that it would wa::rant that future
shipments will contain less than 50 ppm PC3. (3)

The only chemicals known to be contaminated with PCBs in concentrations
exceading 50 pom are certain phthalocyanine blue and green pigments and ;.He )
diarylide yvellow pigments. ‘

14,1 PRequirements of the Proposed Fegqulations

The regulations ban the contimied manufacture of PC3s after
December 31, 1978. This ban also applies to mixtures containing more than
50 tem PCSs regardless of whether the DCBs were added intentionally or fommed .
during manufacture as an wnintsnticnal by products. '

14.2 Campliance Costs

Phithalocuanine Pigments

Phthalocyanine picments are major socurces of heat- and light-
stable blie and green colors in the plastics and printing inks industriss. In
the manufacturs of ccgper ghthalocyanine blue pigment (phthalo blue), the

(1] Versar Inc., Involvement of PCBs in the Pulp and Paper Industry, EFA
560/6-77-005, February 25, L977.

(2) Versar Inc., Assessment of the Envircnmental and Econamic Impacts of the
Ban on Imrorts OF BC3s, EPA 560,/6-77/-007, february 22, 1977.

(3) Pefscnal cammumication, L.M. Argueso (M. Arguesc and Co., Marmarcreck, N.Y.),

August 30, 1977.




cooper used in the reaction apparently catalyzes the dehvdrochilorination of the
trichlarchenzene (TCB) solvent used in the process to form varying amcunts of
trichloro and pentachlaro biphenyl reésidue in the product. Further chlorinaticn
of phthalo blue to make phthalo green pigment results in the formation of PC3s
resicues in the green product. Damestic and forsign menufacturers of phthalo
picments, using the TCB solvent preocess, have tested these picments for PC3s
level. Results indicats that this process consistently produces pigments with
PCBs residues in the 100-300 ppm range. One analysis from a damestic manufacturer
reported concentrations as high as 1000-2000 gpm. Several U.S. campanies manu-
facture the phthalo pigments £ram the basic raw materials,. while the other U.S. !
conpanies marketing these pigments import foreicn TCB-pased cruce pignénts and
owrify them for sale in the United States. Under the proposed PC3 ban regulations,
all of these manufacturers are in effect producing a PCB mixture which could rot
be sold or distributed in camerce effective 30 days after pramulgation of the
draft regulatiens. : '

Discussions with the damestic zhthalo pigrent manufacturers
have disclosed that cnly one menufacturer dees not use the TCB solvent process
(Rercsene is used as the solven: in a proprietary procsss and the pigment pro-
’duced has essentially zero PCBs). All cther damestic ard foreign manufacturers
use TCB solvent, -and are accordingly faced with major proccess revisions to camly
with the proposed 50 cgm PCBs limit in their product. ) |

The concentraticn of PCBs in the phthalocyanine blue and green
pigments can reportedly be reduced to below 50 ppm by a change in. the solvent
used in the manufacturing process. Such a change will require modifications of
the process and quality control procedures, and may cost $1C0,000 for each of the
five or so manufacturers and importers of the material. Since wcontaminated
pigment is available fram one U.S. mamufacturer, there is sufficient orice can—
petiticn to prevent these increased costs from being passeé along in higher
product prices. The effect wculd therefcre be a decrease in corporate profits.



Diarylide Yellow Picments o ' -

Diarylide pigments are the major yellow pigments used in
crinting inks. Thesa pigments are nade by reacticns of precursors which include
dichlorcbenzidine. A minor side reaction results in the deamination of the
benzidene resulting in the formation of 3,3'dichlorchiphenyl. According o
Don Morgan of the Dry Color Manufzacturers Asscciatien, D) st diarylide yellow
pigments are contaminated with PCBs at concentraticns of several hundred parts
per millicn. Although a few batcies of pigment have besn found to contain less
than 50 pom PCBs, the industry is not yet sble to control the manufzcturing
orocess to reliably achieve this low level of PC3 contaminaticn. o

Sales of diarylide yéllow pigment in 1976 were abcut 12.66
million pounds having a value in excess cf $52 millien. (1) - This pigment was
contaminated with perhaps several thousand pounds of 3,3'dichlorcbirhenyl, which
is a relatively bicdecradible isamer of BCB. If the proposed BCB ban ragulaticns
result in an effective ban on the manufacture of this yellow dve, mest colored
trinting inks will have to be raformilated, resulting in some lost production
while technical chances are made in the $690 million/year ink industry and the
$43 billion per year grarhic arts industry.

- There iIs no technology availzble that can reliably reduce the
coneentration of PC3s in diarylide yellow pigments to pelcw 50 gom. If the ban
cn the manufacture of PC3s after December 31, 1978, results in an effeczive ban
cn the manufacture of this pigment, lost sales of this material will o= about
$52 millicn per year. Alternative pigments are available, but their use results
in higher ink costs as the altermative materials are less effective and/cr more
expensive. Increased costs due to the conversion to substitute materials may
ecual 20 percent to 50 percent of the value of the discontinued yellicow pigments,
cr $10 million to $25 million per year. There should be no net enplcoyment eflscts
as the producticn of substitute matarials will offset the losses from the discon~
tinuation of manufacture of the diarylide yellow. However, several hundrad jcos
may be affected at the impacted manuféct:.zr:l.ng facilities, and an unknown amount
of production equipment would lose econamic value.

(1) Teleprcne conversaticn, Con Morgan (Attorney for the Dry Color Manufacturers
Asscciation) with R. Westin (Versar), September 22, 1977.
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14.3 Sumary

Compliance Costs : T o

Phthalocyanine Blue ~ Production changes  $300,000 ~ 1978

Diarylide Yellow - Increased ccsts of $10 million to
substitute pigments $25 million pexr vear

Emploument Efects

Several hundred. jcobs would be affected if the manufacture of
diarylide yellow pigments were banned. These wauld be offset by ermployment
increases in the segments of the pigment industry swplying the substituts - !



15.0 CAPACITCOR MANUFACIURING

The use of BC3s in the manufecture of new capacitors is expected o erd
by mid 1978 due to a mmber of factors including the ending of production
of P(CBs by Monsanto in October, 1977 ard the zero PC3 discharge recuirements
imposed on the mamifacturing plants by the EPA under authority of the Federal
Watar Pollution Control Act. (1) Bowever, the decision of the capacitor manu-
facturers to discontinue the use of PC3s without atterpting ™ develcp
alternate sources of supply after Monsanto stopped production was made in
anticipation of the implementation of the Ban Regulations of Section 6(e) c_:f
the Toxic Substances Comtrol Act. Althouch the EPA apparently has no dis-
creticn in the implementing the kban cn the use of PC3s in the manufacture of
capaciters, the econcmic impact of the change to altsrnate rrate:;ial_s' ard
designs is urdoubtedly the result of the provisions of th..é Act a.s‘_imple-
mented by the proposed regulations. .

15.1 Requirements of the Prorosed Requlations

The proposed regulations would ban the manufacture of capacitors
centaining PC3s after December 31, 1978 as the EPA has detarmined that the
ban in Toxic Substances Control Act on the manufacture of FC3s applied also
to the fnanufac:"'.:z:a of items which are considered to be "PCB Articles” or
"PC3 Ecu:.pnent. "

15.2 Capaciteor Producticn and Sales

PCBs have been used as a dielectric licquid in mest of the altsrnating
current capacitars manufactured since 1930. PCBs provided the advantzge of
nen-flammapbility which is not available with electrically suitable altsrpative
liquids. The develogment and cammercial introducticn of non-PCR capacitors
started in 1975 in response to growing concern over the environmental effects
of PC3s. The time reguired to develop various types of non~2C3 capacitors

(1) EPA, "Final Decision," Federal Registsr, February 2, 1977, pp. 6531-6555.




has been a function of the fire hazard which would result from the failurs of
ich type of capacitor. Segmentaticn of this industry by type of capacitor is
uired to calculate the impacts of the draft rsgulations.

BCB capacitors have been made in many different sizas and in designs
suitable for many different voltages and applicaticns. For the purpese of thise
analysis, all of the various types of PCB capacitors will be classified as
either power factor capacitors or industrial capacitors. Power factor capacitors
are those large high voltage units used by utilities to correct for lagging
;_':cwer factor in electric transmission and distribution systams. Industrial
caracitors include all other types of PCB units which are used in asscciaticn
with specific tyves of equipment such as electric motors, fluoresscent light
ballasts, and electronic circuitry.

Census figures for capacitors are collected by the U.S. Departrent
of Camerce cn the basis of seven digit SIC ccdes. ‘The most recent data at this
level of disaggrsgation was cbtained in 1972 and is summarized in Tahle 13.2-1.
belcw. More informaticn at this level will be cbtained in 1378, but will nct ce
availzble for several years.

' Table 15.2-1
PCB Capacitor Production ard Sales: 1972

Type Production-Units Sales-Million $
shunt and Series Power Factor Correction 192,700 41.1
General Purpose Motor Control ' 22,100,00¢C 39
Fluorescent Licht Ballast Capacitors ~ mot available 32.3

and other capacitors except electronic

(1) Scurce: U.S. Department of Cammerce, Electrical Measurement ard Dis+riku-
tion Ecuipment, Publication MC(2-363).




Annual estimates of capacitor sales volume ars available on an -
aggregate basis fram a 20% survey of manufacturers at the five digit SIC ccde
level. The racent J'.nfcmt'ion' available from this scurce is summarized.in .
Table 15.2-2. |

Table 15,22

PC3 Capacitor Sales - by Year

Year Sales - Million Dollars
1972 o 112.4
1973 143.1
1974 157.3
1975 ' 119.3

1976 | 149.0

(1) Source: U.S. Department of Ccrmerce

15.3 Camliance Costs

There are two basic technological alternatives available to czgac-
itor manufacturers who must develop non—-PCB capacitor product lires. The
direct, and probably short term, soluticn to the problem is to develcp a di-
electric liquid which can be used as.a direct replacement for BC3s within the
oresently used techrology of capacitor production invelving aluminum f£oil and
paper as a solid dielectric. This type of constxruction has been develcped to
maximize the advantages achievable using PCBs as a liquid dielectric. Aan
alternative approach would be to develop a new technology which makes optimum
use of the materials ranai.:ﬁ.ng available to product designers.

Much effort has been spent in evaluating materizls fcr use as
PCB substitutes in both the U.S. and in foreign countries. No substitute
liquid has been developed which equals PCB in dielectric properties, fire
resistance, ard stability. Any trade~off entails enhancing electrical per-
formance at the expense of envirommental or safety consicderations. Impregnating
capacitors with alternative dielectric fluids and/or redesigning them may
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result in substantial retcoling, research and development, and other production—
!.lated costs. Such costs are nommally high at first, since the industry is

ssentially characterized as infant; i.e., it is facing a new learning ;:ur*}e
due to the production of tachnologically new capacitors. EHowever, since all
manufacturers are developing non-PCB capacitors, ard since these new products
will be introduced essentially simltaneously, there will be substantial com~
petition which will prevent the rapid recovery of develogpment and tecling costs
through market skirmming. Therefore, it is expected that the initial product
prices will closely approximate the long term campetitive price structure of
the capacitor industry. A review of the present status of each of the major
segments of the capacitor industry should crovide an accurate picturs of the
response of this industry to the BCB ban regulations.

Power Factor Covaeitors

large power factor correction capacitors which operate at voltages
above 2000 volts ars used by electric utilities to compensate Zor irductive -
current lags caused by inductive motors and other similar machinery. These
capacitors are usually mounted out of doors in substaticns or on power poles,

little risk of significant fire losses is incurred by the use of 2
flarmable dielectric licuid in these units.

Prior to 1977, there were four manufacturers of PCB power fachor .
capacitors. All four of these manufacturers discontinued the use of BCBs during
1977 ard introduced non~PFCB capacitors having the same functional specifica-
tions as replacement preducts. Table 15.3~1 lists the manufactursrs of
these large capacitors and summarizes the technology used in the new products
introduced by each marufacturer. The selling prices of these large capac— '
itors are negotiated on the basis of large orders, ard rno published price
lists ares available. FHowever, Versar estimates that the prices cf the capac-
itors manufactursd by Westinghouse, General Electric, and Sangamo increased
10% to 153 following the introducticn of nom-PCB units, ard the price of the
McGraw Edison capacitors increased 15% to 20%. McGraw Edison claims exceptional
oroduct life and efficiency for their product, and the higher price has
apparently not had a significant impact on their share of the market.
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Sales cf PC3 power factor correcticn capacitors in 1976 are estl-
mated to have been approximately $54.5 million. Assuming relatively- '
constant outzut and demand, a ten to twenty percent price incrsase of cam-
garable non—PC3 sower factor correction capacitors will result in sales of
approximately $60.0 to $65.4 million (using constant dellars). Hence,
utilities and other users of power factor caracitors are expectad to gpay
approximately $5.5 o $10.9 million mors.

Utilities employ approximately ninety-five percent of all pcwer'
factor correctiocn capacitors. The ability of utilities to pass all of the
additional cests asscciated with non-PC3 capacitors on to rssidential and
camercial users in terms of higher prices will depend tpon stats regulatory
cammissions' attitodes toward rate structures. Tbtal revenue ‘or all
electric utilities was $46.2 billicn in 1975. It is estlmated that total
revenue for all utilities in 1976 will have been aporoxirately $50.0-billicn.
If all the utilities additional costs asscciatad with using nen-PC3 capacitors
is passed on to resicdential consumers, and that their average monthly electri
pill is fifty dollars, it is estimated that residential consumers will incur
an increase in their electric bills of aporoximatsly .02 percent, or one cent
rer month. [Note that this is the long rmm effect; in the short run to ‘
extra costs of non-PC3 capacitcrs will appear as a capital item in the rate
base. If cdepreciaticn and replacement ars both straight—lineAfunctions, over
a ten year periocd, the rate hase and the return on it will rise until the
tenth vear at which point a small return on capital will be cbtained as well
as capital replacement costs.] Since part of the costs will be passed on to
industrial users, the relative price impacts will be even less, and ars not
expected to significantly impact either the price or demand for electricity.

~
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Table 15.3-1
Currently Available Non-PCB Power Factor
Correction Capacitors

Manufactursyr Solid Dielectric Liguid Dielectric*

westinghouse Paper and plastic film Isoprogﬁyl birhenvl
cambination ‘

CGeneral Electric Paper | Phthalate estar**

Sangamo Electric Co. Paper = Phthalate ester**

McGraw Edisen Plastic film . Butylated monochloro-

diphenyl ether

* All of the liquid dielectric materials contain small amcunts of additives
as free radical scavengers, etc. The identity of these minor constituents
is proprietary information. )

** The phthalate ester based liquids reportedly centain a s:.gma.z.cant amount
of trichlorcbenzene as an additive to raise the.corona extinction .voltage.

Incdusirial Cevacttors

PC3 capacitors have been used in a number of diverse industrial,
apoliance, and lighting applications including arc welders, induction heating
furnaces, fluorescent light ballasts, ard television sets. Table 15.3-2 .
lists the manufacturing plants kncwn to have used PC3Bs in the manufacture of
this type of capacitor in the early 1970s. Versar contacted these manu-
facturers in September, 1977 to determine whether they were still using FCBs,
and if so, when they anticipated erding their use of XBs. The results of
these contacts are sumarized in Table 15.3-3.

All of these manufacturers plan to introduce ron-PC3 capacitors
to replace the discontinued PCB products. In all cases, the new capacitors
will use liquid ophthalic acid esters (phthalates) as a direct substitute for
PCBs. As a result of this material change, an increase of 6% in the size of the
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- TRBLE 15.3-2
Manufacturers .of PCB Industrial Caracitors in 1976

Company Name Iocation of the Plant |

General Electivic Comeany ~ Hudson Falls, N.Y.

: Ft. Ecward, N.Y,
Aercvox : New Bedfcrd, Mass.
Universal Manufacturing Corp. Bridcerort, Conn.

‘ Totowa, N.J.
Comell Cubilier New Bedford, Mass.
P. R. Mallory & Co., Inc. Waynesboro, Tenn.
Sprague Electric Co. ' North Adams, Mass.
Electric Utility Co. LaSalle, I1l.
Capacitor Specialists Inc. Escondido, Calif.
Jard Corp. | " Bemningtom, Ve. |
York Electronics .. Brocklyn, N.Y. L
RF Intercnics Bayshore, L.I., N.Y.
Axel Electronic, Inc. Jamaica, N.Y.
Toke Deutschmann Labs. Canten, Mass.
Electro Maqretic Filter Co. . Sumyvale, Calif.

Sourca: Versar Inc., PCBs in the United Statss: Industrial
Use and Envircnmental Distributicn, Springfield, Va.:
National Technical Information Service, (NTIS PB 251 402/3wWP),
February 25, 1976, p. 89. Updated by Versar in later
s_’_c*;dles, “Contract 68-01-3259.
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Teble 15,33

Manufacturers of Small Liquid Dielectric AC Cacac:Ltors )

Company

Ganeral Electric
Asrovox

Universal Mfg.
P. R. Mallory

Cormell Cubilier
Jard Corporation

Electric Utility Co.

Cthers

Source:

Srall Capacitor
Sales (1975)*%
Million $/vear

30

24

13
10
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. Status of DCS Use as of Late 1977

No BEC3s used

PCBs inventory sufficient uwntil
June 1978

Will end PCB use by mid 1978

PCBs inventciy sufficient through
March 1978

" No information ava:.lab.Le

Will end use of PCBs durlnq ‘ust _
quarter, 13978

PC3s inventory sufflc.ent ;hrox.cn B

 mid 1978

No use of PC3s after 1977

Office of Environmental Affairs, U.S. Dept. of Camerce



capacitor is required to provide the same electvical function. Aas a result of
the size increase, scme manufacturers who use capacitors in their products will
have o redesign to allow roam for the larger capacitors. Capacitors using
metallized plastic film and phthalic acid ester liquid dielectrics are being
tested; if successful, such units would be the same size as equivalent XCB
capacitors.

The phthalates are more flammable than PC3s, and satisfactory

- fire safety can be achieved only by incorporation of adequate circuit breakers
(pressure or thermal types) which will prevent rupture cf the capacitor case
following electrical failure of the capacitor. Substantial testing has been
required to prove the adequacy of these circuit breaker devices to the satis-
faction of the users of the capacitors because of the possibility of sub-
stantial product liability claims should a fire problem develop with the ron- .
PCB units. The development and testing requirements have delayed the intxo-
duction of the non-PCB capacitors. However, rone of the Tanufaciturers Of

- small capacitors contacted anticipate using PCBs after mid 1978. Use of RBs
until then will be based on existing inventories, as Monsanto stopped shizping
PC3s in Cctober, 1977, and no importation of BCBs is planned by any capacitor
manufacturer, .

The switch to phthalic acid esters will increase the demard for
this class of chemical by approximately twenty million lb/year, compared to
a total preduction of about cne billion lb/year. This two percent increase in
demand will not significantly affect eJ.tner the availability or price of this
material.

Estimation of the unit cost impacts of the PCB ban regulations on
the industrial capacitor seament of the market is difficult for several reasons.
First, Monsanto significantly increased the price of PCBs during 1976 and 1977.
These price increases reflected greater production costs due to environmental
percautions in handling and shipping the matarial, plus costs incurred throuch
Monsanto participation in the requlatory process. Monsanto was alsc in the



sition of supplying a un;cue preduct hav1ng a low price elasticity of
E:mand. The anticipated r°culatlons oresentad a high barrier to entry into
this market for other possible manufacturers of PCBs, so Monsanto was in a
monopoly position, and their pricing may have raflected this market conditicn
in addition to general inflaticnary pressure on all commodity grices during
this period. The net effect was to increase the price of BC3 caracitors
above what would have been expectad under long term coampetitive conditicns
had there not been the threat of requlatory action on the manufacture and
use of PC3s.

At present, both PCB capacitors and non-PCB capacitors are
available, although frcm different manufactﬁrers. The non=PCB industrial
capacitors are selling for about ten percent more than the PC3 units having
the same functicnal characteristics. Since the manufacturers of non-2C3
capacitors do not have the option of orocucznq PCB unlts, this price Lnr
crease may reflect the premium which users are willing to zay for avozd;rg B
any possible impacts of the ban requlaticns on their operaticns and inven—
tory rather than reflecting increases in manufacturing costs. Eéuilibrium
oricing would not te expectsd to resuit until PC3 capacitors were no longer
available.

The demand for capacitors is highly inelastic, because clcse éub—.
stitutes are not available and the number of uses to which capacitors may
te put are limited. Consequently, capacitcr users will be confronted with
prices for non=-PCB units which reflect the additicnal costs of production
of such units due to the proposed regulaticn. The increased orice of PC3
capacitors and the present campetitive pressurs cn the price of nen=-2C3
capacitors suggests that the long term price increase due to the kanning of
PC3s will be mcra than the present differential of 10 percent. A total
price increase of 50 to 20 percent is perhaps a mors reasonable estimats of
the price increase for nom—?CB capacitors.
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Sa.Les of BC3 industrial capaéi*;ofs in 1875 ers estimatad to have
been approximately $51.7 million. Assuming rei.atively' constant cutput and.
demand, a fifteen to twenty percent 'price increase for camparable non~=CB
industrial capacitors will result in sales of from $59.5 to $62.0 millicn
(using constant cdollars). This suggests that users of industrial c:apaé:'.t‘ors,
will pay approximately $7.8 to $10.3 millicn more for non-PC3 units.

Manufacturers of electrical ecuipment whnich will use nen-2C3
industrial capacitors may face various redesicn procblems. For exé:uple, manu-
facturers of miniature electrical equimment, who specialize in cptimizing
space in the construction of their products, may find thét the procduction of
a new, larger caracitor makes the continuation of their miniaturized orecduct
line uncertain. Apart from the market for miniature equizment,. most
electrical equipment can be radesigned to.accamdate the scmewhat larger
ron—-PC3 capacitors at ralatively little cost.

Capacitors represent a very snail éraction of thé total procduction
(i.e., input) ccst of a given appliance. Any price increases in final prod-
ucts due to amploying nen-#C3 capacitors will be imperceptable to ccnsumers -
i.e., the increase in price per unit will be so small that the percsntace
change .in quantity demanded will be very close to zero. It is expectsd that
sales of electrical apoliances will not be affected apprecizbly ncr will '
there be any dramatic effects on emplcyment in the capacitor production in-
dustxyv nor in the electrical appliance manufacturing industry.

Users of non-PC3 industrial capacitors may face greaater risks of
fire as thev switch to such units. Insurance rates will incresase to reflect
any increased fire losses, but only after a tirme lag sutficient for new
risks to be incorporated into the experience record.

Any decresase in the expected service life of industrial capacitors
will have a disproporticnate sffect on econcmic impacts due o the proposed
regulations. It is estimated that fewer than two percent of all small
capacitors fail before the equipment is scrapped due to cbsolescence. The
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st of replacing these 'capacitors includes cut of service time and high
‘bor‘ costs, and may total ten times the retail price of the replacsment
capacitor. The cost of rsplacing failed capacitors may therefore be
equal to 20 percent of annual industrial capacitor sales. If shortened
service lifs results in an increase of the rate of failurs to 5 éercent of
the non—-TCB units prior to cbsolescence, the increased raplacament costs
could be 50 percent of the value of the total small capacitor market.
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15.4 Sumarv

Trensttional Costs:

Redesign of equipment to accamcdate
larger capacitcrs

Long Term (08%3:

Pcwer factor capacitors

Price increase for nen-PC3 capacitors $5.5 to 10.9 millicn
per vear

Industrial capacitors:
'Price increase for nen-£C3 capacitors . $7.8 £0-10.3 millicon

per vear
Increased fire risk : *
Cecreased service life *
Emplovment Fifects: Mot expected to be significant

*Insufficient data available to suprort estimats of impact.
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16.0 TRANSFORMER MANUFACTURING

-Liquid filled transformers ccntaining a PC3 based l.x.cu:.d known ge.ne.r.;.cally
as 'askarel' have been used for many years in those mstallatlons where the
risk of fire justified the use of a fire resistant fluid. Askarel transformers
have been allowed to be installed in hazardous locations such as in buildings
without the requirement for a fire proof vault or fire sprinklers. No sub-
stitute transformer licuids have vet besn develcped which have fire resistant
properties equal to the PC3 based askarel.

16.1 Recuirements of the Prorosed Regulations

The proposed regulaticns would prohibit the manufacture of new
P2 tranfomers after Decamber 31, 1978, but classz_.v continued use of existing
B3 transformers except those used in railrcad locccmotives as use in a totally
enclosed manner. The regulations would authorize certain minor rraintenar\co of.
existing transformers for Iive years after the efiective date of the regulat_on
but would prohibit major rebuilding of failed ‘units. It is assumed that N
authorization for minor maintenance would be granted on request after the five
year servicing authorization has expired as such meintenance decreases the
risk of catastrophic failure of transformers ard minimizes the risk of loss of
PGs to the environment. Disposal requirements for failed askarel transformers
are specified by the PC3 Marking and Disposal Regqulaticns, and these require—
ments weuld not be changed by the proposed PCB Ban Regulaticns.

16.2 Industry Structure, Production;' ard Sales

A review of Monsanto's custamer list for PCBs in the early 1970s
irdicated thirteen companies which used PCBs to manufacture askarel .tra.r_s-
formers. These campanies and the location of their transformer manufacturing
plants are listed in Table 16.2-1. Production of askarel transformers averaged
5000 units pe.r year in the early 1970s. When these companies were contacted
by Versar in September, 1977, only.one manufacturer was still producing askarel
transformers, and it anticipated ceasing production of this type of unit prior
to the end of 1977. All of these manufacturers produced both oil filled ard
askarel transformers in the same plants. O0il filled transformers are inter-
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Table 16.2-1
U.S. Transformer Manufacturers Which Used PCRs After 1970

Camany Name Plant Location
Westinghouse Electric Corp. South Boston, Va.
Sharon, Pa. '
General Electric Company Rame, G
. Pittsfield, Mass.
Research—Cottrell Finderne, N.J.
Niagara Transformer Co. - Buffalo, N.Y.
Standard Transformer Co. ‘ Warren, Chio
Medford, Cragon
Helena Corp. Helena, -Alabama
Hevi-Duty Electric ~ GoldskEér», N.C. _
Kuhlman Electric Co. Crystal. Spr_ngs, Miss.
Zlectro Engineering Works . San Leandro, Calif. -
Envirotech Buell Lebanon, Pa.
R.E. Uptegraff Mfg. Co. Scottsdale, Pa.
H.K. Porter ‘Belmont, Calif.
Lynchburg, Va.
. Van Tran Zlectric Co. Vandalia, I1l. .
‘ Waco, Texas -

Source: Versar Inc., PCBs in the United States: Industrial Use
and Environmental Distribution, Springrield, va.: Natioral
Technical Inrformaticn Service (NTIS PB 251 402/2WP),
February 25, 1976, p. 89.

-110-



changable with askarel transformers in new apol:.catlons provided that the
installation is properly engineered. Other substitutes for askarel transformers
are also available. The 140,000 askare.l transiormers presently in service.total
only two percent of the total number of power ard distribution transzor:"ers in use.

16.3. Substitutes for PCB Transformers

The askarel transformers presently in service were specified
because this type of liquid filled transformer offered advantages in size,
reliability, and fire safety that were not available with other types of trans-~
formers. Alternatives to PCB transformers have always.been available, althéugh
all of the other types of transformers have different design characteristics
ard none are direct substitutes for the PCB units. Therefcre, eventual re-
placement of the existing PCB transformers will raquz.rﬂ that each of tbe _pre-
sent installations be re-evaluatsd and that the necesaa:y eng:.neenrg changes
‘be made to allow use of the best available replacement Lm_...,"' Slew transformer
installaticns will be des:.gned to make optimumm use of tné amlable ren=-8C3s~ -
transformers. The choice amcng the available alternate transformer types and
materials depends on the requirements of each specific applj.cation and . the
characteristics of the available norl;-PCB units.

A nurber of alternatives to the use of PCBs in firs resistant
liquid filled transformers and to the use of transformers which contain any
dielectric liquid have been developed and are cammercially available. These
substitutes for PCB transformers differ in. their performance characteristics,
arplicable fire code installation requirements, ard cost. The following sections
discuss the major types of substitute units which are available.

Bigh Fire Point Licuid Insulated Transformers

The 1975 National Electrical Code and previous issues allcwed
only the use of askarel ard dry type transformers in hazardous locations with-
out vault protection. Askarel was essentially defined as PCB based liguid.

The 1978 NEC has added a specification (Article 450-23) for 'Hich Fire Point
Liquid Insulated Transformers' which can be used under these same conditicns.
The 'High Fire Point Liquid' must have a fire point of at least 300°C, and
mist not propogate flames.



Underwritars Laboratory presently lists three liquids as
meeting the 'High Fire Point' property requirsments Ior transfomrers operating
at voltages below 600V: ' | I

Dow Cormning 361
General Electric SF-97 (50)
SWS Silicones Corp. F-190

Factory Matual Research has not yet campleted develcping
formal approval requirements and proc&dures for 'Hich Fire Point Tiransformer
Licuids'. However, based on preliminary tests, Factory Mutual has issued -
interim quidelines to its field cffices that six silicone licuids and three
hydrocarbon licquids could be accepted at Factory Mutual insured lccations
without special fire protection. The list of Factory Mutual accepted liquid
includes: ‘ | o .

Supplier - Designation ' Tyce of Fluid
Dow Corming OC S6l Silicone
Dow Corming DC 200 Silicone
General Electric SF-97 Silicone
Union Carbicde L-305 o Silicone
SWS Silicones . F-101 ' Silicone
SWS Silicones F-190 Silicone
RIE Corporation RIEm- . Bydrocarbon
Gulf Oil Chemicals Co. RF Dielectric Hvdrocarbon
Fluid
Unizoyal o - PAO-20E Bydrocarton

Mineral Oil-Filled Transtormers

If fire safety were not a consideration, there wuld be no rsa-
son why oil-filled transformers could not ke used in all applications. In the past,
PC3-filled transformers have cost about 1.3 times as much as oil-filled units
of the same capacity, and thus most users preferred the oil-type where possible.
The ocil-filled transformers ars the same size as the askarel units, and are
considerably lichter in weight. Also, mineral oil has scmewhat better heat
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- transfer characteristics .than askarel, and an electrical arc in mineral oil’
results in breakdown products that are non-corrosive.

-

The major disadvantage to mineral o:.l is Flarmbbl_.:.*-y, *ans-
former mineral oil has a flash point of 145°C. If an arc occurs with the
transformer, the breakdown products will be hydrogen and methane, both of which
are flammable. Detailed records of such failures are maintained by the
electrical industry. Fire Underwritars dees not approve of the use of oils and
other flammable liquids for indocor applications. Where oil-filled transformers
are not specifically prohibited as on-site replacements for PCB-filled units,
the National Electrical Code imposes certain restrictions. upon their mede of !
installation.

Oil-filled transfommers are used in almest all power transs
former appl:.cat:.ons ard for most substation d.lst...l:ut:.on appl_.cat:.ons where
the transmissicn line high voltage is reduced to 12.8 kv for lccal distribution.
Most rural pole-mounted transfdnners which reduce the wvoltage to 220 wolts a2 - — "
also oil-filled. The issue of flammability only beccmes imrcrtant where the
distribution transformer must be buried, as in many urban applications, cr
located close to, within, or on the rcof of the building it serves. PCB-filled
transformers have, in the past, been used in most such a#plicaticns. Cil-filled
transformers can e used in these applications only if they ars suitably isc=
lated £rom flanmable structures or if these structures are suitably safecuarcded
against fires. When transformers are lcocated outside the building they service, -
the low-voltage power must be brought into the building via cables or insulated
buses. This causes acdditional energy losses due to heating in the low-voltage
transmission lines from the transformer to the point of use.

Oven 4ir-Cooled Transtormers

Transformers can be built without the use of a liguid cooling
medium. One type of dry transfommer that is quite successful, under limited
corditions, is the cpen air-cooled transformer. In this design, cooling air
is driven through the transformer by either natural convection or forced circu-
lation. In those sizes where air-cooled transformers ars available, they are
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about ecual in price to askarel-filled transformers of the same kva rating.
However, the following limitations prevent open-air-cooled transfommers from
being considered for many applications using askarel-filled transiormers: -

Heat capacity: The power drawn frem a transformer usually

varies over a wide range. The rating of a transformer is established by th
power it can handle continucusly without over-aeating. If a licuid-filled
transformer is cperatad at overlcad conditions for a short pericd of time, the
licuid will act as a heat sink, absorbing the excess heat produced in the trans-
former without a rapid increase in temperature. The result of this thermal
irertia is that liquid-filled transformers can cperate at outputs of up to 200 !
percent of rated capacity for a pericd of one to two hours without damage.
Air-ccoled txransicmmers do not have this heat sink effect and are limited to
operating at a maximm service rating not much higher than the continuous
rating. Where the current draw on the transformer does not vary greatly during
the day, this limitation is nct a problem. However, in most cases tbg‘_v?.ria:
tion in load requiress dry transfermer to have a 20 © 30 peréent greater capac-
ity than liquid-filled transformers in the same applicatiocn.

Dielectric strangth: The licuid coolant in a liquid-f£ill

transformer also provides a significant level of electrical insulation between
the various current carrying camponents within the transformer. Air has a much
lower dielectric strength, and open—-air-cocled transformers are limited to 2
maximum voltage of 25 to 40 kv. ‘

The problem of electrical insulation is seven more severe
if the oren-air-cooled transfocrmer only oi_::erates intermittently. When the
transformer is operating, the heat generated within the windings keeps the
insulation dry, and maintains a high dielectric strength of this solid insula-
ting material. However, when the transformer is nct operating, the coils cool
" to ambient temperatures and the insulation can abscrb moisture from the air
which reduces its dielectric strength. Open air-cooled transformers must be
thoroughly. dried before being put into service after each cool pericd.
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Cne other problem with air—cooled transformers is the tendency ~
of dust to be attxacted from the a:: to the coils by electrostatic forces. Dust == ¥

-
R

canbu:.ldupmtheco:.lsandblocktheﬂmorau,orltcan‘onnconduct.ve i
paths and cause short circuits.

Open-air-ccoled transfommers are generally limited to dry,
clean locations where the load requirements are fairly even and constant, and
where the maximum voltage dees not exceed 30 kv. - Such transformers are being
successfully used in large office buildings, particularly tall buildings where
the transfcrmers are located every few floors. Even in this application, though '
conditions arise that exceed the capabilities of the transformer; for instance,
in the Sears Tocwer in Chicago, which is over 1400 feet tall, the electric power
is brought into the building and wp to the distribution transfommers at.128 kv,
which is beyond the voltage limitations of cpen-air-cooled transformers.

Closed Gas-iillaed Transformers

Transformers can be built with dry inert gas (usually at an
elevated pressure) as a heat transfer medium., These transformers avoid the
maintsnance problems caused by moisture and dust in cpen air-cooled transfcorrers,
but they are similarly limited in overlecad capacity because of reduced thermal
inertia compared to liquid-filled transformers.

Closed gas-filled transformers must be installed in pressure~
tight containers due to the changes in gas pressure caused by changes in temper-
ature. However, the maximum voltage ratings of gas-filled transformers can
be equal to that of liquid-filled units.

A mumber of different gases have been used as heat transfer
media in closed gas-filled transformers. The most coamen gas used in the U.S.
is the fluorocarbon hexafluorcethane (C,Fg). Nitrogen and sulfur hexafluoride
have also been used successfully in certain applications. Helium has not been
found to ke a satisfactory gas for this application because its low dielectric
strength results in corona discharges within the transformer. Hydrogen is un-
satisfactory as any leak in the transformer would result in a severe fire
hazard.



Because of the necessify for a pressure vessel container, -
gas-cooled transformers are 30 o 40 percent heavier than PCB-filled transformers,
and cost two-thirds more (and twice as much as oil-filled transformers): In ad-
dition, the gas-filled transformers must be sized larger than oil-filled wnits
to allow for the expected heavy load peaks of power consumption. ‘

16.4 Relative Prices of Non—-PCB. Transformers

The relative prices of distribution transformers of the size
. and type cammenly installed in office buildings are summarized in Table 16.4-1.
If the RIEwp hich fire point licuid filled transfcrmer proves to be acceptable
for installation without auxiliary fire protection, thers should be no cost
increases for new transformer installations resulting from the ban on the
manufacture of PCB transformers. The cpen dry type transformers are also quite
cost competitive with the PC3 units for most applications,

|

. mable 16.4-1(1). o S
Pelative Transformer Prices

Type of thit | Price: 1000 KVA Unit Price: 2000 KVA Unit
0il filled $ 15,300 | $ 23,300
oS o 19,900 - 30,300

ST 18,400 28,000
Siliccne 22,300 - 34,500

Cpen air cooled 20,700 35,000

Sealed gas cooled 30,600 46,600

Souxce: MCC Engineers, "Distribution Transformer Status - WIT Project”,
Memorardum to U.S. General Services Administraticn, June 1, 1977.
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16.5 Coampliance Costs

Clean-up (osts.

The only costs mcurred by transformer manufacturers ue ‘o the
banontheuseofPCBsnllbecleaanandd.sposalcostsmcur-eda.nilusm.ng
PCBs from storace ard materizl handling equimment pricr to using this equip-
ment to store high fire point licuids. This equipment consists primerily of
- storage tanks, filters, pums, ard piping. Clean up costs, including disposal
of contaminated solvents, sheuld not exceed $10,000 per plant, or a total cne
time cost impact of perhaps $100,000 in 1977 and 1978. -

Cost of Subgtitutes

The 'high fire point liquid ccoled transformers' ard air cooled
transformers will cost about the same to 10% more than askarel units depending
on the acceptability of hydrocarbon base high fire point transformer liquids.
Based on past sales of 5000 askarel units per year at an average pr:.ce of B
- $20,000, a 10% cost increase would increase to sales and costs to the users by
(5000 x $20,000 x 10% = $10,000,00Q0 per year). There should be no effect on
total demard for transformers for new applications. The ban on re.buJ.ldJ.rg askarel
transformers may increase the demand for new transformers by 1000 to 2000 units
per year. This additional demard should be easily supplied as the transformer
marmfacturing uﬂustry as it has recently been cperating at only about 60% of"
capacity.

Market structure should not be significantly affected as all of
the former manufacturers of askarel transformers will have equal access o
the ‘'high fire point tzansformer liquid' materials and techmology. Accgss ©
this market segment will open to those transformer manufacturers who did mot
offer askarel as an alterpative to oil. This will primarily afford a marketing
opportunity to RTE Corporation which has never supplied askarel units but which
has a strong market position in the high fire point ligquid transformer market .
segment. The increased sales by RTE will probably be less than the total
increase in transformer sales, so this small shift in market structure should
not result in a net decresase in the sales by any of the cther manufacturars.
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Increased 7ire Losses

It was implicitly assumed above that the high *':.re roint l:.qu:.ds
are satisfactory replacements for BCBs in terms of performance ‘and fire sa.z:tey
In fact, the high fire point licquids can burn urder csrtain conditions including .
exposure to an external fire, ard can release flammable gases if an electrical
arc occurs within the transformer. It will be several vears until a complete
evaluation of the relative transformer fire risks is campleted by the Fire
Safety Division of the Mational Bureau of Stardards under a research nrcject
currently being funded by the U.S. Department of Energy.

It will mot be possible to accurately predict the increased fire
losses that may result from the use of substitutes for X3s transformers until
the work of the Bursau of Standards is camplete. Any estimates made at this
time must necessarily be based on rather crude assz.mpt:aons It cculd be assunei
for example, that the 20% price preruum for askarel transformers vs oil filled

" transformers was justified by a decrease in fire losses. The use of x high fire -
point transiormer liquid might achieve 95% of the additional firs safery that
would otherwise be achievable by using askarsl. The increased fire losses re-
sulting £raom the use of the high fire point liquid filled units would then be
cne percent of the cost of the units. Based on a production of 7000 new and
replacament units per year at an average price of $20,000 each, this loss
weuld be $1,400,000 per year.

16.6 Sumary

Transtéional Coste

Clean up costs for manufacturers. $100,000 1978 only

Long Term Costs

Increased cost of ron-PCB transformers $0 © $10 million
‘ per year

Additional fire losses frxom use of

PGB transformers $1,400,000 per year
(very rough estimate)
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Zmo loyment

Increased demand for replacement transformers should generate’ '

employment equal to that lost in the transformer rebuilding segment of the
- industry (see Chapter 5). An additional 78 jobs would be expected in 1979.
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17.0 TOTAL CCST AND ZCONCMIC IMPACTS

"The preceding chapters have discussed the verious costs which will -
result from compliance With the proposed regulaticns. Costs of decontaminating
Qr scrapring existing equipment, preparation of spill control plans, arnd the
costs asscciated with the ban on rebuilding askarel transformers are all
transitional costs — the anmual costs will eventually decrease to zero, though
this may require 20 years or more. Cost increases due t the increased prices
for ron-PC3 capacitcrs and transformers will be long term costs — they will be
expected to contimie indefinitely. ‘ .

Zcorcmic impacts, as distinct from cost impacts, irclude employment
effects, changes in market structurs, and impacts on energy demard ard the
international balance of trade. These impacts, too, can be both transitional
and long term. |

17.1 Transitional Cost Impacts

See Table 17.1-1l.
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Ttem wapter
FCB ‘Iransfornners:

Mapufacturer cléan up costs (16)

Ban on Rebuilding (4)
Foregone Savinga

Lost Service Thne

Transformer Service (5)
Lost Wages
Spill Prevention Plan
Locamative ‘fransformers (6)
Ratrofill Program
Processing Program
Final Analysis for PCBS
chon:lng.
6pill Prevention Plan
ca Capacltota' .
Equipnent Redesign (15)
Inventory (bsolescence (3)
ofl Fllled Transfonuwers (7)
ICU Analysais aid Disposal

Mining Machdnes (8)
Reiafld loaders
Scrap Qontinuous Miners
Reporting Costs
Spill Prevention Plans

Table 17.1-1

Transitional Cost Impacts

$ Mlllion Per Year

Succeeding
1979 _Years
I | 0
14.3 3.4% less
: per year
2.4 3.4% less
’ per yvar
0
1]
7 0
0 2,7 (2 yearxs)
0 ) -.1 (1983)
.00s 0
.02 e 0
L ]
1 0
24 © 73,40 less
per year

Gupleto Ly Doc. 31, 1981
Omplete by Dec. 31, 1961
.02 . 0

i
04 . 0

*pata not avatlable to support estimpte; probably small cost {upact. '

§ Million

‘1otal

.1

420

75

700

Estimated
Ieliability
of ‘lutal

~-50% +500%
150%

1508

1100%
£100%

1200
1208
120%
11008
1508

o
-

P
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‘table 17.1-1 (Con't)
Transitional Cost Inpacts

$ Million Per Year

Esthimated
. . Succeed ing $ Million Reliability
Itam (Chapter) ' 1979 Yearsg Total of otLal
El ectramagnets (9)
Replacement Cost $ 3.5 : 0 $§ 3.5 £20%
Increaged Labor Costs 5 0 .5 : ~1008 1900%
ipdraulic Systems (10)
Die Casting Machines
Analysis and Sanpling .8 : 0 .8 £50%
Reporting : .2 0 .2 1501
Spill prevention Plans . .5 0 - .5 . 1400 :
Dacontamination 7.3 7.3 (1980) 14.6 ~30v 1200%
Other itylraulic Systems
Decontamination .- S 36 0 3.6 © =308 +100%
Production Interruptions as o ° i ' ae
o
lleat ‘fransfer Systaws (11) L 0. LD < he
OQmpressors (12) .2 0 .2 -50% +100%
Reclaimad O (13)
Increased tost of Synthetic Road
Ol Material 100 100 {years 2-5)44*¢ 500 -80% 4104
Increased Cost of hoad Oil 6.4 (years 6-15) (L LLL ~ -B0Y 42003
lost Production of Reclabmed ) -4 .4 (1980) .8 120%
Itdraul ic Fluld : .
Phthalocyanine Plgnenta (14) ) .
Process Chargjes .5 , 0 . .5 ~50% +200%
§168.3 nd11idu oo $1,802 million ~608 4408

sapata not avallable to support estimate, potentially larye cost. impact.
s**Costs to contime {ndefinitely wntil waste industrial oil no lonyer contalng measurable amownts of PCha.
sraspper boand estimate.  Decreased dawand moy result in significantly raducad impacts,



17.2 long Termm Cost Impacts-
Transfommers: (Chapter 16)

Increased cost of non—-PCB transformers $0 o 10 million/vear
Increased fire losses Data not available

Capacitors: (Chapter 15)
Increased cost of non—-PCB ower factor

. capacitors ©$5.5 o 10.9 million/year
Increased cost of non-PCB czpac.mtors $7.8 t© 10.3 million/year
A (z 50%)
Increased fire losses Data not available
Decreased sexrvice life v Data not available
Diarylide Yellcw Pigment (Chapter 14) |
.
Ircreased cost of substitute pigments S10 to 25 million/vear

Total | ' . $23 to 56 m.l.on per year

Present value of long term cost impacts assuming
10% discount rate = $230 to 560 million

17.3 E!m&cvment Impacts -

Item (Chapter) =~~~ E © No. of Jobs - (1979) Total Man Years

PCB transformers : ' -
Rebuilding | | -50 -1470 .
Railrcad transformers (6) ' '
Retrofill  and decontamination

program _ : +53 + 1653
0il Filled Transformers (7) _ '
Analysis +42 to 106 +1235 to 3118
. Disposal services +6% o 110 - = +2029 to 3235
Mining Machines (8)
Spill Prevention Plans : -+ 2 ' + 2
Electramagnets (9)
Increased demand +50 +25 to 32
Additional labor for Cperations
without Magnets - : +350 + 17
Hydraulic Systems (10)
Decrontamination Program +12 + 24

-123-



Itan_ (Chaptear)

Lost Production from
closing of facilities during
decontamination

No. of Jobs (1979)

Total Man Years

Spill prevention plans

Reporting requirsments
Heat Transfer Systems (11)

Decontamination program

Campressors (12)
Decontamination program
Reclaimed 0il (13)

Ban on reclamaticn of contaminated
hydraulic £fluid

Diarylide Yellow Pigments (14)
Loss of jobs in manufacture of picments

Capacitor Manufacturing (1S)

totential for thou- ' =300? -
sards of layoffs early
in 1979 in the steel
irdustry for several
months
+5 S
+7 7
? ?
|
+1 + 1
-12 &' 15 -24 to 30
=200 Jcb losses offset
by increased amplcy-
ment in manufacture
of substitute
materials.
0 ' 0 -
+15 +1470

Transformer Mamifacturing (16)

17.4 Other Ecorcmic Inmracts

No sigrﬁficantmarket shifts are anticipatad to result £rom the ban
on the use of PCBs in the manufacture of capacitors or transformers.

The only significant impact on energy demard will be for the oil
requirad to replace the contaminated transformer oil, hydraulic f£luid, heat
transfer fluid, amd campressor fluid which must be drained ard incinerated as
part of the decontamination program. This requirement will be insignificant
when campared with total oil consumpticn, particularly since the increased
demand for transformer oil will be spread cover 20 years or more.
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A mumber of minor effects an the balance of trade may be
anticipated. The ban on the importation of PCB capacitors in foreign made -
electrical equipment micht decrease the availahility or slightly incresse
the price of imported appliances. The restriction ocn the PCB contaminaticn
of diarylide yellow pigments might end the importation of this material.
However, the ban on recycling contaminated transfocmmer oil would be expected
to result in an increased demand for new oil, arxd the ban cn the rebuilding -
of transformers will increase the mumber of new transformers being manufactured
resulting in an increased demand for bauxite o mzke the alumimm wire used -
in their constmctmn Sufficient data is not available to support a quantita-
tive analysis of these effects, and the total impact cn the balance of trade
is not expect=ad to be significant.

No significant impacts c¢n supplies of strategic mater:.als were
identified in the course of this study. ST o
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APPENDIX A

TOXIC. SUBSTANCES CONTRCL 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



PUBLIC LAW 94—469—0CT. 11, 1976

(e) Pourcurorwvarzo BreueNyrs.—(1) Wichin six months after
the edective date of this Act the Administrator shall promulgate
rules to— - ' ’
(A) prescribe methods for the disposal of polychlorinated
biphenyls, and )

&B) require polychlorinated biphenyls to be murked with clear
and adequate warnings, and instructions with respect to their

90 STAT. 2025

Rules.

processing, distribution in commerce, use, or disposal or with

respect to any combination of such uctivities.
Requirements prescricel by rules under this puragraph shail be con-
sistent with the requirements of paragraphs (2) and (3).

(2)(A) Except as provided under subparagraph (B), etfective one
vear after the edective date of this Act no person may manufacture,
process, or distribute in commerce oc use any polychlorinated biphenyl
i any manner other than in a totally enclosed manner.

(B) The Administmutor muy by rule auchorize che manufacture,
processing, distribution in commerce or usa (or any combinution of
such activities) of any polychlorinated biphenyl in a manner ocher than
in a totally enclosed munner if the Admiuistrutor inds that such manu-
facture, processing, distribution in commerce, or use (or combination
of such activities) will noc present an unreasonuble risk of injury to
heulth or the environment. '

(C) For the purposes of this puragraph, the term “totally enclosed
manner”™ means any manner which will ensure thac any exposure of
human beings oc the environment to a polychlorinated bipheayl will
be insigniticant as determined by the Administrator by rule.

(3)(A) Except as provided in subparagraphs (B) and (C)—

(i) no person may manufacture any polychlorinated biphenyl

- after two years after the effective date of this Act,and

(ii) no person may- brocess or distribute in commecce any poly-
chlorinated bipnenyl atter two und one-half venrs after such date.

(B) Any person may petition the Administrator for an exemption

-from the requirements of subpuragraph (A), and the Administrator
muay grant .by rule such an exemption if the Administrator finds
that— '

(i) an unreasounable risk of injury to health ocr eavironment
would not result.and :

(i1) good faith etforts have been made to develop a chemical
substance which does not present an unreasonable risk of injury
to health or the environment and which may be substituted for
such polychlorinated biphenyl. .

An exemption granted under this subpuragraph shail be subject to
such terms and conditions as the Administrator may -prescribe and

“Toally eaclosed -
maager.” T

Pedrioa for
esemption.

Terms and
conditions.

shall be in edect for such period (but not more than one year from

the date it is granted) as the Administrator may prescribe.

(C) Subparagraph (A) shall not apply to the distribution in com-
merce of any polychlorinated biphenyl if such polychlorinated
biphenyl was sold for purposes other than resale before two and one
half years after the date of enuctment of this Act. T

(4) Any rule under paragraph (1), (2)(B), or (3)(B) shall be
promulgated in accordance with paragraphs (2), (3), and (4) of sub-
section (c). ] ) o

(5) This subsaction does not limit the authority of the Adminis-
trator. under any other provision of this Act or any other Federal law,

-

to take action respecting any pelychlorinated biphenyl.
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15 USC 2608.

SEC. & REGULATION OF HAZARDOUS CAEMICAL SUBSTANCES.AND
MIXTURES. - o
(a) Score op Recrration.—If the Administrator fnds that there is
a reasonable basis to cnnclude that the mmanufacture, processing, dis-
tribution in' commerce. use, or disposal of a chemical substance or
mixture, or that any combination of such activities, presents. or -wiil

" present an unreasonable risk of injury to health or the environment,

the Administrator shall by rule apply one or more of the following
requirements to such substance or mixture to the extent necessary to
protect adequately agninst such risk using the least burdensome
requirements: ~ ' )

(1) A requirement (A) prohibiting the manufacturing, process-
ing, or distribution in commerce of such substance or mixture, or
(B) limiting the amount of such substance or mixture which may
be manufactured. processed, or distributed in commerce.

(2) A requirement—

(A) prohibiting the manufacture. processing, or distribn-
tion in commerce of such substance or mixture for (i) 3
particular use or (ii) a-particular use in a concentration in
excess of a level specified by the Administrator in the rule
imposing the requirement, or

(pgs) limiting the amount of such substance or mixture
which may be manufactured. processed. or distributed in
commerce for (i) a particular use or (ii) a particular use

“in.a concentration in excess of a level specified by: tie
Administrator in the rule imposing the requirement.

(3) A requirement that such substance or mixture or ‘any
article containing such substance or mixture be marked with or
accompanied by clear and 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 of such warnings and instructions shail be prescribed by
the Administrator. _

(4) A requirement that manufacturers and processors of such
substance or mixture make and retain records of the processes
used. to manufacture or process such substance or mixture and
monitor or conduct tests which are reasonable and necessary to
assure compliance with the requirements of any rule applicable
under this subsection. ‘ ’

(3) A requirement prohibiting or otherwise regulating any
manner or method of commercial use of such substance or
mixture, : i -

(8) (A) A requirement prohibiting or otherwise regulating any
manner or method of disposal of such substance or mixture, or
of any article containingbsu.ch substance or mixture, by its manu-
facturer or processor or by any other person who uses, or disposes
of, it for commercial purposes. ‘ )

(B) A requirement under-subparagraph (A) may not require
any person to take any action which would be in violation of
any law or requirement of, or in efect for, a State or political
subdivision, and shall require each person subject to it to notify
each State and political subdivision in which a required disposal
may occur of such disposal. =

(7) A requirement directing manufacturers or processors of
such substance or mixture (A) to give notice of such unreasonable
risk of injury to distributors in commerce of such substance or
mixture and, to the extent reasonably ascertainable, to other per-
sons in possession of such substance or mixture or exposed to such
substance or mixture, (B) to give public notice of such risk of
tnjury, and (C) to replace or repurchase such substance or
mixturs as elected by the person to which the requirement is
directed. '

Any requirement (or combination of requirements) imposed under
this subsection may be limited in application to specified geographic
areas.
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