Last of all, since the discovery of highly-chlorinated

diphenyls in the environment, .the cozpanies in questiion
are organizing thexmsolves in such a way thas, the pars

vhich cannot be regenerated is systematically desiroyed by

pyrolysis.
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L7 Sharon Works, KL-017

m 224-4295
[€:'S June 4, 1971
Sotc 1.3. 45-063-99B

Instructions for Handling
Inerteen and Installation

and Maintenance of
Transformers.

Sharon Works, ML-381
Mr. R. L. Schwab

Sharon Works, ML-384
Mr. R. B. Pherson

South Boston Works
Mr. G. C. Wilburn

cc: Sharon Works - ML-017 - Mr. n. R. Sbcppari
Sharon Works - ML-017 - Or. 7. K. Bloat

We have revised 1.B. 45-063-99B to include precautions ar.c instruetims
for handling Inertfen ar.d Inerteer rcntariir.atec materials and containers.
In making this revision we have completely rewritten the brochure to
up-date it in all area:,. A copy zi the tentative revision is attached.
May we have your comment-:, prior to making arrangements tor printing.

ML-017 - Matls. Eng. Dept. - Fluid Insulation Section - H. A. Pearce, Jr.
/bih

Attachment
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MINUTES OF MEETING
ON

PROPOSED PCB EFPLUENT STANDARDS

February 28, 1974

Monsanto Company
Sv. Louls, Mo.
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Chalrman: Mr, W. B. Papageorge
Manager, Product Acceptability
Monsanto Industrial Chemicals Co.

Objective:

The purpose of the meeting was to share
information, experiences and impressions .to

help each of the participating companies in
taking appropriave actlons which are mutually
supportive and effective in persuading the
Administration of EPA to modify the proposed PCRB
Effiuent S=andard. .
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PARTICIPANTS
PCB STANDARDS MEETING

February 28, 1974

CERTIPIED BALLAST MANUFACTURERS

Mr. N. R. Clark Universal Manufacturing Co.
E.L.A.

Mr. Arnold 3. Doty P, R. Mallory & Co., Inc.

Dr. E. M. Moocre Electrical Urilitles Co.

Mr, Rudy Carlson Elecstrical Utilitles Co.

GENERAL ZIECTRIZ SIMFANY
Mr., Sames S. Nelson

Mr. Stuart Richeal
Jr. Zdward L. Simons

JARD COMZANY, INC,
Mr. Richard Roliins

NATIONAL ELECTRICAL MANUFACTURERS ASIOCTIATION (NZHi:

Mr. A. M. 3ala-

Al STNIEQLEE

H
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MONSANTO COMPANY

P.
H.
D.

R.
W.
W.
c.
W.
J.
E,
P,

G. Benignus
S. Bergen

B. Hosmer.

H. Munch

B. Papageorge
W. Withers
Paton

R. Richard

H. Savage

S. Tucker

L. Wrignt

-

Market Manager

"Business Director

Utilities and Environmental
Protection Director

Senior Scilence Fellow

Manager, Product Acceptabllity
Attorney

Product Manager

Mansger, Research and Development
Manager, Manufacturing

Research Group Leader

Manager, Toxlcology
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§:00 AM

9:10 AM

9:15 AM

. 9:45 AM

10:15 AM
10:30 AM

AN

[
..l
L]
o

12:00 Noon
12:30 PM
1:15 ™M
2:00 PM

2:45 PM
3:0C PM
3:30 PH
4:00 PM

AGENDA
PCB EFFLUENT STANDARDS MEETING

February 28, 1974

l. Welcome - H. S. Bergen
2. Introductory Remarks - W. B. Papageorge
a. Brief Review of Proposed Standard
b. Critical Actlion Dates
¢. Objectives of Meeting
3. Discussion Topics
a. PCB Characteristics - Realistic Delinitlion
chemical, physical, blodegradation
b. Sampling and Analytlcal Methodology
Sreak .
c. Toxicity
Acute
Chronlic
d. Bloaccumulation - Biogagniflcation
e. Diluticn - Stream Size
uneh
f. Propoéed Effluent Standzr
g. Control at Manufzcts 7°'7.;
Current losses
Background
Breakx
n, ZEconctni: Ton L
i. aActicn Plans
AdJjourn
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MINUTES OF PCB EFFLUENT STANDARDS MEETING

Mr. Howard S. Bergen, Jr., Director, Speclalty Products
Business Group of Monsante Industrial Chemicals Company,
welcomed the participants.

Introductlion - W, B. Papageorge

Mr. Papageorge summarized the timetable past and future
toxic pollutants:

July 6, 1973. - Toxic Pollutants list published

September 7, 1373 - Plnal toxic pollutants list pub-
lished including PCBs and 8 other
chemical classes (e.g. cyanide,
mercury, DDT, cadmlium, etc.)

December 27, 1973 - Proposed Effluent Standards
published

January 18, 1974 - Piling date for status as
participant at proposed #PA Hear-
ing con Standards

“anuary 23, 137¢ - (1) ?renea 1ng Conferencs with
(11) NEMA, Monsanto, G.E. and
wesatinghouse reccgnized a3
parglclzants.,
(111) A %Sotal of 33 obJjectors ox-
rressed an 1:?5:23:. Theor
represense .’ LndlZTLrly. S0 I

agsociations wish the
exception of the Michlgan
Weter Research Commisalon and
two powerful environmental
groups {Enviroamental Defense
Fund and Natilonali Sescurces
Tefanse Tounsiil.

on
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March 15, 1974 - Written testimony by 3B objectors
. to be submivted in affldavit form.-

April 8, 1974 - Hearings coven for cross-examination
and rebuttal evidence. CN-/Cd/Hg -
first three. PCBs are 7th (third

from last).

Mid-May, 1974 - Hearings completed. {Evenings/week-
. ends may be used.)

June 25, 14974 - Final standerds published - effective

in one year.

v should be noted that others who are affected by these
standards can stil:l comment by March 25 to:

Dr, Z. Hugh Thompson,
Chairman-Hazardous and Toxic Substances
Regulation Task PForce '
Office of Water Protectlon Agency,.
Environmental Protec¢tion Agency
Washington D. C. 20460

Industry represencatives still wishing to comment and who need
more background information can contact any of the ladustry
participants (see attached List) or Mr. W. B, Pz-ag2orgs of
Monsanto (314-534-4031),

Mr. Richel {Z.E.):

{i} Made a plez for graater
can $till te made uzx to
tardineszs.

ndustry parvicirnation., Comments
a wltn sound excusa lor

(11) EPA at January 25 prehearing Conference were relustant
0 expose themselves to cross-examination, Dr. Hugh

Thompscn to be available for crosseexamination at Hearings.

(141) Many objectors haé common interest {e.g. environm-ntal‘
EPA suggesved a common counsel for this groun,

)
N
L

{tv) On each of flpst I zollutants, =24 would <ifar

Mr., Dater [2,R, Mzllawet zzma ozioud Da3

. -
ol -
on deanzaras.

)

ot e m ot
johe :

- -
- -

i
13y

Mr. Richeli [G.Z,: sv3zed:

{1) Law is clear-eccnomic factors are not relevant in
establishing standards.

(11) EPA 1s somewhat of a split bersonality on this. The'

NPC00007259

769898



whi f

Presiding Officer at the Prehearing Conference ruled that
economics are relevant. NRDC {National Rescurces Defense
Council) objected and was over-ruled.

(111) Industry can and should therefore introduce relevant
economic data. EPA would be wise not to exvressiy refer
to guch datz in the published standard otherwise NRDC
could go to court and EPA over-ruled.

Department of Commerce

It was polnted out that Sldney R. Galller, Deputy Assistant
Secretary for Environmental Affairs at the Department of
Commerce wrate Monsanto on January 15 asking thelr views on the
proposed effluent standards. Coples of Dr. Galller's letter and
Monsanto'!'s response were circulated at the meetlng. Industry
should contact the Dept. of Commerce. Thelr legal counsel

(Mr. Morland) has been active. on the side of industry in other
environmental hearings.

Mr. Salazar (NEMA) pointed out that the PCB Task Force had
racommended a standard for PCBs of 0.0l ppb in the main body of
water. (EPA was 2 member of that task force). ANSY C-119
proposes to use this Task Force recommendaticn and print cthis as
a standa-s of 0.91 ppb in mailn body 51T water. S

#=, Sheopard {Wasst
couid ce set o me=2% 0,01 zpb,

Dr. Simons (G.Z.) satd this implied an acceptancs ol ANSI C-119

5
oy nddsTry.

There seemed ©5 he scms doubt on this.

PCB Characteristics

Dr. Tucker !Monsanto) presented hand-cuts on:
(a) Monsanto's proposed definition of 2CBs .

(b) Comments on ZPA's proposed analytical metholology

{c) Monsanto's pre-cublicztlon iper =n Zlodegraizsion
{2} Zelinttisn o, 2C3s

ra3 sroblznenyl are noc LI I00SEIL. G
envircnmental persistence or Siomagni.izatien.
Dr. Tucker sropcsed the {oilowing definition:

. =y - 2iem Ty wp - e ez
7 22 nes ATg ne e
-

H

]
-
-
1
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“Polychlorinated biphenyls (PCBs)} means
materials containing the biphenyl group
which is c¢hlorinated and which have been
shown to persist and rapidly oloaccumulate
in the aquatic environment. These
chlorinated biphenyls are identified as
those components having gas chromatographtc
retention times greater than 54, relative
to p, p~DDE = 100, under the standard con-
ditions recommended in the E2A PCB test
method."

Mr. Sheppard (Westinghouse! satd Monsanto's proposed definition
was relevant to persistence but was 1t relevant for standards
directed toward toxic materials? Are persistent materials non-
toxic?

Mr. Wright (Monsanto) stated the proposed effluent standard had
two parts:

(L)} acute limits dlrected to toxicity of materials
and specificaily limits PCB concentrations on
that basis.

(11) daily load in effluent - based solely on bio-
maghification (relevant ¢ persistencel.-

ninted out that secticn 207-A o the zooposed

Dr. Simons (G.S.) p

Star.jari cerers o nersistencs as belng a critizal factor to be
considerel

Sr. Tucks * (Mopainte) ssated we were Sadly hurt 48 all 7CR2s are
recardes aE"ES?s'EEEnz and i{ >lomagnifization “pazesns oF
200,000 ar» used. Tesearchers cther 'na Mcnsar o nave Jauna
bacterial deg*adaz;:n ol ?CBs and that PC3s nave 2e2n foutnz 535
undergo matabollsm in both aviarian and mamma.ian znimals.

Mr., Nelson (G.Z.) asked 1f prsposad PCB definitic: would
exclude Aroclor 1010.

Dr., Tucier fWanan,o, Aroclor 1015 would pe excluded

part (55.9% 1s lower than pentachiorobiphenyl). Azec
would be excluded to 63% or better. Aroclor 123+ now
not ve 2x2luded. .

M-, Papagesrsa {Moasent-l roinsed ot ka2 oo e
25 0<ing coLlzicil on detesmlninz whitn solluvan.: -
i18¢ of S/7,7T3 only clomaznil.lzatlon 3pr22o:sd rel:olat e loo.
Dr. Simons {G.E.) agreed,
NPC00007261
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Mr. Wright §Monsanto) stated that an acute toxicologlezal level

15 gellne e ZPA Basis & Purpose document as = 1C pom

(96 hour IC-50). He also believes that differences in toxicity
among PCBs are minor until chlorinated as high as Aroclior 1260.

Mr, Nelson (G.E.) stated that words shculd be used in a dls-
course on definition to properly screen us on ecute toxicity.

In reference to a comment that Arcclor 1254 would not be
excluded by the proposed definition, Dr. Tucker (Monsanto)
offered the spinicn that transformer fluids were easier to re-
cover than capacitors.

(b} Analycical Methodology

Dr. Tucker {Monsanto) stated the EPA's proposed method for °CB
analysis was belng submltted to ASTM. He thought the method

was well written and capable of detection to ppt (parts per
trillion) but it was untried and the quantitative accuracy 1s

in question. The method was not submitted for round-rcbin
testing before ZPA adopted it. HMonsanto has found that by
spiking distilled water with 500,000 ppt or 500 ppb of PC3s we
get values for PCB that vary by * S5%. The EPA, however, claims

*a capability of detesting absolute values at 50 ppt. The ZPA

method ignores interfering substances.

M», Tlark (¥niversal Manufacturing) sald that with a proposed
upgeo Limit for JCB discnarse of C.0648 1b,/day the sensitivity
11t1cal method would vary "a2ll over the lot" derendins
cn <€ 5922 of the wazer "reservol>” into wnich the °CBs dis-
charsge.

Mr. Sheprard (Weztinghsousa! commented that Lf the znalysical
tecnnigues on determining LB levels are 30 difficulc, how walld
are the determination of tox!c vaiues for PC3s,

Mr. Clark (Universal Manulacturing! asked if analysical tezhnigus
differentiacte between different chlorine leveis, Dr. Tucker
§Monsanto) szld 1t would depend on the PCB mixture, Arocior

could grovably be identified quantitatively in 2 mixture
With Aroclor 1260 hutv addition of Aroclor 1254 to the mixture
would prevent identiflcacion because Aroclor 1254 contalna PCE
homologs that overlap both Arocior 1242 and 1260,

or. Munch {Menssnts'sati tnhat the propossd SFA meinoio il te
us2 nignh re=:=oluftion 2nd n2nze nandlonns isenmtlfl:izs . s
$ndivigdaal -aaxs.

Dr., Simons {G.Z.) mentioned that after EPA set autcmotive
emission standards (NIDX) the analytical methodology was found
faulty and the svandards were delayed. In this case, ZPA 1s
not setting the effluent standard on analytical methodology but

.NPCOOOO7262

769801



ali |

on factors such as toxicity and persistence. The methodsicgy

1s relevant in enforcement and monlitoring. Thles then leads <o

the possible argument that the effluent standard is correct and
Justified on the basis of toxlcology et al, dut is not eanforceable
due to lack of an accurace wmethod for absoiute value deter-
mination of PCB discharge.

Mr. Richel (G.E.) pointed out that EPA won't buy 2an answer to
tnal argument which seeks to raise the effluent standard to a
level that can be agcurately measured. Mr. Savage {Monsanto;
felt strongly, however, that this dilemma nesded to be in she
record. Others agreed.

Dr. Tucker {Monsanto) said ASTM would hold 2 round-robin’'cn the
EPA method and that Monsanto would participate. He will send

the name of the ASTM contact to the participants so that they can
decide if they want %o joln the round-robin test.

Mr. Sheppard {Wes-inghouse) sald he was not prepared to accept
that the Srocosed =ra metwhed for determining quantitcies and types
of PCB 1in samples and animals was accurate enough so that toxic
limits could be Jdefined on the basls of PGB levels of question-
able accuracy. -

Toxiclity

Mr, Hosmer Mo

1

m

)
¢}

nto} stzted that the orizinal EPA cubllesc!
o dager .uait Siteria z2ame forom 2 publication By MeXes =
Wolfe for the 3taze of California. The McKee/Weife volume w3
well done and =%3 did not chanzEs much of it. Thers 1is now 2
neyw 2-yolume ZTPA aditlon extracted from the work ¢l i¢
committees 27 <h2 Natiocnal Agademy of Sciences.

[

-

IYRY
gt

o

The toxlclty o7 FC35 15 related %o s2lmeon egg stud . =5 and
Monsanto doubts thne val4dity of this. Monsanto has mads <heir
feelings «nown to Dr. Thompson of EPA but he thought the
criteria were sound. Since then Russell Train has been sued

by NRDC afnd other groups on the grounds that the toxic pollutan-
1ist is not long enough and the proposed standards are %3¢ l2n0-

ient.

Mr. Wright (Monsanto} went through the ratlonale used by EPF:
arriving av 3 °C3 discharge maximum ¢ 2.06&8 1k, /day. He :
showed how %$he scvandzrd could be shenged 2nd 23 ba 2znrt:-
with puablisnhed dazs :n 7C 3

ow

3. oe-alis Tollov .

2.4 e
" - -

I Lee ve A
- -

o=2TiN

e

{ 3:

13

371
(3]
"y
W]
L
Ur

"JA meT 2rtcoitary fIase

!
4

"~
1]

5 pPpm in Jilsia for human consumtilic
S ppm in components for animal reed
0.5 ppm in complete animal feed
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(v) Monsanto would not disagree with these tolerances.

(c) FD& has presented - acute toxicity iimits {(point
sources)
- chronic toxiclty limits (dally
load)

Acute foxlcity limits:

96 hour LC-50 studles for PCBs show:

~280 ppb in fresh water (bluegill)
~ 10 pob in coastal or seawater (pink shrimp/oysters)

Published data based on materials leaving an outlet and going
into a body of water, acute limlts have no direct relation to
chronic '‘1limits.

Chronic toxictty limlis:

The EPA equation 1s:

Chronic 1limit X water flow rate X safety factor = gm/day
discharge

In Marine organisms the chronic limit is set as

0.5 pom _ . .
-S_QT’:Jb_- = C,0147 ood

In fresh we-er she :hronic limit hag been dertermined oy uslng
C.5 ppm 235 zoxiz lim!s fer salmcn egss and a 200,000 bio-

~

magnificaslon Jactor. This gilves a chronic limit &f

. :
. - N [~
258000 = 2:0025 2t

The blomagnification level of 200,000 is based on unpuclished
data from Stalling & Meyer (Fish Pesticide Lab, U. 3. Dept, =
Interior, Colombia, Mo.). Dr. Simons szid that Ln responss <o
repeated reguests by G.E. to the Columbia Ladb the oaniy rsferzac
they have been glven is a Stalling & Meyer saper preseated I(n
Carolina in 1271 and which contains no mention of a 200,000 fac

Mr, Wrigzht ‘Morzantc) stated he has seen only one literature
referarse %2 an accunulation Jactor of ~200,000 and thas was

.

in the hegpato zancrezs 57 a pink shrimp, 12 <=he FI3 .zval s

caleuiages on Tn2 23sls 3f the Total sarimp shen oo
socumuiasisn TziTor was snly 232700T.  Trhen pelarerci: pive
accumuiation Jzozors of 1000-72,200 for wWagcig tissuas oo ovsrliu
I'regsh water Srzanlisms, Ascordingiy, Mr, Woight prodoses that a
blomagnifization Factor o1 310,J00 and not 00,090 de used., He

also propeses that we retaln the chroalc limit of O.5 ppm #ith-
out debating the salmon egg lssue.

-

Sy
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This would lead to a discharge level rqr PCBs:

0.5 "x 10,000 x 0.5 X 5.4 s 0.459 1b,/day
30,000 (flow rate} (safety factor) (conversion

into 1lb./

day)

This compares to the proposed standard of 0.0648 1b./day.

The safety factor comes from the EPA's Basis and Purpose Jocument
supporting the proposed effluent standards. It is supposad to
take account of non-point sources of PCBs and is the same as 5

of the 9 toxic pollutants nroposed for EPA standards. Monsanto's
Medical Department feels thils safety factor 1s arbiltrary and
confers no reai toxicological benefit. If deleted, the ~evised
Wright PCB discharge level would be 0,915 1b./day.

One of the most critical parts of the d 1scha45T_equation is the
water r1low rate. A significant oumber of dlelectric °CB
manufacturers have plants on rivers where the flow rate is
under 100 cfs or 1% of the EPA cut-off flow of 10,000 efs.
Several plants discharge into sewage plants which 1in turn have
treated liquid flowing into rivers or streams with ver; low
flow rates. For a river with 100 cfs fiow the EPA maximum
discharge would drop to 0.000648 1b./day or £.182 1b. in_a 23C
wofk-*=; year. =ven a revlsed standard af J.5i0 lo./day aT

, W00 253 would only be O. COQlB ib./day at 190 cfs or ~ 2.3 Ib.
:;“ 250 work-day vsar., Cisar this i3 a Biagzgering targst oo
have to> mes:,

Mpr. Doty {#Mallany) pornsad out that in the present lansuage o
T2 EF~ sz2ndaris municlesl sswWege systemsS arse not nonslderad
DoinT sgurces

Mr. Richel (G.E.; was of the opinlon that where 2 plant iis-
cnarged into a sewage system without §Sreatment and hence into
navigable waters the plant 2ould have to comply with e’fluent
standards on toxle pollutants. Mr. Papaceorge (Monsanto; felit
we should not be complacent and regard discpnarge to 3ewage
plants being the answer to problems. Mr. Hosmer {Monsanto!
stated that 10,000 cf3 represents the largest Ilow the zPA wl
consider on uhe grounds thit all industry would move %o the
largest river. The opposite 2 that argument s that 1%
encouragas small rlants on evary stream Lo The scuntry.

Ar. Shernari {w23sirzasuze’ ral‘sssd “he lssue 30 3adimeactzilic:
Since *: ao:ears TH8T fi. The axgeriamsnts 39 e333=1L13h -3xlc
values were upn withous =2dl .2nt eff2cts belng 2onsiderzd, The

real-life values were guestl ned, PCBs attach theasglves 10

sediment. Furthermore the sediment moves down river and so PCB
would be dispersed from the point source, It was yainted out

by Br. Richard (Monsanto) that Aroclor 1254 1s soluble in water
up to 50 ppb and that 1n time partitioning between sed ment and

NPC00007265
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water could take place., Mr. Wright {Monsanto) agreed that the
discharge limlts were ext:eme caseS in the absence O. sediment
considerations and this was worth study and incorporation into
arguments 3gainst the dToposed levels,

Dr. 3imons (G.Z.) querled whether we were correct in concen-
trating our attacks on the criterion of toxic effects ar mammals
eating fish and ignoring the gossible argument that fish per se
must be protected., Mr. Wright (Monsanto) sald the proposed
standard says both. In salt water, standards are proposed that
would protect the species that eat organisms containing °CB.

In fresh water, i{f 3.5 pom in salmon eggs correlates with <5 ppm
in salmon then we are protecting salmon. He also said that the
chronic limits and biomagnification limits he was Ddroposing would
protect the species themselves. We should, however, beware of
arguing for higher levels in fish because We could draw EPA an”
FDA into.couflict, The FDA levels in fcod, {1sh etc., are
temporary tolerances and any argumenis agzainst thelr valijity
could lead to a reduction in these tolerances.

Mr. Savage {Monsanto) queried whether raising the level in
rganisms could cause possible danger to predators.

Dr. Stmons {CG.E.) quoted from page 39 of the Basis & Purposes
document which states that the body burdens ¢f birds and mammals
should not increase over present levels. Page 21 9f The sarme
document tites a Nat. Acad. Scl. report whizh gives 2,0 opm 2B
as wclerable Zevel !fn llesh ol whole fish. 2.0 = D.1 ppm PC3
200,¢0C
en as tclerable lavel in water divided by a saf
%0 give 3 maximum PC3B concent ra”ion in water of
D
ez

23 2 prm TC3 : evna in Tish but sct ¢o a
f 2.CC2 ppm ¥ using a high level of 20(,<
o and an arbicrary factor of 3.

If we were to revise the propossd £PA standard Ly

(1) uslng 2.0 opm a3 chroniec limit in fresh water
specles “instead of 0.5 ppm;

(11) substituting 30,000 instead of 200,000 for
blomagnification factor;

and

or
]

{111} <‘3rcring szfasy

(1¥]

-
. s

- - -~ -7 -
a2l Thg TEL{.0Uun 2

be:

- : NPC00007266
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For the plant situation on a river with a flow of only 100 efs
the discharge would be O. 036 lb/day or 9.0 lb. per 250 work-day
ear, These levels are still far below the 5 1b,/day glven in

C-107.

It is therefore apparent that other aspects of PCBs must be
highlighted in order to get away from PCB discharge levels as
low as even our "revised proposals,

Aspects to concentrate on are:
(1) Definition of PCBs that excludes biodegradable homologs.
This could exclude 90% or better of Arcclor 1010 and 65%

or better of Aroclor 1242. On that basis, discharge
levels would be as follows:

‘otream Discharge (.b,PCB equivalent/da
.IPCB Type Flow (cfs) PR Wright | Simons/wright
Any PCB 10,000 0.0648 0.918 3.6
iAny PCB i 100 0,0C0648 |0,00918 Q.036
Aroclor 1C15 ' 10,000 O.ou8 .16 30,0
Aroclor 1215 20 0.00648 15,0918 ¢ J. 3¢
APOC 10T 1222 1C,Tuu '0.1%4 12.75 id.c
Aroclor 1242 120 jo.Q010 0.027 3.19
{2) Try %o changa strezm flows Trom the pressnt vaiue o7
the flow rate in cub'c Sse< rer 3=2cond (2035 expressad
§ the procaS-e 10w rate occurling Jur:ing 3 -
consezuclve day ceriod once in 10 years 2t shs effliuany

point,

If the averags flow rate over a period of time {to be
agreed on) was used, the lowest flow —ate in the
equatlion could conceivably be raised by a facrtor of 1
from 100 to 1000. 1In the Simons,Wright versicn f¢r a
standard the Arcclor 1016 dischargs could be raised ¢
3.9 1b./day at 1CCO of's {low and Arocior 1242 o 1.0 id,
day av 1000 s Tiow, .

-

L -y -
2} Magnitude :f 1)

Pains-loura:

bou

-

T 12 possibls that 2T7% and savioonmensi2a’isns ar2 =otally
misinformed on the numoar o0 zlants stlls usinz 2Bs.
In.the U.S. today there are:

(
- |
NPCOOOO7267
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1 PCB manufacturing plant
~18 capacitor plants using °CB
~ 27 transformer manufacturing plants using PCB
In the past there were probably 1500-2500* plants using

PCBs. Only 2-3% of these plants continue to use PCB
today.

# (Subject to closer checking if necessary)

In the past ~97% of plants using PCBs purchased ~40
million pounds.of PCB per year. Monsanto's PCB sales
policy has therefore

- reduced number of using plants to ~2-3%
of previous total.

~ eliminated ~u40M 1bs. PCB sales per year.

The EPA standard would limit PCB discharge per plant to
0.0648 1b./day or ~3.2 1b./day acrecss the U.S. (~50
plants). This squates to ~&CC pounds in a £50.work-3day
year. 3ince fish have survived throughout the 30+ yezrs
that PC3s have ze2en nroduced and wid=ly used, the
standard progosed by EPA seems Tar too drastic.

Turning zgain *s tha SimeonsAWrisht croposal we can estimese <She
sffect in zerms o5f annual 7CB discharge Lnto water acrass the
U.3. avy 1GCo5 els:
U3 Totali - i
per A3 Peprsisvent FCBs !
. Discharge No. 250 days | Discnargs Ne. s
Discharze »s  {(1b,/day) Plants (pounds) : {1b./dayj 2lants  Torall
Any PCB 3.6 *1 900 2.2 { Ehwty
Aroclar 1016 3.6 18 16200 0.32 15
Aropclor 1242 1.08 ) 1080 C.3t 4
Aroclor 1254 0.36 23 2070 0,30 2%
_ fe_.._2%0,250
* 2lans 13 oo orlver Lo osxeszs of L3,L Uiz,

Using this teshrique an argument can be made -a favor of the
ANSI C~107 proposal of 5,0 1b,/uay. :

W
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Proposed Effluent Standards

Dr. Simons {G.E.) summarized the points he felt had to be deals
with in trying to change the proposed standard:

1. Higher persistence of hlgher PCBs versus
alleged lower acute toxlicity

2. Background levels of PCBs
3. Written testimony of participants and correlation

Toxicity

EPA Basis % Purpose document (page 50) states that 96 hour
1C-50 to fish cannot adeGuately measure toxicity of PCB. Whare
1s time demarcatton between acute and chronic. Chronic effects
can be =z1ther lethal or non-lethal.

Why are PCBs on the list on toxic grounds?
LD=50 for PCB 1is such that it 1s not conesidered toxic to humans.

For protectlon of aquatic 1life the Nat. Aca. Sci. set a 56 hour
1C-50 of 10 ppm or less. .

in proposing a definition Jor PCBs, I, Simons {C.E.) felt we .
ghould stress:

1stence of homologs beiow Tetra-

(a) lack of pers
rhenyl.

tnlorodbl

(b} <¢nronic toxiclty does neot arise Tor the
tomologs because they are non-gaerslisten

{c) ‘gnore acute Tox!
between Aroclaor 1

no real diffsoenscacs
)

zad 125--.

Participants need %o constider: Do Wwe have The hest 32" nition?

In the tentz2tive EPA analytical method we should take acte thag
in the table on ©.3-22, vhe percentaze of °CH was not controlled.

-

- Mr, Carlson {Z.U.C.) pcinzed out shat in 1%3 presant {orm the
gtanaard Jould saddle rresant 2CR userz wizh-all svosr Iis-
continued uses. Dr, Blanzrd ‘MonsanmzTo! nointed Sar o that FIL o sax
Boxboard ManulslTULEs S addcoeiicion A3 2o™zel n & £odvis:i. the
procacted recycie rarer usery Sroam Just such 2 sinuatioon
Mr. Berggn {Monsanta) asked that cosles be cirsulated oo
participants.

NPC000072¢4
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We need to word our definitions to exclude resatiduals,
Participants should exchange prop¢sed drafts on wording re-
garding residuals by March 7.

G. E. stated we should not anoroach the hearing on the basis
that things can't be done. nRatner take the proposed standard
and osolnt out what it means In real life. 1In G.E.'s case they
use X M 16./year and yet can't lost 5.5 drops per day. Stream
flow rates make the matier worse. This 1s a voint on which

Dr. Thompson should be cross-examined.

Qf the participants present, 5 plants discharge intc sewers with
outlets into rivers (very small except in 2 cases). Three
plants discharge into small rivers.

No ome at the masting could cope with the EPA standard as it 1s

roposed. 9nly Jard expressed an oplanlon on what level they
could live with. {Jard stated 27 1lb. Aroclor 1016 per day.

This would be 2.7 lb. PCB by our proposed delinition.)

3
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Participation at EPA Hearing

Definite participation: Monsanto
G. EI
Westinghouse

Undec¢ lded: Electrical Utilities
Jard
NEMA

No participation: Electronic Components
Mallory )

ObJjectors of record could adopt non-responding company as
witness.

G.E.'s testimony will fall into the followling areas:

Explanation of why PCBs are used
Consequences of ban on customers

Inadequacy of EPA/Nat. Acad. Sci., statements
How standards would apply to G.E.
Inadequacies of the Standard

- deftnitlon
- methodology
- logic benhind the standard

Other contributory actions:

- Involve Paderal Enerzy Cff'cp (e.z. Aercvox
etzar on moter-run capacitor contribution o

- v -
2ase energy crisis.)
- ‘Iavolvs FT.E.D0. - other azsa?
pevrochamica’ sroduc2s
- Power Systems Group »f IEEE will zcirculs’
tion paper on PCBs (vechnical aspects) !
dielectric industry to Congress, EPA,
Dept. of Commerce (targe:t date: April)

NPC00007271
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Action Plans

1. (W. B. Papageorge)

2. (Participants)

3, (Participants)

4, (Participants)

5. {(E. S. Tucker)

-15-

Cirzulate to particloants coples of
FDA/Boxboard Manufacturers protocol
cn PCBs 1n recycle paper.

Exchange drafts on testimony regarding
PCB residuals/background levels with
each other by March 7.

(Monsanto contact should be W, B,
Papageorge.)

Submit to W. 3., Papageorge thelr
thoughts on proposed PCB definition
(to exclude 1l-4 chlorine homologs).

Communicate with each other on how
best to handle sedimentatlion
phenomenon (as raised by Mr. Sheppard
of Westinghouse).

Send out name of ASTM contact for
participation in rovnd-robin on
proposed EPA analytical method.

Galler of Commerce Dapt.

Write o Dr.
opposing =ZPA standards.
{See Galler letter %o Monsansc znd
Monsanto response.
These who have not respondsZ o IFA
2an sTill write 2r. Thomgsoi. by
March 2%. -
{a) Ge: feedbasic Tro~ Iarc:zar M3
T=igon on tas
(b) Determine ro.
affidavits/t=
hearing.
Obtain PEG 2e2por=
¥Mr, Nelson (G.Z.-
TnVS e TLELL, Lo
linzz ol Asrrion =
Simon.
NPC00007272
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Nationat Electrical “aradacturars Azsociation
155 Eas: 441h Streel + New York, N.Y. 10017 - 212-682-1580

Bernard H. Falk ’ .
Presidant March 25 ’ 1974 i

Dr. €. Hugh Thomnson, Chairman

Bazardous and Toxic Substance
Regulation Task Force

Office of Water Program Onerations

Environmental Protcction Agency

Washinqton, D, C. 20460

SUBJECT: PROPCSED TOXIC POLLUTANT EFFLUENT STANDARDS - PCB'S

Near Dr. Thomnhsan:

I am Bernard .. Falk, President of the National Electrical
Manufacturers Assoc.ation. I am writing in behalf of the Power
Eaquioment Divisizn of NEMA, which represents commanies resnonsible
for over 95% of tne Zomestic nroduction of liguid-filied trans-
formers and camac.tors for both cdomestic and foreign use. 2 list ¢
of these commanies is attached as EXRIBIT "A". !

Qur ourcesa in writing s 9 sb‘=ct to the oromosed Texic
Pollutant Efiluens 3=andards for aldrin/Dieldrin et al, FWPCA
(397) Cocket No. L, zarticularlvy in *ecard to the nroposed stan-
dard for ﬂo‘wculcr;na:ed sinnenvls -~ 40 CFF 12¢. 7This cormuni-
cation will serwv2 0 2ndorse and :unsle—a"- the formal testimonv
alreadv £iled Ly indivicdual seompanies before the Adrinistrater
in the current HaarindGs -~ name.v, J@nera: Slec:ric, “Mznsanto

nd Westinchousz. Ceries of &5is lonzer are being sint o all
OWJECtO“S on the sarvice list for the Esarings,

In the remarxz which follow e shall stress our - i-n

that the definition of PCB's emnloved is toe lecse ari - . N .
toxicitv of PCB's has been misrezresentad; that ndreviou R S SN
Tant

efforts have brouaht the ovroblem well in hané; and that iroc
‘'safetvy and economic values are threatened hbv *he un)“s ified

extreme proovosals for effluent limitation, which wouid alsc =ia-
cerbate materials shorsages and the energv crisis. We shail uv

taat tne EPA Limiz itz coneral 2ffcres © iscrers =Zound in
the environment ard e-tablish limiés et t2 2 induezse and
consiscent witr velurzary rmeagurzes alrea Sred, vaLIs ool
been shown to 12 raniily sedusine zna en BUTE: .EIaED -
even in the aosenss of ra=~vliatiins.

Qur firsz coso r"a ion is %that %he LP3 nhas class.lied a wide
ranqe of differen: mpounds with differing potentials for enviraon-

— Cont'é~ - =~
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Nationat Eleclrical Manutacturers Associatinn
Dr. C. Hugh Thompson -2 - -March 25, 1974

mental impact into one general definition of "PCB's", We urge

that the 2dministrator establish a definition of PCB's consistent
with the objective of protecting the environment against onlv those
iscmers found to be persistent in the environment. Excellent sug=~
aestions for accomplishing this purpose are to be found in the
testimony referred to above.

We naote also that a sericus question remains as to the anpro-
priateness of including any form of PCB on a list of toxic pollu-
tants. Certainly PCB's are not "highly toxic to man" as charac-
terized in the document oromulcating the list of toxic pollutants
{38FR21342). The toxicitv of the industrial formulations has
beaen shown bv the reoort of the Interdevartmental Task Force to
ba many times less than the criterion referchced by EPR for such
classification.

EXHIBIT "B" is a chronological history of key actions bv
Government and industry in resovense to the growing awareness :in
the past 4 or 5 vears of the pessible adverse effects of PCB's
upon the environmant. An analvsis of this list indigatas tha
industrv was premot in responding to 4his envircnmencal ccnc:rr
and took stens -0 bring the potantial nollution problem under
control even oricr to vassace Lv the Congress of the Act (Pl
92~-300; which a;-.or;:e: <ha suaasstcs sronmesed effluent standards.
The unilateral iction of the onsanto Companv in wizndrawing
PCB"s Zrom all coen and semi-ooen apo.ications, such as >lasticizers
for vaints azd varnishes, carbonless carbon paver, awdraulic and
hea* transfer svstams, etc.., CF‘“D"SE 3 2 major redugticn in
the total usa of 2CB's and in <ha- .ou__ ampunt whizh could scs3iblv
reach the environment (entirelw asar . from anv dispessl sonTisl
efforts). The only remainina aool lcatisms countenanced ov Vou-
santo's sales rolicy are in transformers 2 caoagitors. o
order to minimize any entry into the envirconment Srom %o
mairing applications, the electrical indus:trv through NE:
standards for handling these materials and controllina zthe .
charge of wastes. These standards have since heen adonted -
an Amcrican Wational Standard, ANSI Cl07.1-{1974},

S
A
ar

I

Inasmuch:. as Monsanto is the so0le ¥. S. Suovnlievr, <hzi2 - -
tary actiens Sv industry have greatlv raduces fo-. thro.s LS
sarious envircnmsntal zcontamination. '

.o ~ Cont'd- - -

']
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Nationa! Electrical Manulaciurers Association

Dr. C. Hugﬁ Thompson -3 - - March 25, 1974

Another observation which can be édrawn from the chronoloay
of events is that previous studies of the values involved on the
part of Government Agencies have resulted in the conelusion that
continued use of PCB's in transformers and capacitors is currently
warranted because of the opublic safetv and economic importance
on the one hand and the lack of sericus environmental threat on
the other.  We cite the Interdepar«mental Task Force Reoort and
the Food and Drua Administration requlation with regard to food
and food packacing materials and, on an international basis, the
OECD decision.

Within the electrical industrv, the develooment by Monsanto
and the promot adooticn bv the manufacturers of Aroclor 191§ as
a capacitor impregnant substan*iallv recduced the potential environ-
mental impact. This new dislectric, it should be observed, is
virtually free of the aicher chiorinated isomers which alone have
been found to be oersistent in the environwment. The resulting

effect of these voluntarv actions on %he var:t of industrv are already

measurable in the environment. We quote from a paragranh in the

Monsanto testimony: :

5 drastically diffarént frem
t1ree vears agao. Today abott

re zeing carefully used ia the

O Monsanto customers in th

"Thus the sitsation <odav L
conditions which existed cnl
472 million pounds wer vear a

)

United States bvw lass tharn
manufacture of sealed electrical eguipment. Prior to 1971,
:nds per vear were used bv chousands

close to 80 millicn wo:
of customers."” .

Monsanto - 130 guoted in thair :es:-mony the Zslliowina s
by Dr, Geurge Harvev of *h: ‘Yicads b

s Lol
_nt
-

b -z
Hole Dceanocrapsnic Instituse:

"Iin the summer and fall of 1372, :he strface watars £ 1.’
Eastern anéd Wesz=crn North Atlantic Ocean had an averaas “Z..
concentration of 30 parts ver trillion. Bv the sumrer and
fall of 1973, the averaac PCB concentration in the same ar-

had decreased to abou: 1 vart per trillion.

"Since the suspendsd solids fall out and mixine ratas &Ff
the ocean are constant, the abserwed reduscimn in surace
laver concentratieons indicata a raduced “C3 inpus.’
Againa, i1n its last .o <kha2 T2 -gs
failed to find anv guanzifi . iSee TFocd
Chemical News, Octopber 1, art frow anv

guestion as to the toxigity propr;atanuss of the

Cont'd- - -
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Mational Electrical Manutaciurers Association

Dr. €. Hugh Thompson -4 - March 25, 1974

definition adooted by the brovosed regulations, PCB's are diminish-
ing significantlv and ravidly in the U, S. environment.

-

Our member combpanies arc concerned that the extreme nature

- of the proposed reaqulations +ill make it impossible for them tc

continue the manufacture of PCB transformers and capacitors.

Should this havpen, we recoanize a significant increase in the risk
of fire and exmlosion on premises where alternatives to PCB's

are usad., Wherevar flammable liquids are substituted, there is
introduceéd a hicgher risk factor. This would be of orimary imvor-
tance in such installations as schools, arvartment houses, shoooing
centers and commuter mass transit vehicles. At the nresent time,
insurance reculations and cede requirements are built around the
availability of PCZ's. There is no substitute available with a
commarable degres of protection acainst fire and exnlosion.

As pointed out in the %festimony submitted by the Westinghouse
Electric Corporation, any requlations which would have the cffect
of bhanning PCB's or causing major relocations within the PCB-
using industrv would imvact on the livelihood of as manv as 34,000
peovle {including workers and their families). The rroocosed ro-
gulations micht well encourage off-shore manufacture of PCB's and
PCE equinment, with a resulting unfavorabls effc¢ct on the balance
of savments amounting to as much as $150 to $208 million annuaily
and the loss of jobs for ¥. S. wOorkers.

o
=

1=

‘ Qe (2

eceT

cimony, thera will

|-.

Ags rtcinted out in the Gane tasg

be saricus consscuzntial effect he in us:ries that use 2C8
transformers and ~3Lac1*ora. G. T. has estimated that an int
ruotion in the availabilicy of PCIS <ransicrmers would caus
delavs involving “as much as 31 tillion cf constructisn oro
«e.involving schools, factories, office puildines, asart=sa
houses and commuter trains." Similarly, if PCB capacitors
be withdrawn from the market, the industry would ke unable
suodly the needs of electric utilities for nower factor correchiisn
canacitors. "If none of these canacitors were available, the in-
ereased cost of gsnerakors and transformers and other eguioment
...would amount to aoproximately 351 billion oer vear." The . Z.
testimony conktains data concernine consesuer.zial eneray losses

rountine £ manv nillions of barrels of eoil and zites sericus
*esult-" dislocztions in the lishting and alr zondisicalnsr in-
dustries.

ra
5

rt -
| oadli |

1 10 r-

-
T
= =
& =
=t
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National Electrical Manufacturars Association
Dr. C. Hugh Thompson -5 - March 25, 1974

As a result of the industrv actions described herxein, there
remain onlv a few manufacturers who use PCB's. These manufacturers
are entirely within the electrical industrv and subiect to the
disciplines of the American National Standard C-107.1. The capa-
citor manufacturers are the biagest users of PCE's and have been
able to switch entirely to a new formulation which is biodecrad-
able. We can see no pressing need or urgent public n=acessity for
the EPA to take any action with resvect to PCB's bevoad giving
the requlatory supocrt of the Government %o the voluncarv orograms
already established. This could be accomplished by redefining
PCR’'s along the lines suggested above and adoptinag discharge limi-~
tations consistent with current best practices.

Sincerely yours,

(gum//’ & bt

BHF :dk
Atts: Exhibits "A" and "B" ‘
) Service List
CC: All Objectors on the Service lList

"
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LIST OF CURPENT AND PAST MANUFACTURERS
OF ASKAPEL-FILLED ELECTRICAL EQUIPMENT

TRANSFORMERS
®*A}llis-~Chalmers Cornoration

*Central Moloney Transformer Division
Colt Industries

*Paederal Pacific Elect<ric Co,

General Eleétric Comnany

*I-T~E Imperial Coro.

*Meiraw-zdison Power Swvstems Division
*Niagara Transformer Coro.

*Standard Transformer Co. -
Div. of American Gace and Machine Ce.

*aqner Eloccric Coro.

Westinchouse Zlectric Corn.

*Pasc manufacturars

GCenceral Zlectric Commany
McGraw-Ldison Poway 5Svsi:zms

Sangarno EZlcciric Commany

Sprague Zlecerig Comban'
&
Westwinchcuse CDlgeczric 2.

EXHIBIT "a"

H

NPCOOOO'TZ"IB

769917



Chronoloey of Events

During She years 1968 and 1969 there emerged a view, based on new scien-
tifie findings, of PCBs as widely dispersed im the environment and capable of
certain adverse effects on various organisms, The following chronicle lists
the major industry and government actions in respoase to this recegnition, or
having a bearing upon 1it,

February, 1970 Monsanto, thé only manufacturer of PCBs in the United Stares,
alerted its customers to the potentizl problem of environ-
mental contamination, Major electrical equipment maaufascrtuvers
relayed this infotmation to end-use customers for electrical

apparatus, with advice as to proper destruction of waste PCBs.

June~August, 1970 HKerctofore, PLB farmulations had been used in a wide varlecy
of applications open to the environment, such as plasticizers
for plastics, zoatings, and adhesives; in semi-open
applications, such as hydraulie and heat-cransfer fluids; aad
in sealed elestrical apparacas, namely transformers and
capacitors (also te'Tah condensars). During this period,
Monsanto initizred the withdrawal of ?C3s from 211 markers
erxcept the clcsed application in transfomm=zrs acd capacitors.

October 29, 1970 The Pasticides Regulation Divisioa (then in the Depa-iment

of Agriculture) lssued PR Motice 70-25 to the effect that

“Formulators and manufacturers of econcmie poisons contalaing

poivshlcrinaczad bxoueﬂvls and nolyehlorinated terphenvls

sh..ld changa their Zsvmulatiens ta alininate such chenizals

zither as aztiva o -“agtxv‘ ingredienls,

a‘|| {

June, 1971 The Natioral Tadustrial Pollutisn Geatrol Cousn

=21 2
and Nuclear 3Sub-Czuncil) pusl-shed "The Use snd 2i M
Fleetrieal Iasulating Liquids" and included in thel pore
recermendations <o minimize the possibility of entry inzo th
environment of PCBs used in capacitors and transf:rmers., Th-
regulations were later developed by a commitres of ANSIL
Aunust, 1371 s Monssnto a comrarcial availability of Arsclor °
) ¢ naw TT3 mgetl tue zaquirements of :he ¢aga
indusstry, vial iz cdbszautielly fwzz2 ~% zhao
ax;he:-chl T3 thaz have bzex fsund ia o2
eqviroamen igher vtz of bio-da_ 2izz:on :kan
other coT atie PCZs. The capac.sor lndustry
promptly cc rsiecn &2 the new macerial.

May, 1972 The Interdepartmental Task Force on PCBs, representing five
Federal Agencies, issucd its final repor:, "Polychlorinated
— Biphenyls and :.e Znvironmant", Among other conclusions, the
- tepors found justification for continued use of PC8s in :

transiormers and capacitors,

- . EXL...u; 2
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Chronology.cf Evants . -

October 2B, 1972

Deacember 18, 1972

February 14, 1973

July 6, 1973

December 27, 1573

January 9, 1°74

The Federal Water Pollution Control Act Amendments of 13972,
PL 92-500, became law,

The Food and Drug Adminigtration anncunced (in an environmental
impact statement) teaporary tolerances for PCBs in food
(to become part of a new "Part 122").

The Organization for Beonoaic Co-operation and Development
(OECD) announcaed a decision of member countries to control
the manufacture and trade of PCBs, statiag: "The dezlislon
allows for production of PCBs for use in closed uystems,
such as condensers and transformers in large eleccrical
equipment, which present minimal risks for the eavironmeat®,-

The Food and Drug Adminissration issued rules limiting the
sources by which PCBs may contarinate animil feed, food, and
food packaging materials. Transformers and condensats
{capacitors) were spacifiecally exemptad trom the rtestrictioas.

The EPA proposed effluent gtandards for variov; foxle psllutanzsa.
Proposed standards for PCBa were included.

The American Jational S:zandard Guidelinas for Handling aun2
Tisposal of Capacitsz- and Transformar-Jrade Sskavels
C-:aiming Polvchlomingted BZ :henyla, C107,1-(1974) was

. vergd
g, . “vad,

EXH
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ENVIRONMENTAL PROTECTION AGENCY

BEFORE THE ADMINISTRATCR

In re:
Prozosed Toxic Pollutant
Effluent Standards for

Aldrin/Dieldrin, et al

FWPCA (307) Docket No. 1

SERVICE LIST

Amerlcan Cyénamid Company
Robert B. Cwens, Esq.

Theodore L. Sarrett, Zsqj.

Covingten % Burling

888-16th 3treen, N.YW.

Wasnhington, S.C. 20026
American Iron and Steel Instli:t

“ix N, ;dwa"da, Esqg.

r.hard o. Schwartz, Zsq.

1356 ¥ Street, N.W.

Washingzon, 5.C. 22028

American Mining Congress
David W, “tller, Esaq.
Shea & Gardner
734 Fifteenth Street, N.4.

Washington, D.C. 200435
American Petroleum Institute
Edward W, Warren, Zsg.
Kirkland, cuso
Chalfetz 3 an
775 K 3t
Washingion

Americzan Smeltliag
Company .
R. Kinnan Joleman,
Brown, doroney,
& Barbper
900 Broww-Bullding
Austin, Texas 78701

and Reflining

Esq.
Aose, Baker

use

- -.Jamez Z.

Anaconda Company
George M. McArthur

Box 27007 .

Highway 12 East and Kclib Road

Tucson, Arizona E£372%
Benzldinre Task Force 27 the
Synthetic Crganiz Chemical
Yanufacturers Aosac‘a::cn

Glenn Helson, £
. Cleary, Gc::lie: Szeez ¥ Hamllt

Suive w0

1259 Corneectizus Aweniz, .V,

Washni=ston, .. 1T3Is

.. Stesl ZTor . Lt e
avié Jhulte:.

2.0, Box 316 ]
Pueblo, Colgradoe 2.2

iamend Shamrock ZSorperat’
Josenh Srn“= ". 1

1100 Sur
Slevelans

4., = - O . P
Sd Foent Iz LEmouUrls i@ Jonmg

Hlidrew
Wilmington, Selaware 19893

NPC000072g;
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Electronic Industries Assoclation
Donald Wilson
Panel on Environmental Qualitiles
for the Zlectronlc Industries
Assoclation
2001 I Street,
Wasaington, D.C,

N.W.
20006

Environmental Defense Fund
Jacgueline M. Warren
1525-18th Street, N.W.
Washington, D.C. 20036

General Electrlc Company
Stuart Richel
Dr. 5. L. Simons
James S. Nelson
1 River Road
Schenectady, New York 12345

-Hercules Incorporated

Edward Wolper, Lsg.

Legal Deparinent

g1Q Market 3Street

Wilmington, Delaware 15879

Inland Steel Cornan
Frank 2, <ihlar,
Mayer, Brown %
BBE-17«h 3trez

Hasqingto

Kaiser Aluminum and Chemiga:
Corpcration
Danial Harnus, ~=g.
160u K Stre e, h. [
Washington, D.0. 23005
and
B. W. Turner
Kaiser Aluminum and
Corporation
Kaiser Center
Oakland, California

Chemlicaz.

Kennecott Copper Jorporatlian

dwin H. Faszgsr

1101-153%h Zsraet, .4,

Washingson, °.° IorEs
Michlgan Water Rassurces a::‘s:i:n
Michigzan Departmernt cl Naturs
Rescurces,

Carlos Fodarov

Mason Bullding : _

Lansing, Michigan 4832¢

Monsantc Company
Phozion S. Park
W. B, Papageorge
800 North Lindbergh Boulevard
St, Louis, Missour! £63166

National Assoclatlon of Metal
Finishers

Peter Kovatis

248 Lorraine Avenue

Upper Mont:lalr, New Jersey

National Association of Photographi:

Manufacturers, Inc.
Thomas J. Dufficy
600 Mamaroneck Avenue
Harrison, New Ycrk 103528

National Coal Associationn
James F. Boyer
Bituminous Coal FR=search, iInec.
350 Hochberg Road
Monroeville, Pennsylvania 1514€
Nationalil Electrical Manufacturers
Associaticn

William F. Heifner
1211 Connasticut Avenus, V.4,
Washingeton, 2.3, 29035

~

Natlional Zteel
Jehn Suthles

Grant Balldiagz
Pittsburch, Penns}lvnnia 135219
Hat2ral Basgurnes Devenze Touncil
J. 5. Speun
710 3} Szress, LG
Washi- szen, ° T
.'~Jew [TE—Peftsl 2in -

2045 City Line Foau

Bethlehem, Pennsylvania 7.
Olin Zorpeorztinng

Maltar T, Willlzms

Thmamicale Iiv n

126 Long Rids: Tz

e ® oy oS PN - C - -

Stamiord, Tonme Siriy Joila
Reynolds Mezals Company

Mark . Tropea, Jr.

6601 Yest 2road Street
Richmend, Virzinia 23262
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St. Joe Minerals Corp.
Balmot-Edwards Division
John McN. Cramer, Esq.

Reed, Smith, Shaw & Mcllay

F. Q. Box 2009
Pittsburgh, Pennsylvania

St. Joe Minerals Corp.
Zinc Smelting Division
John MeN, Cramer, Esq.

Reed, Smith, Shaw % McClay

P.0. Box 2009
Pittsburgh, Pennsylvania

Scott Paper Company
Roberts 8. Owen, Esq.
Covington & Burling
888-16th Street, N.W,
washington, D.C. 2200%

Shell Chemical Company
Andrew {rulwizn, Esqg.
Arnold and Porter
1229-19th Street, N.4W.
Wasbington, D.C. 20036

Sun 011 Company
Charles L. Spann
1808 Walnut 3tree:

Philadelpnia, Penasylvaniz

Texaco, ILne.

Al ert H. Las
P, 3. Zox 509
Beazon, Hew ¥

Union 01l Company of Callifcrnia

Edwin D. Blum
Unlon 011l Center
Los Angeles, Californla

Velsicol Chemizal Corporati

Nell R. Mitchell
341 Egst Ohjio 3:treet

Chicago, Zlilncis 50612
and

Bernard H. Lorant

r.C. Zox 258

Bighiand Fark, Illinuls

Wheeling Pittsturgh Steel
Corporation .
Dr. Wiiliam R. Samples
Duval Center
Wheeling, West Virginla 26003
15230 .
United States Environmental
Protection Agency
Office of Enforcement and General
. Counsel
Allen W. Eckert, Esq.
James A. Rogers
401 M Street, S.W.
Waterside Mall, West Town
Washington, D.C. 20460

i523¢C

152903

20017

on

£2934

Westinghouse Electric Corporation

Norman -Willfam Smith, Jr.

Gateway Center

Plteshurgh, Pennsylvania

15222

-3-
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Page 2

Qoerating efficiency of capagiters :mpregnated with the
new environmertally safe wnsulating “wd 15 eaual t0—-0r
detter than=unit; using PCB, And, size s net afiectec.

INTRODUCTION

The history of develcpments in the power capacitor in-
dustry fas beer quite dramauc over the lust 30 years.
Through matenal and design improvements, power Japaci-
tors have had size reductions from £ o 10 cubic inches
per kvar and pnces have droppzd from 35.00 per kvur o
the current low of $1.50 per kvar, making capacitors ans oV
the best buysin the 22025050 inaustry.

-

A myor contnbuisr 19 Nis dramang erodue imargvemery
has peen the liguic eezing Asocion,® 3 capaciier-grage
askarel contnmay ealvehlonnated bhwonenyl WPCBL Bu:
todav. fapacuor Loz 3ad manufactures sre faced with 2
mz)0t rubiem,

Taziz | is 4 bnef acceunr of ndestn and zovermmeznid
actiehies regardang PCB Lgusa over tne past ten veaart.

Table 1
Industry and Governman? Activities 3n PLBs
1966 | PCH aetezies in the environmary,

187 Feders governmen! esipthahee a3k foree 10 coosdh-
nste governmeni ef/torts wnvastigating PTB Lows:
FOA sets temnocrars PLB touranse every

1972 MeAsantd voluntariy resincts oe of PCB hawd t2
eleciricai 3oahicationt.

1572.3] EPA rwtigtes new apgesac™ 10 1oa.2-ponlciart -2 ypm-
staniaeds,

1974 £24 ceveladt Srotet . CLCUMent 1T gan wates STANS. i
ard . 1 2art 207 U rnon Mg

| 1975 | CGove-nrent tasw 1972 s3z8nvera: ' eornadir 373

cacumes g Samarme =t € N1L e Sring e
1 meet ng ieamaes 3y PCS uters —memega s oames, |
EPA ang staies GI.2misi 1C "e#r Dronlsal SN EItgoIE
sepiaceMent Lourds 13r PCBY €24 canvenes navonat
coniererce on PC3§ 10 duscuit 40 cracitv lasnp-lny of
furtner s(ecn 10 NEIP reduce envicanmentsl contsm-
nalton bv PCHy

1976 EPA mests with manulecivrers us.ag PC3s and equis-
MEN 8L JICHWES TACNNCIOG.CE!, BAwIfINMETtD:
ard SOSL S4PeCts Of DOISID-# Sunshitules

vy EPA wil reguire reco ditgnarge of
1977 | BCReamen pllectaey Sans TR uy

It ts appareat from these zzirons shat there 15 2 posshilin
that tRere wiil he 2 1otal ban un the use of PCBs it ke
Unised Statss tn the near future Tris situatien 1 OF maior
CONZe to'manuiasiuters o power 2apacilor a1 4 to major
users ol thess etecincal devices.

MecGRAW-EDISON RECOMMENDATION

Over the past scveral years, McGraw-Edison has peen en-
giged in a number af tesung activities with rves 30 liguids
autied at the development ai” a repiscemen: diclectrie flud
for power capazitors. One of these fluids, sailed Edisal™
fluid by McGraw-Fdison Company, was found ¢ possess
the required elzcurical. physical. and environmenta, prapsr-
ues specified in the testing program yous. Edisei Tud 1s 2
diphenyl oxide (DPQ)-based fluid and was dereloped wint-
ly with Dow Chemical Company.

HEALTH AND ENVIRONMENTAL
EVALUATION

Dow Chemucal Company conducicd an extensive sand com-

‘prehensive evaluation of the ympact of Edisol fluid un the

cnvironment. Their evaluation wag based on.

1. Peruistence in the environment {madegradatility)
2. ToRicity 1n mammals.

3. Toxizity in fish.

4. Binconcentration an fish.

Dow Chamizal Comzany™e hesith and epwronmental test
procedurss have 2volved ovar hz pas) 3D vears. These
rracadures 312 based . AXNSIVE SXPENANIY IR Cesn]
2nd markanng a walds varrety of shemical aradusi ainund
e wurid: sxpenence with govvenmenal regulating uens
clhes, peruzpavon on oandustr ol standards comautiees,
n it acadeT.. consideranens of guestiing of
Reana 453 2AVITCLM 2N L3 IToad
PERSISTENCE IN THE ENVIRONMENI
+BIODEGRADABILITY)

~d .hi‘-.., -

ELTN

The sate of bBiad
depands on threz majer

1. Type of water samp,zi 2., 32 .,
mver, ete. ’

2. Type of bacvteria presen:, 1. climarized as foutd
chemcal plant sewige of non-acchmated as fovnd e &
sewags.

T omandr chammany! o

Y mTCRLTISY 0T 3

cnapncl Tamipenan: o
0w tnaf the s o Modegraden e, Tt i lowes snaenn
ated fractions of PCB 15 aatreme.y iidw . > noade
which 18 attributed to the hgher dearvs &7 anongation of
PCB. The rate of biedsgradabil:ts of Edisn fuid s com-
parable 1o those of common mduciny: chermiels Exampias
ol these would be nasthaienc matd: halls apnd dichion--
henzene used 1o deadornize luvatorres Nether of these

mduseraal coenvals 3s knewa 1o presend sigeficant spvion-
mental problenss,
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100

SLOWOR |
NONDETECTABLE RATE |

% Nondegaded

EDISOL FLUID

- Time

Figure 1

Guidelines aviilable on hazardous substances such as PCBs
reguite  disposal of Lowid wastes wn high-1emperature
wemeraturs and solid wastes o specially designaiad 4oy
Lndliils The rscoinmended disyosal of Sdisol Nuid 15 by
couvenionul iNcMeruior of 3 property 2rsigned landfil] m
accordunee with siate and local reguistivns, This tear-
mensation oS based 2n the uversii wmterpretation o the
heattn ond ensitenments, sroperies o £3:58 Nnid.

TOXICITY IN MAMMALS

Edisal Ouid s less toxic o aumals han apacitors
grade PCls. Tests perfermed mndiuued X fremy oral
feedmg, st adswrpiton, and vepur whalation. pius ity
uun 1o evas and skin, Based on tns miormauon, mimmal
pratzctiun measures for workers handling chemicals are
reconnuended 10 acoordance with the (Oceupational Safety
and Hestth Act of 1970, This recumnisndstion applies 1
chemacals with the 1251 pecential handhing hazards.

in tests regurding orul acute 1oxicity o mammals, results
showed thav the tughest pracneal dosage of Edisci fiwd did
ot kil rats.  Evaluated  dunng o voduy  dietary
feedmyg study. no sigmiicant difierences resaried in contral
rns and ras fed wp e 18 mpikee ey inea SO persun
{11 poundsi, this ct2 wouild T2 e ""\:.’:n: =z TRQ mg day
or 1500 pans por muihen o comumed a0 D kg hghty
M2 that 3 _:l-)..m-.l 22y eres of meat o GFL AT
sucn swadizs show mar Thisei tuid accumeo.ater o
least 200 umes less 1a 3niqiai fat than sagaotor-gracs Lo,

TOXICITY IN FISH

The 1oxicity of Edisol fTusd 10 fish is sigm'ﬁcantl_\' less thun
e taansty of cupaciorgisde PCBs. Table S shows the
om.cmr.s"-'u et—severst common ssmples that isTethal to
U pereent of GIT fish (LCsg

Page 3
Table 2

Taxicity Clasuticanion far Fish
H —
. l | LCS i
Tosigity : Examole ! tppm !
Low | Siny! saph N 1Co i
Mogaerate Drv cieamng soive~t ! 10.100 H
Tomie Napnthaene 1 110 .
Amoth ba'kii { i
L Extrgme oov ' 1 3

Table 3 shows the resulls of the conventicrnal slatic-wates
test on fish. In this test, fathead mnnows were used to
compare the toxicity of Edisol N with capacnor-grade
PCB. Edisol flujd is muderateiy :oxis to the rish while PCB
is extremely toxic.

Table 3
Toxicitv in Fish
[ LCgg (mq’liter; ppmi
Tuse EdeolFivid | PCB |
96-hour s1atic-water ] t
{EPA recommended pro- 15 v 076
cedure) V |

For a volumetric peispective of tais contamenation. the
0.76 mgiliter 15 2quivaient tv approxmmately 43 drups of
PCB (from an eye dropner) in 000 gzituns af wazer. Thus s
the amount that will kill S0 serzen: oF e fish in S0 hwuss.
In order v Xill mo fish 1n fMms pracd OF tae, the _on-
faninated water woul! nfuve o b2 Jiluced 1..- tUaC
gabong, Fursicr sosis (o this adme sQmes nlicatey o as
gredter differonds an tomeiy 107 icnger exnosures.

BIOCONCENTRATION IN FISH

Tests o evuivars hemicd !:m.:er.;:::::;:.nn R
trout showed that Edisci flusd has 2 5w Sreconceass o
patentyal as o-posed 10 2 very ugh Meenhyd |
grade PCBs. i1 1s thus boconcatmaien o7 .
i$ one o the must detrimenid eoan "=z 4, - .
and gives nse 1o the FDA fimut of l‘xs‘: sl zer

fish, Fur example. compaiisun ot =0 e

sighifieamt companents of Edivol Ouid o PO L

grades [luids shows that the PCB biocuncautratian il
5 30 umes greater thon that o Edwei thud Orpaics
cnemicais that have jow water selebdily Jre sasth peac?
up and storsd by fish, especiath i et Ths Laoeens
afnethier *he chwmicaih 22 cresenl i e v @ ouw

EMH N .

]
=5

ENVIRONMENTAL EVALUATION SV INARY
Takle 4 summanay the ur aewirranani
tesis. Capacntor-grade PCB. wansivrme-gride o
and Edisol fluxi are listed 1n 2 forced ::nkl"-g zusad on Lo
degtce of environmental hazardoustess To mahe a totaily
valid evaluation, these four tests must be considered ;o!-

" lectively, not individually.
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Tahte &
Relative Enviranmantal Hazards

f . Forced Raaking ;110 53
i 1 T .
Ichlrmnl' ;. Taneny
t IBiodegradabitity ——{Btoconcentrat.oni Totai*
L ; Mammal Fish '
[ pc8 i s ENE S . 18

Minera 8

Py 3o d 1 ‘Ll dora l R

— ” T . . -

Eduol - i
l Flod [ 3 I 1 :l! 2 l a

“a 1otal of 20 15 12 MOST RAZEPZ0US “anking POLUIDIE 30l 4 15 the
teast hadargous P37 king

ELECTRICAL TEST PROGRAM

Since 1971, MeGraw-Edwson ras hean conguciivg a achive
electricsi 1853 pro2eam o both smail and fuli-ize capacitors
using varivus bou:s grzieving

Over 100U small zapzciter units were testad and over 3U0
of these were impresnated with Edisol. Durmg tus testing
phase. unis were subiecied o voltugs stresses at 1257 to
2007 of rated voitegs and 4f tempersiuces ranging from
60C (0 +O0C Swhiling surgeMests:wesz performed an
150t of rated voltage lor 8000 huurs, Duning tus perod,
63.000 switchug 2perutions were performed at 250% raed
Stresi.

Nu sapacirar umits fated,
Dunng anuier giise o
sparnzd g penwd of 22070

aragrym which
CVaf ez

(od vo.tags.

1. 200-kvas unus ene-gi2ed conttnasusty for over vne vaur
a1 130 oY rrte 2 voitags.

2. 100-kvar umiis fested contwously for 2-002 vaurs gt
i 10 of 1ated voitsge.
3. 100- and 00-kvar uens energizad imvemuitently for

212 vears ai up o 16U of rutea voltags.
4. Over 20 onliwon Svar-hours of operanon ineged.
And suill no cupaziter units Riled.

Edisol fluid works satisfactorily in both paper/film and
all-film cupacitors. However, since it was evaluared primar-
ily for use with an all-film dielectzic as opposed o
paper!film dielectric, it 15 necessary 'O review the major
elecincal fzatures of. MeGraw-Edison™: all-film capacitor
which are direstly affested by the use o7 this aew fluid,

kvat, Watls [osses wiil oe redvcsd ovan
Ediso!l tluid-ansaizied all-flo: -capaciters ian a5t
ali-film sapacttors (Figure 2).

il theough

8.0 r
sol-
!

4.0,—

2-°t— EDISOL

1.0 FLUID

0 :¥ U I

-0 20 Q 20 40 80 80 100
Dietectne Temparature {"C)

Wants Loss/Kvar

Figure 2

2 Low temparature rises Junng apeighor provide for
greater kiluvar stanility

3, Ope=ratine costs are reducel saace less total svstem
capacily 15 required plus 1 savines of Kilawant houts
Juring operanon.

4. Higher ievet of chahility due o the greater rane of
Sischurge ncepuion voftzge (DIV] s vperanng voltug:
therehy reducing the posakitity of curonas damage e the
dielecinc,

5. Greally reduczd tank reeture hazard due 1o the absence
ol paperin the Jisles:ric.

DIV VERSUS TEMPSRATURE

Fraure 3 1t 5 compatsaa o disonarg? in2ection soltage
o LANURralure. U andetd umils imprewnared
wiiit Bdisoi S303 show an 2 readie divaniage over those
nerzEaales with PCB.

-
]

volts/umil Yiuchoess)
~N
[

finlalive 1V Levdls

[ V)

T e ®
Swastnc Tempeeatus:

Fiqure 3
Steure 3 ostows i
wi DIV

<+ e
(IR IR U

o P14

with Edisal flued w0 0 00 tRanges

Ceatf 2UICTIN L L
razaibity ad e T rmvaals O hesy uo.a dhow
use of Edusol flusd o g Sieiorre, users
Gl DY USSR OF REVIRE o Paciled Uts AL WL P
o prswe on the present avainabic elecrnaai raunys and
pivsical sies. ’
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FLAMMABILITY CHARACTERISTICS

11 1s desizuhle that capaaters oot cause a fire hazard o the
surrounding envirunment., This hazard sxaxic uny when a
capauttor fails and wts tank 15 rupiured, PCBs. Jue to their
relative nonrtlonmabilin:.  aive  protectiun  agminst  this
hazard. When a wick suzh 25 paper or wo.d s present,
nowever. a fire huzard could 2xis:.

Ediso] fuid is classificd a5 flammable vsiny a standard
flummabitity 128t By defimtion (Underenitess Labora-
toties). a nunfiammable byuid will buil before the vire soimt
is réached, Table S compares the Nummability of three
dicleciric fluids. Note that Edisol fliud is nou as great a Tue
hazard as ransiormer-type maneral oil,

Table &
Flammabily Characteristics

[ Dweernic Liqud FlahPant (C!  Fir Point (C) |
¢ PCe 158 | Nometo 315°
Eosot hunt ‘78 . 200
Whnera) 0.1 | 158 ! 170

“Boited 81300 C.

Distribution (ransformers «ctten Jperite at temperatures
approachung the flash and iire caints of the wzansformer oil,

a1 whish temperature iimos: 3ft v pe of are souid produce

a fire. Conversely, ca2pacuors perate 3t tomperatures well
below flash or fire soints of i 2igiectnc Jwé, such that s
rather lasge arc would a2 te3u ted 1o produce a fire in the
event of tank rusture. Witk ane :nrroducuon of the all-film
capacitor, paper Nas b2ea rewo2d jrom the azuve distes-
e, virtually slimurasny vasong. the pomary caus2 of tank
rupture  And, sinc: the wi-lim Japucilor OZIMMEs At 2
lower temperature thun caper of pepet il desizns. the lire
hazaro s substantials ceduced  These mghly desirabie
charattensiiss are muntanel with the use of the Edisol
fuid, the result being o relsnveiy safe capacitar.

TANK-RUPTURE CHARACTERISTICS

Figure 4 shows the zompanison of the all-film Type §
vapalitor tank-rupture charserenstic with that of the Type
R paperifilm design. Thetre is 2 definite improvement 1a the
safe 2one of fusing that an be obuaned by uung all-film
capacitors and also aflows application of capacitons
tugher fault<urtent areas  MeGraw-Edison has  found.
through exiensive testing. that virtwally no nterpal gasss
are gznerated during an all-film capacitor faiiure mode. This
is because of tiie absence ot paper mn the acuve all-flm
dielectric. and 15 in =ontrast 10 the pases which aie
generated during 3 pape: Him aoacitor fahiure mode—zises
whch would. . rn, ruphare e sk

t

1000¢ 1
i 280.KVAR !
. 72004°0LY ;
I ALL FILM i
100} 3
i |
= !
7 ! '
2 H
g 10!- 1
w 200-XVAR !

2 I200-VOLT
= PAPER/FILM 1
10% PROSABILITY ’
! OF TANK RUPTURE :
|
]
ap 1
_ '
'D; : - —_
) 0 100 000 10700

CURRENT fumast
Figure 4

Compansan of ali-film varsus Saper’fiim 2asucitss tank-
rupwyre Curves.

CONCLUSION

With Edisel Tned, MoGrawEdison brngs (0 the sazic
incustry 4 dieferinzail suuahia ungd envieenroen-uily
accepiable alternauve :  mpacueseraic PCE Thls new
turd 18 sgnnisantly (=es i and getumuiative mt ish 3w
rrammais and Modesrd 28 31 1 masp Taster race tnza PUB.
All of the supener clecircal cnwracterisiis. Y odar’s
:apaciioes afe mainiamad ind. i s

Pnyncal mze of the capaznary o g
pietety compatiblz wink prosent - :
being made availsble at a reison.~l svaraateg Ci
ciaily when cost considerztioes far dnspesa. o
@paoitons or seeigental spills ioveiving PCBs are niads. The
use of Bdisoi Purd m an od-film capaator wrebadiy il
produce ne greate; fre hazard tian present<lay PCH
Sapaciters.

tly, Sdised TTpid prowge; L axussant atocmane -

tar-zrade POR. '
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1)

2)

3)

4)

5)
6)
7)

8}

Lunch at 12:30

MERTING WITH WERATLNCHOUCNE

SEPTEMDER 4, 1975

2:30 RM,

PROIQSED NGENDA

Introductory Remarks - T. L, Gossage

Monsanto data on biodegradation and tissue residue
studies MCs5-1238,

Monsanto data on toxicological stuvdies development
capacitor dielectries. '

Westinghouse concern related to environmenteal impact
of ECB replacement.

Industry status non-PC3 capaciter dielectrics.l;f
Status Westinghsusa contingency nlanning,
Definitien of fucure programs.

Summary.

"
.
b
i~
‘
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. ' MONSANTD TRIP

Septemucy 4, 1975

Westinghouse Personnel: . Sawyur

. Relly

. Shoatfl

. Morcier

. Mandelcorn

CarxXA_

Monsanto Personnel: Tom Gossage, Dir. Marketing

. David Wood, Marketing Manager Mielectrics
Bill Moore, Marketlng Represeatative
Dr. Ralph unch, Distinguished Science Fellow
Jim Bryant, Senior Rasearch Specialist
Dr. Jim Mieure, Group Leader Applied S
Vic Saeger, applied Science
Dr. George Levianskas, Medical Dept.

Representative

cience

1238 Price and Availability

A. Test quantities., We estimate a requirement of 500 gallons
in drums over the next six months,

rice uatil 10/1/76 $.71/1b, LTL Drums (8. 4it/gal. est.)
Pr-;d aftar 10/1/76 \L.OS/lu. TL Drums .
1.07/1b. LTL Drums

-2ilabiiitvy Twe Jzums are eoa crder. Will saip by $/15/73.
Prasent capau;ty 22400 gal./day.

*
‘l

3. Prcduczion Quantities. We estimate 1 tank car/ment: (8,000 2al.)
1st wvear.
We estimace 2 tank cavs/meath (15,000 zal.:
2nd yaar.
To achieve praduction qhaﬂultLeS in 6-3 moaths,. temporarsy
facilities would be required. These would be used unell oz
new plant could be built in 18-24% months. (For 1~1% vazrs

Price first 1-1% years of production: est $1.00/1b.-5.35/%»
in new plant: Objective price 3.63/1b. (at taday's cos

C. Mpasanto's Markst Position .

.a

. Thel- progoim:
1 50 wiszonreicu

L
S bte e

Monsanto mav Igrmin
gre strvetursi o
T. Gossage estizatas thdt 775 wl;; oe climinares saroui:
government odict, llonsanto decision, or ucility iadustry
decision, within six months to one year

r|

ace preodu
tag T

.JII

Monsanto is offering only 1238 as a substitute fer Aroclor

for the total capacitor Landustry. They will not offer

eLther or both components of 1238 to the industry., Developmental
- costs of 1238 will be borne Dy Aroclor buyers. A 3¢/1b. .

increase across the board on Aroclor will be effective on

NPC00007290
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en 107/1/76. Another laryc iacrease is predicted for
1977. (Settlements oi 1:w suits do not represent

a portion of the 1016 cosL. The amounts are 'not
significaat".)

Monsanto's Decision to Tavest

$10,000,000 capital investment will be required to build
a plant to produce 123S8. This decision will ninge on:

a) Continued favarable reports from the Medical Department.
b) Acceptance by most of the industry of 1238,

They need a volume of 10-15 million lbs./year.
¢) An estimated life of 1238 of 10 years.

Affect on Transformer Aroclor

To achieve production within 6-9 months in temporary
facilities, one of the two transformer fluids now used
by Westinghouse, PDS 53201KA or 54201CM, would be
discontinued.

A decision to discontinue should probably be made four
months ahead of beginning production of 1238 {two months
for physical changes, two months to announce to the
trade). .

The transformer divisions have not h2en advisoed ¢
this nossibiiicy. Monsancce would like guidanze Irom
this Jivision oa how Tc go about this.

1238

1588, whivh 233 beea tested by R & D, will be wicadrann

by Moasaato. At this cime tad price is ralsed to 51.17/15.
LTL druas. Moasanto saccmaesnds tnatc tests ne discoatinued.

»
=

Contractiapg <cr 1233

standard sales agreement. No indemnitv agreement 1s
planned. 3Such an agreemeat is considered undesirable
since it would implv chat the material is hazardous.

Monsanto expects to sell 1238 under the terms of thei:
=1

Because of frequent changes ia zalilread volicy, “ors:a-»
does aot xnow whethar or net & trip lease a:sraament
will De rezuired for rzil snitmant,

Measaato inte~is to rasaercs i@ cigar T incozas:z noloes

with 15 days written noticz,

NPC00007291
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Monsanto Meeting - September 4, 1975

Monsanto has been working with substitute fluid since 1969,

With pressure on PCB's, Monsanto sees very possible termination of continued

use of PCB as far as Monsanto's continued supply of tne materiai.

Dielectric Research Groups: Dielectrics (Munch & Bryant)
Analytical (Mieure, Seeger)
Medical (Levinskas)

Environmental Impact:

a. Biodegradation
b. Accumulation in animal tissue.

Biodegradation studies: Main emphasis in activated sludge tests.
Described detaiis of tests.

Monsanto feels comfortable with MCS 1238 degradation because -
all components (hydrocarbon & suitfone portion) biodegrade even though
tne biodegracation rates are not significantly h1gher “han for MCS 1016.

Accumulation studies on rats: 30 day feed + 75 day recovery period.
Curve comparing 1242 and 1238 presented shows 1238 accumulation to be
insignificant compared to 1242, 1316 accum. has alsc been measured
and is atout nald that of 1242. <icther chiorinated Tydes such as
1253 or 1269 accumulate mev2 than 1242 and racovery i3 also much “ass.

Toxicity data {Lavinskas)}

Yave siarted ‘-haiation studies on one-menth exposuces an various

animals ind w1 check 7o~ Piver anc other organ damsja. - TNI3 Will 5e

complets 3t izout the 2nd 0' the yeap.

ACute zoxicity \.JC“ vaiusy for 1223 discussag,

Skin irritation is less For 1238 tran “ar 1318

not-strongly cbjectionanie. .

New materials 2 - stage review: {Dresently betwe2n 3% & Z-=d z:-2¢’

(1) continuad inhalation studies

(2) carcenogenic studies: nows running pilot study. Clomplete s:ud:
will be at end of 1977 or first of 1979. " Reascnebly zonfiden
that this material will not be carcercgenic.

(3) Acute fisnh toxicity to also be complete at end of 1977.

rrC)..

Disposal oF 1238 would have 22 ke hAandled similar <o mine~3?! oil.
Could be “acirera<ad zs 13 motar ¢il ar fuel oil.

5-

Tadustry seinys of non-273 =222, dizlzetein:
a) Monsanio has made cecision “o offer coniv 1238 1o cac. industry.
- No other m3terial is planned o be cfferad at this time, nor
- are the 1238 components to0 be cffered separately.
b) Use of esters: reprocessing causes gradual degradation and
also a hydrolysis prgblem exists.
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Properties:

f)
g)

auto ignition temp is 2357F (445°C)

refractive index: Monsanto wiil get.

Monsanto to check saleability of 1238 vs. temp. down tao -80°C,
Will get absor. of PP ang 1228,

Additives: Unox 4221 has been “ound to give better results than
other eroxides on gther hydrocarbens, but 1238 has anly been
testec with 3221 for ac capacitors. For dc capacitors, Monsanto
has tested guinones and thev enhance 1ife on dc.

Electrical breakdown of fluid will genarate no strong acid Dy-
products (HpS und Ho0 pius some sulphorated comzounds).

Life Test: Ballast capacitaors 1mpreg by preheat for 2 nours
in air oven 125 C, vacuum dry at 125°C, impreg., with de-gazsad
fluid heated to 95°C, cap. at 1-54 before flooding at 125°¢C

cap. tamo, then vacuum is broken, cool to room temperature and
then soider sealed. Accel. life test 90°C oven temnerature, 000
volts rms 60 Hertz on 2 sheets of .00066 {.9 den) 1238 units nave
run more than 1000 hours. Measure P.F. periodically [~ each week}.

No need for antioxidant with 1238 even for long time storage.

Avoid use of epoxy-type sealants for ballast type cap. cans.
DC S2348 {Dow Corning) - 0.K.

3M EC1447 {Phenolic Typn) - 0.K.

Aestinghous
tests {proc

L0 supoiy ﬂonsanto with FPF units (75-53- 7 for Tife
355 2 at 2 time) - need 100 to 200 units.

Q
2
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1972 ELECTRIC UTILITY EXGINEERING CONFERENCE
Rpril 9-21, 1972
SUBJECT NO. 41
CAPACITOR DIELECTRICS DEVELOPMENT

Robert D. McClain George E. Mercier
Manager . Senior Engineer
Capacitor Unit Engineering Capacitor Unit Engineering
INTRODUCTION

Electric utilTity application of capacitors will change during the 1970's
because of the economics In usfng bigq capacitor ynits, and because of the
environmental pressures to police the use and disposal of PCB’s and to
move distributfon circuits underground. '

THE SWITCH TO 8IG CAPACITOR UNITS

Although 100 kvac and 150 kvac capacitors retained considerable popularity
through 1971, use of 200 kvac, 300 kvac, and 400 kvac capacitors showed a
marked Increase. Improvements in polvpropylene film, kraf¢:paper, impregrat-
ing fluids and knowledge of processing constraints ed to the introduction
of :he sinc 2-phase 200 kvac and the three-shase 300 kvac capacitaor in 1870,
fol iowed by the three-ghasz 300 kvac capagitor ia 1871, {See Figure 1, 2,
and 3.) Field experience with the first increment of 3,000,000 kvac of
three-phase units in Tri-Vac equipments windicated the design change: fall-
ure rates warz 3s low as for the smaller, single-phass capacitor aquiswments,
and users benedided from lower costs.

Additicral improvements in the techniques o apolying thz 2Jyna-Vac dia'2ciric
system to capacitor dasign have led {0 big unit designs ~ith Tosses held to
even jower levels and designed with overload capability sufficient for .
successful application in very small substation banks. 2 comparison be-
tween minimum bank sizes that may be constructed using standard 100 kvac
capacitors (with rated voltages from 2400 volts to 14,400 volts and

capable of sustained operation at 110% of rated voltage), 3and minimum bark
sizes that may be constructed with 200 kvac capacitors (with rated voltages
from 4160 to 19.920 volts and capable of sustained operation at 120% of
rated voltage) snows the way to ootential savings from reduced nunkers of
fuses, smaller mcunting frames, reduces installation costs, reduced real
estate requir -2nts, and lower c35t 2¢r Xva: for the capacitor uniis.

Se2 Table 1. -

Minimum banx sizes have t2¢ :3%abiisnzZ on &he basis that the Sank wily
rematn fn service with one v.own fuse in any {or in each} parallel connect-
ed group of capacitor units. In the case of 100 kvac units, the resultant

Subject 41 - Page 1
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overvoltage permitted will be 10% of rated voltage, maximum. In the case
of 200 kvac capacitors, the permitted overvoliage will be 20% of rated
voltage, or less. Life expectancy, in both cases, exceads normal commer-
cial -stated expectancies of 20 - 30 years. Only wye and grounded-wye
applications have been considered. {Delta-connected Banks are omftted.)

Table I shows the range of line-to-l{ne voltages that may be served by
increasing numbers of series-connected groups per phese, and compares the
minfmum bank rating (kvac) that may be achieved in wye and in grounded-wye
applications, using 100 kvac capacitors (as stated abuve} and 200 kvac
capacitors. Plotting this information as shown on Figure 4 reveals the
broad opportunity for savings by use of big units in small banks.

Faflure rates for 200 kvac capacitors, for the illustration above, may be
taken to be the same as for the 100 kvac capacitors. Assuming a very
pessimistic rate of 1/2% per year (a rate at least three times greater than
recent experience}, the probability that any given 200 kvac capacitor will
experience an exposure to overvoltage due to fuse operation during the
course of a year, has been plotted on Figure 5.

Because 200 kvac capacitors built for the application cited above mwst
have very low operating losses, the usar reaps another benefit in terms of
better operating efficiency.

In sumary, the move to big capacitors can be seen to extend over the full
range of capacitor bank sizes because of greater overload.capabilizy,
greater range of avallable voltage ratings, low failure ratas and low risks
of exposure. Savings in first costs and operating costs result.

USE AND DISO0SAL OF PCR'S

- myen]

-t

Discovery in the 13€0': =hat poivchlorinated bizkaayis. {tarmed “asvarals
and used axtensively as insulating fluids in capaciiors and transformers)
tandegd to persist ‘1 the environment, ind might be factors in envirormental
pollution, Ted to a widespread affort to bring them under control. Monsanto,
U.S. suppiier of PCB's, has stopped saiaes of the material to all users,
essentially, save manufacturers of transformers and capacitors. Because
no suitable replacement fluid has been found with the properties of non-
flammability, wide onerating temperature range, excellent characteristics
in the face of internal ionization, desireable dielectric constant arnd
compat‘b111ty with other dielectric materials, and because use of P(B’s
is restricted to closed containers, use in caoac1tors and transformers 1s
continuing.

. e,

In Sep tewe-.. 1977, atl asxaral 4eli.arag 0 U.3, 2 £

wWas Ihanges by ”*ﬂ)"‘o to he fepclo- I, 2 2ix of Igwe-23iod
PCB homoiogues and Isomers Zasmed mora *iPJ¢~*aJ-3.'a arg zosentially less
persistent in the anvirgnmssc Sthan -revicus as<arels, in the zvent of their
tnadvertant i0ss. This change 2rovided no relief from the need %o exercise
caution in the use and disposal of PCB's. Manufacturers have taken strong

Subject 41 - Page 2
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measures to assyre against lass of PCB's to the open environment: surplus
waste fluids are returned to Monsanta for special incineratfon at high
temperature in equipment with an exhaust-gas scrubber. Saturated solids
are disposed of in suitable landfills, or are held in containers for
future incineration.

Standardized procedures are being developed by ANSI £-107, a national
standards committee concerned with the methods for use. and disposal of
PCB's. Working groups, established by the principal committee, are active-
1y producing the first drafts of precedures for use bylmanufac.urEfs. users,
and scrap dealers involved in the problem. f

CAPACITORS FOR_UNDERGROUND DISTRIBUTION

Vault application of low voltage capacitors on concentrated, urban netwerks
has been a commn practice. As suburban and rural toad growth has been
accompanied by increasing pressure to place the distribution circuits
gndergrg:nd. several approaches to the capacitor installation probiem have
een made:

- Low profile, pad-mounted, housed equipment.

-~ Submersible cluster equipment for 1nsta11ation ln subsurfaca,
36 inch diameter vault. i

- Direct bur1at.

Of these, direct burial commands greatas« interest at th1; time. Intro-
duction of Jyna-Yac capacitors with exceedingly low losses offered the 20~
dorturiity for re-investigating the possibility of direct burial on the basis
that derating factors previously sncoungared sight pe avoided.

]
|
!

In 1969 Westingrouse loined 3 customer's avaluation of d‘re:: huarial,
suppiying capacitors with a spezial ar0c=c:iae finish. <Zonnection t0 tha
terminals was through removable, submersibis YRD tamminals. Thermocoupies
connected to the canacators at top, cantzr and on the center of one side,
and thermocouples located in the surrcunding earth provided thermal per-
formanc: data.

The capacitors were placed in line in a trench 50 inches deep with separatian
of 36 inches between ore capacitor and the next in 1ine, see Figure 6.
Backfili for three units consisted of tamped pea gravel to an extent of
approcimately 4 inches on each side of 2ach unit. The other three units

| were backfilled with nativa soil from whizh large atones ard major debris

; was removed and then well packed and tamizd, gee “igure £,

In 2 subsejus= installadiog, mits W
appiied by tne utiiity, in a trunch apc

] ’s'a Tag wi%h 3 snezial Finpisae
riaimately €3 inches deep.

oo

in both installattons, the capacitors were switched “on" from B:00 a.m. to
4:00 p.m. daily, for at least one season. Then banks were operated 12 hours

Subject 41 - Page 3
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“on”", 12 hours "off" for one season; and finally they were placed cn con-
tinuous aperating duty.

Although fhe test program is not complete, status of the program has been
reported.' Continuous ooeration of 150 kvac capacitor units produced no
case temperatures above 43°C with ambient soil temperatures of 25°C. (A
1imit;ng case temperature was considered to be 70°C for' the designs under
test,

- Bacause the field tests invnlved test sites receiving 30 inches of wainfall
or more, per year, a comparable test program was {nitiated at the istri-
butfon Apparatus DTvision. wnere moisture conditions could be controiled
and the ambient kept ciosz to 25°C, year-around. Again, these tests are
tncompiete, but tend to support the conclusions being reached by those
conducting the field test cited above. Surprisingly, capacitors backfilled
with pea gravel have tended to run at higher temperatures under the dry
condftions of the laboratory test, than have capacitors backfilied with

native clay. '

In summary, tests conducted so far support the feasibility of direct burial
of Dyna-Vac capacitors, without requiring serious deratipg.

CONCLUSION '

Dyna-VYac¢ cabacitar designs can meet the need for ezonomical capacitor
installations in the 1970's, and the versatility of the dieleciric system
will support any mcve to underqreund distributicn, Any threat of environ-
mental contaminz:ion Doses 5y zhe new Arocior 1016 can be controlled by
careful gbservanie of the procedures for use ana 4ispcsail of PC3's now
peing prepared by ST C-397. ‘

REFEIEHCES

z

1. "Direct-Buried Capacitor Tests Show Promise”, A, . Serski, Tr asmiszsian
and Distribution, pp. 30-33 {Novembar 1371),
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PONER CAPACITORS - A MANUFACTURING QUTLOOK

R. D. McClain
Westinghouse Electric Corporation

Over the past 50 years, the American capacitor .industry has
more than matched the technological progress of a]nqst any other
comparable endeavor. In constant dollars, the overi]? cost trend,
dollars-per-kva, has been downward. Wide ranges in ratings have
been made available and containers have diminished §n size and weight.
Along the way, fTammability.uas brought under control, along with
2 host of materials contamination problems. Energy-losses were drastically.
reduced.

If anything, the recent rate of technical chan?e has accelerated
rathar than diminished. “Progress“'has posed seriods preblems at times
when tachnology introduced the capability to 9roducé, with existing
facilities, at a rate substant{ally greazar fhan the growth of demand.
During tha paé: 5 years, pressuyres have bean compauéded by -owing carcern
over (e possitie adverse effects o} persistence of the dielectric fluid, .
polychlorinated biphenyl, in the environment. Manufacturérs have ;es;crf"
by use of a more biodegradable fluid and b} working, strenuously, iowirs
control of PCB's 1in manufacturing plant water offluents to extreme!y low
levels. In the midst of this, there appears an inc;easing corcern over

{ve faiture rate far caty-itor; 37

what s considered %o ts an

0

(13

£ss

»

manufactur 2 during tha post

‘¢
v

[T

(23

] years. We addrass this l&st irista

-

e

today.
The “Industry probiem” - {f indeed there is one (as opposed to
several concurrent, individual problems) -- is not yet clearly defined,-

nor localfzed as to total magnitude, kind of application, design, user(s),
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rating(s), vintage, or manufacturer(s). An effort in this direction
is being Taunched by the IEEE Capacitor Subcommittee:

Some potential factors in the expressad concerns are --

1) A change in flufd, from Aroclor 1242 to Araclor 1016,

in 1971.
2) A change in the polyprapylene resin for cap?citur grade ftim

. in 1973.

o 3) Phase out of manufacture of insulating pressboard by the
major source in 1974.

4) Changes in ownership and possible changes in operation by
the companies supplying capacitor paper to }he industry.

8) Appearance of new capacitor designs with snhewhat

.5 . higher voltage between winding electrodes.

.ﬁ 6) Pressure ty the E.P.A, and other agencies t? achigve

5 ) stringer: iy low levels of PCB effluent, resulting in major

= chanses in manufacturing procisses and proéadures.

With ail due respect, 3nd in v?ew of what is known %0 datze,
almost none of these appear to be the cause for what is reported ° be
happening: _ o

a) The switch to Aroclor 1016 was well investigated and sub-

stantiated before production. At most, the changz, from a
dielectric standpeint, was minor, involying elimination of
the small fraciion of hicher chlarinated {Yess blodzz-s
compurds from Mriilor 1282, .arge AETACS 0F 2BEa.1TIE
are in sugcessful operation with Aroclor 1016.

b) Essentially the same cen be said of the improvement in the

base resin for <he fiim: removal of trace contamirants

enhanced performanca.
NPC00007302
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¢) Altemative sources for pressboard, or use 0f alternative
materials, posed no identifiable problem.

d) Capacitor grade paper continues to meet the stringent require-
ments developed over the years, and suppliers have acted
responsibly in completely checking out resqlts of minor
modifications of process.

e) Desion changes are always most suspect--and', for that reason,
are always most carefully checked out. Proof of the adequacy
of such investigations 1ies in broad, large scale, success-
ful field operation, particularly for designs of highest
stress and highest voltage, foil-to-foil.

[}
1

f) Response of the several manufacturers to EfP.A. pressures
to reduce PCB piant effiuent cannot be mea%urea. as this
is considerad proprietary information. It is suggested
that any change which produced capacitors Qith inhevently
differens individual historfes could overshadow msplazed
trust in tests b2sed on sappling proceduras cr bassd on
advance "typ:s” tesis.

Two 2ztions by tRy f ;

repc?ts af hil. faviur. oo L L .-
1) IEEE survey of experience (mentioned above)
2) Review of industry standard (IEEE - ANSIﬂ

~ o, cm@n N S P . Sl e
GCTIT RS N QNESE TWD Ari35 vy Ffzrll:

W

2} To be effective in identifyiag “a" pr. lam, or “the" probles,
details of field performance and application surrounding
an accasfon of high failure rate must be supplied to the

manufacturer as socon as possible: type of application,
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praotection, and attendant transient phenomena are
valuable data. Complete nameplate data from each failed
unit makes it possible to match performance data to design,
manufacturing records, and even to source materials records.
When data are available to the manufacturer from more than
one user--and the experiences are comparable, or entirely
different, the time frame can be identified and the 1ist of
variables to be researched narrowed to only one o} two,
for most cases. |
Standards now contain the essential requirements for verification
and application, However, a consensus has not been reached in
several important areas. Perhaps the difficulty in achieving
consensus ¢21 be clven by three illustrations:
1) Accelerated 1ife testing by application of high
temperature and high voltage, within discrete limits,
has produced several procedurés and :zcompanying
anzlyses with their various Jevotess, CLonsider the
consternation :nen such tasts pradict very long jife
(type test), but groduction ﬁnits fait 13 Yc -
eratures ind voltagas within a feu
an inciden: accurred, adbroad, and ths snsuinj engm et
resulted in a simdle, delicate adjustment in chemistry.)
2} Great strides in detesting interé;? gartial dis;ner;as

fotnonIia o dt. 3ut T sized canssiises Alcr oran

reported #itn faiiures showing ail tne earmarks :f
partial discharge da-age, when none could be detected
beforehand, Manufacturing controls--rather than dirgr .
test--was the only assurance of quality.

3) Case rupture preobability test methods are not standardized.
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Preparation of test samples inevitably leads to
differences from field conditions. Another important
aspect of field performance in this area 1ies with
different application practices in the industry:

Using even the most “darinc {optimistic) curves

it s difficult -- if possible -- to properly coordinate
group fuses for large distribution banks having isolated
nautrals.

Where does all this leave the perplexed user who has both a

-continuing need to apply leading vars to his system and who has a
recent history of bad capacitor performance?

1) Gather data on failures, in detail, and feed the iﬁfbrmation
back to the menufacturer. There is strong regson to believe
the failures will =2 found to be spezific to a singlie situation --
not part of an "industry problem". Fast fe.dback shortizns
the time to make a fix,

2) 0o not fall prey to easy generalizations. Examoles:

a) 1500 volts, foii-to-foit is said to be bettar than
2400 volts foil-to-foll. Check this ~ ° . the axtansivs
history of successful operation fa- . riimce
L . b) High d4.c. overpotential test (6.25Vrated} on capacitor
gives better performance than (4'3Vrated) test. While

the sigher Zast givas Jraster dislazsric streast™ margin

(3

: 2g3°r2dTe i7 restoiking frazbors, 3to ), 2r:

[(

and tay 5
involved, actual field faiiures.will not be rsduced if
. the basic problem is factory processing, or a deficient
chemistry. Either test level has 1imited effectiveness

in ferreting out defects of very smal}] area in only one’
of the two sheets of film between foils.
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The overall objectives appear to bé to get reliable parformance
while continuing to be able to supply vars at jow cost. These
objectives can be served when the user knows his requirements and
specifies to them, when field performance data is fed back, when
tests relate both to manufacturing procedure and tc operational
requirements, and when judgements are based on a brcad base of

information.
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PLANT FACT SHEET ON PCB'S TIIAT ARF (

Our plant uses PCB liquid in the mnnu(nciﬁr'
because it does not burn,

Capacitors are an_elé&trica1 device thal I
The PCB 1iquid s in a sealed or closed cni -

A1l residue,wastes (even lhe -sawdust on thr

on or in them are shipped out of Indiana to twn <

equipped to handle PCB disposal.

The sewage leaving this plant conlains less Lhan

ON KHOWLENGE iH QUR PLANT .

It is called inerteen

cclvie snergy,

0 ids that have PCB

-y areas that are

‘= per miilien of PCB. Over

90% of PCB's used for capacitors are biodegradeal:i:. Therc is nu disgrace or problem

with W actions. However, since PCB are and their effect on the environment are the

subject of political discussions and technical debate among specialized scientists,

it is a difficult subject to understand completely, Mr. Britain and Mr. McClain

are in a position to get complete and accurate facts. All requests for information

should be channeled to Mr, Britain's office. This will aveid rumor and conflicting

reports.

We have no knowledge of any heallh or environmental problems caused by the use of

PCB's in ¥ capacitors.
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NOVEL SINGLE AND MIXED LIQUIDS FOR

HIGH VOLTAGE DIELECTRICS

by
K.W. PLESSNER and E.H, REYNOLDS
(Paper presented in the name of Study Committee No. 13,

Insulating Materials}

(U.X.)

SUMDMARY

'
This paper reviews the recent changes in someo matzrial supsiy

conditions and the constraints arising from ecological conside *3* o~ -
to their effects upon the existing range of liguias .
Voltage equipment.

Over many decadesg, louids Jorthe bmzr- w0 a0 o Snased
dielecsrics of wransformcis, cupagiiors ans
}ines of development leading to the estabiishment of International Codus i

Practice and Specifications. Chlorinaied hiphenyls have been very succaess-

fully developed for trznsformers and capacitors, while naterzl mineral oils
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and certain synthetic hydrocarbons have been evolved to very high standards of
performance and reliability for all types of electrical equipment.

Two recent changes have altered some of the accepted criteria on
which choice of liguids can be based. F‘irstly, the discovery *hat polychloro-
biphenyls were causing cumulative and persistent contamination of the enviren-
ment, giving rise to fears ofva t-oxic hazard. Secondly, the dislocétion in the
world supply of familiar crude petroleum oils, led to unavailabiiity of certain
types traditionally produced by rigorously controlled processes for standard-
ised insulating hydrocarbons. Increased research has beea stimulated into the
evaluation or evolution of alternatives for both polychlorobiphenyls, and
natural insulating oils, especially of naphthenic charagter, )

The sezrch for technologically and ecologically acesotable altornatisves

to PCB's has posed the greater problems, more 50 for power cagacitors
?

.
19
2,

reguiring liquids of permittivities in ¢he range of 3- han for sransiorrmers,
——— e - vad S Ty T ——

LT )

where hydrocarbons couid be re-adopted. Thus the stimuill proviczd by the

foregoing consiraints have promoted re-assessment of zil 2la3s-.

carbons, naturz! and synthetic esters and mixtares »l 7

stabilisers and diluents, the provision of non-toxic, = orunzisd
hydrocarbons and 2 r2ansraisal of the praz:icabilisy an. . Lo elwidar
applicaticns =7 salvsiiswanas 2r2 MTuarocaitons for o el oY Hion ::'clz.". hed
eguipment. . .

Liquids, Diele::ric, Novel forms for Cables, Capacitors,' Transformers.

Switchgear.
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REPORT

1. GENERAL INTRODUCTORY SURVEY

In evolving more efficient, economic and compact High Voltage
equipment, great- importance has to be placed upon ensuring long, fault-free
service, usually between 20-40 years.

The establishment of existing designs has not o:ily beon based upon
lengthy research and development in the laboratory, but aiso upon exteansive
field trials and operations with continuous {eed-back of data. A change in
even a minor material or component cannot be assumed to be sétisfactory
without full and rigorous assessment. Changes, thereiore,’in a major
component, such as *h2 impragrating Juld, carry onerous liabilities,
much maore so than in most other heavy indusries. Despite the itle of this

-papar, which may bz slightly inapprooriai2, novelly in insulating liquids may

have vanishs;d by the time bulk commercial utilisatiop is realised, Neverihise
less, the drive for novelty must persist, though 1t is notable that over the
last few years two unusual constraints have emerged to stimulate raz-

They have arisen frcm two entirely disconnected sources, bu:

their rzper-cuassisnz is dimelw, If not crucial to the mainiis nle

im, eparatizn oand rolizoo i

= -

ment ¢f =xisning or future stanlards of de

LN U]

Firs:, the widespread reliance2 upon the us2 of polycniorsiishenyis

("Askarels"” or PCB's) in transformers and capacitors as non-inflainmabie
saturants {or paper-tased insulation, first introduced in the middle 1230's,

and more recently in the 1960's for mixed paper/plastic film dielecirics -for
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H. V. unit capacitors, has been questioned on ecological and environmental
grounds. This situation was first revealed in 1966 by Jenser, who published
analytical results showing that chlorinazed biphenyls could be €etected in fish
and birds and in certain natural waters. Qther studies have produced similar
evidence, and recently in the cfficial Journal of the European Community(” it
]

was stated that, recognising the risks o the environment of continued dis-
persal of PCB's in the li:hos;)her.e special legislation constraining their use
might have to be introduced.

Since polychlorobippenyls are molecules of higl{ chemical stability
(one reason why they make excellent dielectric liquids), ;ha.x:ing a mild
similarity in this respect with certain inszcticides {notab';'"DDT) it has bean
tacitly concluded tha: ther were egually objectionatlie towards the envirgn-
ment, Greater control of the manufacture, use, handing and dispssal of
wasie PCH's has vary largely eldminated risks darived from their usa in

- . - v . ' - . L) -
H.V. Electrical Equipman:, and if the praovisions iancorporaied in the CIGRI

"Code of Practice” ) are observed, {uture hazards would b2 negiligibie,
Nevertheless, the publication of such information amid mucn iil-

informed specularion has {orced a closer examination of the possibility of

utiliging aiternztive liguids, which can give equivaient periormance in all

respcots, bul winch cennsi becerme 3 Tersisten

. L L VRN I8 oAi=
u Do L0000 Q13-

=1 ee
S

td

(<3
~

a,
"

- -
~ ~

persed in the environment, nor attract ¢sndemnaiion as having specific toxic
effects detrimental to man, . *
Secondly, the recent interruption in-the free availability of some

natural mineral oils, resulting in certain cases in the complete removal
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from the market of specific types of crude oil, has stimulated research into
and evaluation of hydrocarbons, both natural and synthetic, having an internai
balance of molecular species very different {rom that which has been custom-
ary, and on which continuity of manufacture and standardisation of performance

of H.V. plant has been based. International Publications such as "IEC No. -‘:22"(2‘

are typical collections of thc: aceursulated technical experience and kncwledge
which is essentially based upon deriving complex products for long service duty
and also upon the continuing évailability of a specific class of raw material of
well defined composition, re.fined and incorporated into the final artefact by
an established, repetitive series of prccuciion processes. Alternative
products, of competitive price and similar technical reliability, meeting the
same specifications znd :2sts, despit2 radically difierent d!:.emicel Composi-
tion, may be dillicult and expensive to esiablish, while {ailing ta preserve
tecnnical eontinaity. |

The changes reviewed in this paper mosily afiect the availabilizy and
choice of liquids for impreguiating, c'abl.es, casacitons and ‘ransiormars.
However, since a giw;n idcuid depérnding upon its range of properties might de
used in one or more of these classes of H.%. z3:aratus, 1o . =31 L2 o
appropriate to consider :ew possibilities or alternatives undar the generic
chemical claszificasions, and 10 summarise each cl_a'ss with an indication of

- AT x. ; .
2MOET SUICOIEULlY 2 MLave, N rezZiard o nell

- -

where any chdngus m

m

employment in any particular ¢ype of high voltage apparssus. [t is, of sourss,
well understood that, having indicated the possible applications for a new
single liquid aor mixture, extensive compatibility trialc would have to be mede,

encompassing all the other constructional and insulating matesials.

NPC000073; 5
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II. GEXNERAL TECHNICAL REQUIREMENTS

All dielectric liquids for high voltage equipment should display
certain characteristics to an advanced degree, in addition to high electric
strength, high electrical resistivity anr;i very low 50 Hz loss tangent, These
other physical and chemicalsproperties, common to all applications, may be
summarised as follows;~ |

Low cost and easy availability
High purity (or easily purified)
Stability 10 nxidation and hydrolysis
. High Flash point
Low pour point )
Resistancs <o discharges
Hycrogen (Gas) absorbing under .disc‘narges
Non-inflammable
Low toxicity and easy c-!is;:os-:.!. )

Not many liquids currenily in use mee* all the requirements to the

Ty ot
b P 0Py B4

full ., It is evident that all hydrocarions, v

tests, comply with the remainder, excepd: for non-inflammabiiity. In regard

.l - ab - NS - Al P S ¥ A P Y - foi mm
to this zroparty the Askarels lor Peolyvenlorgtizhentls) srotuzly cones slvzas
T - hd ~ > - - ot - gw ~ nen . - - -

to the iczal dislastr: Llouid, Like all nalofanslel nvdrgia=3ng, o

have high {lash points and autg-ignition temperztures, and reacily mast e

-2 b 5 o
other (especially electrical) requircments, save for their iendency to for::
hydrochloric acid under electrical discharges, despite constitutional aromatic

unsaturation and gas absorption capability, In fact, it could briefly be

NPC00007313
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observed that if the flammability of the hydrocarbons could be decreased with-
out detriment to their electrical praperties, while maintaining stability rowards
oxidation and hydrolysis, eminently suitable uses in transforiners and cables
would ensue. On the other hand, for power capacitors, if the marked bio-
Jogical persisience of the po".ychlorobipl;zenyls could be reduced, without
impairing chemical stabilit_v‘ and non-infiammability, while preserving all the
other properties especially electrical, much benefit would folow,

The foregoing conside:ra!ions broadly determine the pattern of research
into and evolution of new dielectric liquids in respect of primary character-
isties. [t is just as important to preserve or improve the saiety of electrical
operations and reduce any firé hazard as it is to evolve liguids of equal
reliabjlity of pz-iormznce coupled with reduced disposal and quasi-toxic
problams,

The grestest reszarch and development aé.‘.iviiy has so far been

‘eontenirated upsn the provision of non-h l.agenated, non-toxic fqu:iTs 2
replace Askarels, especially for power c'apa:i?.o:;. «hus there xvs: Toen
numerous novel ilguids proposed in the hiahar perrr-:ittjvit:: L )
whiech have already seen limited ~-~-mioviial servizs o

(cf. Section V}.

. ewer Ty g Ng LD e -
H BYDACUARREONS .

obd e -

Although there has been an increasing t2ndency (o rezlace natural
hydrocarbon insulating oils by synthetic.products, a considerable proportion
(varying from onc couniry to another) of the naiural product is still very

widely used, The principal change in the natural crude gils available has

T e 769353
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been the reduction in supply of those of essentially naphthenic character, with
associated aromaticity and asphaltenes, to the more nlentiful paraffinic
categories often of high wax content, low unsaturates and high sulphur
containing compognds.: . .

The derivation of in.sula.ting oils for transformer and cable applica-
tions from sweet naphthenic bas'ed crudes (such as Peruvian or Ecuadorian},
having sufficient natural oxidation stabilitv combined with low pour points
(for low temperature outdoor applications) and good gas {nydrogen)} absorpuon
characteristics under internal discharges, was a supreme- example of the
refining art. Their replacement at economically and technically. acceptable
levels by paraffinic oils or synthetics has preseated differer: problems
concernes wilh szouring cornparzbls oxidation resistance’ {asperially
srasence ¢f copper) with positive gas absorpiion -nd low pour peints. Bu:

Voww
v

‘Jor the ¢0s: facior the synthaties, such as zlkyl benrenes or pel-
- t -

o,
-

suitably compounded as reguired, may have & more fromising futur
Examination of recent reporied data is instructive.

(1) Natural Mineral Oils

The range of hydrocarbon liquids available Jur s

B L TR

direct atiention 1o the comparisen of indiviaual preperies vith

selected synthetics as given in Table I. The virtual removal
of traditional naphthenic crudes {rom the world market, has

—
forced refiners to meet exisfing specifications from paraffinic

=
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‘ crudes, which pose three specifie difficulties:-
(a) Cheap removal of wax to achieve low pour
points.
(b} Introduction of sufficient unsaturated
molecules to provide "gas absorption"
(¢} Preservation of adequate oxidalion stability,
without recourse to the use of added anti-
oxidants. ‘
The success with which suitable grades of refined oils
- have been provided, especially ior H. V. ‘.ransfo‘rmers. varies

from one couniry t0 another. Some users scam, conient to rely

upon minarzal oil derivatives to existing speciiications; nikers
apgarenty perturbed by the hiatus in continuity of source

and comiposition, sce the perpatuation of this uncerizini: in

; the future and would seek to raplace all petrpieum-basad
mineral oils by s-nthetics, in or<er to re-establish compiete

- - '

technical control over tivz (rigin, max .

operation of the newer matz-ials,

{ii) Svnthetics
Zodaov. sanzans WE3 S0l DeEmIvL L as Ln MLl
- cablie impregnant with sevoral advaziages claimed over the

available pe‘rolsum ocils. This was followed by the use of

nonylbenzcnc(”) of lower viscosity, giving improved oil flow

- “over longer lengtas of cable. Some attention is now being
< = -
NPC0000731¢
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given to these hydrocarbons because of their excellent
hydrogen absorption properties up to 120°C, and higher
solubility of water, for use in large transformers, though
it has been reported wat these two alkyl benzenes, whiie
meeting the oxidatiog stability test in :he usual cable oil
specifications, do not do so when subjected to the more
onerous test réquired Jor iransiormer oil, Perhaps this
offers a chance to develop antioxidants for alkyl benzenes,
since successful operational improvements have been
reparied by the use of DBPC e aia (ditertiary Eut)'l para-

cresol) with many hydrocarbon dizlectric liquids,

Near relatives of the alkyl benzenas, develcnzi
spec:ally Jsr canaciteors and transiormers are diary:

allsane ( "able I) anag aikyl naprthaiszne. Tae formas Ras z

L

comparatively low permittivity for this applicativn {:
. ¥

but its electrical properties are otherwise excellent, :t
displays good gas absorption and oxidation resistan.e and

a toxicity no greater than the general lovel 353, .owvo ...

mineral insulzting oils, Naturally it is inflaminntle, svr2h
flas® somny 27 1947 C (comperad wizh valuws L0 .0 L T
3 ¢S cabie 2ii, 1359C for a standari;aphitenic trainsi.on..s

_oil (BSS. 148 1972) and 134°C for trichlorcdiphenyl for
capacitors. This liguid is reported as being used in
. L - -
semih¥recial capacitors in Japan in place of PCB, for the

‘a . : I3 3 »
impregnation of mixed paper/polymer film diclectrics.

NPC00007317
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Polybutenes are now widely used and are derived
from the polymerisation of olefines {rom natural gases or
eracked petroleum fractions, consisting essentially of iso-
butenes (A), with small quantities of normal butenes (B
and C) and some iso-paraffins,

A. CH, C

C = CH
cns/ 2

B. CH, - CIl, - CH = CH

3 2

c. CHa-CH = CH-CH3

They are available as water white liguids having a very wide

325 to 2500. They have excellent electrical propersties, low
perm:tivities (2.1) and due %o the residual oleliniz unsatura-
tion, are normally forind to b2 gas absorbing i.n the usual test
apparatus over the tempt::‘rature range cf 40 to 130°C., They

have two minor disadvantages; first they are a3 inlii-

as other hydrocarbons, secondly; owing o their rath::

fiash points their use {5 restricizd o those gradsys’

1. . - 1oy orele b o -y b va = o4 i - = Lo B |
olgsular weights which meld wiscositizs ovar 204

2

The latter limits their usefulness to zipe-iype catles, und

1@

as additives for mineral-based oil-filled cable oil"’ Applica-

tions to capacitors are not attractive dve to low permitttvity,

and used alone¢ they do not seem to have excited the interest

NPC00007318
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.of transformer rmanufacturers. However, it is conceivable
that they could be used with alkyl benzenes (v.i.) to produce
lower viscosity mixtures of acceptable flash poin! and
oxidation stability, wherc their excellent electrical pro-

perties could be valuable.

L]
TABLE ) .
o b ’
1 ; ] . .
reperty  Specilic: Pour { Flash | Viscose i Permat-l Loss | Remsivaly ) :
Jreperty GF;'.:vxly- Pait lf‘ouu i lyo | tawaty !Tar.% r.t'i 25%C Cammente :
“ V
"1 #ydrocarbon ¢ | | %€ | eS,20°Cy 250¢ j ¥°c | Fem !
‘ 1 . ;
| ! { | - .
14 1 Xsphtheme Ol
Hollow Core 9.855 | -4% | 105 l 5.0 | 2.2 lo.ooox 2.5 x 1614 {2 g,
Cable Oul : i j L | 'r was agsarking
i i - - 1320 | 222 0.0000: ¥i0°% jParattiaicz Ou
Capacitor Oil 0. 8u6 l ‘ ‘ ; ' Pplpsuimiy
> : s arnmvn .
Transtermer Cu | 9,878 | a0 1:35 i 29.0 | 2.21 0,000 8.5 ¢ 1033 INapmmen:s Ol
3 ! 151'Hape’ 1ype
Dococyibenzens | ggza | w0 ;230 } 81 nm lc aca.ah.ax 1t e
. - . ]
Nonylbenzene 0.86? l <-£8 i 127 ’ 4.9 i 2.2 ! 2, 0501 i -
H ' i !
= — - ” : ; s is ix 02
‘ulybae - - 107 3.7 2.1 '0,0005 (S.axi
Fulybotere 0734 ! g : ! 5o ‘ ; . !
s € 1 s - o3 myonmziar
i i 0,98y 47,3154 ) 6.5 ! 2,52 ,0.000) Jaxid rInTisy Wi
Piaeyl Aikane T | (30°C) 1(80°C) § {80C) ! (#09C)  See Rel. 13
! 1 - N
b \ 002 .l.T « 1% Pragmieiasy fsrmeaa.
011 Blend with 0.879 -32.5) 136 1.2 2,22 ;0.0 ' X ol
Alkys Benzene | ' (20°C) | wo®c) | (86°C) | (w1 see met. 3.
NOTE- All the Hysrocarbons in thid Table are :nflammania
{3} Alixed Pai-dlaurs and Tenthouis flvdrscarson, '

Though thizs zird of mixiure has besn Koo fan
‘many years, the longes: usage has been in the jorm of
semi-solid impregnants for non-draining paper cables,

~where synthctic waxes !Fischer Tropsch) have been used

with micro-crystaliine wa axes dissolved in high viscosity

NPC00007319
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mineral oils 10 produce compourds with drop points in the
range of 85-1059C, Oiher attempts to produce mixed
liquids have been less evident and persisient, but paraifinic
type mineral oils with synthetic olefines (cctadecene) have

been used in polymer {ilm capacitors and polybutenes with

mineral oil for low viscosity (6 ¢35 at 20°C) for oil-filled
cable oils.t)

Recently, a blend of mineral insulating oil with

()

alkyl benzere'~ has been developed as a universal impreg-

nant for paper high voltage dieleciries, and is recommended

as suitabie for capacitors, transicorrers, cables, switch-

gear and reaciog. ;- Fhougn the permittivity -t 2. 22 is vather
et :
. N

-
1..w for the capacitér app

lication, the high specific; resistivity
and low loss tangant make it suitable for all the otuer appiica.
tions. The flash point of 138°C is of the qsua:. value for hvdro-
carbon insulating liguids, but lower than for polychioro-
biphenyls, hence it may be said to carry a ¢
if used in High Voltage Transformers.

The assessment of the serizusniz - 1" e

in High Voltage eguipment, especiabiv ia enciosed S0 din

or cable ducts, has led to the widespread use of PCB's in
distribution transformers. A recent development shows
possibilities of improving the Tire resistance and inflamme-

ability of cables especially, by replacing the coaventional

NPC00007320
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low viscosity mineral oil with either a polychlorobiphenyl

(di or tri-chloro)(c)or other suitably halogenated hydro-

carbon mixtures using trichlorobeazene.

An alternative approach to the reduction of

inflammability of hydrocarbon cils (whether natural or
[ )

synthetic) was suggested by the work of Netileton, by add-
ing small quantities by volume (up tao 20%} of dielecirically
acceptable halogenated liquids. This could be of greater

interest to manufacturers of capacitors, transformers and

switchgear than to cables. The latter have to be jointed in

the field with free liquid constan:ly flowing in the welding

ddizives

zare and decompaosition of halogenated liquids or addiz
would posc a serious health hazard, as would the use of
PCRB's or their mixture with TCB deszribed above. Ther?
also remains the latent objeczioné of toxicity. and environ-

mental poliution hazards already levelled at the polychicro-

biphenyls as a whole, especially in field installation

activities.

IV, POLYIHLORQIIPHINYLS {PASKARL L.

-

These chlor:naled aromatic hycdrocarbon licuids have raaghed

mixtures of about 70-80 different isomers, the bulk propertics are

NPC00007321
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erd miq
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level of reliability and economy as impregnants for paper and paper/polvmer

film insulation {or transformers and unit capacitors, Since they consist of

i . 789960
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necessarily average values, as are the nominai chlorine contents.

For trans-~

benzene are preferred, while for most capacitors, the trichloradiphenyl is

widely used.

In addition to the excellent electrical properties and higher permit-
.
tivities displayed by this class of fluids compared with hydrocarbons, their
use has enabled a new level of safety in operation to be achieved, especially

high chemical stability, resistance to oxidation and hydrolysis and particularly

non-inflamrmability.

for granted, since absence of serious fires in high voltage equipment sited in

buildings becomes o be regarded as an inevitability rather ‘han a valuable

The laiter is a safety feature which is fraquently taken

of PCB's against which 0 judge the alternatives.

"sine qua nor'' to be sreserved. Table i gives a sum

pe

mary of the progeriiss

formers, largely to secure low pour paints, mixtures of the PCB with trichloro-

TAHLE 2 '
(. PCH Flu:ds Transformer Triehtoro- Casseitor chnuc!zi:‘ro- i :
Properties Asxarel bishenyl * Askarcl ¥ | iphenyls ; !
Paur Paint °C -32%mzc, | 180 i, | - ’ 13 wav T 2 )
fucnsny 55°C 1.557 209C ‘l 1.237/47 | i.263 :5'-’::5 t -'.-J:
t;'.scusl:y <8 1 239¢ i T.e o3 49 9vc ] 55T
iFlasn Paie: °C Noama iy .ot 184 mum. ¢ 2430 RIETY
f’—’.'.:rm:.l 3wEatlity uan - 1. mixe 7 ; T '_\;;" 3. -
Loss tangans (103°C: - {6.02 max, ; 0.3325 i :.ijn max, ST
Peranttniy (109°C! - | s.8/5.0 5.3 25%¢| w53 | ;
Ressuvety  100°CH Bemi 35k 102§ ox10®? | 1sxae?® ) Lgua1a!? | snaecues dakses.
Auto-ignitica TOC . - 650° - I }
g |

-

Thia is th:c well kndwn varicty with 32% chiorine. .

This contning 42% chlorine with reduerd pentachioro desvativet

NPC00007322
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.The chlorinated hyirocarbons as a whole tend to be very stable
chemically, even at elevated temperatures, and this has led to their use in
many applications outside the High Voltage field, often in consumer goods
such as plasticisers for plastics, printing inks, certain varnishes, and
especially in heat transfer fluids. The laiter application is closes: to the

]
electrical use, since it particularly takes advantage of their batter thermal
concuctivity ‘-w‘-.-eh—.s approximately double-that—of hydrocarbon oils).’

The PCB's naturally possess some minor disadvantages, mainly

that they are decomposed to give hydrochloric acid under eleetrical dis-

charges, and are not only persistent but biostable under normal environ-

mestal conditians. The latter only poses z problam to the dectrical

Ll

zogtraer i the hanlling e~ d 2irsposal of ebs-igt: ogulrment 15 imnr el
i 3 'Z) 1 - .

. S S R . s e m e .

o n.o.gieq, thoaZh thiz sl onst oecur, It is paohgps rel2vant oo it

. P | i ; Pem s ahyeens) el e LN N
LIRS LG SRIOCIne ¢onenliDaiE LG IOV the mIore . L2

and persisien: are the molecules, The lower chlorine contents (dichlorc-

diphenyl) are less stable and less persistent, therefore more reactive .and

likely to be rather more objectionable, besides showing lower fire resistance.
During the last few years, manufacturers of PCB's have not onty

conducted a grezt deal of research into the discovery of adequate alternatives

“(See Seciion V), but have also atizmpied 10 produce bio-degradable chlavinated

aerivatives, which will display the same etecirical performance, resizrance
to oxidation and hivdrolysis while preserving the same dezree of non- °

inflammability. Much progress has heen made, but before a total commaraial

solulion-Tan be claimed, there will haw: to he universal agreement on wnat * =

§pC00007323
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duty, the universally used PCB's. As a class, the available commercial esters,
g=veloped as relatively cheap plasticisers, may ¢ontain too high a propor:ion of
other chemical species and impurities to render their bulk purification for
dielec:ric purposes either simple or economically competitive and these dis-

ad;fantages would only disappqar if there.were to be any consiraints placed
upon the use of existing liquids.
As a class, esters are not partictlarly well suited to dielect=i
duties, for although tliey cover the range of permittivities ‘requires 3.0 - 10.0)

they tend to be ol rather high viscesity and are susceptible to hyéroaiysis and

oxidation. Even when carefully purified by extensive earih treatment {atta-
-13

puligus clay or activated alumina) it is rare 1o find values above 1.0 x 10 in
the uselal rangs of ponmnittivities abon : 3.0, Tsable 5 presents some vpical

: RESI . i SoTrariiar, wroanliniomiher L cEiTonionr work har o esn
W 2o A ey M, e e S
R Y T T .
TABLE 3
DT froper.y g'\puci!.: i' Pose § Flasa %ﬂu.‘.;.-_-f I\'iscos::y Permiite’ Loas t
JGraviy | Poiet | Pou I’!‘u:u: (eS| acy 4 Teagear ! Notes
Cster | j % & °c | °c i ow%¢ . uwT { ‘
Castor Oil , 0. 96 215 ! o2ss " 38 lv 1030 | 463 | 0.002 . E' Ciosed cup.
l 25°¢C
) -
Di-n Hiyl phuialite l 1.04 a5 1 an i 310 ! 163 " .30 ; 0.00t3 | :
: ! i i 250C i i
{ ' ‘ .
T . : i . . v
D1an fapiyi slinalace i 0.7 : 40 2 oo taas sz oo : -
: . : 250¢ | :
] ] I 1 1 ! . '
) T 1 -
| Dieigo Ooiyi promatate . 0,934 ; N R TN P ua g enons ! Closes cup
; : ! ' ' 5%
. i i 1 M .
':...-z:.-..-_:.-c\-_.., - Loeds l --;:'.. IR H : 3 o.ncg;ac. .
1 5 ! .
. . 1 H
Di-ago Nonyl phe e ! 45 22 o232 25 | %.66 ° D.0605
i : | | : 259C - Ref. 301
D2 Etliyl newys <enucsen, n.az:sl‘ T -t I AR P I L
: 3 - - - _——
OG- Apnany]” phithaiate boolu . Toud e 5,6 ER Mk ! 016G 1T itipsey . A
— | ! l-_s l!arl 30°C] i i Eswrof Uoe )
|l | : | ! i alconoin,
() 1 . ‘ H L -
Qivwwo Deeyl pietudate ! 8097 - ! =30 T ' { 4.1 i 4.3+ 0,062 I T Peanky Moo
< i . =51, . BuRT | !
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Of the uncompounded esters listed {and many more have been
evaluaied), orly di-isononyl phthalate hes so far been recommended for a.c.

<)

. {a . < s .
capacitors. Among the remainder, promising results have been achieved on

paper and mixed paper/polymer film capacitors with di-n é:ut}‘l phthalatz, and
indeed it is the derivatives ef phthalic acid which till now have attracted most
attention. :

The dielectric loss tangents of most esters, even if below 0.001 at
259C, tend to rise sieepiy with increasinz temperature and to be suscepiible to
chemical deterioration upon.prolqnged duty at elevated temperatures. Also

they are all inflammatle, and when lgnited mayx burn fiercely, YNevertheless,

most piithaiate esiars 13 possess the atirac:ion of providing 2 negligible
envivonmenizl hzoard, sioos thay ars iritizlly of lew or zero toxicity and av

swiltly secomposed Dy commina chernical or biologizal agsris,

Toapmem shameo wiy o e el azescintes =3
SPIT LLoUgh TOASDI JCDOInS WIG2.) Ussd

derived from compounded PVC) have bean jound in cpreenirations up to

3.2 mg/z in fresi: water fishﬁa)(compared with reported figures of 1.3 mg/g
ic;r PCB's), the TL 50 value (tolerance limit concentration for 56% survival)

for many species of fish, is well above 0.7 m.g,‘litre of water, which is at

least 40 times Setter than that for DDT. Little is known of the toxicity of the
esters of other orzanic acids such as ben:.:oic or triacetie, but their electrical
preo2viie s are o7 aovartives Phesghizr zsters Adisniav o uselul Froperiies,
but they valry vory widely in potantizal toxicity., ¥For examipie, 2-ethy. Ea-cx;.'l
diphcnyi phospiiate can be used as a plasticiser in packaging materials which

come in_contact with foodstufls; but tritoiyl or trixylyl phesphates are neuro-

NPcoooo7325 Co
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toxic despite having relatively low LD 50 .fxgures.(") These fizures may be

compared with those reported for polybutenes, which are reported as

L]

"practically non-toxic” (LD 30 value greater than 15.4 mg/g), white "sof

dodecyl benzene is thought of as non-toxic.

i
'
1
1
‘

The genera!l indication is that very few, if any, esters by ‘:emsalves
L)

provide a useful a. c. dielectric liguids, and the few referred ic above as having

some potential, should be ccmpounded with stabilisers, such as the epoxy

derivatives of Bisphenol A. Furthermoze, greater promise is shown by com-
pounding with other easily obtainable and purifiable liquids, using the estec as

a solvent, as described in the next section.

ca- e | Armarem w ot
W TS ITE AARID MNINTORES

- o2l 2t 4 muimpeas acrze lavepmd < S vel mleabataan

~02 QOTIOINGINT S0 2 321D 0I8L 220X SUCh RS Li-n JUlyL palNE.NT

with other dieleciric liquids or organiz compe nds has zese exploree guit2
extensively, as an alternative to thg use of a single pu":ifie:f chemical species.
In pursuing such a concept, other combinations of organic liquids besides
esters, have been scrutinised and most of the reported resulis emphasise the
nees Lo incorporaie a specific stabiliser, followiné the well-cstablished
praciice of pretecring trichlorobiohenyl with an epoxy ‘compound {diglycidyl

ginars and dorivanives of athyvlene oxide! which rapidly abserks any hydroa
.

chloric acid libera:ed by internal discharges under z,c. operation. Diffarent

stahilisers, asually quinc:ucs, have been used for d.c. appiications. It canaot.

t el . . - . . . . e
beégssumesd that the rates of reaction established for the various apoxies with
e

the breakdown produc's ¢f PCY's, will sppiy to their inleraction with othor
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organic compounds, and indeed it has bzen found that even with a substanzial

excess of epoxide groups to react with each phthalic acid molecule, the

reaction rates could be several hundred times slowsr than with the hydrochloric
acid relezsed by electrical discharges in standard trichlorodiphenyl, Perkaps

the best example of an epoxy stab1hsed phthalate ester is provided by the lizuid

Tlem 1" ('E)

known under its proprieiary trada name Zcona which consists essentially

of di-2 ethvl] nexxl phthalate stabilised with a diglycidyl ether of Bispheno! A

(DGEBA), one of a large number of diglycidyl ethers proposed as stabilisers

()

|
for capacitor apclications.''’', A selection of mixed ester and cther orzzn

,..
(2]

Lguids suggesiad 25 possible capacitor impregnants are given'in Tcble &

s
W
=]
o
2}
4]
"
B
r

-
(]
.t
«t
Jur

1
-
w
[+

2
s

.

1

J

Fa)
[
N
-

1
n

nt is thainteruciisn 2E-
tween th2 liguid phasz and the pelvmer film, This raay become critical where
the absorpt.ion of two liquids by, for example, polyprcoylene is different. In
such a cage, the liquid possessing the higher absorbance will be sequestered
preferentially in the polymer, and the carefully selected initial conr.-entra.:ion

distributions will not remain constant, especially under thermal cycling,
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TANRLE 4

Properiics j' Pour ) Flass ! Bo.iing E | Permt:- Loss i i
Density | Paoint | Posar . Peips : Viseosuy |l uviy  Tangeat ' Noles
Liguid : °C j °c | fC S [ i ! |
DadP;DGE A L.05 | .15 | >165% 310 12.53.0 ;6.6 .03 o el :
| ! ! | 239ct  1609g} T UPeTImEA [
111122 eyt hexyl 0.5 | 4% ; 218 230 6.9 i 4.6 }0.003 ! Praprieuary cader |
I'nibalare = DCERS i | | Smm; 83°%C! 5% "Tasnal’ Rei.ils) i
- &, ' . .
DrBEP;0DAB 0.85 i 33, >i%¢ -« 114{33 4.35  edOl L. . .
53759 ! I { 1 209C;  z3®C legSg TXeTmemias :
DOP/Polybutene 0.9i5 | - - - . P 313 0,04 :
50/50 i ! | i I a0 :
Ester, Sclpitune ‘Tpacide | » 9.528 | - 207 - 5030 6.2 g.022 :
I i i o1ee%ci 1s%¢C 1eg°C i
‘Nydrocarban Swinhione/ 1,393 l - 370 i - 11.96 i 5.1 19,10 MCS 1538 :
Epoxide | . | LR - o xon"c' 1009C |, itef. {10} :
CrBP 'Nitranenzsne
e:’f‘.’o -.
D=BP/ !"a‘..—,.;.—:;»..c .e
i Sarbenate 52750 .

)

s

Ugutds, dassd up
or whion nave r2weaisd sullicienidy imz
considaration, LEvolurion of mixiures

(1)

-
az '.3

ozt Safat

tlgwad

- o

O oty

W3 IINUTRL ADSTLACR2S:

Admixture of the ester with a suitable hydrocarbon, in

relative proportions deterniined by the values of permit-

tivity and pitvsical properties to he secured,

2)

polymer of suitably high pe'"nm

acceptabiiiy.,

Examples ¢ the {ire: 2pproach

benzene o A

ahthalate. The former approach,

ziv

EX]
et e

n

-

poivbuzane with respectively cvoct'.-i

Dissoiution in the es:i2r of another organic compound or

vity and dielectric

20 2 iny

phthaate

o th2 ase of dodscyt

01’ d.’n but"’

still i the experimental stage, indicatzs a
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general result which might charaeterise mixtures oi an ester with a range ¢l
alkyl benzenes. The latter dev- "apment, the subject of numerous pending

atent applicaticns, vields mixiures at the low end of the permitiivity range,
p P

which might prove less advantageous, especially for paper;Iiltn windings,

unless the total combination permits very high working striesses

. .
Many investigators have experimented with liquids of Righ permittivity,

such as the nitro-zromatics and particularly ritro-benzene (K = 26), facing
the exireme difiiccity of achieving and maintaining high purity by using

molecular sieves and. iaiterly, e‘.ectrodiaiys:s(‘s) which has given useful

results in the laboratory. The same worzers also examineg =olutions of

propyiene carbonate K = §§} in dibutyl phthalare thougi: the resuiiing permit-

-

voities of the zolutions muay siill be rather hizh for commersdial surposes, A
b2l o mmust k2 §iruc ovweon the complimity and soe- ol purifloaiiog, 3
ol higher zermuiti Parhzps the more revariicg
to cheose modasgs values of Uzuld permittivi 709 - U0

and rely upon good a. c. strength with chermical and thermal stability, to

permit realisation ol reliable high stressed dielectrics of good thermal

conductivity,

(9

Other recently reporied mixtures include an aromatic ester

blended with toivi suiphone znd stabilised with an epoxy, such as 9.1 10 3.0 per

da
Il

gent hy weizi: 2f 1.

Diarvi sulphiones, il variszg salb -ivienis Rave Jiagratec conslliscaile,

interest as diel2aciric componants, though thew tend Lo pusstss 3 rather

- '

ircompatible scieciion of oiier properties. However, by proionged refining

it has beendemonsirated thar 2 biend of 2 substitu:ed diaryl suiphone and

NPC00007329
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N
hydrocarboas such as alkyl henzeres, naphthalenes and biphenxis, can
produce a non-halogenated capacizor impregrant for paper, paper,'polvmer

iIm and 211 §ilm constructions including also desizns incorporating metaliised
fil 11§l t luding also desizns incerper g matall
1

electrodes. J& further useiul ¢laim for such a mixture, is a lowear pour point

than PCB's. Unlike the latteg, however, they are infiammable.

VII. SiLICONES

This group comprises a related series of polvdimethy! siloxanes or
1

- >
* -1 Yo H [ 2 1 Yimraida bmew - < - e =
polymethyl pheav! silziuane, in the form of clezr Uguids Laving 3 vide range of
,
t o mmr g e el aman o armopuasy oy me T - - L ] v - . -y -
maizeoular soglghis 3nc vizsssities varvinz ftom 3,653 03 to L2 3Gd ¢f Al ernie
[ leag Tat'y - v o ogmm erens Y temagerm T B A Asve o e n e e T .
smperature {52 TiDlz ., Theyars well lauwn Iov g extrome vorsoilio s o
I
Ll
aleninn AAPYY =g geeee B rd ln S s arpial geetipceimn  bazo S P - -
SIAILC QoL SAL QNS InQasirial ARPRUICRNCN, 233234 JUZon PRLTLENL Le T

stability anu resisience 1o oxidation eoupled with pon-inllammaziiiy and

. *
generai chemical inertness. For dielectric applications they dispiav low loss
tangents and good electrical $lvength, with an operational temperature range
from -20°C 10 -230°C, With perniutivities in the region of 2.2 to 2.9 they
could be used {or cable and transiormer apulications, though for vapacitors

the more recen:lv develeped {luoresilicone has a2 more ‘artractive dislectric

constait.
NPC00007330
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N ~AAPrapcriie* Soxo.i‘r Pour n»*r. \isccu.iy Pernii- L** 1

Crav.:v Pc-.r.t Pe.nt lige:v et

isec oL oe 2sc s - 2-1-U 1
D.rr.*th)l »ilico'.e 0. 353 71 232 0 1 a <0.0:C; S r.-iil L]
Oir*.cthyl <il:cone 0.97* -30 316 1000 2.76 *0.0001 . c;ito -

1
Pn«n>I ir.*:nyl «iUeon* 0.99 - 230 S0 - - into -
*

Pr.tCyl mej.'»I CtUCOA« 1.102 . 30! so3 2.90 R - d:-3 .
Fluoro-ivlicon« *1.12 * >260 3C5 S$.23 Cor.mtr:.;'..Y a*.a-.at*.«
Ch?aro-prenyl m*->.yl . 5 3% 1B
pdljrliloxxa« *

Above 400°C the polysiloxanes will begin ro depolymerisc, and under
intermal discharges the methyl derivatives display considerable gassing, which
is much reduced or reversed in the methyl phenyl derivatives. Intermal arcing,
as ir. sw/itengear, would cause complete de*radad™ = <- - o tj=
ewlution oz ccrres. molleculles cannot occur.  _-or very high \aiz—,ge-. m.
polys.1="\ae lie lics ra-e ceven pr2:::ibirg res-Hs in eperiret?*, taclri
thougi with cellules<« their non-wettin~ orpoe *=3 7? " orodT?ms d S**&
cotrol a: tre licuid/fibre interfaces, complicating the design c: joirmts and
sealing ends. Silicones, and mixtures of them with hydrocarbons have been
proposed for the impregnation of solid, extruded crosslinked polyethylene
cables/-" it being claimed that higher impulse breakdown stresses ard
improved levels of intermal coror.a inoegption stress levels car be Detained by
fillig the residual wius .n the solid po’ynu he irau™.av.on.

More vigorous exploitation of polysiloxanes bus beer, inhibited only bv
ast. They are produced by intrinsically high energy consumption sviuneses,

and compared with other liquids, this will hardly diminish in the futu ¢

NPC00007331
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Their use could be justified in very high voltage equipment where the cos: o:
the liquid component is a small fraction o: the total installed cost. Apart from
certain embarrassing physical features arising from their strong hydropnoblc
character, they offer little threat to the environment and are no: known to
display unacceptable biological toxicity. From this aspect, introduction o:
halogen atoms into the molecu«le would be disadvantageous. A wide study of

substituted polysiloxanes has been reported'™'~ in which the substituent "R in

the general formula:-

(ch3)3 sio (r.ch3s:o)x si (ch3)3

n.is taken many varied forms including: -

n n-C ,n -, CF and o i

®>0* Uc-as- « My 32 19.3, ¢ne vol me
- . iZ .O - -

; “virie? from 1.5 x 10 to T.2 x 10*’. 3Lucy of these liquids pro/:;: o
valuable information or. the relationship between chemical structure and
electrical properties, but not a direct contribution towards the provision of
new liquids for High Voltage dielectrics. It seems that electrical applications

(except for cables) must remain in the realm of specialised applications for

soace or electronics.

Yu.. ZTtp MLD.".C

The introduction of Fluorine into the hydrocarbon structure introduces
many useful changes in properties, due mainly to a great increase in stability

(especially resistance to oxidation and inflammability), while retaining or even

»A * NPC00007332
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improving the electrical properties. They have been introduced as electrical
coolants and insulanis, heat exchange and hydraulic fluids wherever the duty ;s
sufficiently onerous to preclude other classes of liquid, and justifies their high
cost. The latter reflects the high energy absorption and cost uf all fluorine
chemical syntheses, and is urg/:ikely to be much changed in the future.

The fluorocarbons of most interest as potential dielectric liquids are
derived from benzene or naphthalene analogues such as:- perfluoromethy!
cyclohexane, perfluorodimetnyl cyclohexane and perfluorodecalin. Despite
attractive electrical properties ar.d inertness, excessive volatility is 3 problem,

and attention has more recently bec-n focussed upon fluorinated ethers, alcohols

ar.dvnines, which are even more costly than the simple fluorocarbons. A few

U .o = - -—— ware summarises .a0e r.
TAT'.15
Proper:.e* .« 5pec;Tic Pour Soiling jVlisos::/ Perrr.u- i L:ii
[ Gravity ¢ Poift . Peine tivitv *[ Tinrent \ Korea
Ftuoro;ar_on 1 25°%¢" 3 °c 1 ©F 23°C 2«°C 25°C
Hexailuoroentc-.e i~ 1 pec 1 S0 1 0.36 2.07 | - !
Perilucrodeei.in i 1.55 | ' M2 2. 65 1.95 J<o0.cocl 1
Perfjuoro: : r.yt>arurt i 1.8? -50 < i7B 1 2.95 1S 1 <0. CCC3
Periluorocir.cxyl e:i*e- | 1.31 i ' 2. 1. 95 <0, 0005
Y ' | *90

Perfluorocyclo-ocarol 1 >« o 103 J o.s81 1.83 <0.0005 j

Under the present searching re-exam:.. ation cf the toxicity or
p-: rsistence of pollution caused by dispersal of synthetic chemicals of all kinds,

coupled with recent statements of the likely-cumulative detrimental effect upon

NPCO0007333
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the atmospheric ozone layer of widespread use of aerosol sprays containing
mixed fiuoro-chloro nyd.-ocarbon gases, it is barely conceivable that fluorinate
synthetic compounds would be deliberately considered as replacements for
existing dielectric liquids, except for highly specialised purposes. However,
their extremely low pour points in conjunction with their remaining properties,

%
might fit them for H.V. duties in arctic conditions, as well as in cuter space.

X CONCLUSION'S

In a review of this nature it is impossible to do more than direct
attention to those aspects which typify both advantages ar.d disadvantages :n
the selection and use of novel dielectric liquids.

Efforts arc being directed towards finding more stable liquids for
tit*c ..t rims :to estab-sr. jess inilp.mm-.tsi*? nycrccsroor.s, *o
.merv.e gas absorption under internal discharge*., and to optimise thermal
cord .ctivity. Alter tatives to FCS's for smaller transformers, especi.”.l for
distribution, are being sought as a safeguard against ahy unjustified limitation
in use on ecological grounds. So far all possible candidates on technical/
economic grounds carry the serious objection of inflammability and explosion
risks.

For canles there appears to be a wide cnoice of alternatives, though
the gradual evolutic- of new, solid, taped ins*-lotions (plastic 'roper larn.na-.es
pose problems c: incompatibility between liquid and polymer.

There is a wider field of choice for capacitor impregnants in the

requisite permittivity range, since non-rr.flammcbility poses le3s of a hazard

NPC0O0007334
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in sealed H. Y.tank designs. I. must be said, however, that the various tri-
chlorodiphenyls available now, ar.d the promise of acceptable biocereadable
types in the near future, provides an adequate base from which to develop units
of larger kKVAR. without sacrifice of safety either in operaron or ir. disposal.
The requirements fo(;/oswitchgear, reactors and miscellaneous duties
appear to raise ratter less onerous problems, ar.d perhaps the usual processes
of selection and field trial on the full-scale will yield any necessary new or
modified liquids.
Finally, there does seem to be increasing opportunity to consider
a wider range of mixtures of different molecular species, rather than rely
ur*n single classes cr homologues as in the past, ir. order to optimise the

—nmileal r?cu:r.rr er.ts.
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