rel cootant, being lire-resislant, per-
Indoor instaliation of liquid-filled
transformers and capacitors. Future of this
polychlnrlnu\nu biphenyl (PCB) s being

The p ives are

outlined here by nmhor W.C. Bloomquisi,
consultant with & rich background In in-
dusirlal.power-sysiem design and equip-
ment appiicatlon

What is the future for askarel?

After serving for years as a successful fire-resistant transformer and capacitor
coolant and insulator, askarel has been labeled toxic. The desagnatlon goes
back some years, but is getting a fresh appraisal by government equipment
manufacturers, fluid suppliers, and engineers responsible for transformer

and capacitor selection. Here's where we stand today—along with meager
data on possible alternative liquids and dry-type designs

By W C Bloomquist, PE, President, Industrial Power Systems Engineering Co

The teem askared describes a class of
firc-resistant synthetic insulaling liquids
which industry and the lay press more
aecurately call PCBs- polychlorinated
biphenyls. The prime reason for its use
over the ycars is high fire resistance:
The auto-ignition point of askarci is
12401, while that of mineral oil is 6801
The solc manufacturer of PCHs in the

, US is Monsanto Chemical Co, which

markets its product under the trade
name Aroclor. When mixed with
chlorobenzencs, the PCB fuid is la-
beled Pyranal by General Electric and
Inerteen by Westinghouse.

Proven values. Askarel is among the
best liguid mun-made insulations. It is
fire-resistant and chemically stable, and
has high diclectric strength. Because of
these plus characteristics, askarel has
found many industrinl and consumer-
product applications since it was intro-
duced over 45 years ago. Askarel use in
the US today totals ubout 40-million 1b
annually, with about % of this being
used in capacitors, ¥ in transformers.
Power capacitors use about 14'% of the
capacitor-use total, with most of the re-
maindes  spread  among  Miocescent-
lighting ballasts, single-phasc-motor ca-

pacitors, und TV snd other electronic
dt‘vn

Fire resistance is the principal reason
insurunce companics and the National
Eleetrien] Code permit use of askarcl
filled equipment indoors without fur-

ther enclosure. Askarcl-filled inler.
rupter swilches were used for years
throughout industry; however, mosi
have now been superseded by the air-

type.

Ecology and health. Although askarel
has been in use for close (o a hall-cen-
tury, it is only in recent years that EPA
has placed PCBs on its Toxic Pollutant
List. Since askarels are chemically
stable, they are not biodegradeable-a
major environmental concern. PCBs are
found widely dispersed on land and in
our waterways, They were firsi clearly

ificd as a food in the
mid-1960s, when they were found in
fresh-water fish. Here the source ranged
from polychiorinated biphenyls used in
cirbonless paper to food-packaging ma-
terials, where PCBs had migrated inlo
the food product. It is unfortunate that
suitable detection cquipment was un-
available wnlil recent years, Jt was a Dr
Jensen of Sweden who, in 1966, referred
10 PCR as a “new pollutant.”
gists use a th ap-
proach in classifying PCB nppllcnllom
open, nominally closed, and closed. The
apen classification spans the fac-
turing of paints, plastics, and some ad-
hesives: nominally closed refers 10 sys-
tems that include hydraulic. hear-
transfer, and lubricating Ruids. Both of
these classifications arc generally free of
PCBs today, through volunlnry ban-

d

formers and capacitors- now  account
for our 1o1al domestic askarel consump-
uon.

Aboul five years ago. pouliry and
epes in Minnesota and North Carolina
were found 1o have large concentrations
of PCH. and were destroyed. The PCl
source was (raced 10 a nominally closed
system- a leaking hcat exchanger in a
fish-meal processor's plant. The fish
meal, in turn, found its way into a com-
meicial poultry-food product.

A federal task force wos established
in 1971 1o coordinate governmental of-
foris aimed ut understanding the family
of PCi chemicid compounds. lis seport,
now somewhat dated®, reflects the pos-
ture of various governmental agencies
at that time. On the basis of available
information, the task force issued
ninc-point report: loue of the points are
summarized here:

B PCBs should be restricied 1o essen-
tial or nonrepluaceable uses that involve
minimal direet human exposore, since
they can have adverse health cllects
Currently [1971] there are no  toxic.
ological or ccological data available to
indicate that the levels of PCRs known
1o be in the environment constitute &
threat 1o health: Additionat tests are wn.
der way to evaluate the impact of long.
term, Jow-level exposure (0 PCB

® Housckeeping is particularly im-
pnn.ml in the manufacture. use. und

ning. Closed appli led trons-

MONS
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» PCB use should not be banned en-
tirely. Continued use in transformers
and cupacilors. at least in the nenr tu-
ture, is necesswry because of the in-
crewsed risk of fire and explosion—and
the resulting dissuption of clectricat ser-
vice- thut might possibly icsalt from an
outright ban. Also, continued use of
PCBs in vansformers and capacilors
presents a minimal environmental risk.

® More information is needed, The
total cxposure of a human o a given
subsance from all sources--uir, water,
and food- must be considered, and in-
teractions of PCBs and other sub-
stances, within and outside the body,
must be evaluated.

The report went on to stale that the
then-current body of knowledge gained
fiom animal cxperiments was inadc-
quate to gllow reliable extrapolation to
possible ¢fiects on man. Also, it said,
the basis for interpreting such texts had
10 be improved.

Net results of this 197) report was un
uncasiness throughout industry about
many of FDA's proposed rules, Some
fell they were nol practical or fell short
on ccological fact. Example: Maximum
recommended concentration of PCBs in
fresh water is a meaningful number, yet
the proposal was not supporied by
sound ccological data.

An EPA mecting held last fall
brought together the latest data and ex-
perience to help clarify problems associ-
uted with PCBs. In onc sense, the three-
duy conference served to update the
1971 (ask-force report. During the
(hree-day gathering, there were reviews
of lnboratory and ficld studics. and re-
ports on monitoting programs. human
exposure and health cftects, and impact
on ccoloy. Also, (here was an assess-
ment of sieps being ken to reduce
problems associated with PCHs, OF die
rect interest were those reports on sub.
stitutes for askarel?, which arc high-
lighted here.

When gucstions about the eflect of
INBs on :TIC environment first surfaced,
Maonsanto Co.—the sole US manufac-
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turer of PCBs—reviewed its product line
and PCB applications. It stopped sale of
PCBs for applications in the first two
categories—open and nominally closed,
this siep cut PCB output by 50%. Toduy,
PCBs manufactured by Monsanto and
sold only to the clectrical industry for
use in closed sysiems as a diclectric and
coolant in transformers and capacitors.
While recognizing that there is some
loss of the askaret fluid in service, re-
member that there is no fully acceptable
substilute to date.

In recent years, cvidence of PClis
have been found in fish in the upper
Mississippi River, the Hudson River,
the Great Lakes, and along the southern
California coast. According to Russell
E. Train, head of EPA, 300-million 1b of
PClis are cursently in use, and another
300-million in the air, 50il, and water,

The picture today differs drastically
from that of four years ago. Through
elimination of thc open and nominally
closed applications, use of the PCBs has
been halved. The impact on our water-
ways can be materinlly reduced through

ducali program direcled to
users of PCBs, stressing proper handling
and disposal. Housekeeping is of key
imy in the ¢, use,
and disposal of PCBs. For current
guidelines fo handling and disposal
study references, 3, 4, and § listed at the
end of this article.

What are the alternatives? Many arc
working on the problem of finding flu-
ids having the silractive characleristics
of askarcl yet without its environmental
and health drawbacks. Much work has
already been done. 1g 1971, Monsanlo
introduced Araclor 1016 for c_npvnci(orm
and it has found growin hisThiict
retains the high diclectric properties of
traditional askarel. is fire-resistant and
partiglly degradeable. Time may. prove
it to he sufficiently degradeable 1o re-
main in_controlled use.

Others have announced potentially
acceptable replacements for askarei in
cupacitors, even though they are not
fully fire-resistant. Three are in the mar-
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ket development stage: General £
tric’s liquid for smail cupacitors is la-
beled Econof. Dow Chemical has an
alkytated chiorodiphenyl oxide fluid--
X¥S-41691.: Moosante has o fyid iden-
sified as MCS-J28.

Another liguid, potentinlly wseful in
transformess. is dimethyl siloxane, o
silicone oil. This is made today by at
Jeast four US manufacturers, with Dow
Corning and General Llectric the two
major suppliers. Bear in mind. however,
that the silicone fiuid has an suto-igni-
tion point of 7561°. only about 80 de-
grees above that of mineral oil.

Silicone liguids have many of the de-
siruble clectrical characteristics of ask-
arel and are not toxic. The fine clectrical
properties of silicone fluids stcm from
their unique chemica) sttucture®?. As
with all likely fluids, the clectrien) char-
acteristics will be reduced by gross con-
tamination or water,

Silicones arc available with a range of
viscosities and for many appli
Fluid suppliers have set 50 centis
as a suitble viscosity for trunsformers.
Transformer askaret has no flish point,
silicone fluid tests out at
cone Muids have low tox-
icity and are classificd as  “physic
ologically ineri.” They have heen
clearcd by the FDDA, and arc currently
being used in a varicty of medical and
chemical applications. The fluids are
not biodcgradeable, but are nantoxic.

With the exception of silicone rubber,
sometimes used for gasketing, the sili-
cone liguids are compatible with mae-
rials found today in arel-cooled
transformers. Since the silicone Nuids
will ignite at 750K, they are not classed
as firc-resistant: above that lemperature
they will burn. If the heat sowice is re-
moved or fuid lemperature drops be.
low 7508, burning will ccase. Thus, the
Muid is self-extinguishing

Underwriters Lab (UL) does not ap-
prove or reject liquids intended for elec-
trical test equipment, nor will they test
or list any liquid-filled clectrical cquip-
ment. They do. however, provide o

=
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Ether
Minerat ol (ttanstormer) ...
Slicone ol) (50 ¢s for transiormers) .
ASKOre! ... 2-3

Field experience with the silicones
as transformer coolants is limited. Dow
Corning hus had several foad-center
wansformers retrofitted with 50-cs sili-
conc il for several years. And silicone
oil is slated for all of Dow's future plant
transformers. 1f you want 10 consider
changing transformers from askarel (o
silicone oif, first cheek with the trans-
former manufscturer. Few physical
changes should be necessary. Trans-
former rating may be reduced 10%: be-
cuuse of difference in fluid viscosity and
fieul conductivity. At present. insurance
carrices have no formal policy covering
the wse of silicone oils. They have ap-

* proved use in o limited number of cases.

The Jnpancse Nationaf Raitway has
used silicone Muid as the transformer
covlant on ils clectric conches for the
past five years with good results. Here
several design modifications were nee-
easiry.

Code.making hodies shonld consider
a tentative approval or interim amend-
ment of silicone-fluid applications in
specified enviconmentaf and plant foca-
tions o obtuin operating experience.
Net result would be 1o deiermine if such
transformers can replace askarel, under

10 PLANY FLECTRIC SYSTEMS

Hear in mind that it generally takes two
ta four years for Code approval for such
a basic change: The changing from a
proven firc-resistant product to a non-
fire-resistant fluid, for indoor usc.

Cost cun be a problem: Silicone Mu-
ids cost about twice us much as askarel.
Thus, for a typical 1000-kVA load-cen-
ter transformer, lotal transformer cost
may increase 8-10%. The actual increase
in cost is a function of the specific de-
SIGDA

Dry-type designs may be used in
place of askarel if the user recognizes
the inherent limits of dry-type tians-
formers (Table 2).

Failure ftesting. In ctecent years, a
series of explosion lests were conducted
in the US and Japan using mincral oil,
askarel, and sificone oil. The fluids were
tested in smull tanks with a loose cover.
and ‘shot’ with 4000-5000 amp at 4.8
kV. In each case, and with cuch fuid,
the covers blew off. This was (o be ¢x-
pected, since a high-current arc in any
liquid-filled transformer will generate
gos. followed by 8 pressure buildup.
Such tests are not representalive of ac-
tual operation. True, explosions do oc-
casionally occur with pole-type trans-
formers on outdoor wiility sysiems. Bui
they are rare indeed for industrial trans-
formers located indoors and protected
from lightning.

Transformer failurcs arc generally
turn-to-tvrn, and thercfore carry limited
fault current. This is a far cry from the
magnitude of the tests outlined above.

Manufacturess of industrial trans.
formers offer sensoes 10 deteel inciprent
arcing faults and severe faulis. | know
of but onc vatestrophic oceureence -
lightning struck an askarel iransformer
ot the rouf of & building. But there was
no firc damage. Spot-checking wih an
insurance catticr conlirms the rarity of
such accidents.

Still other answery? U is pussible thit
a new nonhiquid transformer will
emerge. Several Ewropean  manufac-
turers. and at least one in the US. now
offer an cpoxy vast-coil design in the
£00-500-kVA ringe. With more devei-
opmental work. kVA ratings auay reach
the correnily populiar transformer sizes.
Another allernative lies in modification
of present drv-type transformers, The
present seafed-dey pas 1ype i too farge,
too heavy, and too expensive for gen-
eral use.

Unigss EPA_prohibity use of askarcl,
this fuid will continue To he ueed in -
door transformers and v:lpncilun wniil™
an. approved substittite i availible.
EPA may wisely resieict import of ask
arels 10 wse only in cloved ssstenms.
prigticed by Monsante domestically.

A new policy of indemnification by
the huver to the seller is one faclor thal
may alect wse of askarel-filled trans-
formers, Wording of the indemnilica-
fion contract may vary. The ey lies in
ity application (o any and all babihites
and expeases, inchuding actions. suils,
proceedings, investigations, instituted or
ssued by anv poverament agency or
body. The liability would include han.
dling. possession. use. ar disposition of
a8 s that may eontaminate the envi-
fonmem. Joe
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