.

RESULTS

Preliminary tests proved techniques customarily employed in
-\p

aﬁéi—biotic sensitivity testing, not applicable in tﬁé'quantitation
of éﬁe inhibitory response qf mirex, heptachlor, and the PCB#. These
toxicants are insoluble in water and the diffusion rates through the
agér vere Vaéiable, yielding non-quantitative zones of inhibition. A
relative inhibitory effe;t, hoaéver, could be'disﬁinguished between

. -
SiUevess. e T

the bacterial strains ahd to#icant levels tested g; using the method !
described in Table 1. | '

0f the 55 bacteria tested; 26 demonstrated:zones 6f inhibicion
to at least one of the test compounds (Table 1). The PCRs were
markedly more inhibitory than the organothorine pesticides. Only

3% of the strains screened showed inhibition at 0.5mg of mirex and

hepfachlort This concentration of Arocloég)lOIG and 1242, however,

" fuhibited 31% of the bacterial strains. Further, o.lmg of A:oclox(§>

1016 inhibited 69% of these strains and Afoclbg§?1242 inhibited 62%.

We attempted to correlate PC5-sensitivity response with bio-

-

chemical activity or cell composition (Table 2). PCB-sensitive bac-
. i

teria were both Gram positive and negative and no morphkological

correlation vas noted. However, a comparison of biochemical activitics

of sensitive and non-sensitive bacteria tested showed two distinctly

cedune d
differcnt groupings. Anylase and gelatinuzn peeduehicon was .shous hy
< & - J H /

76%Z and B67 respectively, of the sensitive strains; however, of the

total bacterial strains screenad, only 33% and 627 of the populaticns
\ .

showed these activities. Wo other biochemical activity differad

PLANTIEFS | nev ozsees
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Table 2.

Comparison of Physiological Activities of PCl-sensitive and Non-sensitive Micreorg;nisms

‘Bacteria Production of: Nitrate Ciira:e Gran
Tested Urcase - Amvlase . Lipase Gelatinaée H,S Reduction . Utilization Reactioa
— o \ .

Sensitive 19% 76 33 86 5 29 Y 50

Yon-Sensitive 13 33 23 a2 6 . 37 4

¢

*Percentage of cultures tested showing positive reaction, 100 cultures.tested.
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disbinétly froa the non-sensitive bacterizl populations. WNo
Y ’

characteristic gran reaction was shown by the PCB-sensitive bacteria.

DISCUSSION
2,. The sensitivity disc testing procedure commonlylused in clini-
éal bacteriology has been successfhlly'applied hére as a raﬁid
method'for Qgtecting PCB;sensitive estuarine microorganisms in pure

*

culture. Although the pro»edute is qual tive only, it can serve

to eliminate many hours of tedious experimentation involved in the

" isolation of suitable test organisms for more detailed examinations.

This method has been used previously by investiga;ofs té study the
effects of pesticides on growth of bacteria (Hidduf,fetfal. 1971;

Trudgilﬁ/ et al. 1271). Hovever, no significant respronsz has been

shown screening estuzrine microbes and chlorinated hydrocarbon

pesticides in this study. Conversely, PC3 sensitivity in estuarire

Sactgria was éuite dramatic (Figure 1) using this method. Keil et

2l. (1973) demoastrated no sensitivity to 0.0Z mg PCB by E. ¢oli
Th
using the same method on non-marine mediun. Ga; exper;ments in-

dicated PCBf; stirulate growth of E. coli. No explanation for
U\ul;fa‘ 173}

‘this difference between stioulatlon 1n E. collﬂand inhibiton in

\‘-‘-su . \*“‘l)
estuarzne bacteria, Has been deternined at this time.

The implications of this inhibition, if ﬁide spread in the
environment, are obvious. The sensitivity of a large number of
bcter;trophic bactc;ia to PCBs nay be of cozsidcrablé importarnce
in an estuarine environment. PCBs have been showun to persist in
estuarine sediments in relatively high concentration (9 ppm).

Sediment corek taken in close proximity to a2nother showed markedly

different concentrations (0.05-9 ppm) indicating the PCBs are pro-

NEV 025051
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bably absorbed onﬁo'partiCulaté orga;ic matter during transport

aﬁd.deposition in eséuarine sediments (Butler, 1974). The afore- .
: ;Ehtioned'concentrations, when considered ‘absorbed oanto distinct

detrital particles, are not unlike those shown to be.ihhibitory to
hetrotrophic growth in this study. Conscquéntly; PCBs could in-
hibit the normal turnover of carbon in estuarine sediments by

-

inhibition of épecific heterotrophic bacterié attached to organic

detritus.

e

j ) NEV 025652
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INTRODUCTION

Yolychlorinated biphenyls (PdB) have been used in a wide
variety of industrial and consumer appfications over the past 40
years, but it was only re;ently‘that evidence began to appear that
these materials had becen widely dispgf?ed throughout the environ-
ment, By letter énted February 18, 1970 the Monsanto éompany,

sole US producér of PCB's, notiffed all of its customers of"the

- potential problem of environmental contamination" by these 1iquids

and recommended "that all possible care should be taken in the
application, processing, and effluent disposal of these products
tb prevent them becoming environmental contaminants.f Monsanto
has begun a program to diaconcinue sales of PCB'se for:use’in paints,
plas;icizers, apebialty inks, adhésives; paper coatings. and all
other open-system applications. |

The Monsanto Company has declared, however, that it will
continue to sell Pch's for closed-system electrical uses., This

decision 15 a tacit recognition of the important role that PCB's

flay in thefsafe, relfable, and efficient delivery of electric

powver from the generating plaﬁc to the user. 1In the spate of
published reports and ;tttemento that have appéared in recent
ye;rb on PCB's there has been no me;ningful»exposition of this role
of PCB's in clectrical equipment -- why, where, and how they are
vused; what alternatives are available; and what the consequences
vwould be to the users pf such equipment 4f PCB's vere ﬁo longer
availpble. Ve hope fhat'th1s report will provide such an

‘e
..

738909
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BACKGROUND'

PCB's Afe used by the electfical industry as components of
certain types of transformers nﬁd capacitors, The nature and
function of those devicuﬁ are described in the scparate scctions
of thié roport devoted to them, At this point it s sqfficiﬁnt
to cay:?

1} Transformers are devices for convertinn electrical

power from one: vollage and current level to anothet,
and the conducting parts of these devices must be
separafedifromfe;ch oﬁhér by a nuiéab1§ insulating
"medium,

2, Capacitors are devices for storing électricnl energy
through the physical separgtion of charged metal '
surfaces by an insulating medium.

Prior to 1930 the most commonly used insulating medium was
mineral oil, The early 1930's saw the commercial development‘of
insulating liquids that were mixtures of synthetic chlorinated aro-
mat{c hydrocarbons, principally various pélychlorinated biphenyls.
By controlling the composition of these mixtures, the manufacturer
could obtain desired combinations of thermal, chemfcal and dielectric
properties that rcsulted in insulating ligquids with much gr;ater
oxidation and fire resistance t£an mineral oils. During the past
A0 years these liqdids have becomc widely used in certain types
of trnnsformers and capacitors and are 1ecoghi;cd as a distinct
class of insulating materials designated by the iuternational

‘term "askarel", The definition of the term "aska:e{“, the compooi-
tions. of the liqﬁid that comprise this class of uateriqls,'and the

vafious.tradcmarks by which they are known commercially are described

in thc‘following gcction %caded "Askarel",'. o NEV 025655
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The particular askarels uscd in transformers end capacitors

arc different; so also are the reasons for, and the extent and

conscquences of, their use in .these two types of electrical eduip-'

wente.

However, certain general comments can be made at this point

concerning their use in both types of equipment:

1.

3.

Askarel-insulated transfo}mers and capacitors are
delivered to customers as scaled units from which
there is no escape of askarel.undgr normal operation
durihg”tbéir expected lifetimes of 10 to more than 30
ye;rs.'Hervcr,.eertain types of equipment faiiﬁres
can rupture the case and‘permit th; loss‘of'some

askarel to the environment, Such failures occur’

at a rate of about 0,02% of the-units in service

per 90&:.
PCHB's can get into the environment during the manu- - *
fahture, delivery, improper use, maintenance, repair,

and disposal of transformers and capacitors, In

addition to specific;cbncrol'meaaures fnstituted -

by individual manufacturers and recommended by

them to the equipment usaers, the Americaen National
Standards Institute has established ANSI Committee

Cl107 on Use and Disposal of Askarel Uscd in Electrical

Equipment. 1Its memberships (see Appendix 1) is
divided into separate working groups on #ransformcra

..and capacitors which will recommend national standards

and procedures necessary to prevent the loss of PCB's
to the environment at all stages from equipment

manufacture through ultimate disposal,

-The record of reliable and safe performance that

sebnrni.insulated transformers and capatitors have

738911
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compiled qqrin; the past four decades is reflected
ih ﬁhe various codes, standards, and rcgulations
that now effe&tivoly require or encourage the
contihﬁed'uab 5£ hakare1-£nsu1ated cquipmenf in

many applicationaf'.

L P Lo
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738912



74

.2

4 o S

ASKAREL

Deofinitions’

1. A tynthetic nonflammable insulncing liquid which, vhen
dccomposcd by the electric arc, cvolves only nonflammable gnseous
mixtures. . _

(From the National Electrical Code 1971 and the
American National Standards Institute C-42 series,
"pefinitions of Electrical ferms.“)

2, The term askarel generally descgibe; a widely used,

broad class of nonflammable synthetic halogenated hydrocarbdon
1ns;1at1ng liquids used as clectrical iﬁsuléting media,

Askarels‘of various compositional types are used, Under
arcing conditions the ga.es produced, while conslsting of predomi-
nantly non- combustible hydrogcn chloride, can yield varying amounts
of combustible gases depending upon the askarel type.

Insulation systems incorpor;ting these askarels and
ce}lulosic or other organic materials may, wﬁeﬁ arced, produce
gascous mixtures which Qro mode¥ate1y flammable,.

(From‘AsfM (Ameriéan ;ociecy for Testing and

Haterialo).nethod D 2283-71, Part 29, 1971 issue;

will also'appear in Ehe 1972 1ssﬁe of the IEEE |

(Institute of’Elcctronic and Electrical Engincers)

I’"Guide for Acceptagce and Maintenance of Transformer

v . ¢
Askarcls in Equipment,": Adoption was also recommended

to the International Electrotechnical Commission by §

) n

its Subcommittee 10B (Insulating Liquids Other than g
i

Hydrocarbon 0ils) of Committee 10 (Liquid and Gaseous >

* o

z

Dielectrics) as reported in item number 9 of minputes

“sr aacrt inn aAw Mawat 1071 \
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Compositions

Polychlorinated bfphenyls are'dgrivatives of the hydrocarbon,

biphenyl, which has the chemical formula C;,H ;5. From one to ten

of the hydropun atoms in a molecule of biphenyl can be replaced
by chlorine aioms, and the chemical identity of the resulting
chlorinated compound depends both -on the number of chlorine atoms

that have been introduced into the molecule and on the specific

~sites in the molecular structure at which they are introduced,

The commercial ﬁaterinllmanufactured $y Monsanto under its
registered trademark Arbclor consists of mixtures of thesc specific
chlorinated compounds, 'They are usually identified by the weight
percent of chlorine in the togal mixtures, e.g, Aroclor 1254 con-
tains 54% chlorine. The Aroclors commonly used in the electrical
industry are Aroclors 1260, 1254, and 1242,

Aroclor 1242, used primarily in‘capacitore, contnins,about

7% of pentachlorobiphenyls and higher. In September 1971 Monsanto

introduced a new capacitor-gradé askarel, Aroclor MCS-1016, which

{6 essentially Aroclor 1242 ‘that has Seen Srecialiy processed to

reduce the coh:enc‘of'pentachlorobiphenyls and higher to less than
0.4% -, '

As a general rule, the nonflammability of liquid PCB's, their
vapors, and their arc-formed gaseous products'is greater the higher
the degree of thof&naiion of the liquid. Studies by Monsanto

suggest that the resistance of PCB's to degradation in the environ-

ment may also increase with increasing chlorine content. Analytica’

methods for low levels of PCB's (repoxted in parts pér million or
parts per billion) in marine, aquatic, and wildlife environments
do not alvays identify the spebific compounds that are present,

butiin its letter of Fc%ruary 19, 1970 to its customers, Monsanto

738914
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rot been sound iw the environment and appear to ﬁfosent no'potcnt1a1

yzoblew. to the cnvironment,"

Tradeﬁnrks ' .

Tho following tradcmarks are used by clectrical manufecturers

to designate the askarels used ih thctrAproducts:

Manufacturer o Trademark
hoTovox .ﬁg Hyvol ‘
A111§—ﬂha1mef§ . =;' Chlorextol |
American Corp. j : _— Abestol
cofnell bubilier . o o Dykanol
General Elect&ich. o ‘ . Pyranol ’

+ Kuhlman Electric | . , Saf-T-Xuhl
.W{ON | "Elemex
Sangamo Elecfric TN 'TDiaclor-
Wagner Elec:ric ) " Noflamol
Westinshouse Electric " Inerteen

Toxic and Biological Effects of PCB's

Systematic investigations oflthe toxic and biological effects
of PCB's have been undertaken only within the past few years, and:

the description and evaluation of the results ié beyond the scope

e 7 r rep.cit, Tome investigators suggest that reports of certain

RO

toxic reactions'may be causgd-by highly poisonous compounds (ec.g.
chlorinated dibenzofurans) found to be contaminants in some PCB
prgpa;ations. In the United States, medical records show ihat
over a nearly 40.year pe?iod tﬁe only adverse heaith effects
experienced by US workers exposed to Pcn's,eithér during the
manufacture of tﬁese liquids or of electrical equipment containing
these liquids ,have becn limited to occasional ca?ea of non-chronic

cthloracne or other temporary skin lesions or irritations.

' - ' NEV 025660
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TRANSFORMERS

Definfition

A transformer is a device for transferring electrical énergy from one

'alteruating current circuit to another by electromagnetic means. It has no
moving parts and performs its function by linking two electric current-
carrying civeuits (the ﬁoils, usually copper wire) via a common magnetfic
flux cnrrying~clrcu£t (the éore, usually a special gradé of {ron). A
transformer may be designed to effecé a change in voltage or current from
one circuit to the other or simply to obtain electrical energy £fom one
electrical circuit wichéuc making a conductive contdection bcﬁween it and a
second electrical ecircuit,

The transmission of electriéallénergy from one point to another {s
essentially the'trawsmissio; of a fequired number of kilovolt-amperes (kva).
By means of tranafdfmers the kQa's may be generated at a low voltage suitadble
for the windings of generators, stepped up to higher voltages and lower
currents suitable for tranomissi&n of electricity over long distance wires,
and_then at the desired destination stepped down to a lover voltage and
larger current suitable for utilization by elcctyically povered equipment,

The slmost universal use of th; alternating current~system for the transe-
mission and distribution of electrical energy is largely due to this ability
of transformers to link up circuits of different voltages and currents. Thus
the generator, the transmission lines, the secondary distribution system, and
finally the great variety of ultimate loads ¢an each be cperatedha: the vol-
tage most suitable to ite particulaf fhnction. .Without thiis unique ability
of the transformer to adapt the circuié voltage to the iudividual require-
ments of the differeﬂt’patts.of the system, the enormous developmenc and
progress in the transmission and distribution Qf electrical encrgy during

the past 80 ycars would not have been possible., '
L : ’ NEV 025661
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Why Askarels are Used in Transformers

The coils and core of most transformers are enclosed in sealed metal
tanks that are £1lled with an ingulating liquid, usually mineral oil, Under
certain conditions of sudden power surges high-current clectric arcs are
produced inside the transformer which can generate and ignite £1ammable.and
explosive gas mixtures formed £roy the ﬁinetal‘oil and other cellulosic in-
sulating components in the transformer.

,Because of the nonflammability of liquid askarels, their vapors, ana
their arc-formed gascous prqducts, tr#nsformefs filled with askarels are
frec of these fire and explosion hazards and may be used in locations where
failures of oil-insulated transformers would present a potential danger to
life and'property. This safety factor is the only Advancage that askarel-
insulated transformers have over oil-insulated transformers of the same size
and rating., The density of askarels is about 1.7 times that of mineral oil,
80 askarcl=insulated trnnsformefa are heavier than their ofle-filled counter-
parts. Askarels themsclves are more expensive than mineral oils, and their
solvent characteristics require the use of more expensive insulation compo-.
neats on the internal parts of the transformer, so the.complete units are
more expensive,

As a conaequencé, askarel-insulated transformers have captured only
those market applications (less than 5%, but growing) where considerations
of safety and reliability are paramount. Their uée in such applications {s
usually required or encouraged by the provisions of electrical codes, fire
onderwriting policies, or go:ernmental regulations.

’

Note: Prior to the mid-1950's the liquid used in askarel-iansulated

sransformers was a 50-50 weipght mixture.of Aroclor 1260 (60% chloriné) with
crichlorobenzenes; then the benzene component was éhanged to & mixture of
tri- and tetra?hldrbenzcnes; and in 1971 the Aroclor component was changed
to Aroclor 1254 (54% chlorine). ) ' o o ‘

/// ‘ . : - | NEV 025662

738917



-12-

Typcs'nnd Applications of Askarcl-Insulated Transformers

Thero are two broad clascifications of transformers: power
tfnnsformerf; which aro‘uscd to step up voltages; and distribution
transformers, which are used to step down voltagos, The many typos
of transformers that are included within these two classificatione
are listcd in Appendix 2, The applications that accompany the
listing apply only to those units of a given type that are manu-
factured with askarel as the insulating liquid. Most units of
the types listed are still oil-insulated,

We estimate that the t§t$1 number of askarel-insulated units
that have been put into service in the United States since 1932 is
125,000, and virtually all of these units are still in service,

The lifetime-before-failﬁre is often longér than 30 years, and
almost all units that do fail are rebuilt and returned to service.
The current production rate of new.askarcl-insulated transformers
units is about 5,000 per year.

Most of these transiormers are iocacad inside public, commer-
cial, or industrial buildings; on the roof tops of such buildings;
or in close proximity to sucﬂ.buildings, and require no special
enclosures other than what are neceb;ary to prévént accidental
hazerdous mcchanical.or olectriéal contact of persons with the
equipment, However, the National Eleéc:ical_Code does specify
vaults for the indoor inrtallation of askarel-inauiated transformers
rated more than 35;000 vclts:'_Asknre;-{nsulated transformers are,
limited by the clectrial properfiea of these iiqulds to ratings'

below 69,000 volts,

m

o

The amount of askarel uesed in various types of transformers a

. : ~N

ranges from 40 to 500 gals. (516 to 6,450 lbs.) with an average °
| >

of about 235 gals. (3,032 1bs.). During 1968, the last cowplete 4

"nornmal” year for the elrctricai industry, the total amount of

738918
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PChte usced in c:-an:aformérs wag approximately l1eJ willion gallons

(S.4 thousand tons),

Present Alternatives to Askarcl-Insulated Transformers

If PCB's were to be no longer avajlable for closed-system
clectrical vtes -- ag they are no longer availaﬁlc from lonsant» for
open-system applic%tions.-- what alternatives to askarcl-insulated
transformers could now be sﬁpplicd by the cleectrical industry, and

what would be the cffcct‘upon;the user should askarel-insulated

N

transformers no longer be available either ac new or replaccment

..
.

units?
The on)y present alternatives to askarel-insulated transformers
are ofil-insulated transformers or dry-type transformers (either

those open to the atmosphere or those that are pas~£filled and ceale?).
4 4 . ° ‘

A, Oilvinsulated trnns@grmers‘

1, If one disregards safctj conuidcxatiOns, there are

no technical rcusons vhj oil-insulated transformers
could not be directly substztutcd for askarel- innulatcd
transformcrs. The size of the unit would be un'han;od
the wéizht and cost would ?c less,

2, There ave legnl'rektrictions'to such a direct

substitution.

a. Some local regulations (e.g. Chicﬁgo) prohibit
the.usc of oil-insglutcd units in certain loca-
tions where a;karcl-insulated units are allowved.

b, Where oil~insuiated transformers would not be

specifically prohibited as\pn-sitc replacewents
for sskarel-insulated units, the Wational 3
Q

.Elecctrical Code imposcs speeial restvictions
. . >
) "
F3

upon their wode of installation, Althioungh

T T tieemee cow
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35,000 volts must be iunstalled in vaults,
all oil insulated Lransformers require vaults,

‘ except that alccrnative fire protection arrango;
ments are permitted for units rated not over
600 volts, Assuming that space were avaiiable
inside an 'existing building to accommpd&té
these special auxiliary safety provisiors,
the cosg of their construction could range
from $5,000 td $50,000 per transformer,

‘¢, Ofl-insulated units can be installed outdoors
if they are suitably isolgted from flammable
structures or if these structures are suitably
safeguarded against fires origineting in the
'transformers. ihe power output must then
be broyght to the point of use inside the
building via cables or inéulated'buses,and
'the cost of cable.and bus installation could
elso range grom $S,000 to $50,000 per trans-

. former, The outdoor transformer would have
to be 0f a higher rating than the indoor one
ig would replace because of Voltage drop and
consequent power losses in the cable or bus
ruﬂs,

B. Dry-type transformers . ,

In most locations, dry-type transformers (ettﬁer those
open to the atmosphere or those that are gas-filled
and scaled) could not be directly substituted for

askarel-insulated transformers, There are several

* ‘ restrictions to such a direcct substitution:
/7 ' S _ , | ' NEV 025665
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1, Thc’provisions of the National Electrical Code
are ﬁorc stringent for certain classes of dry-
type traysformern than for comparable askarel-
insulated unitoe, |

2, Present Egchno}ogy {5 not avaiiable £or de;ign-

’ ) ing and manufacturing reliadble dry-type trans-
formcrsiabovcéizggg'KVA and/or 15 XV,

3. Thebrclinbility of dry-type transformers i{s less
than that of comparably rated liquid-insulated
transformers. O0il- and askarel-insulated units
show much greater resistance to switching and
lightning surges than do dry-type units., An EEI
survecy of fatlures i{n nectwork transformer banko
shgued a é% per'jcar failure rate for dry-type

. -unita comparéd to 0.27% for liquid-insulated
units, Purthermore, liquid-insulated transformers
have a much greater overload capability. Many
liquid-inculated uni;é can sustain a 1007 over-
'1oad for & hours and a 200% overload for 2 hours,
These éraneformera are able to mafntain continuify
of electrical service during pericds of temporary
outage of related equiﬁment..

4, Some dry-type trancsformers are larger by 10 to 302

than comparably rated liquid-insulated units, and

’

most are mcre.expensive. 3

~ o

. S, Dry-type transformers are noisfcr by 5-10 dB than 3
. 9

are liquid-.insulated transformers. >

z

6. Because their insides require regular clecaning,
the maintenance costs for opén dry-type transformers

//)>) ' aré'highér than those for sealed dry-type transformers

738921
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_or for liquid-insulated transformers, which arec

also scalced,

Open dry-type transformers, which are cheaper

than scaled dry-type transformers, cannot be

used in certain corrosive or hazardous atmospheres,
€. §. On furnac?a’or on electrostatic precipitators

near hot stacks,

Cs Sunmary

1,

For technical or legal reasons it would be impossible
to replace most askarel-insulated transformers now

in service by oil.insulated units of equivalent
rating and reliability wlithout major construction
changes thdt would be required to compensate for

the fire and explosion resistance of the askarel-

"insulated units,

For certain applications and locations, dry-type
transformers could repl#ce askarel-insulated trans-

formers, but with a significant reduction in system

reliability, oo f

NEV 025667
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CAPACITORS

pcfinltion

A capacitor is a device that storece electrical energy., It
consists of tvo metal surfacesor eloctrodes separated by an
insulating mediunm su;hbns air, paper, plastic film, or oil. When a
volt&ge is applied across the electrodes, electrostatic energy {s
stored in the insulating medium,

. In typical industrial capacitors the eclectrode waterial is
aluminum foil and the insulating medium or diclectric is paper

tissue and/or plastic film,wvhich for many applications is impregnatecd
with a liquld diclectric. A liquid f{mpregnant is used to f111l the
‘voids within the paper or plastic film structu;e; to fiil the voids
between sheets, and to contribute to the capacitance or charge-
carrying ability of the composite. Voids must be eliminated within
capacitors that are to be used above 200-300 volts, which exceeds

the dielectric breakdown strength of air,

In our definfition of transformers we emphasized their importance

"i{n the transmission and distribution of electrical power (kilovolt-

ampercs) from the generating plant to the ultimate léad. If the
load were purely resistive (e.g. an electric heating element) no
further modificationvofithc power supply delivered to it would be
required. Other loads (c.g. induction motors) may require‘that |

a portion of the.kilovolt-ﬁmperes delivered to th{m be used to pro-
vide & magnetizing current, wvhich does not contribute directly to
the useful power output of the lo;d. Thie pof:ion of the total

kva delivered to the load {ig designated as rcactive kilovolt.amperecs

(kvars)., It has been found more economical to produce kvars from

tocal kva's ncar the point of load rather than near the point of

; K}
kva generation, and capacitors provide the most eff’cient way of
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cffecting this transformafion at the point of load,

. Why Askarcls are Usecd in Capacitors

Prior to 1930 most liquid-filled capacitors were

made with

mineral oil., The subsequent aubstitution.of askarels for mineral

oil made possible significant technical improvements ‘in the size,

reliability, and life of these capicitors.’

A Size

The single most 1mportan£'property of a Lllguid o’
be used in a capacitor is its dielectric constant
(th; ratio of its ability to store electrostatic
enerpgy relative.to air), The dielectric constant of
capacitor-grade askarel (Aroclor 1242) is 5,85 while
that of mineral oil is 2.25; ¥hen capacigor”ttosuc
is imp;egnated with these liquids the dielectric
constant ofgthéipapew—liquid composite is 6.1 for
askarel and 2,9 for mineral oil. Purthermpre,
because of tﬂe relatively close match between the
dielectric constants of cellulose, (6.6).and agskarel
(5.85).:4¢t is po?aible Eo stress askarel-impregnated
paper to 400-500 voltéymilu while the stresses that
can be aéplied to comparable paper~-mineral oil
capacitors are limited to 300-350 volts/mis, The
combined effect of these technical advantages of |
askarels has been to permit a reduction of cap#cicof
sizes to less than i&% oglwhnt theyﬁere in 1924,

. In 1965 a new dielectric system consisting of paper-
polypropylene film-askaral was introduced witi, stresso
c;paﬁility up to 900 volts/mil, overall, T¢ ‘rre
favorable str;ss.distributions, the abilit, .. askarel

$n incraase, the dielectric strength of polypropylene

738924
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is pnrtly'responsiblc for this improvement,

Reliabilicy and 1life

Askarels are thermally and oxidatively more stable

“than miﬁcral oils, asnd discharges, vhich can occur

-

in capacitors, are less likely to generate gasges
from askarelﬁ gﬁan f:om.m}nera1~oils. The chemical
etability of askarels.in the presence of capacitor
tissue and plastic films and the favopykjn Jkroaes

- Lm

discributions between solid and liquid refefred té‘

above have made it possible .to design low-cost.

capacitors with a life ‘expectancy of more than 10
years lifg 1n'1£ghcing applications and more than
20 years in electric utility ﬁpplica%ibne. In ) o
cach a}pl}éatiob the £iret -year failﬁre rates are

less than 0.,2%, This level of 1ife and reliability

- had not been achieved prior to the introduct:ion of '

eskarels, Purfhermore, the non-flammability of

askarels is greater than that of mineral oi{l, which

reduces the fire hazard that might otherwvise

accompany those-failures that result 4in' rupture of
the case, ' ‘ .

Whereas the transformer mandfactutcr hes had to
essenéia}ly “design around" the properties of

askarels in order to be able to take advantage of

‘the safety facter that they impart to his equipment,

the capacitor nanufacturer has been able to "design

with" the properties of askarels and obtain signifiéanc

technical improvcments‘along w{th the {mp. 'cd saf~ty >
. . o

factor, As a.result askarels have virtu: ' - - 'ne’ypted

mineral oils i» more than 907 of the power.and industrisl

738925
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Eégg: Prior to 1952 the liqﬁid used h\askarel-impfegnatcd
capacitors was Aroclor 1254 (54% chlorine); it was then replaced.
. by Aroclor i2§2 (42% chlorine), which has better clectrical properties;
and as noted in the, "Askarel" section, in Seﬁtembcr 1971 Monsanto |
1nttodﬁced 8 ne& caﬁ#citor-gradc askarel, Aroclor ¥MCS.1016, which . -
1s a modified Aroclor 1242, Unlike askarel-insulated transformers,
the liquid in askarel-impregnated capacitors contains only Aroclors
and does not contain added thlcrobenzenes,

Types and Applications of Askarel-impregnated Capacitors

The principal types of askarei-impregngted capacitors and
their applications are described in Appendix 3, Almost 80 million
such capacitors are manufocturﬁd annually, most of them for fir?t-
‘time use, Unl%ke.transfbrmers, capacitofs.are not rebuilt and
returncd to scrvice after failufe. They are disposéd of (sece
"Backgréund“ section, item concerning ANSI Committe 0167) and
replaced by new cnpaciéora. _ .

Caéacitors used in lighting and ‘air conditioning appliéattons
contain 0,005 to 5:32% gals., (0.05 to 1.0 lys.) of askarel per
unit, The largest power capacitors contain about 6.7 gals (77 1bs.)
of asksrel, The most popular size containsabout 3.1 (36 1lbs,)
The'Nationnl Electrical Code requires that ﬁny installation of
capacitors im which any single unit contains morﬁ than 3 gallons
of c&mbustiblc liquid shall beign a’vault like that required
for transformérs. .D;rihg 1968, the last completa,"normalﬁ year
for the.eleétricnl 1pdustry, the ;ota; amount of PCB's used in

copacitors was approximately 14,4 thousand tons,

; : L . NEV 025671
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Present Allernatives to A:'.l'..'u'cl—I.—.\pr_s.;_;natﬂl Capacitors

bl

If PCB's were Lo be no longer available for closcd-;yatcm
electrical uses -- as they are no Jonger gvnilablq from Moncanto for
opcn-cystcm'gpplicntions -- whnt.alterﬁativcs to askarel-impregnated
capacitors could now be supplicd by thé electrical industry, and
vhot would be the effect upon the user should askarcl-impregnated

“eapacitore no longer be available efther as nev or replacement units?

Yossible alternatives to askarel-imnregﬁated capacitofs are -
capacitovs iwmpregnated witﬁ miﬁcral 0il, ©or capacitors impregnated
with certain other liquids, |

A. Mineral 0il

Replacement of askarels by mineral ofl woyld essentially
retﬁrn capacitor tcchnolog& to its pfe—lQBZ level, Some
spccific'conscqucnces of such a replacement would be:

1. Safety. None of the possible iiquid altqrnétives
toh;kargls.arc’nonflammable, and a firec hazard
would be created by any capacitor failures that
wérc”hcconpanicd by rubturc of the case, Presently
the u#c}of capacitors containing flammable liquid

is governcd by the Netional Electrical Code ‘Articles

460 and 501, - .

2, Size and Cost, A few speesific examples will illustyvace
the size and cost penalties associated with a switch
from askarel to mincral oil in capacitors., The most

N . . .
popular siszed pover capacitors today are ratvd at

N
a3
200 XVAR, If mineral oil verc cubstituted for A
~
- . 3
askarel the volume of the capacitor would be
. >
quadrupled and the direct labor and material costs S

associated with Sts wanufacture would fwnercasc by

70%. “oday power capacitors arec available in 400 vy

738927
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KVAR because of increased heat dissipation problems

with d{ncreased volume. In addition to incrcases in-.

‘direct cocts, the power capacitor {ndustry would

face 1£cr§ased capital expenses estimated at
$2,000,000 to provide the incrcased volume of
material at projgéted.KVAR requirements,

Steel companies faced yith increascd e{ze, cost
and flammability of capacitor bapk?fﬁ.ff(ﬁduazrsa -

heating furnaces would brobably ot {nstall new

. {nduction hgatihg dapabiliiy. Utilities would

have difficulty with substation-size {in crowded

urban areas, An increase in the size of capacitors

- for air conditioning would not dbe critical,

In lighting applications a 3,75/.075 uf 540 VAC
ratiﬁg.fot high output applications is typical,
Yf mineral oil were substituted for asharel, the:
cépacitor‘kould.be 71% larger and materials would

cost 46% more, Lamp ballast manufacturers would

have to increase the size of the bgllaét to accommo-

date the lerger capacitor., This would change the
thermal petformance'of the unit and require U.L,

approval of new ballast designs., Lighting fixture

‘ manufacturers would also face redesign costs to

take larger rallasts.

Reliability, Usaers of capacitors in all applicatfo..

areas, ha&c'c:me to expect long life and very low
initial failure rates, The present performance star
dards have been achicved after many ye:  of £4.°d.

testing and acéelerated testing by wan. . . ..ecs

“and users. The reliability of designs couiaining

738928
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ﬁine;al oii in many applications wvould be uncertain,

Available records show that capacitor reliability

prioxr to the uvnilﬁbility of nsﬁarel vas only a

fraction of what it {s today.

4, Replaceﬁent Market. The imﬁlicacions of changes

4in capactkor size have been,discussed in terms of
new designs. In cach major application area some
capacitors are sold for replacement business.
Power and induction heating capacitors.are generally
installed in racks of alfew to thousands of capa-
citors, It would not be possible to make simple
’ . substitutions for faileé capacitors while main-

taining the system rating. .

In air conditioners repladement of faliled capa-
citors might be as simple as installation of

new brackets, On the other hand, tight designs
might not take a larger capacitor at all,
Lighting systems would be seriously affected by
incrcases in capacitor size, Larger replacement
ballasts would not f}t into exisciﬁg’fixturcs
without altered mounting arrnngements.. It is
-possible that space requirements would force
complete replaccement of liagtiné fixﬁures for the
vant of a rcplgccment ballast.

'S5, Material Sources. Mineral oil {is cu;rently used

’
(a
} o
in a relatively small number of specialty capaci- 4
=3
torse, In this country therc is a siagle source
. ’ ' )
of capacitor-grade mineral oil with limited 3

facilities for acid rcfining of crudes from a

é?/{ ' single oil fiold. Increased demand vould.tequire

738929
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expaﬁdcd facilities and investment and considerable
development in definihg téchnical requirements for
capacitor-grade mineral oil,

Efficient use of mineral ofl in capacitor designs
would require higher density capacitor tissue

than i{s currently produced in this country., At

the least this would require extensive paper
machine modification, Capacitor winding techniques

and machines would need to be developed for winding

tightcr rolls,

By, Other Liquids

o 1

2,

3.

Castor 0il, The dielectric constant of castor

oil 1s>6.5 and this material £{s useful as an
impregnant in D,C, energy atorage capacitors,
However, A.c..capacitors filled with this liquid
have relatively short lives and are not very stable
under A.C. diescharges and in the presence of water
derivable from the'cellulosic paper. '

Dibutyl sebacate. This ester is especially useful

in High frequency parallel plate cabacitors because
of its low, flat loss characteristics over a broad
frequency range. In this type of construction the
liqhid.is the sole diclectric material., When used

in conjunction with paper, this est>r is also

unstadble,

Silicone Fluids, Théese materials have a dielectric

constant of 2,7 and would generally be subject to

. the same disadvantagcs as mineral oil,

C. Alternative Designs

In addition to liquid dielectric substitutes, alternatives

738930
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' . .
to chc'papcr-liquid dielcccric might be considered,
These would involQe the use of plastic £ilm coated
with aluminum foil or vdpbr-deposiCed aluminum as
clectrodes, Since.che free volume of the system is
less than that of paper' the ﬁapacit#nce of the system
is less dependent on the dielcctfic constant of the .
1iquid and the stress distribution betwcﬂ' "e plﬂ"ric

films and low dielectric constant liquxds i8 move

| closely balanced., Such diclectric systems are difficult

to construct completely frece of voids., It is expected

that several years will be required to achiéve the

required level of reliability in such diclectric systems.

NEV 025676
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POSSI BLE DEVELOPNENT 01 NEW INSULATING 1.7QUINDS

The cost af askarcl liquids §s about $2.00 per gallon, compared to about
$0.30 per gallon for mineral ofl, Thus, long before there wercbany eaviron-
mental concerns about PCB's there was a strong economic fncentive to find
oxhcrllcss-cxpcnsivc insulating liquids with the desirable chéractcristics

of askarels., Since the 1930's, at lcast 10 major chemical or!ciectrical

" companies have fnvested large amounts of time and money in this search, all

- with no success. There arc today no flujids that can be used as onc-for-one

replacements for PCB's;

The continued search for new fluids would probaﬁiy start with fluorochemicals,
Fluorochemicals are nonflammable, nontoxic, and as far as is prescatly known
represent no cavironmeantal hazard. Righ-boiling fluorochemicals might thus
be potential rcplaécmcnts for ?CB's. Considerable laborafory study, over at
Jcast 8 one-ycar period, of the physical, chemical, and diclectric properties
of these materials would be're;uircd in oréer to identify specific candidate
materials.

At lcast another year would be required'fo deveclop a finished product based
upon a fluorochemical, On one hand, thc.physical‘and dielectric propcrti;s wvould
certainly be sufficiently different so that substantial engincering rcdcsibn by °
electrical manufacturers would be required to accosmodate A {luorochemical, On
the other hnnd;-a onc-ycar lecad time £s neceded to construct a chemical plant to
producc the f{dentificd {luorochemical in the rniﬁions of pounds ﬂwat\voiud
be required per year. Furthermore, a significaae: program of caviren-

mental testing would be nceded to ensure that the new material was indeed not

an ccological hazard, The foregoing are all highly optimistic time cstinate:

The cost of manufacturing fluorochemicals is inhereatly high, DPrices of

.

high-boiling liquids are $10 - 15 per pound, or'higher. At best one would hope

" NEV 0256177
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that in sufficient volume the ﬁricé might approach that of Teflon, currently
53 -4 per pound. Even this optimistic figure is approximately twenty times
the cost of PCB's, and since the value of PCB in.a transformer {se roughly
onc-tenth the total value of the transformer, the total.coet of a fluoré-

chcmical-insulated transformer would be at ieast three times that of an

equivalent askarel unit,

~ L T NEV 025678
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Appendix 1

Membership of ANSI Committee Cl07 on Use and Disposal of Askarel

Number of Represe

2
2

3/

Used in Electrical Equipment

'Department of the Army

Organization Represented

Environmental Protection Agency

U,S, Department of Agriculture

Tennéssee Valley Authority -

General Services Administration

Nat{onal Bureau of Standards

Certified Ballast Manufacturers Association
Edison Electric Iﬁstitute

Institute of Electronic & Ele;trical Engincers
National Electrical Manufacturers Association
Monsanto Company

Commercial Waste DiSposél Companies
Engineering Consulting Firm

Capacitor Manufacturer Serving as an Independent
Member

NEV 025679

738934



Appendix 2

Types of Askarel-Insulated Transformers

A, Distribution Transformers

1. Network (up to 2500 KVA)
2. Single; and three-phase (up to 2500 KVA)
3, Pole-mounted and station (up to 500 KQA)

The application of these transformers in power distribution systems
places a great premium uﬁbn their reliability and high overload capability
(which they share with comparable oil-insulated units): such as 1001‘
overload for 8 hours and 200% overload for 2 hours.

4, Precipitation (high ;oltage DC)

The;e transformers are part.of the power supply for electrostatic
precipitators; which are gaining increasing use in preventing air
péllution by particulate matter., They are generally installed close
to hot gas stacks in an atmosphere that would be a fire hazard to
ofl-insulated transformers and a corrosion hazard to open dry-type
transformers. Sealed dry-type trensformers are impractical for high

voltage DC, T. . ' ‘ . ¢

B. Power Transformors

1. Sccondary substation
a. Load center unitp’
.b. Secondary substation generation units
. switchboard units .
d. Integral units
e. Motor control units
These 5 compyise the largest group of askarel-insu'ated ;ransformers,

and they find widespread application in the automobile, paper,

t . NEV 025680
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chemical, textile, steel, nonferrous metal, cement, miniﬁg, and
pétroleum industries. Thgy are used in commercial and public
buildings, sbch a8 schools and hospitals; in defeﬁse and
nuclear energy installations; and.by private and public
utilities.

Master unit substation,

Primary unit substation

Limited ahpere substation

Industrial furnace

These transformers are used in the hot, dirty atmosphere in

proximity to glass melting and induction furneces, which require

high current, low voltdge power supplies (more'than 2500 KVA at
no more than 13.8 KV). Eiistihg technology does not permit construc-
tion of scaled dry-type transformers for these power ratings, |
Rectifier
These transformers are used for large rolling mills and DC
industrial power suppliecs, andlarc covered by the same comments
given for industrial furnaceifranaformer&. n _ L
Transportation '
8. Third rail
These transformérs are used for rapid transit systems, and are
basically éerving a rectifier function, |
b. Locomotive | |
Prior to 1932, all on-board.transformets were open dry-type.
Becsuse of problems with them, railroads went to askarel-insulated
transformers. The change; in locomotive design siﬁce the 1930'0

would not now accomodate open dry-type transformers as replacements

. NEV 025681
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for askarel units. A recent trend has been to replace askarcl by
oil units, an& this wiil continue unleés new DOT regulations
require nonflammability. |
Multiple-unit-car fMU)
bThese transformers are mounted under the flat-bed of passenger cars,
They ride along in this locatfon, about B inches -~ .7 the r:i1, Qr..,:
speeds up to 150 mph, The transformer must be ruggcdly built to with~
stand the impapt of flying debris and constant vibration. Power to
the cars is brought in through an overhead catenary and is fed to tBe

underside of the car where the transformer, controls, and propulsion

‘equipment are located. Present voltage {5 11 KV, but new electrificasfan

is expected to be 25 KV,

Space and weight are critical in this applicatioﬁ. There are only
about 33 incheélabove theirail; The width of the transfo mer is |
limfited by the width of the cer.

Only ofl- or askarel-insulated units would provide the required
performance levels in the space available.' As with locomotive appl{rrr!ons;
present DOT regulations do noﬁ restrict the use of flammable liquids,
and‘the use éf‘askarel pnit; has been dictated 1arg§1y by the economic
considerations of fireiinsufénce rates,

v
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' Appendix 3

Types of Askarel-Insulated Capacitors

Hiph Vol tage Power

Generxally AC capacikora are used to improve the power factor of
a8 circuit., Poweor faccor'is the ratio of true power {n watts to the
apparent power as obtained by multiplying the current flowing t; the
load by the circuit voltage. The power factor correction can be made
directly at qhe load or‘at ukility substations, In the latter case
high voltage units will be designed for 4,800 to 13,800 volt service,
To the utility engineer the use of capacitors ia'purély a matter of
econdmics. The main benefits that result from the use of capacitors
are! |

1., Reduction of losscs assoclated with the delivery of electri-
cal power to the point of use,

2. Reduction of the investment required in equipment for de-
livering electrical power to the point of use, which may be
broken Jown into:

a. Reduction of current for the samé kilowatt load,

b;, Reduction of tbe kva rating of equipmené required to
handle the same kilowatt load.

¢+ Reduction of the voltage drop for a givén kilowatt load,

4. cﬁntrol of delivexed voltage {f the capac’.tor kva is
varied,

Electric.acilities'also'use capacitor banks in seéies with distri-
bution Eircuite to improve voltage iegulacion. ;High voltage utility
capacitors, low voltage power capacitors, and i{nductior heating
capacitors are maqufaq:uied at the rate of 200,000 per year, about 2 to
3% of ghich are for.replgcements; the balance are £of new 1nsca11a:tonaL

* .
-
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Low Voltape Power

Capacitors installed in industrial plants at thc demand site (eypi-
cally large motors and welders) are designed for 230 to 575 volt scrvice,
Capacitors installed near the loads are the.most efficient way to supply
the mognetizing current to produce the £lux necessary for the operation
of inductive devices. Rates for the sale of power are generally struce
tured to encourage power factor correction at the site, eliminating the
need for the electric utility to transmit bothAPOWcr-producing current
and magnetizing current all the way from the generator to the plant site,

The same considerations apply to 1nduccion'heating applications, the
principal difference being that capacitors for this rapidly growing appli-
cation are designed for operation at 960 to 9600 Rz, .
Lighting | .

Cnpac1£§rs improve the efficiency oillightins syectems, A'fluorescﬁnt
or mexcury vapor lamp can be ballasted without the use of a capacitor, but
the power factoé of the lighting system would then be in the range of 50 |
to 60%. For commercial or industrial lighting witﬁ either fluorescent or
high intensity discharge lamps, fﬁe use of a capacitor in the circuit
provlacs part ofithe lanp ballas;ing and brings systgm power factor infé
the t;ngeiof 90 to 95%. .The current market for thesc applications is |

about 44,000,000 units annually .of which about 10% are estimated to be

replacement ballasts. ' - .

Air Conditioning
As in the lighting applications, the capacitor fiproves system effi-

ciency. Air conditioners could be made to operate without capacitors,
as do home refrigerators, but because of the higher capacity required for
current

afr conditioners, the resultant line/would virtually eliminate home '‘plug-

ing" and would still further overburden a seriously threatened national

NEV 025684
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power network. Almost all air conditioner pump motors are of the split-
winding type on which the capacitor provides phase differential for the
so-called'start winding, thus delivering good starting torque. The
proper size capacitor permits high (90%.) power factor after ‘gtart-up, |

The current market for this application is about 12,000,000 units an-

nually, with about 5% of these estimated to be for replacement usage,

Industrial Electronics

This market category is a catchall covering many varied applications,
two important ones being motor run and power supply aéplicatibns. Motor
run applications are for pumps, fans, and farm fced equipment, and do
not differ significantly from air conditioning applications. The power
supply market uses capacitors principally to provide high power factor,.
but through careful design the capacitor can also provide wave shaping
where desired. The markct is estimated at 23,000,000.units per year

‘with no estimate as to the relative size of the replacement market.

-
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