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ABSTRACT

This report presents an up-to-date review of PCB substitutes for use in
transfarmers. Included  are silicon=s, aliphatic hydrocarbons, tetrachlacoethwlens,
chlotinated benzenes blends, and pentasrythrital #ster blenos.
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1 INTRODUCTION

The primaty purpese of this report js to oresent an up-to-date review of
supstitutes for Askarel Transformers. Asare] is a peneric aane for fire-resistant liquid
dielectrics  consisting of  polychorinated  biphenvls {PCBs), usally  bBlended  with
chlcrinated benzenes.

Transfermers whiach contain PCBs as a resutt of adventitious contaminatian,
but were not designed to contain PCRs, are outside the scope of this review. Therefore,
the namne Askarel Transiormer will be used theoughout the repect to include only those
transfermers that were designed far use with askarel.

Asiare] Transiotmers were manufactured on the Morth American continent for
a petiod of 45 vears, between 1932 and 1977, They are used arincipally in those lecations
where fire resistance is constdered to be an important factor. Thus, they are installed
wsualiy :nside ar close to buildings, where mineral gil transiormers are not accentable
because af fire hazard.  Askarels have performed extremely well as transfarmer
dielectrics and coolants.  Unfortunately, aalychlorinated biphenyls were found to be
ehvirenmentally unacceptable because they are persistent, nonbipdepradalle, toxic
substances, suspected of carcinogenicity.

Theretore, the use of new askare| in electeical equipment has been barned in
Larada by regulations under the Ernvirenmental Contaminants Act, The axisting Askara]
Transformers arc zllowed 1o continue in sarvice because:

- probability of PCB escupe from a ctosed system such as an Askare] Transformier is
very small,

- PCh disposal facilities in Canada are not yet in place, and

- PCBs rontained in an enargized Askarcl Transformer arc under much better
supervision than PCBx in storage,

Far mew Installations, however, where {ire resistance is exzential, and for
teplacernent of Askarel Transformers at their "end of life", svitable substitutes for
Agkarel Transformers must be found.

The alternatives may be divided inte three categoriss

- use of dry-type ttansformers,
- provision of fire-resistant vaults for transfarmers filled with flammable mineral ail,

anc



- use of transformers filled with {iee-resistant fluids, comparable in pertformance to
askarel, but environmentully acceptanle.

The use of asWarel for new transforrnets and as o make-op floid for existng

transforriers has been banned for several years. There are, howevet many fluids offered
as substitutes fer askarel. A comprenensive study of these fluids has been made and the
resilts arc presented in Sccton 2 of this ceport. The impacts of the Chlorabipheryl
Repgulations on the maintenance of existing Askavel Transformers and on the new
tran=farmer installutions are discussed in Sectien 3; retrofilling of Askare] Transformers
with substitute {lads 15 discussed in Section 4.



2.1

CLASSIFICATION AND ASSESSMENT OF FIRE-RESISTANT TRANSFORMER
FLLINS

el

Anodeal translorinet fluoid shoold meet all the funetional, envivorrmental and

ecanamical requirements listed below.

Fiunctional Requirernents

tligh diclectric strengeh [grester than JG kY by ASTM DES7),

Low rate of in-service degradation [sludge formation, moistare pick-up, axidation
andfor acid [erinationd and lang in-service |ife.

High resistunce to breakdewn due to internal arcing.

Compatibility with materials of construction normally used In transformers 425y
stecl, iron, copper, insulaticn gasket materiall.

Good thermal cendsctivity, high specific heat and low viscosily over cthe entire
range of operating temperatures o optimize heat transier capalililies.

Low pour poinl (less than -30°C) to enable cold startop withoul locaiized
overbcating.

Low vapour pressute even at the upper limit of the operating temperature {150%¢)
ta mitumizse pressure fluctaations in casing and to avald vapour desses.

Specitic gravity either below oe abave that of watet of ice aver the entre range of
pperating temperatures sa thal any free water [or ice) remains either 2t the boltan
or an top of the bulk dicloctrc fluid.

Low thermal ceefficient of expansion to avoud sigmiicant fivctuaziens 0 equipment

fluid ogerating levels.

Environmental Requirements

High fire paint (greater than 300*Chand high aute-ignitic: ternperative for safety in
operation and to gualify for classificatians as "nen-propagacing Juid' by the
Canadian Ekecirical Code and as "less-flammable [oid” by the inserers.

l.aw rate of heat release to manimize damage in the eyen: of fire,

Absence of toxic products of decomposition or comoustsn Lor enviconrental safety
in the eyent of 5 fire.

Bipdegradable or innocucus waen released to he environmens.

Persistence, chronic towicity and bioaccamumative peraperties of the chemical in

people and the natural environment should be atl a indmaan.



- Acute taxicity and irritating characteristics to all biota must be at o very low Jeved.

- Waste managerient aspects of spilled matenal and [inal disposal of the material
should not create problems.

- Wiaterial should not Be carcinopenic, teratogenic or MLtagenic,

_ By-products of combuestion or biclogical degradation soould not create secondary
concerns alang the lines developed above,

Eronomic Reguiremnents

- Basily manufaciared and reagily available at a reasomable cost.

- Sccure supply Lo many Years.

The following sectlons relate the praperties of specific substitate fluds 1o
these criteria.  These substitutes include sidicones, aliphatic hydrocarbons, letra-
chlorecthylene, chiorobensenss and a pentaerythritol ester blend. Tablc I, found at the
end of this section (g, 121, compares the relevant physical and chemical properces of

these subsistules,
22 Silicones

2201 General. Silicones are nigh-wvalume industrial chemacals that have found broad
usape - antifsams, paper and textile coatings, brake {lnids, heat transter {luids, cesmetic
and persanal care products, etc.  Silicones, such as polvdimethylsilaxanes (CHal3%i0
{CH4)25E0 pSI{CHAY5,: hawe been considered as an alternative to askarel bocause ol their
fire-resistant and beat tracsfer propercies. Two sach flaids are offered as trunsformer

Fluics

- Dow Corning™® 561
Crow Corning, Canada Tne-
BT Cumpobells Road
Missiscauga, OnTarid
L3 Zndl

Crenerzl Electric SFE7 (300

Canadian Ceneral Electeic Company Limited

120 Caledonia Raad

Toarorts, g

MaB ix7

Silicene fluid viscosity can he tailor-made for whateyetr yiscosity 15 required.

The dielectric slrength is comparable to tha offered by askarals. Their low yalatility anc
resistance to thermal oxidation provide gnod diclectnic strength for extended perieds of

ame al Nigh ternperatures,



During arcing conditions, hridging of silica acours between the electirodes. if a
fire results, it will produce CHyy OO, silics and water.

silioane floids are compatible with nest cornmon marterials of constructian
uscd 1n ciectrical apparatys, These fluids mav cause stress cracking with certain plastics

ard rupher-like produces,

253 Fire and Environcnental Considerations. These fluids <an be burned but will
seli-cxtingwsh when the saurce al ignition is remaved, When Inyalvec in a fire, methane,
carban dioxide, silica and water are forrned. A potential hazard of inhalation of finely
divided silica warrants use af oersonal breathing protection daring fighting of fires
invalving silicone.

Silicone may cawe slipht temDorary Jreitation 1o the eyes and mucous
memaranes but will not be absorbed throogh the skin, The silicone fluids hawve been found
to be hiologically incrt; sherefore, accumulation i the enyivanment may pese 3 problem.

When in contact with soil, silicones will decompose by nenbiolegical processes
{rlay, catalyzed hydrolysish Tho walatile prodocts (cyelic silexanes) will entver the
atmoesphere where, under the influence of moisture, oxygen and ultrayviolet iignt, they will
begin to degrade to 30, HzD and Q. The appearance of cyclic silodanss 15 4 potential
pronlem because they are ansorted 9y humans.

Disposal of waste silicone 1z best acoomplished by mixing the [luid with scrap
solverst and then incinerating jt. Precipitators shouwld b pressnt to cemowe particulate
Si07. 5pills an water can be contained by bopms o dvkes, concencrated by @ suriace-
active cheinical agens and removed with vacuum systems. ey cernent powder and naxed
diatomaceous earth are examples of sasorbent materials which are used on land spills.

Spent absorbent can then be disposed of 10 the manner described previously.
2.3 Aliphatic Hydrocarbons

2.2.1 General. These fleids are made up of high-molecular-weight branched-chain
aliphatic moleciles, Thewv are either cxtracted from nmatural seorces or are produced
syntheticallv.  Synthetic aliphatic hwidracsrbons (poly-o-clefins) are blends of synthetic
polymeric hydrocarbons while the natuesl aliphatic hydrocarbon is made with lighly
refined petroleurn 2il with a high paraffin conzent,  These twe fluids have =simdat
chemical compositions, and their characteristics, as an alternative to askarcl, are simalarc
to one another.  Only the tecm "alivhatic hydeocarboens" will be used throughout the

following.



The iollewing companies offer aliphatic hydrocarbons as o transiormer tilling
Tluid:

. RTEmp Flusd (Natural)
HTE Corporation
1996 Last acth Jfreet
Waukesha, Wiscansin
Uan 53186

- Oulf FR [Byathetic)
Gulf oul Chemicals Company
Olefins and Decivatives Division
PG Box 3760
Howstan, Texas
LSA 77253

- Mepsol (Synthesic and Naturall
Meotiraw-Edisan Campany
Thomas A. Edison Technical Ceater
11131 Adams Eoad
P.CL Bax 100
Franksy:lle, Wisconsin
LISA 33124
RTErap fluid and Sulf FR have peen used extensively as u replacemens fluid in
transformers. Mepsol is a new product whuch, to date, has nad lirnited consuner Uie.
Tacse [lids possess low flammabality, low specilic gravity and high viscosity
properties.  Additive puckapes give the {luia blends impruved oxidation stabuily and

ennance ather physicul and chemical properties of the fhad.

2.3.2 Funrtional Considerations. Aliphatic hydrocaraons are wp to [0-20 times more
viseous than askatel ar typical transformes 0ilz. 3ame rmanulacturers claim this to be an

atvanlage since, with a praperly designed transformer under overload ronditions (Righ

temperature], the aliphatic hydrocarbons cun s1ill become less viscous with Increasing
temperaiure in 4 range that is most critizal for heat dissipation. 1t s clatmed (hat with
viscasities below 3 % 1078 m2{s there o5 Ltile to be gained for heat cissipation by furthes
decrease in the viscosity.  Askarel reaches thes point ac 50°C; RTEmp typically reaches
this viscosity only at lemrperateres above 13570,

The cielectric strength and tierirul coefficient of expansion ars conparable
to that alfered by askarcls.  Acvantageosdsly, these fhads de nol sulier the loss ol
dicieciric strength at temperatures below 3°C thar is associated with zold start failure.

Tre palyv-a-alefins exainit 2 rwer sour poing Than askzarcls, which me<es their

use morc versalide al lower termperatures. In spite of the fact that ETEmg flud cloads



aver a broac temperature range, starting at -10°C, it does not exhibit dislectric
discontinuity after assaciated witn this Slouding phenameren. Daring arcing conditions,
eraall amounts of cardan and acatyvlene are proceced but are nai cansicered a serious
arablen, [f poly-s—iciine reach 4 gecernposition stage, hydrogen, methzoe and carbon
manoxicde may be releazed.

Aliphatic hydracarsons may be usec {ar cetrodidling porooses. The Liyalcs are
misciale wih askarels or other transiormer flwds ane rompatible woth most scals and
materials wied in electrical equipment constraction. 2TLmp Tlud may be used as a make-
up fluid for Askarel Trapsformers tor up io A0 per cent oy volume. Tais &L peroent
CENSITaint nas bean set to avard the point at which the densivy versus temperature curve
oI the blended fluid might ctess the ice-warter deasity Yersus TRIMperatule Cirves

e O Fire and Envirgnmental Considerations., ALphatic hvargcaraans have met tic
Factory Muotdal requicements and are considerec as low Jammability fluins. [f the hquids
pecorme irvolved Inoa fire, aliphatic fragmenss, carsan dioxide and carhon manoaxide may
be Lorrned.

In the pooupational environment, the care and haraling precaution: takcoo [or
conventional tranpsiormer @il shouwld oe exercised to control csposurc to aliphats
nydrocarbons. These liquids may exert slight ircitation to the eyes, s<in and muoous
menbrangs. Maximum exposure levels in the workplace have been recammended - TLY®
3 mgfm 3 for oil mists,

2oills of these liquids should bBe cantaineq, absorboed with clay, sawdust or
other indusirial sorbents, and scofped into steel drwns with covers for recovery or
disposal. Disposal of waste aliphatie hydeecarbons can be accomplished by incineratian

uriler contralled conditions.
2ol Tetrachloroethylene

2.1 General. Tetrachiarocthylene, SoCly, 15 2 high voiome industrial chemieod
that is nsed extensivcly in the dry clean.ng industry. Tetracolorocthiylens as Deen
consicercn as an altermative ta zskarel becausze it is consicercc nonflammakle and has an
advantageausly low viscasity. Two comparies ofier tetrachlorosthylenc as a translormier

Tluads:

- wECOSOLTM
Westinghouse Llectric Corparation
Smal: Power lranslaormer Lhvision
hauth Boston, Yirginia
LHA 20597



- Perclens TG"
Chwmond Shamreck Corperation, 1981
Electro Chemicals Divislon
33| Thetps Court

lcving, Tewas
LSA 75061
These produocts are suoplied as bighly purifsed Ligquids so that the chermical
prapcriics are those of tetrachloeethylens. The Westinghouse fluid, WECOSOLTM, 1s
supplied with an additive packape at Jow concentration and an iccidescent dye that acts as

a lealk cetectne.

2.2 Functional Considerations. Tetrachlarocthylene 1= an order of magnitude less
viscous than typical wansformer olls. This Improves heat rejection characteristics. The
high density alsa cantributes to thermal benefits of the fluid although the speefis heat is
lower than asdara]l and most ather fluids.

The dielecteic strenpth is comparable to that of askarels. The results of the
electric arcing tests showed no explosive gas [onnation although small amosunts of Clz and
H(Z) are routinely detected aleng with CO7 and €O,

Since tetrachloroethylens is a small meleculs, there arc ne problens with
sludging.

Both manofacturers watn of compatibility problems.  Retrofilling  with
tetrachlorgethylenc 3 natl recosmnended because of pasket compatibility problems
encounterad with askarel. Immiscibilily of eetrachlotoetlivlene with askarel, siliconss and

other fluids alse suggests that it nal be used in comunctzon with these materials.

2.3 Firc and Environmental Considerations. Both Usderwriters’ Laboratories and
Faciory Mutual consider this fluid nonflarimable although the latter does not approve of
it spacifically for trunsforrmer application. 1t can be expected that tetrachlorethylenc
coyld become invalved in a general fice o whoch case the forrnation of hydrogen chloride
and phasgene {taxic gas) should be considerad likely.

Tetrachloroethylene 5 on the Enviconmental Contaminants Act 1282 List of
Pricrity Chemicals, 11 the secupational envicciment rocderate care has to be exercised
to conited expasurc.  Tetrachlorocthylene ietitates the mucous rmemaranes and has
aresthetic cffects, Maxihnum exposuars lavels in the wotkplace have been recommended -
TLY®™ 100 ppm and STEL |50 ppm. Care shoadd be exercised in the design and operation
of transformers to minimize vapour release particulacly becadse etrachlaroethylens boils

below the | 30"C operating target set for transfarmers.



Tetrachlaraethylene released o the environznent will evaporate quickly Iram
watéer or so1l. Degradation throuph oxidation it the Jower atmosphare 15 fairly rapid, ooth
only 2-% percent reaching the stragosphere where prone destroction could be g prablen.
Disposal of waste tetrachlocoethylens by Incineration or the cquivalent to completely
degrade the low-melecular-weight chlorinared hedrocarbons to imorgaric chloride s the
safest way ta minimize adverse environmental impacts. Spill cleanup with standord
industrial absprbents is rocormmended,  Spent absorbent should be allowed to “dey™,
releasing the tetrachloroethylens to the atmosshere rather than dispesing of 1t th a
landfill. In<imeration or the =ouivalent would also be lophly acceptable.

2.0 Chlaorinated Benzene Blends

2.5.1 General, Cldarinated Bemeene blends are mixtores of isomers of tri- and
tetrachlorobensenes {TTCBRs) that are widely used with POCBs in transformers. The
chlorinated benzenes were added for wisoosity and pour paint control, TTCHs have been
used az a fopping fiuld for Askarel Transformers due to their similar properties and
compatabjlity with askarels. Two companies offer chlorinated benzene blends as a
transformer fluid:

- Tri-Tetracklarabenzane RBlend
May and Baker Canada Ing.
[hemicals Nepartment
B3A7 Mississaugs Hoad
Mississauga, Ontaric
LiM 115

- Meelectrol [

Genetal Electyic Company

iane River Road

achenectady, Mew Yark

LSA 12243
2.3.8 Functional Considerations. TTC2s are an order of magnitide less viscous than
typical transformer ails. This imptoves heat rejection characterisiics, The hizh density
alse contribuces to thetmal benelits of the {luid.

The dielecerie steenpth s compzrable to that of askarels. Tie resolts of
electric arcing of the flud showed ne explosive gas tormation, although Il and HCI
have been detected, TTLBs have boen used as dilutants Blended with transfgrmer askarels
due to ther roiseibility and similar properties.  Chlorinated henzenes are powerful
solvents and often are net compatible with many gasket materjals normal]y used in

eleetrical equipment.
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2.%.3 Fire and Environment {lonsiderations. Afthooph TTCBR: are considered nan-
flarnmatle, they will burn 3T high temperatures yielding hydrogen cnleride a= pne af the
proas ts.

In the poounational environment, moderate care bas o be fgeecised to conteol
exposdres, DHelectral |, which incorporates TTCHs, is a moderate irritant to eyes, skin
and :nucous membranes,  The maximum exposure level in the workplase has been
recommended at 30C mgfmd (TLV .

Chlorcbenzenes are on the Mpvironment Canaca List of Priority Chemicals
awairing further studv and evalpation for possible restrictive regolation. Althoogh they
exhibit only moderate acute toxicity, they are persistent in the environment and, with a
biouccwrulaton  factar of  alour 150G, represent =2 concern for fopd  chiin
biomagnification. Mote detaled information about the environmental and toxioslogical
cffects af TTODR blends wall B2 reguiced before they can be considered as acceptable
substitotes For PCBs in bransfor mers.,

Spill sleanup with standard industiial absorbents s recommended.  $pent
absorbent may then be reclaimed ar disposed of. The liquid could alsa be absorbed on clay
or sawdust and scooped into steel drums with covers.,

lnvineration is not cecomrnended unless a vety high ternperature faciiity with
ahsorption of the cifluent gas s avallable,

2.6 Peataerythritol Ester Blemnds

2.6.1 Gereral., Blends of esters of pentasrythritol and fatty acids have been offered
as a substitate for askarels, Thess esters have beoen eonsidered as an alternative to
askarcls beczuse of their law [lammability and hugh pecformance characteristics. The
following companies offer Yidel FL31, & pentserythretal ester blend, a5 a transformer
flujd:

- YSicanite & msyltators Co. Limited (LUK )
Westinghouse Hoad
Traficrd Parls, Manchester
England M17 LPR

- The [ & D Group

P.o, Bay 372

Srnithyille, Ontarice

LOR 2A0
2.6.2 Functional Considerations. Midel 7131 is four times more viscous than typical
transformer 2. The pour po.nt of the ester s lower than that oI askarels, which makes

1ts use more versatile at lower temperaturas,



11

The dielectric sttength, thermal conduactivity and coefficient of expansion are
comparanle to that offered oy typical transformer ails. Wo towic sUDstances or gases are
penerated curing arcing concitions.  The cster is compatible with the wide range of
materials used in transformers. Lhe to its compatibility, retrofilling and nake-up with

Mide] does not pose & aroblem.

2.6.3 Firc and Environmental Considerations. This fioid mests the law flammability
requirements which permit its use as a substitute floid in transformers. Becomowendaed

handling precautions for petrojleum-bazed {luids should bg exercised when hand]lng widel.
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K [MPACT OF PCB REGULATIONS

3.1 Existing Transfonmet Installations

PCRs were banned as constizuents of transforners mapufactured In or
imported into Canada after 1 July [98], when the Amendment to Chlorobiphenyl
Bezulation Mo, | came into effect, The use of Askarel Transformers mannfgctured ar
tmported before 1 July 1950 is still permitted: none of the other Chlorobiphenyl
Regulations in preparation at the present time would prohibit the continned use of these
transformers,

Handling of PCBs as part of notrnal maintenance and/or repair of Askarel
Transformers is permitted bt adding new PCB-containing liquids 5 banned.  Therefore,
any transformer fluid lgsses muost be made up by non-BCB {luids whuch are compatible
with askarel.

The most obvigws choice for a make-un fluid @5 TTOCBs whick are aleeady a
component part of all transformer askarels. The content of TTCO= in diiferent brands of
askare] varies but generally does not excead ) percent.

Since the pour point of pure TTCRs 15 much higher than that of most askarels,
there was a concern that the dilution of askarels with TTOBs may be harmiol to lightly
loaded or de-energized teansformers at low ambient temperatures,

Tests performed oy M., Dillon Limited in March 1972 demonstrated 1hat oo
to one-third of pure TTCBs can be added safelv to transformer askarels which already
contain 2% muech as 40 percent of TTCEs in the initial formiation.

The information ¢btained frorm thtee majer transformer service camparies and
confirmed by a lacge number of transformer users indicates that transtermer fluid make-
up requirements are far below the sale Hinits cecommended for TTOR make-op. Based on
our antacts with a large segrient ol transformet manufacturers and ssers, we have
formed an apinion that no hardship exists due te the ban on the use of PCHs for the
transforner make-up fluid.

Although the most widely used nake-up fioid 15 TTCBs, other fiuids such as
ETEmp or dMdel 7131 appear o be satisfactory for this purpose. Bath [iguads have been
used for topping up of Askarel Transformers with good resules.

Az Mew Transformer Installations

The banm on Askarel Transfermers created the problem of finding o suitable
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sabstitute for those now transforroer applications wlere a fire-resiarant installation is

essential.

3.2.1 Dry-type Transformers. For some applications, the wic of air-cocled dry-typs
transformers, in lieu of Askaref Transformers, Is the most suitable seluticn. Bry-type
transforrners can he divided into three general categorics, with respect 1o thelr

CarnstEuetion:

- aper ventilated
- epoxy encapsulated, and
- cast coill.

Dry-tvpe transiormets are limited in their application with respect to voltage
class amd Capacity.

Thay are most economical be use & open-case yentilated-type in clean, dry
locations when the primary voltage docs not exceed 15 KY and the load does not excesd
&00 kYA,

They tend to be noisy and howe relatively low owerload capability and poor
bazic impulse level. Alsp, they are physically lurger than an equivalent ligquid-Iifled
teansformer.

Epoxy=sealad and cast ceil transfomnecs are not as moisy as the open-case
vontilated transformers and are not subject to the same restraictions with respect 1o
amblent conditions. Howewvar, they are gencrully maore costly than an equivalent liguid-
fillad transformer. The cost comparison would depend on the specific voltage and k¥A
ratings as well as the type of liguid used.

Sinces  dry-tyoe  transformers  are  physically  larger  than  liquid-filled
transformers of the sarme capacity and weltape class, it 05 more difficult or even
impossible, at some locations, to replace an Askare]l Transformer with an equivalent dry-
type ubtik, because of space lirmitations.

122 Liquid-Iilled  Transformers. The  friteria for  selecting liquid-filled
transformers can b grooped into four categaries:

[ Safety E'.ql:l._'-:jderatim-mi

Low fire and explosion hazard,

{ Functional Requirernents

Satisfactory performance under all foreseeable operating conditions such as load

{luctuations, and [ghtning and switching surges.



LG

m Environrental Considerations

Transformer fluid 1o be non-toxic, mon=rmutagenic and hlodepgradable or nnocuous if
released 1o the eaviconment. The transfermer fluid must be easily disposable with
o cause for peesent or Iuture ecological concerns.

W Econamoc Consideca tions

Feasseanle cost of manofacture and low gperating costs, .e., high efficiency under

Ioad, low no-load losses and easy maintenance,

Askarel  transtormers =zatisfy all safety, fonctional and  economic
cansicerations St fail to meat the environmental requirerients.

Tranzformers filled with mireral cil satisfy all functional, envicemnental and
economic constderations, but fail 1o rmeet the safety reguirenents.

Thetefore, there 15 u need [or safe and rehiable fransformer fluids that would
satizfv all four grouns of ccansiormer fluid selection critecsa,

Table 1Z preseidls a4 comoarative asscsement of the Five types of fhiids that are
descrited 10 Sectian 7 of Ehis report:

- Silicones
n Aliphatic Hydrgcar bons
n Tetrachbaroethylens

- Chlorinated Benzene Blends

- Fentaervthritol Ester Blend

Thesze [ive tvpes of Dre-tesistant fluids are all ascceptable for indoor use.
Askurel it not acceptable for cnvironmental reasens and mineral oil is not acceptable for
mdoar use unless mstalled in 2 fire-proof wault. 1t must be noted that mineral oil
transfotmer: are sl wery satisfactory and the most economecal choice for autdaor
nstallations,

Tetrachloreethylone and 7T blends are nonflammabie and therefore get the
highest rating with respect to safety.

Yilicones, aliphatic hydrocarbons and hleads of pentaeryvthritol ester are lested
by Yactary Mintual Research as "Less Flammahle Transfarmer Fluids", The heat release
rates, ooth convective and radiative, puhblished by Factory %utwal Research are
significantly lower for silicones than for aliphatic hydracarbons and pentaerytheital ester
blend. Therefore, undes the safety criteria i Takle 13, sificones are classified as
"zatistactory” and the othet wo types as "acceptable!. The heat release rates of the
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pentaerythrital ester biend are lower than thoze of zliphatic hyvdrecarhons, but not nearly
as low as those of silicones.

All fluids listed v Tahle 2 are very satislectory as lar as the funccional
performance 15 coneerned, when wicd i a new transformer designed Tor that specific type
of {lud.

Eowirenrnentally, there is some concern regardiog TTOB hlends, and to a lesser
dogres, tetrachloroetiylene. Tioth fluids are prescntly approved for uses other than i
transformers.  Additional stirdies are needed to further evaluate the environmental risk
pased by these two types of fluids.

ALl fire=resistant transformer flukds are more expensive than mincral ail.

TABLE ¥ COMPARATIVE 3UMMARY OF TRANSFORMER FLLNDS

Selaction Criteria

M ar.

Type af Fluid Safety Functional Envircnmental Foonomic
Silacones k| & 4 2
Aliphatic

Hydrocarbons A & 4 3
Tetrachloracthylene i b 3 3
hlorinated benecne

Flends iy % 2 3
Pentasrythrital

Ester Blands 2 & 4 2
Mskarael & 4 l 3%

Mineral Ol Jas G

-+
o

Ratings®®®

& - wvorw sabisfactory
3 - satisluctory

Z - acceptalblbe

1 - unsutisfuciary

* Askarc] no langer availuble,
*¥  When used indoors, without fire-prood vault.

F¥% DPased pn judgeraent of contractor.
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4 TRANSFORMER RETROFILLING

Replacement of askarel in a transformer with another fluid, known as
transformer retrafilling, has been practiced in the United States since about 1975, a few
years after Monsanto discontinuesd praduction of askarel, The present level of retrofilling
activity in the L5 is reparted to be in the range of 63 to 374 units per year.

The fluids most frequently wsed {or eetrofilling are:

- Wineral Gl (for outdoor or fire-proaf vault installations),
- allicones

- ETEmp

- Midel 7131, recently introduced from the (LK.

Generally, the performance of the tetrofilled units has been satisfaciory,
There iz po ervidence indicating that the replacerment of askarel with wnother fluid has
been directly responsible for a transformer failure,  [n somne cases, it was necessary to
derate the transformer capacity by L0-20 oercent because of the differences in the
wiscosity and specific heat between askarel and the replacement fluld.

In spite of the success, the rctralilling activity in the U5A has decreased
ronsiderably from the peak of activity in 1977, Some of the reasons piven far the

Acrcasc are:

- bad publizity resulting from accidental PCG spills during retrafilling operatians.
- restrictions  placed by Factory Mutuzl Rescarch on the use of retrafillad
transformers. Somec reptacement fluids are not considered enqual to askarel with

respect to fire hazard.

In Canada, retrofitling has never caught on. & few Askarel Trarsformers were
tetrofilled with silicone and onc or Lwe with mineral oil during the 19761381 period, One
Agkare] Transformer, at a municipal waterworks plant, was retrofilled with 3ide: 7130 in
April 1982 as an experimental deinonstration.

In many <ases, i1 is impractical and epviranmentally nndesirable to retcofil]
Askarel Transformers as long as there are no PCR disposal facilities readily available,
Storage of askarel and PCR-containing flushing fluids generated hy retrofilling may
prosent higher eqvironmental and health hueards than the continmed use of Askarel

Transformers installed in guarded areas with ascess limited to authorized persanncl.
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In future, when PCH disposal fagilities are avallable, retrofilling shoutd be
cohstdered [tom some specific installations, as an option 1o replacemant with 2 noew nen-
PCH unet. Getting tid <f askarel would be particularly desitable at sach kacations as food
processing plants and praximity to water bodies, where aven a small probabddity of FCH
spill due to a transformer failure s considered to be an unaceeptuble risk. 1 some of
these lorations, replacemeant of the Askarel Translorrmer with a e f800-PCB unit may e
much more difficuit and more oastly than retrofilling,

When retrofilling is being considered, the following fzctors must be taken Into

account:

- The replacement fluid must be compatible with the rmatertals of construction of the
transformer being retrofilled,

- The coelficient &f therrmal expansion of the replacement fluid should e relatively
close to that of askarel, to prevent expoesere of transformer windings at low
ternperatures and excessive volume of transfermer fluid at high temperatures.

- Heat transfer capability of the replacement fluid must be rcaonsidered and the
acceptability of tranzformer derating reviewed, if applicable.

- impact of nsurance veguirements and all applicable rules and regulations of the
loeal electrical inspaction authorities must be checked with respect to the proposed
replacement [luid,
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b COMMENTS AND BECOMMENDA TIONS

51 Maintenance af Askaral Transformers

The ban on the ke of BINs for make-up fitling of Askarel Transforirers does
not seem to create any signdficant oroblems for the transformer wmsers. The amoants of
make-yp fluid required are very small. Most Askarel Transfarmers do not eequire any
make-up fluid for many years of service. When make-up floid s required, tri-and
tetrachlorabenzenes {TTCBs) appear ta be the most suitable and most readily available
fluids. TTCPs are fully compatible with askarel, since it is ane of the components of
askarel. Other fluids successfully used Far make-up filling of Askarel Trunsformers are
Midel 7131 and ETEmp.

5.2 Replacernent for Askarel Transformers

Thete 15 oo single "best" solutien for the replacament of any Ashkare]
Tratsformer regatdless of the type of duty, ambient conditions and locatian.

For outdoor use and for underground wawults, mineral oil transformmers appear 1o
be the best solution.

Fot indoor applications, constructing a fire-proof vauett in an cxisting Building
wauld, ih most cases, be either impractical or prohibitive in cost. Genarally, therefore,
the replacement of Askarel Transformers in existing buildings would be by other than
equipment containing mineral ail. The chalce of the right transformer for the right place
involves consideration of many factors 1 addition to cost.

If & dey-type transfarmer is considercd, such [actors as noise level, clean air
requirements, maoisture lawels, lpad floctuations, Lightoing protection and physical space
availakle must ke taken Intg account.

If a fire=resistant liquid-filled transiormer is censideced, the most important

factors ara:

- heat release ratings (hath convedctive and radiative] of the transformet fluid:
- insurance requirements, related to building construction of adjacent walls and
cailing, and curbs to retain leaks of transformer fluids;

- operating conditions and majntenance requirements.
5.3 New Transformer Installations

Selaction of the mest suitable transforiner Fer oo new nstallation 13 mach

easier than the selaction of a realacement transformer.  There are usually fewer
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constraints and therefers more than one acceptable splution. The decision would be based
o the selection criteria discussed in Section 3 af this report.

Where fire and explesion safety 15 the most impavtant censideration, e.g., in
case of underground substations in mines, a tcansfarmer filled with a nonflammahla fluid
such as tetrachloroathylene would be the best chaice,

In other applications, environmental considecations may dictate the use of
transformers fillad with one of the fluids classified by Factoey Mitual as "less flammable
fluid" such as silicones or pentaarythritol cster bland.

Further research and developmen: of better transfoemer fluids are still in
pregress and the most ideal replacement fluid for askarel may be yet to come.
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