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There are restrictions on continued use end final disposal of transformers containing PCBs rn 

the US. The results of studies of the distribution of PCBs in the maior components of 

askarei-fiiled and in PCB containing oil-filled transformers are reported here. These results 

are used to consider seme of the consequences of the requirements for reclassification and Jis-

P'.̂ sal of transformers. 

Introduction 

Tne production of PCBs and the manufacture of electrical equipment insulated with askarels con

taining PCBs stopped in the US in 1V78. Continued service of askarel-filled equipment has 

been allowed by the US Environmental Protection Agency (EPA), under limitations set by regula-

-ion of use and disposal of PCBs. The great majority of the 32 million lo.hd bearing transform

ers in use in the LIS tod-ay are filled with mineral oil. There was inadvertent mixing of minor 

quantities of .askarels in a fraction of these oil-filled transformers. Continued use of these 

nii-:illed transforaers containing PCBs also has been aiiowed, subject to somewhat less strin

gent EPR regulation. 

Since the initial EPR regulations were issued, a substantial number of transformers containing 

PCBs have been removed from service, either through normal attrition or in response to regula

tion. It is estimated that the number of oil-filled transformers with PCB concentrations 

greatei than W iig/g oil declined from 3.3 million Icontaining J6(i,000 lb PCBs) in I ' i i : to 

i-85 million units (containing 3u,000 lb PCBs) in 198.̂ . The number of askarel-filled trans

formers is estimated to have declined from 132,000 units containing 2ii9,O0O,00O lb of PCBs in 

1982 to 74,300 units containing 120,100,000 lb of PCBs in 1988. [Rs a matter of interest, ir 

also is estijiBted that the number of large PCB capacitors in service declined from 3,290.000 

containing 103,000,000 lb of PCB to 1,1.60,000 containing (.5,500,000 lb in the same time pe 

riod.l Substantial removal of PCBs has occurred; substantial amounta remain. 
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Rgcic*?rification of Oil-filled Transformers Containing PCBs 

TransfoiTiiers -^re c;?i5sifleJ, i.nider EPA regulations, as: "PCB" trandiformers - those filled with 

liquid containing >50n pî i PCBs (askarel-filled units are obviously "PCB" units); 

"PCB-cor.tanunated" rransfoi-mr.'rs - those filled with liquid containing between 50 and 500 ppm 

PCBs; and "non-PCB" transfomi'jrs - those filled with liquid containing <50 ppm PCPs. The se

verity of regulation of use and disposal is greatest for "PCB" units and least for "non-PCB" 

units. The bulk r.t rhe PC&f in an operable oil-filled transformer can be removed by draining 

the liquid and the ::ransformer will remain functional if carefully refilled with PCB-free 

oil. EPA rules allow reciassification of a functional transformer as "PCB-contaminated" or 

"non-PCB", if it car. be demonstrfated that the PCB concentration has been reduced to below 500 

or 50 Ug/g, respe;tively, in the replacement liquid. The transformer then becomes subject to 

the less stringent regulations of the new classification. The procedure for demonstration at 

present requires a PCti analysis of the fresh liquid after 90 days in service during which a 

temperature of SO^C i? rertched. Many transformers do not reach temperatures of 50°C in normal 

service and, in mar:V cases, it is not practical to sample an installed transfomier. ::Umpiifi-

cation of these reci.?ssific.:i:.ion requirements would encourage the replacement of PCB contain

ing insulating lio"..:!'.! in transformers and the concurrent elimination of PCBs from the electri

cal network. 

One part of tbe work reported here was to determine the level to which PCBs could be reduced 

a i t h aS5uran(;e by careful draining and refilling oil-filled transformers with PCB-free oil. 

[Askarel-filled transformers present a separate problem because of the much higher levei of 

PCBs present and -jere net considered here.] Small transformers were disassembled and the -

amounts of PCBs associated with each of the major components was determined. Dr-nining the oil 

with reasonable care was found to routinely remove 95% or more of the PCBs originally con

tained in these transfonners. No preferential retention of PCBs in the insulation system or 

structural parts cf the ^ransfonner was found. These results together with an examination of 

design data for oil-fii led t:ransfom\ers rated to 160 MVA indicates thst the PCb levels of 

"PCB-contaminated" oil-filled transformers of all ratings can be reduced to below 50 ug/g oil 

routinely by draining and refilling with PCB-free oil, A simplified reclassification proce

dure based on this approach is now being permitted for small "PCB-cont-^vminated" distribution 

transformers. 

The PCB levels of oil-filled "PCB" transformers containing as much as 1000 ug/g could be read

ily be reduced to less than 50 ug/g oil. Further, equilibration of the residual PCBs in the 

core and coil structures of drained transformers with fresh oil was found to occur rapidly, 

and with no important effect of temperature. PCB levels in "PCB" oil-filled units containing 

up to '2500 ug/g can be reduced to <50 ug/g oil with a second refill with POB-free oil. EPA 
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IS considering the effect of these results on the requirements for reclassification. 

Disposal of "PCB" Transformer Carcasses 

To dispose of a "PCB-contaminated" transformer, EPA regulation requires that the liq-oid be 

drained and burned in a approved high efficiency boiler or high temperature incinerator. Dis

posal of the carcass is not limited by this regulation. Disposal of a "PCB" O500 ug PCB/g 

oil' transformer requires that the unit be drained and refilled with a flushing liquid for a 

minimum of Iti hours. The PCBs in the insulating liquid must be destroyed with 99.9999% effi

ciency ill an approved high temperature incinerator. The flushing liquid can be recovered for 

reuee if the PCB content is reduced to <2 ug/g and the separated PCBs are incinerated, or it 

.?iso must be incinerated. The drained carcass must be buried in an approved chemical waste 

disposal site or itself incinerated. Both approved chemical landfill space and carcass incin

eration facilities are limited. Recognising that this inhibits the elimination of PCBs in 

electric power apparatus, EPA has permitted an alternate procedure in which the liqijid is 

drained and the combustible solid insulation and supports are separated from the metalli-r com-

p.onerts of the transformer. The metal carcass, i.e, core steel, conductors, tank, can then be 

disposed of as a non-PCB item if the surfaces are cleaned to .i level of <10 ug PCB/IOI- cm^. 

The combustible solids, the drained insulating liquid and any liqxiid used in cleaning must 

•hen be properly incinerated, (Cleaning liquid, like flushing liquid, can be reused if prop

erly p'-irif ied. ) 

Tr.e V'?Liirior.ship beVJeen residues characterised by concentr-ations le:"r on surfaces in ::-ans-

i'l-me';:- .ruid residues characterieed by concentrations in liquids in transfoi'mers had nor been 

•rsr.̂ blished. Another part of the work reported here v.̂ 3- to establish this relationship. 

•̂ T.ail askarel-f illed distribution transformers were disassembled, the -amounts of PCBs rer.ain-

i:"it o:'t the surfaces were measured, the metal surfaces were cleaned and the areas determined, 

and the ratio of the insulating liquid weight to metal surface area was calculated, design 

oata was used to calculate this ratio for askarel-filled transformers up to J W J \ in load rat

ing and oil-filled units up to 160 KVA. The minimum values found for this ratio was 12 g 

iskarei/lOO cm' surface area for askarel transformers and if g oil/100 cm^ for oil-filled 

units. The v-alues found for these ratios were often higher, but never lower. Design rrac-

".ices are much the same for both askarel and oil-filled units and the difference ir. the 

.r.inimum values is due to the difference in density of the twn fluids. The amount of PCBs in a 

residue of UO ug PCb/lOO cm^ on the metal surfaces of an askarel-filled transformer carcass 

then 15 equiv.^ient to that in a residue of <1 ug PCB/g left in the ask-arei initially cont-iined 

in that transfomier. A typical askarel in a such a transformer contain? t.00.000 ug PvB/s; 

9'V.999rt+% of the PCBs initially present is eliminated in cleaning the carcass to a level of 

• liJ Mfi/iOO cm^. The destruction requirements of the regulation then are met, and disposal of 
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th>: cleaned cnrcjT^scs or" a=kjrel tran.-.foi-mors l)y simple burial or motal reclamation tcchiiolocy 

h.is been peimitted. .'jubr. tant ial ly larger amounts of PCBs are allowed in the disposal of 

iion-FCl) transfornii:;rs or "PCB- contaminated" transformer carcasses. The amount of PCBs in the 

residue left after drainiiiB 95* of the liquid from a "PCB-contaminated" tranr.fonr.er 1,=. !h» 

equivalent of up to ib Lig/g in (he original transformer or up to 200 ug PCD/100 cm= left on 

the metal surfaces of LIS carcass after separation of the solid insulation. The entire amount 

ot PCBs contained in a transfomer at i.-) ug/g oil is the equivalent of 392 ug/100 cm'- of pCB 

residue remaining on the surface of the ciircass. 

This work was supported by the Eiccu-ica! Systems Division of the Klectric Power Research In

stitute (RP 2026-19 1 '. 
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