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PCB RESIDUES IN TRANSFORMER CARCASSES

TO Rouse, WA Fessler, CT Raymond
General Electric Company
Pittsiield Massachusetts

atract,

There are restrictions on continued use and final disposal of transformers containing PCBs in
the U3, The vresulis of studies of the distribution of PCBs in the major components of
askarel-fiiled and in PCB containing oil-filled transformers are reported hers. These results
are used to consider some of the consequences of the requirements For reclassificaticn and dia-
posal of transformers.

Intreduction

The production of PCBs and the manufacturs of eiectricai equipment insulated with askareis con-
taining PCBs stopped 1n the US in 1978. Continued service of askarel-filled equipment has
been aliowed by the US Envivenmental Protection Agency {EPA), under limitations ser by rvegula-
cion of uge and dispceal of PCBs. The great majority of the 32 million load bearing :ranazform-
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in use in the US roday are filled with mineral oil. There was inadvertent mizing of minor
quanvities of askarels in a fraction of these ¢il-filled transformers. Continued use of these
oil-filled transformers containing PCHS a18o has been allowed, sublect to somewhat less. atrin-
gent EFA regulation,

Since the initial EPA regulations were issued, a substantial number of transformers containing
PCBs have been removed from service, either through normal attrition or in response to reguia-
tion. It is estimated that the number of oil-filled transformers with PCB concentrations
sreater than 50 ng/g oil) declined from 3.3 million fcontaining 364,000 1b PCBs) in 1932 1o
2.85 miilion units (containing 314,000 1b PCBs) in 198%. The number of askarel-filled trana-
formers is estimated to have declined from 132,000 units containing 249,000,000 1lb of PCBs in
1982 to 74,300 units containing 120,100,000 lb of PCBs in 1968. [As a matter of interess, it
also is estimated that the number of large PCB capacitors in service declined from 1,2
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containing 10%,000,000 1b of PCB to 1,460,000 centaining 45,500,000 1b in the came time pe
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riod.] Substantial remeval of PCBs has occurred; substantial amounts remain.
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Transformers are classified, under EPA regulations, as: "PCB" tranaformers - those filled with
liquid containing *S500 ppm PCBs  faskarel-filled wunits are obviously "FCE" units);
"PCB-contaminated" Transfommers - those filled with liquid containing between 50 and 500 ppm
PCBs; and "non-FCB" transziormers - those filled with liquid containing <50 ppm PCB3. The ze-
verity of regulation of use and disposal is greatest for "PCB" units and least for "non-PCE"
unitsa. The bulk of the FCHz in an operable oil-filled transformer can be removed by draining
the liquid and the transformer 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 can be demonstrated that the PCB concentration has been reduced to below 500
or 59 ug/g, resperiively, in the replacement liquid. The transformer then becomes subject to
the less stringent regulations of the new classification. The procedure for demenstratjon at

present requires a PUB analysis of the fresh liquid after 90 days in service during which a
temperature of S0°C iz reached, Many transformere do not reach temperatures of 50°C in nermal

service and, in mary oas it is not practical to szample an inatalied transformer. Simplifi-

cation of these re catlon requirements would encourage the replacement of FCB contain-

ing insulating liguid in transformers and the concurrent elimination of PCBs from the elactri

cal network.

One part of the work reported here was to determine the level to which BCBs cculd be reduced
with assurance by careful draining and refilling oil-filled transformers with PCB-free oil.
[Askarel-filled transformsrs present a separate problem because of the much higher level of
PCBs present and were nct considered here.} Small transformers were disassembled and the -
amounts of PCBs asscciated with each of the major components was determined. [raining the oil
with reasonable care was found to routinely remove 95% or more of the PCBs originally con-
tained in these transfomers. No preferential retention of PCBs in the insulation system or
structural parta of the zranaformer waz found. Thease results together with an examination of
design data for oil-{iiled tranzformers rated to 160 MVA indicate: <that the PCH levelw of
"PCB-contaminated” «il-filled transformers of all ratings can be reduced to below 50 ug/g oil
rvoutinely by draining and refiiling with PCB-free oil, A simplified reclassification proce-
dure based on this approach is now being permitted for small "PCB-contaminated" distributien

transformers.

The PCB levels of oil-filled "PCB" transformers containing as much as 1000 ng/g could be read-
ily be reduced to iess than S0 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 ng/g oil with a second refill with PCB-free oil. EPA
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1s considering the effect of these results on the requirements for reclassification.

To dispose of a "PCR-contaminated” transformer, EPA regulation rvegquires that the ligeuid 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. Dispasal of a "PCB" (3500 ug PCB/g
o1l+ tranaformer vequires that the unit be drained and refilled with a flushing liquid for a
mininum of 18 hours. The PCBs in the insulating liquid must be destroyed with 99.9999% effi-
cieney  in  an acproved high temperature incinerator. The flushing liquid can be recovera=d for
reuse if the PCB content is reduced to <2 ug/g and the separated PCBs are incinerated, v it
aiso mngt be incinerated. The drained carcass must he buried in an approved chemical waste
dispesal site or 1tself incinerated. Both approved chemical landfill space and carcass incin-
eration facilities are limited. Recognizing that this inhibits the elimination of PCB3s in
electric power apparatus, EPA has permitted an alternate procedure in which the liquid is
dratned and the combustible solid insulation and supports are separated from the metalli: com-
panents of the transformer. The metal carcass, i.e, core steel, conductors, tank, can than be
dizposed of as a non-PCB item if the surfaces are cleaned to a level of <10 ug PCH/L10L cm?.
The combustible solids, the drained insulating liquid and any liquid wused in cleaning must
then e properly incinerated. (Cleaning liquid, like flushing liquid, zan be reused if prop-
erly purified.)

Toe velationship hetween Yesidues characterized by concentrations leir on surfaces in -rans-

and  residues  characterized by concentrations in liguids in transformers had ns= been

ablizhed. Another part of the work reported hers was o estaplish this relaticrncehip.

askarcl-filled distribution tranzformers were disaszsembled, the amsunts of PCBs remain-

nothe surfaces were measured, the metal surfaces ware cleaned and the areas deterrined,

and the ratio of the insulating liquid weight to metal surface area was calculated. Lesign

w

data was used to calculate this ratio for askarel-filled transformers up to ¥ MVA in load rat-
ing and cil-filled unita up to 160 MVA. The minimum vaiues found for this vatin was 12 g
azkarels 100 em? surface area for askarel transformers and & 3§ 2il/100 cam? for oil-Ililed

The values found for these ratios were often higher. but never lower. Desigr

i

t:ces are much the same for both askarel and oil-filled wunits and the difference

riman  values is due to the difference in density of the two fluids. The amount of PCBe in a
vezidue of <10 ng PCB/190 cm? on the metal surfaces of an askarel-filled transformer cartoass

then 13 equivaient to that in a residue of <1 ug PCB/g lefr in the askarel initially co

in that transformer. A typical askarel in a such a transformer contains 600,000 ug FI3/g;
#3.9998+% of the PCBs initially present is eliminated in cleaning the carcass to a levsl of
‘10 ug/100 cm?. The destruction requirements of the regulation then are met, and disposal aof
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the cleaned carcasses of askarel transformers by simple burial or metal reclamation technology
has been permitted. Substantially larger amounts of PCBs are allowed in the disposal of
non-PCB transformers or "PCB- cuntaminated" transformer carcasses. The amount of PCEs in  the
resydue  left after draining 95% of rthe liquid from a "PCB-contaminated" traneiocrmer iz the
equivalent of up to 25 Lg/g in the original transformer or up to 200 ug  PCB/100 cm* left on
the metal surfaces of :1s carcass after separation of the solid inaulation. The entire amount
of PCBs contained in a transformer at 49 ng/g o:1 is the equivalent of 392 ug/100 em* of  PCRB

residue remaining on the surface of the carcass.

This work was supported by the Eicctrical Systems Division of the Electric Power Research In-
stitute (RP 202p-19) ¢,
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