A

K [0
Etectric Power
Research institute

Topics: EPRI ENEL-5512
[Tol-] ‘ Project 2028
Chemicai analysis Proceedings
Firee ‘ January 1988
Translormers

Pollution control ,"
insulating oils .

Proceedings: 1987 EPRI PCB
Seminar

Prepared by
Electric Power Reaearch institute
Paio Atto, California

MONS 217109



L -

REPORT SUMMARY
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Proceedings: 1987 EPRI PCB Seminar

An EPRI-sponsored seminar explores the increasingly complex
" issues of PCB menagement, This year, retrofill and decontamina-
tion technologies discussed at the last seminar are reaching
. maturity or are commaercially available. Paricipants aiso ad-,:
dressed the necessity of spill cleanup and methods that meet
that need.

BACKGROUND EPRI regularly sponsors an indusirywide aeminar to update ulilities on the
: newest squipment ancg processes for managing the compiex problems
posed by polychiorinated biphanyl (PCB). Discusaion topics ranged trom
initiai developmeni of squipment and methods 10 Proceases now commer
cially avallable.

OBJECTIVES To provide a forum for discussing squipment and methods for PCB
management; to avoid dupiication of ressarch effort through an information
exchange; to lnform equipment suppliers of utiiity PCB management nesds.

APPROACHK Approximately 325 representatives of utllities, government agenciss, re-
search groups, and private industry from around the worid attended ¢ PCB
seminar held October 6-9. 1987, in Kansss City, Missourl. Mors than 80
presenations aummarized ressarch in such aress as PCB destruction,
analysis, spili cleanup, risk analysia, and fires, as well a8 mineral oii decon-
tamination and retrofill and replacement fiuide. PCB destruction discuseions
focused on thermal treatment of PCB and PCB-contaminated soils, as weii
a3 sampling and analysis criteria for evaiuating deatruction mathods. Othet
aress of discussion included processes for removing PCB trom contemi-
nated transformer oil end coolants, eguipmant for testing PCB-contamineted
soils, PCB environmental transports, and pyrolysis and combustion of PCB.
contaminated transformer fluids. Several papers described pilot plant proj-
oCts, case studies demonsirating new equipment, processes and clesnup
methods, and commercial PCB removal processes.

RESULTS Some technojogies described at previous seminars have advanced to com-
mercial or semicommercial stages. One such 1echnology ls retrofiiing,
repiacing sither PCB or contaminated oll with fresh oil to reduce PCB con-
tent, usually 10 below the strictest EPA reguisiory levei of 50 ppb. improves
techniques for decontaminaling mineral oll containing PCB are commercially

EPRI EA/EL-3812¢
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evailable. Spill cleanup and disposal of askarel transiormer carcesses
are areas thal still require improvements. Ongoing EPR! work (project
RAP2028-19) is siudying disposal 1echniques for detanking trensiormers
and dismantiing and cleaning components for scrap or disposal.

EPR| PERSPECTIVE The large number 0! people attending the 1988 PCB seminar reflects

the need of those involved In PCB management to discuss common

, ' - probiems and goals. Participants—nearty 125 of whom were from mem-
ber ulilities~—came from the United Stales, Canada. Great Britain, Bel-
gium, Mexico, and Japan. They represented many disCipiines, inciuding
PCB analysis, risk assessment, and disposal, as well as research and
deveiopment of equipment t0 taciitate these tasks. EPRI reports
EL-2572, EL-3581, and CS/ENEL-4480 present procesdings from the
1981, 1983, and 1985 seminars.

PROJECT RP2028
EPRI Project Managers: Vic Niemeyer; Gll Addis
Environmem Division; Ejectrical Systems Division

For further information on EPRI research programs, call
EPRI Technical Intormation Specialists (415) 855-2411.
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ABSTRACT

The 1987 PCB seminar continued EPRI's saries providing timely information on PCB
research to utilities, regulators, and contractors. The papers in this seminar
showed a significant increase in technica) level over those presented in the 1981,
1983, and 1985 mestings.

Subjects covered tn the three and one-half days meeting Qnrn:

PCB Destruction

Mineral 011 Decontamination
Analyticat Technigues for PCBs
Sp111 Cleanup and Management
Risk Analysis and Management
PCB Fires and PCOF Analysis
Retrofili and Replacement Fluids
Miscellaneous Subjects

114 MONS 217114
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For those of you who do net know me, I must
begin Dy stating that for the past B years I have
been legal counsel to the electric utility industry

on PCB lssues. It is a wonder to ses 4ll of you here
this morning, still fascinated vith PCBs elesven years
after the passage of Bection 6(e) of the Toxic
Bubstances Control Act which specifically regulated
the substance. This turnout is either a great
tribute to EPRI and Gil Addis or a reaffirmation that
in 1976 Congress created yet another relief act for
lawyers, consultants, regulators, vendors and

assorted others.

Gil Addis asked me to opan the program by
updating what has happened to PCBs on the federal
regulatory front since the last seminar in early
1986. Given the longevity of the PCB regulatory
program, one might think that such a review would be
quite short. Burely, by now, you would think the
program must be fairly regularized and unchanging.
The opposite is true in fact. A fair amount has
happened over the last 20 months. These activities
fall roughly into four areas: 1) establishment of

1-3
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spacific spill cleanup requirements. 2) changes to
the 1985 regulations affecting the use of PCBs in PCH
Transformers, 3) changes to the regulations affecting
the use of PCEs in concentrations under 50 ppm, and,
-finally, 4) the apparent resolution of the quonttoﬁ
vhether the regulition of PCB dispossl would be
transferred from TECA to the Rescurce Conservation
and Recovery Act (RCRA)}. A few of these matters will
be addressed in detail by later speakers. I will
therefore try to restrain my remarks so as not to
intrude unduly into their efforts. However, to set
the stage for these speakers and provide a backdrop
for the week's presentations, I will run through

these four significant actions.
i1 leanyp R n

EPA's PCB spill cleanup requirements under
TSCA were signed by the Administrator on March 20,
and published April 2, 1987, in the Federal Register
{52 Fed. Reg. 10688). This action ended a leng:thy
pericd of negotiation, agitation and frustration that
began about four years ago when the issue of spill

14 MONS 217129
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cleanup was first discussed by the utility industry
with the Agency.

Early in those discussions, the electric
utility industry presented & study to EPA urging a
perforrance standard approach to clesnup. EPA

1istened, but that was about all,

Then in May 1985, the utility group joined
in the develcpment of a consensus proposal with NEMA,
CMA, EDF and NRDC in vhich the cleanup regquirements
were based on the mass of the PCBs spilled and the
location of the splll, including a performance-based
approach for contaminated mineral oil spills -~ that
is, for spills of fluid containing a PCB
concentration of 50 ppm and over. EPA did not act on
the proposal until the late spring of 1986, at which
time the Agency raised concerns about several of the

provisions in the consensus.

Further discussions ensued with EPA during
the summer of 1986, followed by additional

discussions among the consensus groups. A revised

1-5
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consensus agreement was submitted to EPA in October
198¢ in an attempt to deal with sémo. but not all, of
EPA's concerns. Thus, although certain changes were
made in the October 1986 Agresment, the basic
structural approach remained the same, including
continuation of performance-based, visible
tcace/wash-vipe clesnup requirements for contaminated
mineral oll spills (again only those from a source

contaminated with 5¢ ppm or more of PCB),

The EPA requirements reflect the basic
structure proposed by the consensus group by imposing
different cleanup requirements based on the mass of
PCBs spiilod and the locatlion of the spill. 1In
addition. other very important aspects of the
consensus alao wvere adopted, such as: the visible
trace/double vash-vipe approach for contaminated oil
spills: the soil cleanup standards for most
substations; the avoldance of penalties for improper
disposal if there is good falth compliance with the
cleanup requirements, and imposition of national

cleanup standards for the vast majority of spills.

1-6
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Along with the good, of course. came some
changes which were not welcome; but more of this

later.

In brief, the more significant reguirements
cover the following matters:

gcope: The requirements became effective
May 4, 1987, and apply to the cleanup of nev spills
from sources contaminated with PCBs in concentratlions
of S0 ppm and above. §Spills directly into water,
severs, vegetable gardens and animal grasing land are
not covered anéd will be considered by the reglons on
a site-by~-site basis. This approach varies somevhat
from the consensus agreement wvhich only excluded

spills into water and severs.

Pefinition of Spills: Adopting the language
contained in the consensus propossl, & weep is not a
spill.

1.7
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Mass of PCBs Spilled: The requirements
discinguish between spllls involving at least 500 ppm
or more than one pound of PCBs versus those below 500
ppm and one pound. This demarcation is not exactly
as proposed in the consensus, but it is largely the

same as & practical matter.

w _Concen on t A visible
trace/double wash-wipe standard applies to all spills
under 500 ppm, assuming less than one pound by welght
of PCBs is spilled, wherever located as proposed in
the consensus. Mineral oll equipment that is not
tested can be assumed to contaln less than S00 ppm as
set forth in the current regulations. One important
change, howsver, is that cleanup must be completed
within 48 hours, vhereas, under the consensus,
cleanup only had to be initiated within that time.
There are exceptions for bad weather conditions,
operating emecgencies, etc., as proposed in the
consensus. In addition, if the spill reaches an
indoor, residential surface, that surface must be

cleaned to 10 ug/100 cm',
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Higher Concentration Spills: The cleanup

requirements for spills of 500 ppm and greater (or
more than one pound of PCBs by weight) vary depending
qh location. Some changes have been made in both the
definition of the various locations and the levels of
cleanup required. The basic distinction among
subgtations, other restricted areas and
non-restricted areas (ro:idontial/cnmmatqinl ares in
EPA'S parlance) are retained, but with some changes

that still may be significant.

For example, EPA accepted the consensus soil
standard of 2% ppm or 50 ppm with a posted notice for
the outdoor substations. but removed the wash-wipe
{pilus notice) performance standard option for solid
surfaces, requiring instead cleanup to 100 ug/108
cm'., EPA also adopted the alternative of getting
regional guidance if meeting these standards would

jeoperdize the structural integrity of the substation.

EPA. howvever, defined outdoor substations to
include only those that are at least 0.1} Xm from a

residential/commercial area. Similarly, other
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restricted access industrial areas must be a like

distance from a residential/commercial ares to so
qualify. This limitation for many utilities
egsentially brought a large proportion of their
substations, and even socme generating facilities,
within what vould be defined as s '

residential/commercial area.

Because of thelr concern about such a
result, the utilities approached EPA on this ilssue.
Specifically, we urged EPA to set aside the 0.1 km
limitation. EPA, hovever, had based this limitation,
2t least in part, on its risk assessment and would
not delete the 0.1 km limitation until further |
analyses are made. The Agency, though, did recognize
the problem and clarified that for purpeses of
measuring the 0.1 km distance, the measurement can be
taken from the actual spill site to the bullding in
vhich psople live or work. Thus, messurCements from
property lines, roadways and fence lines need not be
made. We obtained a letter from EFA confirming thlis
clarification just before the regquirements became

effeactive.
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Another major change from the consensus
agreement involves the cleanup standard for indoor
vaults. Under the consensus, all of these vaults
would have been classified as restricted access areas
and the owner of the equipment would have the option
of using a triple wash/wipe approach to solid surface
cleanup or to sample and clean to a level of 100
ug/100cm'. EPA, however, classified all of the
vaults {n a way that requires additional cleanup and
removes the performance based option. Under EPA's
approach, if the vault is in an industrial location,
there is an option, but the option is to clean up to
10 ug/100 cm' or to 100 ug/100 cm' plus
encapsulation. If the vault is within a
residential/commercial area, there is no option and
cleanup is to 10 ug/100 cm'. Encapsulation is not
yot defined., but EPA has indicated that encapsulation
includes painting, although its clear preference i»

for an epoxy-type application.
Another change from the consensus involves

the cleanup level for soil in residential/commercial

areas. EPA's standard is set at 10 ppm plus a
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10-inch cap. This change was one we sxpected. but do
not welcome. In addition, solid surface cleanup

! - requirements for residentisl/commercial areas are
more stringent thsh proposed by the consensus group
and largely require clean up to 10 ug/lo0 cm'.

These requirements are confused by adding
distinctions based on whether the area is low-contact
or high-contact, indoors or outdoors., and whether the
surface is impervious or non-impervious. All of
these terms are specifically defined; however, in
general terms, cleanup to 10 ug/100 cm' is required
for sldewalks and most everything else in or around a
house or populated building. An option is provided
to clean up to 10 ug/100 cm* or 100 ug/100 cm’

plus encapsulation for wooden utility poles, roofs,

and asphalt or concrete roadways.

Reporting: One change that initially
appeared to be significant seemed to reguire a report
to the regional offices for all spills over 50 ppm
involving at least 10 pounds of PCB material (i.e.,
10 pounds of contaminated oil). This provision may
have been based on the OTS office's misunderstanding
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of the Superfund reéporting requirements. or something
more sinister may have been intended. Whatever, EPA
clarified that its "intent” was to carry forward the
Superfund requirement; thus only spills involving 10
pounds of PCBs by welight are reportable. This
“clsrification” also is included in the letter 1

received,

The reporting requirements, however,
nonetheless expand previous standards by requiring a
report to the EPA regional office of spllis of any
gize (50 ppm and greater) into surface waters,
severs, drinking water, grazing lands and vegetable

gardens.

o mpose Mor r 1)
Requirements: For industry. one of the more
advantageous provisions involves the issue of
compliance and vhat the regions and the enforcement
offices can and cannot do. Thus. for spills covered,
a region cannot impose a more stringent requirement
unless it firgt consults with the director of the

Office of Toxic Substances in Washington, makes a
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specific finding regarding the need for the added
cleanup and notifies OTS of this finding prior to
implementing the cleanup. On the other hand, regions
can allow less stringent cleanups in particular
situations: here. all the region need 4o is notify
_OTS of its decision and the reason therefor.

Finally. 1f the cleanup requirements are followed,
there can be no enforcement against the spiil itself

as improper disposal.

Future Use: As & last item, let me mention
what happens vhen the use of the land chanqes. OQur
interpretation is that thls should involve a change
in ownership as well as use. but the provision could
be read much more narrowly. The consensus proposed
that vhere the use changed, the property would be
cleaned to the level associated with that use. EPA
modified the provision to require cleanup to the most
strigent standard vheneve: the us® changed. Thus. as
I read it, if a substation wvere so0ld for industrial

use, the land would have to be cleaned down to 10 prpm.
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Miscellaneous: Other aspects of the
requirements largely incorporate the consensus
approach, 0.9., definition of spill ares,

recordkeeping requirements and sampling methods.

wWhile EPA adopted some of the consensus
group's proposals, several of the requirements are
ptoving to be infeasible. Most notable are the
standards for cleaning vaults and substations. In
addicion, EPA has raised the gquestion of whether
these or other uniform standatds should be adopted
for cleanup of old spills. The utilitiee are
therefore again gearing up for another round of data

gathering, argqument, persuasion snd negotiation,

U of P rangformer

The next two areas of activity affecting the
use of PCB Transformers, on the one hand, and the use
of PCBs in concentrations below 30 ppm, on the other,
both emanate from judicial challenges to rules
earlier adopted. 1 will discuss each of these

actions in turn.
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As you may recall, in July 1985, EPA issued
new rules substantially rostrictinq the use of PCB
Transformers in or near commercial bulldings -- hers
we are talking only of transformers that contain PCBs
in concentrations of 500 ppm or more. Those® rules
also grew out of an eariier challenge to the 1982 use
rules, which in turn were issued in response to a

challenge to the criginsl 1979 use rules.

To bring the matter a little more down to
earth, let me only go back to the 1982 rules in
which, with one exception relating to food and feed
facilities, EPA permitted the continued indefinite
use of PCB Transformers. An appesl of that
determination was filed by the Environmental Defense
Fund and the Ratural Resources Defense Council. That
appeal eventually was settled vhen EPA agreed to hold
& new rulemaking relating to the use of PCB
Transformers and the effects of their involvement in

fires.
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That rulemaking culminsted in July 198% when
EPA issued amended rules severely restricting the use
of PCP Trangfotmers in or near commercial buildings.

In brief, the changes:

- Prohibited the installation of a PCB
Transformer in or near commercial

buildings as of October 1985.

- Prohibited the use of higher secondary
voltage network PCB Transformetrs in or
near commercial bulildings as of October
1990,

- Required the installation of certain
protective equipment on lower secondary
voltage network PCB Transformers and
81l radial PCB Transformers in or near
commercial buildings as of October

1990, and
- Provided certain registration

requirements to building owners and

fire departments by December 1985.
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Judicial reviev of these rules was sought by

Mississippi Power Company. Negotistions ensued to
zesolve seversl issues for nearly a year. These
matters included the prohibition on the
reinstallation of PCH Transformers after October 1,
1983, the requirement to install certain protective
devices on lower secondsry voltage network PCB
Transformers in or nesr commercisl buildings by
October 1990, snd the absence of s time schedule in
which to comply with many of the requiremsnts if s
minersl oil transformer assumed, ss sllowed under the
rules, to contain under 500 ppm of FCBs, later was

determined to have a concentrzation above that level.
The negotiations were concluded in the fall

of 1986 and a settlement agresment between

Mississippl Power, EZPA and the Department of Justice

was submitted to the court.

The settlemant covered a number of areas.
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For example, two provisions in the July 19s%
rules posed particular practical and technical
preblems. The first concerned the prohibition on the

installation of a PCB Transformer after COctober 1,

‘1985. The second involved the requirement to provide

electrical protection for lower secondary veltage
network PCB Transformers. A third major concern
focused on the fallure of the rules to provide any
time frames for complying should a mineral oill
trensformer later be determined to be & PCH

Treansformer.

Twvo important concerns were raised regarding
the prohibition on installing s PCB Transformer in or
near s commercial building as of Octeber 1, 19835,

The first involved a situation where an outrage could
occur depriving customers of service if a replscement
PCE Transformer could not be installed. The second
involved the "Catch-22" cireumstance of retrofilling
s PCB Transformer for purposes of reclassifying it
and yst being unable to place it into service so that

it could meet the %0-day in-service requirement to

1-19

MONS 217144



qualify for such reclessification. EPA recognized

both of these practiceal concerns and was

affirmatively responsive on these issues.

The Agency's willingness to change the
requirement for additional protective equipment for
the lower secondary voltage network transformers was
somavhat less enthusiastic. Much information was
submitted to show the addition of this protective
equipment is in most csses technically and
economically infeasible. The dispute therefore
focused on the time frame in which this equipment
will be phased out and resulted in a different
schedule applying to network transformers in sidewalk
vaults as opposed to such equipment inside
buildings. In the latter case, non-sidewslk vaults,
there is & choice: protective equipment by October
1990, or removal or retrofill of the PCB Transformer
by October 1993. PCB Transformezs in sidewalk vaults
are to be removed or retrofilled to below 500 ppm by
October 1993,
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The third principal sres of concern., as !

said, focused on the question of what you have to do
when, sfter you discover that & mineral oil
transformer, permitted under the rules to be
considered to be PCB-Contaminsted Electrical
Equipment, actuslly contains PCBs in a concentration
of 500 ppm or more. This ptoblem, of course, has
alwvays existed in terms of complying with the marking
and inspection requirements, but the matter became
more acute with the changes imposed by the July 1988
rules. A ressonsble schedule was sgreed upon that
addresses each of the added requirements that would

attach to the continued use of such s transformer,

A number of other CORCOLNS 4180 were Taised
regatding the practical application of the rules.
For the most part. satisfactory clsrifications have
been made in Q and A form published in the Federal
Register on December 31, 1%8§. The provisions
include the definition of residential property, the
notification required to be masde to building owners,
the storage of combustibles, the question of whether
a fuel oil storage tank is a combustible materisl as
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‘ | that term is used in the rules -- it is not =-- and
the question of wvhether an office facility within an

industrial plant is s commercial building -- it may

be depending on certain factors.

To further implement the settlement. EPA
published proposed changes to the rules in the
Federal Register on August 21, 1987. The proposal
tracked the provisions agreed upon, but EPA ralised
the possibility of modifying & couple of the
proposals and sought comment on those mstters. ror

example, the settlement would require
# newly-discovered PCH Transformers to be registered
within 30 days of identification. The guestion of
wvhether this time frame is too long is raised. In
H addition, EPA asked whether a desdline should be
placed on the time period allowed for
reclassification of a PCB Transformer. Comments on
the proposed tule changes were due October 5. The
utilities have opposed changing the 30-dsy
registration requirement and have srgued that no
desdline be placed on the time period allowed for
reclassification, or if one is imposed, that it be no

shorter than 316 months.
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Under the gettlement & final rule is
expected in late spring 1988. Even with the
settlement. though., the real impact of the July 1985
uzge rules is that & large proportion of PCH
Transformers will be removed from service over the
next several years at great cost, I~on1y hope that
the materials used in substitution ate free from the

problems that have been percelived about PC3s.

Changes sffecting the use of PCBs under 50
Ppm also have been proposed recently to implement a
settlement reached following a judicial challenge to
the July 1984 incidental genetatien rule. The
proposal was published July 8 in the Federal Register
and the comment period closed September 8. Tim
Hardy, who speaks hext, will talk broadly about the
myths and realities of EPA and stste regulation of
so-called non-PCH electrical egquipment. Let me.
therefore, just cutline some of the changes EPA
proposed and the reaction of the utility industry to

those changes.
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In brief, the current propossl expands the
category of materials that are excluded from
R ‘:ngulntion and addresses seversl conditions that will
and will not apply. Thus, EPA proposes
- to eliminate the regquirement for
vorkers to wear Viton ¢lastomer gloves vhen
working on hest transfer or hydraulice
systems; _
- to exclude from the TSCA bans, products .
containing less than %0 ppm PCHs and to
8llow the continued use and distribution in
commerce of component parts derived from the
rebuilding or salveging of electrical
equipment containing PCBs st levels less
than 30 ppm, and
- to allow the recyeling and burning of
used oil containing less than 50 ppm PCBs,

subject, howvever, to certain conditions.

The utilities were generally supportive of

these proposals, with certain exceptions.
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Specifically, the utilities urged EPA to
exempt from all regulation the burning of used oil
containing concentrations of PCBs less than 50 ppm in
utility boilers and to expand the product exclusion
to permit the use, processing and distributien in
commerce of component parts from PCB-Contaminated
Electrical Equipment, i.e., parts from equipment that

contained PCPs in concentrations between 50 and 500

ppm.

EPA generally proposes to exclude used oil
containing under 30 ppm PCBs from the prohlibitions of
TSCA Section 6(e), by including such material within
the class of “excluded PCH products.” The Agency
conducted a comprehensive analysis of the risks posed
by these materials and correctly, the utility
industcy believes, determined that the minimal risks
presented by materials containing less than 50 ppm
PCBs are far cutweighed by the snormous costs

associated vith regulating these materials.

To fall within the exclusion, however,

burning of under-50 ppm used oil must be conducted in
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certain units. Among these units would be “qualified

incineretors,” which include high efficiency boilers
that operate under the conditions now set forth in
the TSCA regs, as well as industrial bollers and
furnaces alloved to burn off-specification used oil

fuel under the RCRA rules.

Notwithstanding EZPA‘'s findings that the
burning of used oil in “qualified 1ncino:n£o:|” and
industrial boilers and furnaces does not pose an
unreasonable risk to health or the environment. the
Agency nonetheless proposed to impose certain notice
and certification reQuirements on owners and
operators engaged in these burning sctivities (§j.¢..
“burners”). Specifically, the proposed requlations
would require that before s "burner” accepta the
first shipment of used oil containing less than 50
TP PCBs from & marketer, the burner would have to
provide the marketer with a one-time written and
signed notice certifying that the burner had complied
with the "notification regquirements” spplicable to
(1) qualified incinerstors under TSCA's PCP control
program or (2) industrial furnaces or bollers under

RCRA's used oil burning rule.
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The utilities believe that requiring
qualified burners of used oil containing less than 50
ppm PCEs «- particularly owners snd operators of
utility boilers -- to notify EPA of their burning
activities is not only unwvarranted from an
environmental perspective. but oqu‘lly important,
will significantly deter otherwise qualified burners
from engaging in used oil reecyecling sctivities.
Indeed, the Agency itself acknowledges that such
controls may be unwarranted: it states that the
submission of commenta “regarding actual boiler
combuation conditions and overall impact of the
proposal on the recycling of used oll™ may persuade
EPA not to impoae any controls on the burning of used
oil containing under 50 ppm PCPa, including the

above-referenced notification requirements.

The Agency's primary concern underlying the
propesed controls on burners is the porential for the
formation of polychlorinated dibenzofurans ("PCDFs")
resulting from the incomplete combustion of used
oil, As the Agency itself recognites, however., the

potentiesl for PCDF formation during the burning of
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used oil containing under 50 ppm PCBs in qualified
combustion units is insignificent. In fact, in a
study conducted by EPA's Office of Toxic Substances
evaluating the }ntluonts and effluents from seven
coal-fired utility boilers. the Agency detected ngo
level of PCDFs from any of the media sampled from the
seven utility wollers analyzed. ‘

This result is to be expected in view of the
fact thet temperstures in the main furnace chamber of
utility boilers generally are in excess of 1,500
degrees centigrade, far above the 270 to 700 degree
centigrade range where PCBs have besn shown to be
precursors to PCDFa. Moreover, temperatutres in the
furnace outlet of utility boilers range anywhere from
between 1200 to 1100 degrees centigrade, sgain, far
sbove the temperatures where PCE combustion mey lead
to th; formation of PCDFs. Finally, the residence
time of fuel in the combustion gone of a coal-fired
boliler is approximately 1.57 seconds, with an
additional 3.22 seconds to the base of the
superheater platens under maximum operating

conditions.
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In short, due to high boiler temperatures
and relatively long residence times., the potential
for PCDF formation from the burning of used oil
containing under 50 ppm PCBs in utility boilers is
virtually nil, and certainly does not "present an

unreasonable risk to heslth or the environment.”

Not only is the proposed notification
requirement unwarranted from an environmental
perspective, but such controls would also have a
"chilling effect” on utilities wishing to engage in
used oll recycling activities. Simply put., the
imposition of any sdditionsl regulatory controls --
1nc1udinq notification requirements -- on used oil
burning activities may well serve as a disincentive
to engage in such practices. Specifically. the
industry is wary of the fact that s purportedly
innocuous notification reguirement (such as exists
today to burn 50-500 oil) can and hag been used as a
*hook" by regulatory suthorities to impose operating
controls on PCP management operations which go far
beycnd the scope of the applicable regulations. This

over-reaching on behalf of enforcement personnel has
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resulted in many utilities shying away from the use

of their boilers to burn used oil containing PCBs in
concentrations between 50 to 500 ppm, slthough they

otho:éi:o essily meet all of the criteris epecified

in the regs.

In addition, s simple notification submitted
to EPA declaring that & facllity is engaged in the
burning of used oil containing PCBs =-- no matter how
small the conceantration or how safe the practice ~--
is often the basis of unwarranted public outcry and

the genesis of groundless litigation.

In sum, there is no reason to require
notification from an environmental petrspective and
svery reason to withdraw such & requirement. The
imposition of & notification requirement on utilities
burning used oi) containing less than 50 ppm PCBs
will serve as a significant deterrent to qualified
utility boilers zecycling this valuable material.
This result is completely antithetical to EPA's
stated goal of encouraging used oi) recyeling in
qualified combustion units. Accordingly, USWAG urged

1-30
MONS 217155



EPA to sbandon the proposed burner notification
requirement as it spplies to utility boilers burning
used oll containing under S50 ppm PCBs.

Looking now at the proposal regarding
component parts EPA proposes to extend the definition
of "excluded PCB products” to those products which
consist of component parts derived from the
rebullding or sslvaging of electricsl equipment
containing PCBs at levels less than 50 ppm. The

proposal does not go far encugh, however.

EPA acknowledges that “recycling activities
involving these components {do not] present any
significantly greater risks than other activities
connected with the unrestricted use of 'non-PCB’
electrical equipment.” The same conclusion applies
to the recycling activities involving components
derived from the unrestricted use and servicing
activities of PCH-Contaminated Electrical Equipment.
EPA previously has determined that the untrestricted
use and servicing of PCB-Contaminated Electrical

Equipment does not pose¢ an unreasonable risk of
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injury to human health or the enviromment.

Therefore, no reason exists to restrict the use and
distribution in commerce of components derived from
such activities. The utilities, therefore, urged EPA
to expand ths finsl rule to include within the
definition of "excluded PCB products” those products
which consist of components/parts derived from the
rebui lding or salvaging of PCB-Contaminated
Electrical Equipment. l

[} ion of 8 D al: To Be o t to Bs R 7

Let me close this report by briefly
commenting on an upcoming matter, the question of
whether the regulation of PCB disposal would be
transferred from TBCA to RCRA.

About one year ago, EPA established a
wvorking group within the Cffice of Sclid Waste to
develop rejulations that would transfer the
regulation of PCB disposal from TSCA to RCFA. It was
generally understcod that the impetus for EPA's

action stemmed from statements made by Lee Thomas,

1-32 MONS 217157



when he was Assistent Administrator for Solid Waste,
to the Committes of Conference on the 1984 RCRA
smeandments that PCBs would be brought inte the RCRA
program. In addition. Congressionsl inquiries during
the summer of 1986 concerning a fevw facilities
handling PCEs raised concerns that the TECA Program
might not be adequate. Specifically. hearings had
been held by Rep. Synar of OXlahoma concerning
disposal practices and the Ros# Chemical facility in
Missouri and by Rep. McCloskey of Indians concerning
the siting of Unison's plant in Henderscn, Kentucky.

At sbout this same time, s combination of
industry and environmental groups were completing
discussions with EPA concerning PCB spill cleanup
reguirements. The conversations inevitably turned to
the question- of what, if anything, EPA was going to
do in response to the concerns raised in Congress and
statements by those within the Agency that the
regulation of PCB disposal would be brought into
RCRA. While the consensus group had diverse views on
the ultimate resolution of the spill cleanup

requirements, there was unanimcus sgresment within
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the group that not one¢ of them was enthusiastic about
moving the PCB disposal program to RCRA and some wele
P ‘buttiqht oppos®d to such an sndeavor. There also
appeared to be a willingness on EPA's part to discuss
the issues on a consensus basis, in part drawing on
the procedures followed to address the spill cleanup

issues,.

As a result, beginning some tiﬁo last fall a
series of informal discussions ensued, principally at
the regquest of industry, to review the questions of
whether the PCB disposal program should be
transferred to RCRA, what problems such a transfer
would cause, and whether there were alternative
solutions to the perceived deficiencies -~ putting
aside whether those problems were genuine from an

environmental perspective or merely political.

Over the next several menths -- really into
the spring of this year -~ a number of exchanges took
place with EPA concerning the myriad of issues
arising from any proposal that would transfer the PCB
dispesal program from RCRA to TSCA. Suffice it to
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say., that many of these problems weres major and vere

recognized as such by EPA

There smerged quite scon from these
discussions a decided narrowing of what the real
concerns were: they included, manifesting,
identification of brokers, financlal responsibilicy,

and permitting reguirements.

In addition, it was clear that changes would
have to be made in the EPA enforcement program to
avoid or st least minimize the concerns that
developed following an examination of the history of
enforcement at the Rose Chemical site and at a fev
other facilities. For example. Rep. Synar again held
hearings in April 1987 focusing on the Rose Chemical
case. While the attempt to cause a sensation with an
unidentified, masked, secret witness later backfired
vhen the witness recanted his testimony, it was
nevertheless clear that enforcement efforts had

perhaps been less forceful than rsquired.
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All though this period the utility industry
and others urged EPA and interested members on the
ﬁill to act under TECA t0o implement any nesded
modifications since this approach would provide an
orderly and cost-sffective accommodation to the

~ concerns raised.

As time went on, we began te receive signals
that EPA was seriously changing course back to TSCA.
Congressional staffers to whom I spoke clearly wanted
new initiatives from EPA on manifesting and
permitting, but they sesmed less concerned over what
statute underlay those controls than the need for

timely action.

While no specific announcements have been
made by EPA, the matter seems to reést squarely on <he
TSCA side of the house today. The loa;or of the RCRA
working group has been reassigned, and the Chemical
Control Branch within the 0ffice of Toxic Substances
is developing new regulations. On the Hill, things
are less clear since new measures proposed go in

.diverse directions.
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H.R. 2685, submitted by Rep. McCloskey,
would apply sll of the regulations under Sections
3004 and 3005 of RCRA relating to the siting of
disposal, storage or treatment facilities to all new
and existing facilities treating, storing or
disposing of PCBs. The bill, in my view, would
create an impossible, if not chaotic., situation. 1If
adopted without change. it imposes, rather than
confronts and solves, most of the major and minor
problems recognized early on when a possible
wholesale transfer of the PCB disposal program from
TSCA to RCRA was discussed. The bill was referred on
June 24 to the Subcommittee on Transportation,
Tourism and Hatardous Materlials of the House

Committes on Energy and Environment. The

| Subcommittes is chaired by Rep. Luken of Ohio: Rep.

Dingell of Michigan chairs the full committes.

The second bill, H.R. 3070, was submitted in
August by Rep. Synar. It seeks to fill certain
perceived gaps in the TSCA regulatory program by
requiring manifesting, permitting of intermediaries

== that is, brokers and others who arrange on a
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commercial basis for remuneration for the
transportation, treatment., storage or disposal of PCB
waste for others, and the implementation of financial
responsibility regquirements for these middlemen.

This bill, too, was referred to Mr. Luken's

subcommittes.

Turning back to EPA, activities at the
Agency roughly fall into twe catoqerioi.

The first activity. known as the Rational
Evaluation Plan (NEP), involves a review of
enforcement initiated by the Office of Toxic
Substances last October. That effort was an attempt
to respond to external criticisms of EPA‘s
enforcement program and the aotivities, or lack
thereof, of the regions. The program was completed
in May. While I have not seen the report, it is my
understanding that the most significant
recommendation is that the headquarters office
maintain closer oversight of the regions,
particularly regarding implemsntation and enforcsment
of disposal facilities. Steps, I understand, are

being taken to implement this recommendation.
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The second activity vas triggered -- or at
lsast prodded if not triggered —— by the submission
of suggested requlatory language by the industry and
environmental coalition. These proposals cover
manifesting, permitting for intermediate activities.
identification of commercial storage facilities and
an attempt to regularice permitting conditions for
disposal faclilities by requiring implementation of
certain training programs, the establishment and
implementation of closure and post-closure plans, and
a demonstration of financial responsibility in
connection with closure and post-closure activities,
In large measure these proposals are similar to the
changes contemplated in Rep. Synar's bill, but they
would provide a bit more flexibility for the

regulated community.

The coalition recently received a response
to its proposal from EPA. The Agency expressed its
agresment with the group "that the necessary changes
can be accomplished more expeditiously through
regulatory amendments based on existing. TSCA

suthority than through mandated changes.” EPA also
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indicated that it has formed a working group within
the Office of Toxic Substances to address these
matters and tailor RCRA-type reqQuirements to the
*unique attributes of the PCB waste universe....”
The Agency then turned to the coalition's proposal
and first notad that it considers "manifesting and
notification regulations to be the highest priority
among the aresas which the....{coslition) Ldentified
as candidates for regulatory tmondmonfs." I will
leave for another time the comments EPA addressed to
seversl specific aspects of the coslition’'s propossls

since the whole matter is in & state of flux.

However. in a separate communication, EPA
has indicated that it intends to propose new TSCA
rules next March or April to cover many, if not all,
of these areas. The OTS staff has been thinking
about thess matters for quite some time. Therefore,
while EPA's response to the coalition’'s suggested
language may be somewhat indicative of the direction
in which the Agency will go, the actusl proposals may
reflect & freeh viev by 0TS and well may contain some

surprises.
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In conclusion, then, let me dravw on & phrase
made famous in Congressicnal hearings years ago --
while there once may have been a&n intention on EPA’s
part to regulate the dispossl of PCBs under RCRA.

ther® is not now and may never be such & program,
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EPA AND STATE REGULAT]UN OF NON-PCB
ELECTRICAL EQUIPMENT: THE MYTHS AND THE REALITIES
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October 6, 1987

Timothy S, Hardy, Esq,
. Kirkland & Ellfs

655 Fifteanth Street, N.W,
Washington, 0.C, 20005

Despite unique and sweeping Congressional declarations in 1976 on 3]]
polychiorinated biphenyls (Pcasg. when the Environmental Protection
Agency (EPA) 1ssued in 1979 the comprehansive regulatory schems mandated
by the Toxi¢ Substances Control Act (TSCA), 1ts controls applied only to
materials containing H r morg PCBs. Over the
tast efght years, concerns have arisen about the viability of the 50 ppm
cutoff =~ leading some to question whether such low-concentration mate-
rials are truly unregulated. Review of the history of EPA’'s PCB regula-
tions and thelr interpretation, and of state regulations that supplement
the Federal rules, shows the answer i3 yes,

I. A SHORT HISTORY OF TSCA PCB REGULATION

In 1976, with the passage of YSCA, Congress banned future manufacture of
PCBs and directed EPA to regulate comprehensively all processing, dis-
tribution in commerce, use, and disposal of previously manufactured
PCBs.* In 1978, in 1ts disposal rules, and again in 1979 in 1ts rules
for processing, distribution in commerce, and use, EPA determined that
no such regulation was required for materials containing less than

50 ppm PCRs, !

EPA's 1979 decision not to regulate less than 50 ppm PCB-containing ma-
terfal {but not 1ts 1978 disposal decision) was challenged by the Envi-
ronmental Defense Fund (EDF) in the U.5. Court of Appeals for the Dis-
trict of Columbia. ' Although agreeing that some cutoff might be Jus-
tified, the Lourt, in 1980, found EPA lacked substantial evidence to
J;;;ify]thc S0 ppm cutoff.® The Court thus remanded to the Agency the
1 rules,

Thereafter, in sach of the Agency's subsequent five PCB rulas, the

50 ppm cutoff has been reiterated as an important part of the regulatory
framework: i

Publtshed with permission of
Kirkland and €111s,
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First, the disposal regulations have always applied
‘ onty to materfals containing 50 ppm or greater P(Bs,

Second. EPA's naw natfonal spi)l cleanup guidelines
apply only to spills of material containing SO ppm or
more PCBs. °

Third, the TSCA regulations of various types of equip-
ment containing PCBS, as {ssved in both the 1982 Elec-
trica) Equipment Rule that addressed spills and leaks
and the 1985 Transformer Fire Rule that addressed com-
bustion by-preducts, are keyed to the 50 ppm cutoff,
For axample, while avthorizing use of PCBs "at any con-
centration® in transformers, EPA imposes a number of
controis on all transformers containing 50 ppm or more
PCBs, up to and inciuding prohibition of use 1n certain
locations of transformers containing more than 500 ppm
PCBs. * EPA, moreover, permits transformer owners to
avoid these regulatory controls and prohibitions by
servicing transformers to reduce PCB concentrations
below 50 ppm == labeling such reclassified transformers
"aon-PCB.™ ' Such less than 50 ppm aquipment i3 not
only authorized for use and reuse, but also for dis-
tributicn in commerce, *

Fourth, EPA's rules allow preducts with concentrations
of inadvertently generated PCBs below 50 ppm to be man-
ufactured, processed, distributed in commerce, and used
without being subject to TSCA rules. '

Finatly, EPA's marking and recordkeeping regulations
apply only to materials with more than S0 ppm PCBs. !°

In its most recent regulatory action on PCBs -= proposed amendments pur=
suant to a settlemant agreement of judicial chal?cngcs to the lnadver=
tent Generation rule == EPA reaffirmed that: "The ‘non=~PCB* status of
(alectrical) equipmant 1s a favered status under the TSCA PCB regula-
tions." ' The Agency continues: "Indeed, the regulations encourage
owners and operators of electrical equipment to perform servicing that
"reclassifies’ their more highly contaminated equipment as 'non-PCB'
equipment, which equipment 13 essentially free from TSCA regulation.”

The Agency goes on to discuss the {napplicabliiity of the PCB disposal
regulations to “non-PCB" equipment. [t notes that any disposal, inciud-
1n? salvaging, that terminates the 1ife of non-PCB fluid or egquipment
falls outside the TSCA disposal regulations. It further notes that al-
though sl?vaging that teads to reuse of "non=PCB" equipment involves
both "use” and "disposal,” the reused parts are "excluded PCB products®
that can "be freely incorporated into other electrical equipment, or
distrlbuted in commerce for the purpcie of reuse in electrical equip-
ment.

The only TSCA restrictions relevant to non=PCB fluids are the two mixed
use/disposal requirements, one prohibiting use of waste o1} with any
detectable PCBs as a coating, sealant or dust control agent, ! and the
other considering the burning of waste ofls for fuel recovery as an
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unaythorizad usa. In tha recent proposad revisions, EPA clarified tha
latter intarpratation by proposing to prohibit burning of used ofl con~
taining quantifiabla levals of PCBs in nonindustrial boitars, while gu-~
thorizing such burning 1n qualifiad TSCA PCB incinerstors and high effi~
ciancy botlars or RCRA incinerators.

In sum, seven yaars #fter the Court of Appeals told EPA it had not com~
piled substantial evidance to justify an across-the-board S0 ppm cutoff,
tha Agency has issuad fiva naw major ragulations and proposad another

that each factually Justifias and retains tha cutoff.

I1. CONCERNS ABOUT THE 50 PPM CUTOFF

Despita the continued recognition of tha 50 ppm cutoff in EPA regula-
tions, a numbar of gquastions hava arisen.

First, Taars are haard persistently that EPA 1s planning to reduce tha

50 ppm cutoff for reclassification of alactrical egquipment as non-PCB.

Such faars are unwarrantad and should ba quiatad by tha Agency's racant

daclaration that it "has no plans at presant to re?u1|tc the uvse of PCBs
. in transformars containing lass than 50 ppm. ™ 13

Sacond, questions also began to arise about the viability of tha 50 ppm
cutoff when EPA 1tsued 1ts 19B4 Inadvertent Generation Rule. That ryle
deleted from the TSCA regulations the previcusly included dafinition
that PCB means only materfals containing 50 ppm PCBs or mora. ¢

When confronted with the problem craated by the 1984 ragulations, EPA
admitted 1t had not fully considered the widespread implications, The
Agency agreed to roll back the 1984 prohibition on use and distribution
in commarce of less than 50 ppm matertal. EPA, moreover, made it clear
that the 1984 rula amendments do not apply to authorized electrical
equipment, EPA's proposed revistons of 1ts PCB rules this summer were
contistent with the Settlament Agreement, '*

Third, more recent questions about the viability of the 50 ppm cutoff
have arisen st severa! "PCB Symposia" where the position has been taken
that EPA's anti-dilution rules prevent fluids and carcasses that were
once "PCB" from being outside the disposal rules once they have been
reclassified "non=PCB.* To the contrary, EPA has strongly encouraged
reclassification, and part of the intended encoursgement is the avthor-
tzation for such transformers, once reclassified, to avoid not only the
use regutations for higher classifications, but also the corresponding
disposal rules. The Agency has just recently reaffirmed that once re-
¢lassified, a non=PCB transformer “shall retain that reclassification
status for the remsinder of its vuseful tife, even at the time of its
ulitimate disposal ™ ¢

Finalty, EPA has announced on several occasions since 1984 that 1t s

contenplating transferring PCB disposal regulatiens to the Resource Con=
servation Aacovery Act {RCRA) hazardous wasta regulatory systam. A num=
ber of findustry snd anvironmental groups hava urgad tha Agency not to

transfar tha PCB disposal rules to RCRA. 1t 1s, moreover, quite uniike-
1y that disposal regulation revisions will alter tha 50 ppm lower limit,
Writing to EPA 1n support of {ndustry's posftion {n opposition to RCRA
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transfer, the Environmenta) Defense Fund and Natural Resources Defense
Council noted explicitly that they are oppesed to "reopening every sin=-
gle issue regarding the disposal of PCBs, such as the 50 ppm cutoff." !’
Farcia Williams, head of EFA's RCRA Office of Solid waste, also has
noted that “[1]t's very 11kely we won’t open" the 50 ppm issye. *°

I11.- STATE REGULATION OF PCBS

Despite the comprehensive system of Federal PCB regulation, a few states
have found it appropriete to issue their own unique regulations, Almost
without exception, those state regulations however, also apply only to
above 50 ppm PCB material.

Approxtmately half of the states have no PCB regulatfons and thus leave
PCB regulation entirely up to the Federal TS5CA rules, Several states
have 1isted materials containing more than S0 ppm PCBs as hazardous
wastes under their state administered RCRA programs, Dne state regu-
Tates materials with 500 ppm or greater PCBs as RCRA hazardous wastes.

A few other states enacted laws in the mid=1970's, and others did so
more recently, paralleling TSCA Section 6(e¢). Some, 1ike TSCA, impose
bans on manufacture and contrpls on use, processing and distridbution in
commerce. Dthers are limited to disposal regulations. Each of these
states have, however, implemented thése statutes in a fashion {gentical
to, or paralleling, the Federal regulations and, accordingly, following
the 50 ppm cutoff.

Questions arise 1n only a few states about regulation of PCB concentra~
tions below 50 ppm. California has 1isted as RCRA hazardous wastes lig-
vids containing more than 5 ppm PCBs. Washington and Wisconsin have
implemented disposal rules for less than 50 ppm material, And Texas,
although having no PCB regulations or statutes, considers any spill con-
taining more than 1 ppm PCBs as reportable 1f it endangers state's wa-
tars.

In each of these four states, the rules are of limited practical signif-
fcance to owners of non=PCB, less than 50 ppm, alectrical equipment.
Washington and Wisconsin, for exampls, basically exempt equipment owners
from disposal and spill cleanup requirements that otherwise apply to
Yess than 50 ppm materfal. California and Texas, although imposing
cleanup requirements on such fluid, recognize the requirements are not
difficult to achieve for such low concentration material and that the
other benefits of non-PCB status stil1l essentially apply.

CONCLUS 10N

Ore consistent thread runs throughout the history of PCB regulation,
EPA has consistently concluded that 1t need not regulate materials con-
taining ‘tess than S0 ppm PCEs based on findings that such materials do
not pose unreasonable risks, Stete regulatfons == with few exceptions
== follow the same pattern and thus do not alter the basic EPA conclu-
sfon that less-than 50 ppm PCB material is “"essentially free" of regula-
tion. 1f electrical equipment 13 non-PCB, or s reclassified as
"non-PCB " 1t i3 unregulated just as new transformers are unregulated.
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ARSTRACT

This paper was Qenerated to provide an overview of the options
available to Csnadians for the handling of their PCB wastes. Without
going into the merits of specific technology available for each
option, it is meant to shov that progress is being made to formulats

. a long range, permanent solution for the control of Polychlorinated

Biphenyl waste material within Canadian borders,

1-47
MONS 217174



CURRENT STATUS AND OPTIONS FOR
HANDLING AND DISPOSAL OF PCR'S WITHIN CANADA

AS recently as the early 1980's., Cenadian opinion surveys designed to
determine general knowledge of Polychlorinated biphenyls inevitably
would evoke a response ranging from total ignorance of the substance
to mere mild interest. Since that time, however, there has been a
dramatic increase in public concern and knowledge of P.C.B.'s. This
public awareness has been initiated by the media coverage of the
April, 1985 spill of PCB waste material on Highwey #7 in Northern
Ontaric near the city of Kenora. This instance involved the shipment
of PCB contaminated transformers from the Province of Quebec to a
storege site in the Province of Alberta, Media coverage of this
event drew a very large response in the public sector due to the fact
it involved a large stretch of well travelled highway and the direct
involvemant of s family who had been following the transport truck as
the liquid waste was leaking,

Although there had been more serious instances invelving P.C.,B.'s
prior to the Kenors spill, noteably the December 9. 1977 Torento fire
involving some 450 litres of askarel, the response to this particular
med.a event scted as an encouragemsnt for similar future coverage of
P.C.B.'s and their related hazards.

Far from being a critique of the medis, it was, and is, coverage such
as thiz which has enhanced public awareness {although not necessarily
complete), ©of Polychlorinatad biphenyls and particularily their
biproducts Polychlorinsted dibenzofurans (PCDF's) and Polychlorinated
dibenzo-p-dioxins (PCDD's). Recently there has been a spate of daily
news reports concerning PCB spills and the long term effects of the
compound. Each of these reports inevitably questions what i3 to be
done with this msterial, if not today then in the very near future.
This congtant exposure to the public eye has heightened awareness of
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he problem and in turn increased the pressure on the politicans to
E%m. up with an answer, and soon.

gt should be stressed at this point that the particular problems
involving PCB's, especially with regard to distribution and handling,
%.ve beean & major concern of Environment Canada as well as the
i'n-ovincul Ministries of the Environment since the early 1970's.
!orxqinully conducted in response to the results of studies carried
lout in connection with the PCB contamination of rice oil in Yusho,
Japan in 1968, Environment Cenada's resesarch culminated in the
enectment of the Environmental Contaminants Act on April l, 197¢, 1In
1ts initial form this act required the full digclosure of all
egquipment containing PCB's (primarily for catalequing purposes). The
ECA has been expanded upon since its inception to include: a
specification to the type of equipment in which PCB's could be used
{1977): the overall ban of the importation or manufacture of new
squipment containing PCB's (1980): prescribing the maximum
concentration of PCB's in new equipmant geld in Canade (i.e. 50 ppm)
{1984): and the restriction of the quantity of PCB's that can be
released into the environment (1984).

Another very important piece of legislation is the Transporasticn of
Dangerous Goods Act (TDGA). The TDGA was passed in 1985 to regulate
the documentation, handling and control of dangerous goods for all
interprovincial and international transport. Due to the spill of
PCB's near Xenorsa in 1985 the TDGA waa ammended to include specific
requirementa for the packaging of PCB material. As well, each
province haa legislation. of varying severity, restricting and
regulating shipment of PCE material within its' own jurisdiction.

The combination of the enactment of this legislation with the
increasing media reporta on “CRISIS" situations haa led to & general
belief that the only thing that can be done with PCB waste material
in Canads is to "SIT ON IT*, This. however. is not the only optien
which ia awilable,.

Currently we., in Canada, have been presented with basic options for
the P,C,B, problem:
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1. Maintenance of the Status Quo

2. Removal and Storage

1. Removal for Destruction

Mgintenance of the Statup Dup

This option. although seemingly static, is in fact rather progressiva
within a limited framework. It encourages the proper care of all
PCP equipment still in opsration. To do this it ia now necessary to
adhere to all legislated guidelines pertaining to the containment
and maintenance of this apparstus. In sddition to this, various
Provincisl Departments of Labour have issued guidelines for the
educstion and training of operating peraonnel as well as the
recommandation for the formulation of contingency plans te allow for
prompt and proper rsaction to a P,C.B. releasas,

At its best, however, this option represents only e stopgad measurs.
It certainly does not address an ever more common scenario of an
owner of such apparatus facing incresaingly stringent requirementa to
qualify for liability insurance coverage with the underlying threat
of total disgualification in the future. This option is designed to
maximize public safety while waiting for a more asatisfactory and,
hopofully, permanent golution to the problem.

Removal apd SLorage

This coption constitutes the next atep to the status gquo solutioen.
Jurisdiction over P.C.B, waste falls within Provincial legialation.
For this reason Provincisl Guidelines have besen issued to allow for
the storage of out of service contaminated squipment at an approved
storage location. These storage sites would be presented in two
forms. They could eithar be an 'on site” location or a general
public storage compound.

“ON SITE" storage constitutea s location set up according to the
Provinecial Guidelines which would still be within the same property
lines as when the eguipment was operational. A public storage
location, on the other hand, would involve transportation to an
approved location specifically designed for long term storage cf
P.C.B. waste.

Simple sounding sclutions with onhly cone drawback. As of today there
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pot one public storage sits within Canada which is able to eccept
2.5, vaste material from any or 81l concerned. Thers are a few in
; hllﬂﬂ&nq stages - but ncone are within two years of being able to
.cé.pt weBte material. Because there are no public facilities
vkilablo Lf you wish to store a spent transformer or capacitor bank
é'utll be necessary to do so "ON SITE". Once again, as with the
-s%:tul Quo option, this response will not alleviate the owners of
ehis apparatus of their obligation to protect the public ae well as
their property from exposure of P.C.B. emission. For this reason,
hhtl too, remains as an interim and not at all satisfactory selution,

"
3

'Ramoval for Destruction

‘As with the storage option the destruction process can be carried

out either "ON SITE” or at an spproved destruction facility. Recent,
technological advancee novw would allow for the destruction of low _J
level {i.e. below 6000 ppm) liquid waste material on an "ON SITE" '
basis. This destruction could be carried out with sither the
vestinghouse Mobile Plasma Arc System or by Chemical Decontamination
using & Sodium Filtration process, such as the unit being developed
by ontario Hydro. Extensive studies are being conducted as to the
accuracy and reliability of these two processes. The time frame for
full implemgntstion of these technologies apperars to be approximate-
ly twe years avay.

The final option would be to remove P.C.B. contaminated eguipment end
transport it to an approved dsstruction facility. Unfortunately, as
in the storage option. Canada does not have an approved destruction
facility. There is a site located at Swan Hills in Northern Albarta
scheduled to commance operation in late 1387, however, the acé-ptnnco
of P.C.B. waste materisl will not be allowed until poaaibly 1989 and
then probably on an "Alberts Firat" program. Thia program would aee
PCB vasts materisla from the Province of Alberta given priority over
similar material from other Provincea. It would appsar therefore
that acceaa to thia facility., for the purpcae of P.C.B. deatruction,
on & Canads wide basaia would not be available for several yeara past
the 1989 schedule. There have been hinta of other proposed’
destruction facilities being planned for Ontaric and Quebec but, once
again, there have been no firm datea given for their opening.

The only ether option for destruction would appear to be transport to
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¢ deatruction facility outside of Canada. Aa of this date the Unite
States ere not available to Canada due to a lack of & reciprocal
agreemant on P.C.B. waste management. Under present legislation
transportation of p.C.B. waste material to an overseas destruction
site is possible although the process for approval is complicated.
Not only muat the owner meet all requirements under the TDGA but

alao the eccepting site must fall within the Guidelinea as set out

by the ECA and thouae of the variocus Provincea involved. Under no
circumstancea would & shipment be allowed for atorage purposes only.
It would appear, therfore, that if the option of destruction ia
deemad the most acceptable by the owner of contaminated egquipment to
limit their incresaing liability, the only immediate relief would be
to ship thelir egquipment to an approved ovarseas deatruction aite.
Having listed the optiona the gueation muat now be asked: why elc»n,{.'r
Canada not have an operationsl destruction facility for P.C.B. waste
materials? Given the technology available today why can't a deciaien
be reached?

To formulate an answer to theae quastions an underatanding of thas
Canadian public is necesaary. Canadians can be jJjuat as reactionary
ad any other group eof people. Therefore, when conatantly bombarded
with headlines such as:

"Hit by Cancer, worker claima major
cover-up over PCR'g”

"Mothar‘a milk atill safe for bablea

despite traces of PCB's, expert saya"
their kneejerk reaponse is to call for an immediate solution. However.
historically speaking, in aituations such as this, when preaented with
a asemingly satisfactory aolution we tand to be very conaervativa in
our approach. An example of this would be the announcement in April
of this year of the creation of a P.C.B. destruction facility in
Tracy, Quebec {just outside of Montresl}. ©On the surface this is
what everyone had been asking for, however, within 72 hours, the
Honorable Clifford Lincoln, Minister of the Environment for Quebec,
had to retract his statement and cancel plans for this facility.
Local pressure was applied by the citizens because they d4id not want
the solution to be implemented in their tackyard. Thia is the tvpe
of response which should be expected by every Ministeriel suggestion
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3 destruction facility. Becauss of thias expectaticn, Federal and
s provincial, Ministries have taken the long, slow route to
certsin what the best technology and locations ara for such a
ennology and locations ara for such a dastruction facility. Publie
put into this process is invited and in fact encouraged. Therafore,
ﬁ.n a site does appear to be possible the chesnces for approval and
nersl public acceptance are greatly enhanced.

gs conclude, it would seem that we, in Canada, have assumed the long,
=1°w, plodding process for a solution despite growing external
'Brolsuro- for an immediate responss. Taking all factors into account
'this would appear to be the most aatisfactory approach as well as the
;no which will ultimately lead to a permanent sciution without fear
'og having to start over from scratch. In the meanwhile, legislation
is in plece to assure the safe, ongoing operation of such equipment
as well as provisions being given to accomodate those owners who,

due to growing liability pressures, can not wait for & long tarm
golution within Canada.
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AUTOMATED PCB TR::SFORHER FLUSHING
SOLVENT RECOVERY SYSTEM

K. C. Ashley
Quadrex HPS Inc.
1940 N, M. 67th Place
Gairesville, Florida 32606

ABSTRACT

An operating system 1s described for flushing {and soaking) the interiors of
distribution transformers scheduled for disposal or servicing. The system mas
practical appiication in utility transformer and equipment repair centers and in
similar contractor service operations. Mineral oil dielectric PCB concentratians
can range from 499 ppm to 50 ppm or less, For dielectrics having 500 ppm PC8 or
rore, or of the Askarel type, the system automates the 1B5-hour solvent-soak
requirement, The flushing solvent s recovered for reuse by a PCB-separation
process. In addition, salvagesble transformer parts, 1.e. bushings, and contami.
nated hand tools can be recovered in an optional decontamination-cleaning chamber,
This chamber is a satellite unit as 13 supported by the main system,

Mrjor system features {include recovery of the flushing soivent, minimum labor
requirements for operation, and reduced worker exposure to PCB's and solvents,
Reuse of the flushing solvent resulits in significant reduction of waste volume
requiring disposal,

APPLICATION BACKGROUND

A utility serving a major metropolitan area can typically replace from one to ten
thousand distribution transformers annualiyl. Thesa transformers are predomimantly
pole-mount types with a smaller proportion being pad mounted units. While the
replacement transformers are PCB-free, soms units being replaced contain various
concentrations of PCB's in the dielectric fluid. Most concentrations are below 500
pom PCB2, The transformars remaved from service may be scrapped outright, rebuilt,
or serviced depending on size, value, condition, and PCB classification,
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A transformer's PCB classification governs servicing and salvage options and
carcass disposal requirements. Under tha Toxic Substances Control Act {TSCA) the
U.S. EPA has established transformer PCB classifications and disposal reguirements
for carcasses. These are:

. Non-PCB: mineral ofl dielectric contains less than 50 ppm PCB;
carcass disposal not regulated undar TSCA*,

. PCR contaminated: minera)l oil containg .50" ppm to 49% pom P(B;
transformer to be drained of all free-flowing 1iquids; carcass
disposal not regulatad under TSCA=,

. PCB: dielectric containg 500 ppm or greater in mineral oil or s
Askarel; the transformer s to be drained of all free-flowing
Tiguids, filled and soaked with solvent for 18 hours, then
thoroughly drained; TSCA regulates carcass disposal to chemical
waste landf111 or incinerator,

*These drained carcasses (non-PCB and PCB-contaminated) must be disposed
of in accordance with other applicablie federal and state regulations,

REGULATORY TRIPWIRE

The PC8 disposal requirements under TSCA do not exempt transforwer disposers from
actions or 1{ability under other environmental laws. A triggering event Could be
spiilage or Teakage of residual dielectric, containing detectadlie PCE's, from
carcasses at a salvage or disposal site,

SYSTEM DEVELOPMENT

Several utflities wers surveyed and responded that Yacking secure and commercially
viabie disposel aiternatives, potential environmental 1iabiiity could be mitigated
by first flushing the interiors of transformer carcasses (to remove residual
dielectric) prior to approved landfill or other disposal options?, The flushing
operation could be performed by a utility {itself or available from a service
contracter, Further, for transformers scheduled for detanking (servicing or
rebuild), a prior flush would mitigate potential employse health and safety con-
cerns regarding exposure to PC8's,

MONS 217184



TEM DESCRIPTION

gure 1 depicts a System designed for use by utility repair centers or contractor
“vice operations. The system (s designed to solvent flush one or more distri-
Eion-type transformers (<500 ppm PCB) simultaneously, and recover the soivent for
"‘;o. solvent flushing effectively removes free surface and residual dielectric
fquids from the interiors of transformer carcasses, For transformers with 500 pom
or more PCB or Askarel dielectric, the system automates the 18-hour solvent-soak
";rocessing requirement, prior to regulated carcass disposal,
i
The flushing system is composed of six major components: (1) a 1500 gallon solivent
!;upp'ly tank containing less than 2 ppm PC8, (2) apparatus for the solvent filling
and draining of transformers, (3) a control panel, {4) a 1500 gallon contaminated
solvent tank, (5) a solvent recovery (PCE seperation) subsystem, and (6) a 150
gallon holding tank for the separated PCB's and dielectric 1iquids. So1vent,;
recovery {<2 ppm PCB) s achieved using a physical separation process or d‘.st‘.‘ih-':'
tion. Recovery rate 15 a nominal 60 GPH. No form of PCS destruCtion occurs 1n the
system.

Figure 1 shows two pad-mount transformers being flushed using an auto-stop filling
nozzle and connections to the drain valves. Smaller pole-mount units (lacking such
access ports) are filled and drained using a wand attachment inserted through 2
hole punched in the top cover,

Not shown i3 an optional cleaning chamber (24"W X 18“D X 24"H) used to remove PC8
contaminants, ofl, grease, and dirt from salvageable transformer parts and power
and hand tools, The chamber is of the sealed Qlovebox design, thus completely
isolating the operator from contaminants, solvent and vapors during operation.
Cleaning action 13 a jet spray of pressurized {100 psi nominal) solvent and is
directed by a hand-held spray gun. This sateliite unit is compietely supported by
the mafn system.

APPLICATION CONSIDERATIONS

This system is designed to mitigate potential environmental 1{ability by providing
an economical means to remove dielectric restdues from distribution transformers
prior to carcass disposal or salvage actfon, While this measure does not entirely
remove the basis for potential liabflity associated with carcass disposal, it
should be viewed as an interim option unt{l secure and commercfally viable transe
former saivage (metal recycle, PCBE destruction) operations are “widely available,
Nevertheless, the system makes solvent flushing affordable by providing a means o
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recover flushing solvent for reuse. Avoided incineration costs are significant,
since solvent disposal volume is reduced 50:1 or more when compared to non-recovery
approaches.

To operate the system, a permit is reguired from the U.S. EPA and perhaps other
regulatory agencies, Current U.S5. EPA regulations require permit approval since
the PCE separation process used is considered an alternative to the required
incineration of PCB contaminated flushing solvent, The system has recefved
operating permit approval at one or more locations,

The flushing solvent 1is Freone 113 or TF, a l‘lqu‘id at room temperatures. [n
addition to fts ideal applicetion properties, it was selected primarily from a
health and safety viewpoint. The sclvent {5 three to four times higher in cost
than other solvents and may incur & surcharge for {ts disposal. However th}." system
was designed to minimize solvent losses to the atmosphere and as a still bottom,
Cperating data shows solvent losses are within design criteria.
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PCB RESIDUE IN ASKAREL AND CONTAMINATED QIL-FILLED TRANSFORMERS
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General flectric Company Electric Power Research Institute
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ABSTRACY

The e¢limination of PCBs from electrical equipment 18 of considerebls concern
today. This report discusses the results of measurements made to charecterize the
amounts and locations of PCB residues in transformers during end after d\uumbw.
&
Several askarel transformers were drained, fillad with trichlorotrifiuoroethans
(R113) for eighteen hours, drained sgain and the core-coll agsemblies were untank-
ed. The clamps were removed, the core laminations were separated, and the coils
were unwound, The materials fin the various substructures were accumulated sepa-
rately and the metallic and ceramic parts were Separated from the cellulosic and
other polymeric paris wherever possible. The weights of tha various components
were medsured during disassembly and wipe samples for PCH analysis were taken from
surfaces such as the tank wall after the R113 toak, the separated core laminations,
and the unwound high and low voltage conductors., Samples of core laminations and
conductors were saved for further ¢leaning and samples of {nsulation components
were set aside for later measurement of PCH content and porosity. In some cases,
the remaining laminations, conductor lengths, insylations, etc were soaked sepa-
rately in weighed amounts of R113 which were later analyred for PCBs. The retained
metallic components were cleaned by immersion in an R113 degresser for up to two
hours and wipe samples were taken,

"PC8 contaminated 0il"-filled units were torn-down following this sama procedure.
but with two differences. Initial RI1] soaks and the last cleanings of metallic
parts ware omitted. Three companion units were refilled with fresh PCB-free oil
and a1lowed to stend, ohe loaded continually to 3 top ofl temperature in excess of
50°C and ona snergized, The three were regularly sampled to compars the buildup of
PCBs to the amounts of residue estimated from the tear down results.

The weights and analytical results were used to reconstruct the distributions of
PCAs in the verious substructures as the tear-down progressed. These distributions
are presented and tha implications of these results to disposal and ratrofilling of
transformers conteining PCBS are discussed.

* - 1 River Road, Schanactady, NY 12345%
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ECE contapinated Distribution Trangformer
Beclassification Studv

Paul J. Frey
Baltimore Gas and Electric Company
Electric Test Dapartment
P.O. Box 1478
Baltinmore, MD 21202

ARSTRACT
In August, 1986, a study with the follewing objectives was begun:

1. Determine what effect, if any, the loading of
transformers has in the process of removing
PCB from the core and coil of a drained, flushed
and refilled distribution transformer.

F 2. To determine the loading required to achieve the
50°C oil temperature specified in 40CFR761.30a.2.V,

I 3. To determine whether the use of temperature sensitive
labels on the tank is an adegquate method to moniter
oil temperatures,

2-8 MONS 217190



L S

‘ ZNTRODUCTION

ih order to conduct the study, 12 transformers, in for repalr, wvere
:.looted. All 12 units were Genersl Electric: 6 were 18 kVA and ¢
yvsre 25 XVA. Their original PCB content ranged from 62 to 245 ppm.
The Lransformers were handled routinely in so far as the draining of
tne old oil, flushing the core and coil and refilling with new oil.

The transforaers vere delivered to a substation yard for testing.

gix of the transformers (3-15 kVA and 3-28 kVA) were nounted on poles
and six were placed on the ground bensath. Test reference nunbirl Pl
thru P6 (on poles) and Gl thru G6 (on ground) indicate their loca-
tions. In order to monitor transformer temperatures, thermocouples
were used.

In October, 1986, the transformers were energized as follows:

Pl thru P6 Primary and secondary at
rated voltages 7620V end 120/240V
respectively

Pl, P3, P4 and P6 Primary and Secondary at rated

voltages with 80% full load
currsnt circulated

Gl thru G6 Not energired
In order to achieve the 50°C specified, current was raised from 80%
load current to 120% load current on December 3, 1986, Attached is a

diagram of the circuit used. The circuits vere meterad as shown in
the diagram. A record of the mater readings was kept.
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0il samples wers drawn weekly {(at first) from the transforxars.
Samples wvers drawn using the following proceduras:

l. Yard was de-snargized and 480/240V supply switch
was Opaned.

2. Transformer tank hend hols covers were removed,

3, Samples vers drawn from top oil using disposable
plastic pipettee.

4. Pre«labeled disposable sample bottles wers used
to deliver samples for in house PCB analysis by gas
chromatography.

Results of the PCB analysis are included in graphic form. The
Tesults thus far indicate very little change in PCB concentration.
Items ©f interest to note.

1. The PCB contamination of Transformer G4 seems to bg
somavhat outside the normal distribution although it
has to this point remained below the 50 ppm level.

2. Two individual sample concentration (G3 on day 102 and
P} on day 42) appear to be ancmalous.

Tenpsraturs data for the air ambient as wall as the top oil tempera-
tures of transformers P} and P have been included. 7Tha data is
reported in the form of a graph of the 24 hour averags tempseraturs.
It should be noted that four transformers (Pl, P3, P4 and P6) did
achieve tempesratures in excess of 50°¢. Also, all twelve transform-
ers have maintained PCP levels wall balow the 50 ppm specified. aAs a
result, four transformers (Pl, P3, P4 and P6)} hava met the criteria
spacified in 40 CFR 761.30a.2.V for reclassification as Non-pPCh
transformers.
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' Japuary 14, 1987, (Pay Number 102), the even numbered transformers
vere sxchanged (P2 vas deenergized and placed on the ground, G2 was
t on the pole and energired. Likewise, P4 and P6). This exchange
vas done to reveal whether the loading will increase the PCP lavels
in G2, G4 and G6. Results indicated that PCP levels did not change

significantly.

klgg.: consultation with the EPA, it vas decided to bring in a larger

sampling of transformers. As a result, six transformers of variocus
‘aanufacturer and size, labesled X1 thru X6 wars drained, flushed and

refilled with new oil. Thess transforaers vere used to replace scme
of thoss transformers that had alrondy_not the reclassification
requirsments. ©On Nay 18, 1987, transformers X1, X3, X&¢, X5, and Xé
were snergired at full load along with G2. All of the transformers
have already resched the 50° C requirement. Again, the results %o
date dp not show significant increases in the lavel of PCB in the
transformer oil. As of this date ths complete results of these
transformers are not available.

1. To this date there have bsen no significant
di2ferences bdatwvesn the change in PCP levals in the
various units regardless ©f ths transformers lcading.
That is, all of the units have remained well below the
530 PPM level.

By inference the expsriment has proven that no large
quantities of PCH lie hidden in the transformer core
and coil. Logic dictates that where ever the PCB
molecules travel, the oil solvent used in the flushing
process may .lso enter. In my opinion this indicates
that the "leaching" process is more or less the
straight forward result of mixing two sslutions of
diffe=ent concentration. It is also my opinjon that
in view of the above conclusjions, the rsgulaticns
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shiould be modified to sllow for the reclassificatior
of PCB~contaminated transformers on the basis of the
draining of the 0il, a flushing of the unit with new
oil (0 PPM PCP), and refilling tha unit with new oil,

This experiment was extended from the fall of the year
through the summer. In general the results indicated
that the tranformers expsrience approximately a 50°'C
temperature rise over ambient at approximately 100%
full load. This is what would ba expscted,

The use of tempersture ssnsitive labels proved
adegquats.

Revised 7/16/87
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CONTINUOUS COLUMN TREATMENT OF PCH
CONTAMINATION IN MINERAL CIL EQUIPMENT

Robert D. Fox
IT Corporation
Technology Davalcpment Despart=ant
Knoxville, TN 37923

ABBTRACT

one of the biggest problems in re-classifying transformers to non-
PCB status is achieving and maintaining a PCB concentration o
less than 50 ppn after 90 days of service. cCurrent tochnolod{.._
require repesated flushings and fluid replacements over an extended
period of time to reach the 50 ppa goal.

IT has available & variety of technologies for the electrical
pover distribution industry. One of these is a technology thet
rancves PCBs from minerel oil fluids continucusly end destroys the
PCBa. It wves originelly devesloped end tested by en slectricel
transforasr service compeny in Itely end is now licensed by IT for
use in the U.S5. .

The continucus treetmwent technology is besed on en edeptetion of
potentiel end proprietery reegent formuletions that uss phese
trensfar technology to destroy the PCBs. Phese transfer
cemponants in tha resgent fevilitets trensfer of the PCBs from
ainerasl oil te the reagent whers they cen resct and be destroyed.

The continuous treatment of PCB contamineted fluids is echieved by
circulsting the fluid through e certridge containing the reagent
in ¢ solid fora. The reaction b{-pzoductn reRain in the resgent
Fhase. Use of the reegent in this mode snables simple equipment
to be used, Trestment cen sither ba done continucusly or
pericdically to ramove PCBs from individusl trensformers.

Pilot scale developmental testing of this technology has been
parformed. Minerel oil conteining 1800 ppm Aroclor hes besn
treated by circuleting it through & one Xilogrem bed of reegsnt
for approximataly 90 hours, At the end of ths run the Arocler
1260 concentretion in the mineral oil wes reduced to less then 10
PPR. Trichlorobenzens was alsc reduced te <100 ppa.
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raygtens have been designed for use in treating individual
ttranstorlcra. After connecting the solid roagont system to the
;transformer drain, the conteminated aineral oil is circulated
‘ghrouqh the reagent until the PCBs Are reduced to the deésired
concentration. The system is simple in design and requirss little

'operator attention.
¥

‘prsatment Costs are expscted to be 1 -
transformer replacerment. ess than one-half the cost of
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DESTRUCTION AND SALVAGE OF LARGE PCB
TRANSFORMERE 7O EWD OMNER LYABILITY

e Y

by
F. J. Graham
and

W. B. Martin
UNISON Traraforeer Services, Inc.
1332 Budred Oaks Drive
Cnarlotte, NC 28217

g% of replaced tramsfommers has long presantad the ower with a°
dilemsm. Currant EPA regulaticns allow for landflll of POB transformw:s
T in TSOM landfills, but anly afcer draining and an 1S hour cinse. Although
landfill is autiorised, this dimposal method (s not without substanti
potential for long tarm lisbilivy., The carcass tan stlll contain up to
of ita ramsplate voluse (20 to 100 lbs) scaked within its internals gnd
the origimal owwr remins resporsible, jointly and severally, under tiwm
Canprahensive Environmsntal Resporee Ouipersation and Liability acc
{CERCIA or "Suparfund®). Ownets may attespt, by contractual ceans, to
receive indemnificatiors from, or transfer titla ¢, parsors who have
arranged for such disposal. OContractusl indemifications, title transfer
and legal disposal are rot allowble dafarsss in fuperfund actions and
will not prevent the ociginal owner from being hald liahlas.

RNE-D0™ Servics, introduced by UNISON Tranefomer Services, Inc. (a
subsidiary of Onion Qarbide Corporation) solves this dilemm by therwally
destroying transformer components and liquids in EPA authorized
dmtruction facilities. Sinoe the transfomer and all PCIe ara destsoywd
urder controlled conditions by a EPA permitted destruction process, they
no longer mxist. ' Tharefere, all future lability oeases amd risk
reduction has bean complats and permanent.

The tecmology, developad by G & L Retovery Systemd, Inc. of ashtabula,
thio, undsr ReD Mthorisation from EPA Region V, has bean damongtreted oo
hundreds of askarsl and PO-oontamirated ofl tranaformers. A TSCA
Oparating Permit is expactad by Septamber 1967 and full comarcial

%ﬂ tha lats 19608 end early 1970s about potantial rCB
erwiromantal hazards, coupled with its long-temm stability, resultsd in
ths 194 U.8. Congreasional ban on BB e and use. Today, over
teny yours later, liguid cooled trarsformers ramain as the largest single
source of PCB exposure and as a ramlt, the 0.6, Erwlrawental Protection

has pramulgetad several sets of rulas which severely regulate
ard rastrict the use of elactricml tranaformers containing PCEm.
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To avoid the publicity, llability and coats associated with continued use
of PCB oontaining transformers and maintaining ocowliance with these
rules, there are only two viable tions either retrofill of replacement.
While retrofill of existing equipment is the least ooetly and sasiest to
option lmplemant, for 0il and askarel transformers, it may not be suitahle
in all cases. Tranaforvers |: poor condition, or which have failed, or

changes in electrical systems Tfaguire replacwsent and disposal of the
ronoved CArCRASEGS .

Racent regulatory and congressional initistives have bean to enccurage
more permarant d 1l tedvulogies. In lts interpretative guidelines to
tha EPA following the 1984 Hazardous and Solid Waste Amendwents, Congress
explained that these new provisions were necessitated by its finding that
*land disposal should be minimized or eliminated, and land di
particularly landfill and surface impoundmant should be the least hwt.ltl
method for mareging hazardous wasta”. Thus, it is urderstandable why many
ownars of PCB transfommers, particularly those with the deepsst pockets,
have been hasitant to replace and landfill transfocmers.

TRAE-BO™ Service wes developed to peocess ecorcmically and safely the
largar dht:ihutlo&ch- squipment of 100 to several thousand KVA in
size, TRANS-END/ Servios is conducted with mmarcus controla, a
rigecous QA program, And axtengive analyriaal protoool to monitor the
progress and status of sach tramsformer throughout the process. Liguid
and ircinerables (paper, liren, wood, etc.) are sent to ons of several
permitted PO incinerators for destruction, whils the mstals (tank,
laminatjons, windimgs, etc.) are solvant washed cleanad until each is
shown by wipe sasples to be PCB-free.

Disassenbly and decontamination of an average 750 XVA transformer is
aschieved in less than eight hours. Analytical resilts nesdod to classily
metals as PCB-free are available the raxt day. The Salvage Folicy adopted
by the US EPA in 1976 allows POR-free Metals to be sent to a mmalter amd
recoversd. This metal valus the additional costs of d-trucum
over burial. Thus, TRANS- Sarvicm Quickly, econouically and safaly
loses transformer idencity in a an authorized manner with amalytical
documentation provided.

Current EPA regulatiors require a TSCA pemit and mumercus controls to
disassemble and decontaminats tranaformers grestar than 500 ppm PCB (i.s.
FCB transformis). Transformers lsss than 500 ppa PGB (POR~Contsminated),
howaver, can be decontaminated without a TSCA permit. While
decontazination of FB-contmainated traneformers s legal, uncontrolled
practioss have lad to the contamiration of many scrapping operations in
the past, making tham potential Swperfund claanup sites and again axposing
the transformer cwners to further liability., Therafore, it is recommnded
thet both POB-contaminated and FCB tr ormmrs be destroyed through EPA
authocised proosssss such as Servios becauss of the controls
and extra ASSurances such suthorization and permits provide.

LEGAL PRINCIFLES REGARDING LANDFTLLING FCB

The public, Cogress and regulatory agercies are mwving increasingly to
end lapdtilling of substarces such as FCBs. Argumants against landfilling
toxic chamicals have often been made by expert scientific groups and EPA.
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The comprehenaive 1981 report on tontrolling hazardous waste Dy the
Congressional Office of Technolody Assesswnt (OTA) noted, for exmple,
that *...and disposal, even if in cospliance with RCRA,

probably poses some prevantable risks both in the nesr term and for the
. fyture.® OTA concluded, giving FCBs as an exasple, that "some untreatable
wastes are so highly toxic that land disposal should not be usad.® This
position was echoed by the Naticnal Ressarch Council (NRC), whioh
concluded that *..the use of landfills ancmld be minimized gince

constitusnts will very llkely migrats over long periods (more than 100
years} into groundeater.”

Persons fesponsible  for serding PCHe tO landfills have been named as
Aafensants in lawvmuits at nuwrous Superfund sites. Although persons wo
trarepory carchssas to Jandfills say take title to the carcasses, such
actiors d rot prevent the original owner [rom being held liahls for the
cost of claamp should the disposal sits be involved in a Suparfund
action. CRCIA holde both the ofiginal owner of the wastas amd e
t ransporter liahle. '

A trawformsr owner may also obtain, by contract, indemnification from
persons Wvio have arranged to dispose of the transformer caromss. Such
contractual indemnificetion, however, is not a defense t0 governmant
Suparfund actions. Indemnification can be used only to seek reimbursement
from the oontracting party for any such GCoverrmsni-imposed liability.
moreover, same indemnification contracts covering tramsformer carcass
d are narrowly worded in a manmer thet may lead to indemnification
baing denied, Indemnification limitations are axacerbated by the
difficulty of obtaining insurance for liahility for gradual relsase of
temic chamicals from landfills. Dus to the sassive liabilities now being
lovisd for landfill dispogal in the past, the insurance industry is oftan
no longer willing to inmurs cmpanies who dispose of tamic chemicals
aguninst long-tams liabilities,

mas-aoT smvice

ftansfommar coolant is draired on-site and sent directly to an Incinerator
for disposal. When the drained oarcass is ceceived, remeining liguid

ramiouss or drainings from the core and coll assembly are removed prior to
procassing,

In the first step the trarsformer cover and bottcs valves ara rescved and °
s small hole cut into the tank floor, Dw intact trarsformer then is
hoisted into s primary cleaning tank and solvent washad,  After
coapletion, the transfommer is evacuated, removring solvent fram the
trarsfomar and its internals.

Next, the dry traaformar is resoved fraa the primery cleaning tank,
tramsferred to & teardown arsa and complatsly dlssasembled. Metallic
cmponants are segregated by type and placed into containers for further
cladning. BDaibossed metal tage with transformsr ID numbers are attached to
sach oontainer for positive identification. Oowbustible solids
{papers/qagketa pressboard, etc,) are callacted for incineration. The now
apty ocan/tank and structural steel is reprocessed through thw primary
cleaning cycle until dJdecontaminated. BEntry and exit procedures,




\

housskeeping standards and dedicated equipment/toals are used within the

. teardowm arss. Oontamination during disassembly, which has plagued other
processors, is largely awoidad by cpsrating the primary cleaning stage in
a sanner which essentlally reroves all liquid residuas and provides a dry
trarsformar during teardown. :

In the third step, the metallic parts are procesaed through several

clesning stages where surfaces are thoroughly cleaned. This mewthod has

snahled decontamination to exceptionally low levels; considerably below

:;Jltoo-u?)lw by the EPA Region V for PCB-fres metal (less than 10
100 cm’) .

After sscondary Cleaning, the containers are rémoved to & holding arss, a
yellow tag affixed, and wipe samples taken of all surfaces. When
analytica)l results are recelved the next dey, & green g is affixed
indicating all records and cmrtifications have bean received, satisfying
EPA requiratents for PCR-fres, and the metAls are now ready for mmelting.

Over ona huxiered askarel and aineral oil transformers have bean processed
under t successive RiD permits to Semonstrate and develop the
m-m;g" Service, Remilts of decontamination are shown in Table 1I.
we have found all manufacturing types. sisss, and coce and coll
configurations can be processed sucosssfully, generally with standerd
procedures. Only three construction featuras have reguired sxtra lator or
effort. Thase have besn: {1) weldsd tops, {2) ribbon-wound laminations,
of (3) a failed winding.

vith askarsl transformers. gQreater than 75% of the windings are mither
kraft paper or linen wrapped with no lspregnation used. Oil transformers
of the siss and voltage class procmased, on the other hand, are typically
wrapped with either paper or linen and inpregrated with varnish. 1n all
cases, the inpregnatsd windings have been sufficiently brittle that
complets stripping was easily accomplished.

The metals recovery realized with TRANG-BD™ Service makes full
destruction competitive wicth disposal by turial and mora attractive than
burisl vhen the elimination of long term liabilities is incorporated Into
the risk evaluation and decision process.

DUEE 1

ASKAREL TRANBFCRMIRS 10 C OIL TRANSFORMERS
(400,000-900,000 PPM)  (580-13,000 PPM)

Trarsfommac Sizes

Prooasged KVA 5-2003 451000
Avarage FCB Residudl ug/300m™:
Trarsformer Can 2.2 less than 0.1
Laminat ions 0.9 b
Windings 1.1 2 " '
Range PCB Residuals ug/100om®:
Trarsforoer Can 0l. - 4.% less than 1.0
Laminations 0.1 - 2.8 "
Windings 0.1 = 2.7 "
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OPTIONS AVAILABLE FOR ASKAREL TRANSFORMERS

T. Luby
Sun Environmental, Inc.
1700 Gatavsy Boulaverd SE
Centon, Ohio 44707

ABSTRACT
PCP trsnsformers contsining eakarsl fluild ere typically uasd fo -
indoor substation upplications for criticel povar diatribution withi
a fecility, With the current EPA regulstions, wmansgjers arg faced
with deesdlings by which decisiona muat bes meds to asolva the PCH
dilenns.

This peper will diacuse ths motivating fectore fecing the msesnsgar

end the currant solutions svaelilesblas to maks the proper decision for
tha besat mathod to ba amployad. The sctive aclutions available would
include ths ratrofill mathod to raclasaify the PC} trenaformar to
NCN=PCD status or ths seliminetion of ths PCB by & resovel and
raplacessnt projact. Thers sre optional methods available for either
spproach, but coat affactivenasas aust be waighed sgainat
savironmental concarna befors & finsl descisicn can bs raschad that
will astiefy EPA tegulations.

OPTIONS AVAILABLE FOR ASKAREZL TRANSFORMERS

The aolutions svailable for tha raclassification to NON-PCB atatus of
askarsl transformers have expandad to provida alternativas for tha
various typas of substation installetiocns., The particular
{natellationa, elesctricesl charactearistice, loading conditiona aend
corporats policisa ass thay apply to asch traneformsr will dictatas
vhich optiona will provide ba the bast “riak mensgament” daciaion for
thsa PCP dilenma.

A dietimctioc muet ba madas that clasrly differantiates contasinatad
sinsral oil froms eskaral. Minarsl oi1l, 1f containing PCH, could
reach ooscentration levals as high ass 20,000 perts par sillion.
Askarsl ias typically 4in the renge of 00,000 - 800,000 pazte per
million of PCH concentration. The PCB concantreticon in aakaral
trensformares variad by manufacturaer. Certain brand nemas esuch sa:
Pyranol, Insrtasn, Chloraxtol end Askarel indicate transformara that
contain e fluid thet 41s aessentially “purs™ PCH. All of theess
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btend nemes bacams genarically known se aaskarsl. Tha focus of thie
papar will be on theas “purs” PCB tresnaformeras. There are thrsas
%8 jor options avalilsble for askarsl transformers:

- Msgnagament and Containsent

=~ Ratrofill end Reclesaification

= DRaplecamant and Dispoasl

Initially, your company muit datersine vhathar the PCB problaems will
be handlad in & passive or activa sannar.

Tha peasive approsch entsils etaying within tha EPA guidalines end
managing tha PCB riek through a Mansgamant snd Contsinment projtes.
Thia couras of aection ia the lasst esxpenaiva, In tha case of
companise with limited financiel resources, it ia usuvally tha option
of choice; and the passive spprosch 18 slso chosan by colpanies whoas
facilitiea cen not accommodata ths axtendad outegs that may bs .
raquired for the retrofill method or tha replacemant of tha PCBH»
tranaformsra. In cases such sa thess, Menagemsnt snd Cortsinmeny’
progress are s viebls tamporary eolution to ths PCH problem. If tha
Mansgesant and Contsinment solution ie choesn, the coBpany mey wiash
to i{mplement a long~tsra program that will asventuslly aliminets tthe
probdlam ovar s dsaignetad period of tims.

Tha Masnagesent and Contsinment progrem ia the brosdast ares of ths
thres options and should includat

= Labeling of the trensformars.

= Inapaction of the transformars.
-~ Racerd keesping.

- Maintenanca.

Tha four steps listad abovae ahould slwvays bs implemantsd aven vhan an
altarnative solution is choasn some time in the futurs,

In cesed wvhers tha Mansgesant and Containment approsch has bsen
chosen for ths loag=tarms, asevars) risk-reduction taschaiguas can ba
isplamentsd in high-riak aress. Soma of theas techniquas are:

= Dikiag for Spill Containmant.

= Vaulting ot Encloeing tha Trensformars.

= Current-limiting Fuss Protsction Systems.

~ Tesperaturs Alesrm or Trip Syastass.

~ Liguid=lavel Alarss or Trip Syatems.

=~ C02 or H90 Firs Extinguiahing Systenms.
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= Alr Isoletion Vaelvea on Air Handling Syateas or Exhsuat
fana.

= TFloor Sexzlere to Stop Penstration {f & Spill Occuras.
= Wall end Ceilling Seslers to Stop Panetretion {f Fire Occuras.
- Pericdic 04] Quelity Taating Progras.

Thare are esaveral motivating factora which ancoursgs coBpanies to
bacoms active in dealing with thair PCB problest

- EPA_ Reguletione hava motivated many compsniss into ection.
The Food aend Feed Induatry waas targatad by tha EPA to
eliminets PCBs by Octodar, 19835. Soms comsmercial office
buildings have a targat date of 1990, Othar i{ndustriasl
facilitiea ares not affactad by the EPA raguletions snd could
chooas to continua to uese thair presant slectricsl
agquipmant.

- The Insurancs Industry hee eleoc movad groups into sctiof by
incraseing costs or by cancellation of caetestrophig or
sccidantal covarsgae.

- Riak Assssemant and Company Policy have playsd large roles
in ths movamant to resovs PCBa. Corporsts imags, tight-to-
know movemanta by aemployess and aexposurs to riak by the
prassnce of PCBa have eleo contributed to tha movament,

- Leakin and Poorly Mainteinasd Tragneforsmars hsve
ancourejed systam changes. Incrasasa for cepacity or
syateam upgredea have halpad to raduca tha PCB problems.

ation of Trenaformars has basn & factor in many cases.
High=profila tresnsformeare overhasd or on gratings aebovs
aBployse wvork gress or walkwaya may ba good candidatae for
replacedant activities. VUnits naxt to watarvaya or aaevar
syatams may alac nesad attantion,

- Iime will evantuslly move more and mcre cosmpsnies 1into
attion.

- Coat will motivats commgrcial and induetrial facilities inote
tha active rola of sllowing funde to mast certain deadlines.

The active apprasch to golving & company's PCH problas would

s to asither retrofill to raclassify tha tranaformer to NON-PCH
satatus or raplacesant with & naw trandformar and disposal of tha PCH
trensformars.

The materinle ineidas ths trensformsr: tha leminated cors atasl, the
papar inaulestion and tha wood specars hava baen immersesd in PC2s for
sany years. Tha PCBa have impragnatad intoe every crack end cravice
vithin the core and {nto the porous papsr and vood materisle. Ovar s
period of tims, tha PFPCB laval i1s reduced by csrtain procodduree to
lasch tha PCB out of the trensformar until it 1a reclaasifiad to NON-
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pch atatus. Tha EPA reguiree that the PC3 lavel rasain bslov 50pps
at tha and of & 90-dsy recleeeificetion pariod.

petrofilling for raclessificstion involvae dralning and dieposing of
the aakaral, Thia proceee inSsdistaly reduces ths PCH lavel: snd
thare ars procasess aveilebla theat will, in time, raduce the level of
PCH to lsgs than S50pps for the 90-day pariod and ultisstely
recleeaify the trsneforaar.

The moat populear--snd currently evailable--waya to recleasify eekarsl
trenaforaare era the eeriee ratrofill sethod and the axternsl "black
box"™ mathod.

With ths eariss retrofill option, ths procass takaeds placs as followae:
- The edkaral 14 drained and dispocasd of,
- Tha trenaformer ia usvally ragasketad.
- The unit 1is flushed,
- Interds fluid ia usad to oparats thas unit.
- Over & pariod of tims, PC2s laasch out into the fluid.
- The unit is shut dovn soc that intsrim fluid cen ba raplacaed.

- The process is rapestad thras to asven times as nsadad,
depanding upon warranty and operating conditions,

- Tha unit 1s raclessifisd as non~-PCB.

- Final fluid is placed in tha transforser for oparstion=--
ususlly silicona or RIEmp.

This process typically takes from 12 to 24 montha to complats.
With the black box mestheod, thara srs tvwo procassas:

- Filtration System
- Dilatillation Systes

After dreining end diepoessl of the eekerel {fluid, regaskating 1ia
parfornad ee required. The bleck box ie then inetelled et the
trensforasr locetion. The traneformer is filled with a apaclsel
dislectric fluid for e period of time thet will continuslly ramove
PCBe frem the f£luid by circulstion through the black box. Thie fluid
will remeim i{n the treneformer with the eyetem opersting until the
rate of chenge in the concentretion of PCBe hes wmasintaissd

. ralativaly constent level. At thie time, the process ie stopped for
racleseificetion asnd tested to determine 1f the levels will ramain
balovw 50 ppm efter 90 deysa. If euccessful, the bleck bdox may or may
aot be removed derending upon warrenty térme. A finel replecamant
fluid may or may not ba inatalled. Moat ayetasms uss ailicons or
RTEmp; howevaer, in certain cases, transformers can opersate with ths
intermsdiary dislactric fluid as thas finsl replacemant fluid. Thias
procesas typically takes 6 to !8 months.
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The ioitisl outags timas ®may ranga from !2 to 24 houra, sod 6 to 12
hours for sach raquired ocutage for the sasries retrofill mathod. Ths
bleck box wmsthod wmey Tequirs only s single initisl outags for
instellation.

Many 4ssuss surround the retrofilling for reclasssification choicas.
The coepany has to thoroughly invastigets many fectors, some of which
arat

Number of outagas -~ interruption of eervice.
= Amount of fluid handling snd treneportetion.

- The cherecteriatica of the interim fluid end finel fluida.
Thees cherecteriastice muast be determioesd both
environmentally bacause some ere hazerdous chemicals; end
oloe:rigo;fg becauss NEC Code mey heve other requirements,
such s diking or fueing, besad on dielectric strength and
flemmabilicy.

- Tine of completion = reclassification.
- Durstion of gusrentas (l-to S-yesr termel.
- Pdtontiol dereting of trensformers.

Replacemant and diepoesl includee the removel and disposel of & PCB
trenaforamr, and the irstallation of a nav treneforamsr.

Replacement sllowe the compeény to sesses end eveluete the currant
loed eitustioe today snd cen thue plen for_ the future. Over a period
of yesrs, & company unéy heve edded or removed a greet dessl of
squipment thet hes effected the loed oo the traneformars. Aas
reault, & compeny now would have seversl poesibilities to coneider:

~ Down eirze trensformere (from 13500 to 1000).

- Remove three eingle-phese unite snd raplece with ons thras
phees.

- Teke out thres éimiler unite in the eeme locetion and put
beck only omne unit.

- Replece three - 1000 %XVA unite with ons - 1500 kVA unit with
oev switchgear.

- Eveluate your load lossse snd buy high-efficiency, low~loass
treneformers. Sometimes losese becoms & very importent
{eeue in chooeing & replecensnt. (Loessss ers the snergy
coet to operets @ unit., The lower the losees, the lover
the opsreting coats.)

There are & veriety of replecenmsnt trensforsmer menufacturare that cen
offer dry-type treneformers or trenaformers filled with s lases-
flemmeble fluid such es KRTEap or ailicone.

The downtime required for sech :rana!orlor is typicelly B to 24 houras
for e replacement projact.
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PCB trensformar diaposesl involvas incinsretion of all PCB fluid and
then diepoasl of ths PCPB transformar cercsss. The most common mathod
for the cercass dispossl 1s landfilling. Thie 1s asccomplished by
firat decommisasioning tha transformer through an EPA approved
#lushing procsdure, and <then, burial of the carcasse gt an EPA
approved landfill.

As technologicel advancemente procssd within the snvironmental
control industry, more options for the final diasposition of tha
trenaformer cercsssss may be avalleabls. An option that could by
availabls to the raplescemsnt market 1ia the near future 1sa thas
ecrapping or the racovery of salvaeged metale by detoxificetion of an
empty coérceas, However, this systes ie lsbor inteneive end the coats
will heve to be waighed asgeinat the potentiel liabilities of
landfilling.

Other ©pertinant factore whan coneidering the retrofill verasuas
raplacenant option are tha vatioua conditiona effacting the
tranaformer‘'s oparation asnd the customar's neesde. Theee factors
might baet P

- Age. Tresnsforsers in use ars typicelly 10 - 350 yaers oldy
Newer wurits Dbetween 10 asnd 20 yeare o0lé may bs pood
condidates for retrofill. Older unite (30 to 50) may bae
batter candidetes for rteplecement. The trenaformers that
ere 1o the uid range ehould be carefully evalusted to
deternine retrofill or raplecement.

- Loasd. Trensaformera by epplication 14 loeded very
arently. Some have conatant load vhile othars have @
very cyclic, variable loesd.

In retrofilling where the final fluld mey bs & less-
flemmabls fluid 1lixe silicone or RTEmp, thare may bHa
derating of the trenasformers. Transformers with hasavier
losds typicelly have quicker lesch beck retes asseocciasted
with a faster retrofill raclessification. The units that
sre lightly losded =mesny take wmore time to achiave
reaclasseification. Lightly losded trensformers may asleso bde
good candidates for replacemsant.

- S$ize~-Volume. Transformera by deaign vary in the nusber of
sgallons requirsed to cool tham. TFor exampla, e 1000 kVA
tranaforner may very from ae few aa 130 gallons to sa many
aa 650 gellone of PCB fluid, The retrofill coeta for
trassfornere with higher volumes of fluid mey bde ss much as,
0T more tham replacsmant coats.

- Qucagas. Traceformere that may not be sasily sceceseibls or

: ere axtremsly difficule to remove may be s batter retrofill

candidate. Units that are required to operate asaven dayas

per week snd 24 houra pasr day mey be replscenment casndidataas

beceuse only one outege will be reguirsd for ths nevw
inatellation. ’

Noe one eoluticn ie the “leset expsnaive” asll of the time. Some PCB
trensfornere may be coat effective to rotrofill_ and other FPCD
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trensformers vill be more coat affective to replace.

When e company asxpénds time, affort asnd aonsy to aveluats thaass
options snd than to prapere a suitebls plen to mest the goels within

' e limited mesca, the dacieion should encompeas: the coats sssocigtad
with the opticna aveileble, risk ssdsssment for esch instsllarion,
corporats policy and current and futurs EPA reguletions.

In conclusion, s company's asvailable optiona from s risk amsnsgement
parapective would be the “do nothing”™ policy, ratrofill for
recleesification to NON-FCB etstus, or total elimination of on~aite
PCBa by replacsment.

Wa feel that there 18 no ONI solution, for ell ceees. Plases contsct
the Sun Environmentsl Compeny for tha aervices to develop a progras
for svaluasting the circumetences pertaining to esch trasnaformar st
all of your company's facility locaticns.

Our goal will be to help the responsibla msnsgar wake s cogt
effective and environmantally conacious dacision for tha company to
comply with the current EPA regulations.
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SUCCESSFUL FIELD FROCEDURES IN THE RETROFILL OF EURDPEAN-DESIGNED TRANSFORMERS

HARRY CLARKE
Grosvenor Trensforser Servicee, Ltd.
Wegt Yorkehirs, Englend

ABSTRACT

Successful retrofiil of transforsera end sssocieted equipsent requiree e eound tech-
njcel approech, eafs end effective dielectric fluide, and a coneiderable emount of
field planning end eervicing resourcefulnese. European-designed trensformere, dif-
ferent in configuretion from the!r U.S. counterparts but dbroadly exported eround the
world, emphesize the importance of fies)d retrofill flexjbility and ingenuity. The
unique deaign of transformers 1n eech country, such es coneervator-typs traneloraere,
add to the need for very detelled fleld pianning end execution. It fa a misteke to
generalize on fiald retrofille procedure without taking into eccount euch differences
by country. Fiuld modifications to the trensforser and equipsent ssy be neceseary
end eppropriete in conjunction with the retrofill iteelf, This papar will describa”
and liat the lcsaone lcerned from the author's axpariances in retrofilling bundrade
of transforaers in 8 nusber of Europeen end Internationsl countrisas.

INTRODUCTION

In sy present pogition et Groevenor Traneforaere Services, Ltd., ! have, over the
lest decade, plenned, suparvised and participated In the ratrofill of over 3500 trens-
formere of various designs In countriees es diverse ae the United Xingdom., Nolland,
France. Italy, Ireland, Belgium, Singapore, Hong Kong, Bahrain and Saudi Arebie to
name but e faw., As cen be Imsgined. the divereity of traneforser design, eservice
requirements and physical eettings can be angtonishing and aven frightening coneider-
ing the politicel situatione eround the world. For exsaple, we wara involved in the
ratrofili/aervicing of transforsers in Singapore under the wetchful eye of heavily
srmed Gurkha Guerds, To be in such e sjtuetion, uneble to communjcete eesily with
the men at the other end of the guns csn be dieconcerting, to ssy the leest.

In the saas vein, working st the aits of » asjor trensforaer/PCB incident ceused by @
csr bomdb plented et » power substation cen eleo set tde anerves oa edge, In this
cess, the bombing, motiveted by politicel sentiments, wase intended to ceuse maximus
visible dasmegs, Probably unintended wae the mejor problem encountered when » wall
from the substation fell on some treneforswere, shettering thes end releesing signifl-
cent quantities of PCH® flujds. This PCB meterisl flowed down severel levels of s cer
park snd inte the water sump et the bottom., Contaminetion was szseive and cospounded
by the fect that the fire brigsde used watar to control the resultant fire, thus
spreeding the conteminetion further, Whether dioxine or furans wars releesed in this
incident ie unknown but very likely., Rsleese of euch inforsatien in most Buropaen
countriss hes been lees 1ikely to occur then In the United Stetss due to officlel
restreints end the desire not to penic the public. WNe were lovolved In the clasenup
which waa conducted undsr the utmoat and unusuelly tight security end sscrecy. Some
of the psrsonne] et the site during cleanup were sven ermed!

Published with permission of
Grosvenor Transformer Services, Ltd,
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A2 [n the States, eany have in the pest atimmpted to handle their PCO situations by
burying the problems (Out of sight. out of ainl, une concludes). Such a fovlherdy
epproach only invites difffculties which surely will occur sooner or later, As a
cese ipn point, we wars involved In the cieanup of a significant P8 splll in s con-
talner ehip from a Middle Eastern country which had salfed intn a European port city,
In & lsrge cargo hold, two contuiners wilh transformers were lucated on top of »
score of otier contaluers. During the tranaport, the transformers (not designed for
such movament) ruptured. gpllling their voulenly and contaminating the ontire hold,
contente #nd al). A slgnificant and costiy decontamingtion uf the vessel] and its cap-
tentx thus wes required. Fortunately, such incidents no Jonger srv necessury becwuse
transformer replacement #nd isndfii/ arm not the only methods for e)iminating rca
trensforaers. New retrofi)l technology. successfully cvomsercializnd ln the United
States, [z being demonstrat-d on Luropesn designed trsnsformers (n nperatlons) plant
settings in Frgnce a&nd ltsly, with my participation.

1]

EUROPEAN SITUATION

end the rest of the "develnped™ world arm st lcasl a3 common sz /n the
Unitad Stsctes, In some eress, perticulerly France end Mest Geraany, the concentrstlon
of PCE trensformers 18 significsntly grester then In the States, It hew hren esti~
aeted thet Frence slone has approximstel!y the same number of PCB tranglormers a3 tive:
United Stetes, with Germany heving perheps helf that number. Ot)er msjor PCR conteid
ing countries are Itely end Jepsn. A# one cen imsgine, the concentration of PCR 4
trensforssrs is relsted to the population density of the industrisl world. Thix
should come ee no surprise considering PCBs (Pyrene, Fyroclor, Chlophen, Kineclor,
#tc.) were considered to be the bast trsnsformer dlelectric fluid for vec in those
situstions where fire hezerds ware of perssount concern.

-~ Until recently, sentiment supporting PCMa wns
universelly held in Europe, which continues to lsg the Unitad States in PCH reguie-
tory mattere, In fact, until receatly, PCBa continued to be manufactured and plsced
in new trensforsers in Prance, to the continued emazement of Amsrjcsns. )f the regu-
lstory climeta in the Stetes Js considered to be confusing, the xitustion in Furope
end eleewheres is orders of megnitude worss due to widely differing reguletory c¢li-
aetes in the various countrics, Helland, for axasple, was the first country to
eacourage PCH removs] by grenting subeid/es to spur [ndustry forwerd. Such subsidies
{recognising the valuve of maintaining and exi{sting transformer In plece vie retrofil)
rether then replacesent) are grestar for retrofill than tha other option, France,
due meinly to mejor PCB incidents in Reims [n 1985 and Lyon In 1986, is suving
towsrds rigorous control end reguletion of FCB end PCH conteining equlpment.

Other councries ere now beginning to address the situation. Germeny for exeaple does
not heve e netlonel policy per se. However, stete legislation on transportation,
sterege, destruction and proceseing of PC3 wastes ls severe and restricts movement of
the meterial. Italy (still effected by the specter of Sevesc) hss specific reguis-
tione under development, Finally, Jepan hes perheps the worat possible situetiun
laagineble; PCBes ssem too dangercue to move or hendle, Such meterjel snd contawi-
nated squipsent ebeuld remmin untouched and unmoved from curront lucatinpa until some
future date and Idemtification of a netional policy for eddressing the totsl] problea.
Thie leads te the situstion where contaminetion of the ecoeyatas (3 continued.
Nowever, eace ¢ policy (one would expsct benning environmentelly unecceptable land-
fil1) fe epproved, the Jepanese cen be expected to mova rapidly to correct the sltua-
tion (Apparently no one wantas to risk enother “Yusho® lnclident}.

A major, though cospletely unpublicized, PCB (ncident involved e mejor sxcavation

praject In Burops, now aebendoned. A site substetion contelning ¢ PCB trsnsforsary
leaked over 200 gallons of PCB meterisl, which ultimetaly reached the ses. The site
wee not clasned up et the tise due to the tressndoue cost essocietsd with decontem!-
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petion end remains conteminsted. Events like thig. Reims. Lyon end Sevaso should
causa more countries to sddrass the situstion by stricter snvironmental lewg modelesd
arter the U.S. BPA reguletions. In eddition. Insursnce carriers (n Europe (such as
. ASEA, Alllens snd Le Littorsle} @rs nuw recommending resoval of PCBs, thus putting
lncreasing presaurs on the regulstory agencias to enact stricter controls.

EUROPEAN DESIGNED TRANSFORMERS

Thers nra many significant devign differences In European designed trsnsforsers
(ortan found in guch far ariald places as Singepors. Bahrain, atc.) that to enumsrats
thae 8ll would take murs spuce thsn sllowed harse. Thase trensformers, like thelr
UV.§5. counterper.s, are slzad for the power requirsments for @ particuler espplication.
Thus, Il would be japossible to discuss diffarancas in average KVA par transforser,
other then tn steta that the svarsge PCB trensforser is sbout [,000 KVA. However, [t
sesma true that European denigned trensformers are mors conesrvatively designad than
the U.5. trensformare. (that [8, they have @ highar gallon to KVA retio then In the
Statas), This would be particulerly trus for thoss transforsare which wers Installed
In tropical environmants where the greatar air amblente raquirs Incrasssed cooling
cepecity. Aslida from these minor differsnces, unususl aquipment with raspact to ths
U.5. market is often encounterad which msust bs teken Into considerstion during the
succassful ratrofill wervicing procaduras. )

ara rathar like a resarvolr fltted on the top of ths trcn:!oroar;;
and ueed for the uxpenaion of oil in the transforser sa It comses up to opsreting téa-
pereturss. In sddition, ths consarvator dacrassss the surfece eree of oll in contect
with the etmosphare, reducing tha potentisl for soleture contaminetion In these frae
bresthing tresnaforsers. Such unite pose. In tha suthor's opinion. the grestest diffi-
culty towards the successful ratrofili oparation. This is true basically because
dreinage of the conssrvator ls not streightforwerd. A stendpipa within tha conserve-
tor and connacting It with tha transforaer tank sxtenda sbout 5 ca up jnto tha con-
sarvator. Aes & reault. about 20% of the conservetor volume is updrainasble, yet can
appesr to be totally wapty of ite PCB contente. Coapounding thie ja the fact thet
the consarvator has & drain plug with no valve. In such @ situation, resovel of the
undrainsble PCRa in the conservator can be eccomplished by resoving tha conservator
ltealf, an sctlon which can cause PCD to spill. Alternatively, the drain plug say be
vtiilzed, but ut the risk of expariencing an uncontroleble flow of PCB assterial.
Grosvenor Transforsesr Sarvices hss devalopad procedures for resolving thie situstion
an @ routine besls.

Flujd changes fros PCB to silicone (for axsapla} pose ebsolutely no problam with
respsct to the aucceesful retrofill of conventionally designed tranaformars which

can aors then handle the sinor differences in expaneion of the varjous accsptabdla
flujds. Thie, in general sleo ja true for the consarveter tank transforsers !n Europa
baceuss of sufficient cepecity within the conservators. For those jnstances where
the capacity af the conasrvetor je insufficient, the knowledgeable ratrofiil service
tachnician can aasily overcoss the probles by elther changing or expanding the con-
sarveter, with both oparations exhibiting thelir own perticuler set of difficultiasa.
In bath caees, cereful sxawination by the technicien is required to !dantify the
materiala of construction of the conssrvator (ajld steal, atsinlesa stesl, steel with
braged ends, etc.}, and to utiiize coapatible asteriale for the modifications leat
differsnt astal axpensjon charsctearistica result In crecking of welds and occurrance
of louks. Our sxparisnce desonstrates that fluld sxpasnsion and conssrvator design
pcas no insurmountabla problea barring the auccessful implesentation of retrofills.

Buchelzse Relavs. fitted on conservator units, sarve 8 protsction against fluid loss
or as & fault detector triggered by rising geessg ceused by e fault. As in ths case
of tha conservator itself, the Bucholze reley cen ratain & certalin ssount of fluid
within ite suap after the tranaforaer unit heas baan drained of its contentes during
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the retrofill procedures. The flowts of the [iluld lave! gouge, designed for ceriajn
coslante, may require chenging lor proper gauge functioning.

AL are harsatically ssaled unite which, in contrgxe
to the conservatnr dexign, are non-bremthing unite. Fluid expansivn in taken up by
the expanding [ins of the cooling radistors, end cero aust bo exsrcised when changing
fluide In thia type uf trensfarmer lesl wilue proaxsurey result. Careful chalee of
replacesent rluid or Inatelletion of tculed consarvetor tanke or sewlad pressure type
vagneis are somen nf the options svailnbien tu overcome thig elpnt diff]culty.

Cagkering Meteriglg often are coaposad of seterlisls not compatible with both PCS® and
silicone dielectric fluid. As In the Unitod Statrs, standerd vperating proveduros
should ceil for ragsskating with gilicons compatible ssteris!s privr to introduction
cf the sjlicone dislectric fluid. In some European desigmetd trunsforaecry. thr core
and windings of the units sre attachad to the ssin covar. Rageskaling requires the
ves of ¢ 1ifting gentry, sasking regasketing more difflcult, but clearly not [mpus-
sible, Alternetivaly, the use of specislly developad sealants asy ba Indicetnd.

ONE CONMMON APPROACH

Llka thelr Amsricen counterparts, all Europcan designed PLB transforaers (whethee
locatad In Europe or In other, more axotic locstlions) heve one coamon prnblas. ﬁ:n-
ply stated- THEY CONTAIN PCs. Except for the long ters rivk to the enviruvnseor’
posad by the PCBs, nothing sbout thesa particuler trensformers suggests that thcy
have anything but & long Jife of sffjviet operatjon ahesd of thea. Why then shovld
the transforsar ownsr went to aliminste such a vejuable asset when tachnology tv suc-
ceaslully retrofill and remove the PCB from the treansforser exjats todesy? The solu-
tion to ths probiea of resovei of PCBs from s transforssr raquires the cospietn
rasoval of tha PCBe froa the cora lnsulation meterjale (celijulosic in nature in bath
Europa and sbroad). One comscn epproach will suffice for eli these various trene-
forssr designe. That epprosob raguires the rapid and totel resoval, via diffusion,
of the PCB from the trensforasr core. Older technology diractly util)iving g!{licone
oll fallead ajsarably In this respact whan the silicona ectuaily biucked the diffusivn
of the PCBs from the caliuloeic meterial. New technology, recantiy plonasred (n the
United Stetas, is now being epplied to Europsan dasigned transforssrs of the types
liated above. Further, contrary to unfounded clales, siiicone in sy axperisnces
worldwide, exhibites no detrimente] effect on formerly PCB conteining transformers.

CONCLUSIONS

A. Europs feces the sase dilsame regerding PCE trensforsars as in Asarices, but s
somewhet behind in regulations/control versus the Statses.

&. PCBe ars common In Europe and othar Industrielizad netions.

C. Europsan designed transformers sxhibit severs] differances from the U.§. units.
including bigh gallons/KVA retio, consalvators, harsaticelly sealed tanks, stc.

0. Such diffarences pose thelr own set of asrvice probjess, but do not in any way
ruils out the utility of success of retrofill procedures.

8. Fisld seditications nead be routine end a detailed knowladge of many transformer
deaigns is required, neceasiteting the use of epecisiined cuntractors.

&. Succeasful retrofill can best be sccoaplisbed with epeciel dislectrice which max-
intge removal of PCBs from the trensformer internals.

G. Ultimats retrofill with silicons ia scceptable woridwide end dose not adversely
affect the operation of previously PCB contalning trsnsformare.

H. In Europs, old things=~ evan transforssre- sre trsssurad, not diacerded.
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IN-SERVICE RECLASSIFICATION OF
ASKAREL FILLED TRANSFORMERS
PROGRAM UPDATE

Murray 0. McMahon and Thomas C, Yemable
Westingnouse Electric Corporation

ABSTRACT

EPA regulations restricting continued use of PCB transformers nas caused most
owners to seek the most effictent and cost effective weans for mintmizing PCB risk.”
PCB risk reduction programs should include risk surveys, rewedial action and long.
term plans for replacing or reconditioning PCB transformers., PCB transformer
owners do have some chofces in this program, PCB conteminated transformers may be
retrofilled or replaced. Pure PCB {askarel) transformers have traditionally been
replaced., The askarel is incinerated and the carcass is buried in o securs

chemical waste landfil1. Until recently industry could not offer a msans to clean
an askarel transformer 30 that it could be reclassified to non-PCB status,

Westingnouse offers a field-proven process by which pure askarel transformers may
be reconditioned with guaranteed reclassification to non-PCB status of less than S0
PPM, Commercially owned transformers that have been reclassified at PCB levels as
Tow as zero to 17 PPM following & few months of processing and ninety days of in-
service waiting period required by EPA regulations 40 CFR 761 will de discussed.

Westinghouse TransForm™ was introduced tn early 1986 and has slready resulted in
more than $0 commrcial transformer reclassifications. The process, extensive test
progrem and actua) case history results will be discussed,

*™ransForm ts a registered trademsrk of the Quadrex HPS Corporation
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IN-SERVICE RECLASSIFICATION OF
ASKAREL FILLED TRANSFORMERS
PROGRAM UPDATE

Myrray D. McMahon and Thomas C. Venable
Westinghouse Electric Corporation

TEXT~-INTROOUCTION

The 1979 enactment of EPA regulations restricting the continued use of PLB ,.
transformers and furtner revision of tnese regulations through 1985 has caused ms,t"
PCB equipment owners t0 seer the most efficient and cost effective means of
mnimizing the PCB risk now confronting them. The degree of this risk depends upon
the PCB concentration (PPM), which determines the risk category, and upon the
squipment location, which may increase risk of exposure to the environment or
possible fire. Equipment age and condition, of course, are contributing factors.

It is beyond the scope of this paper to explore in depth the EPA regulations as
they are defined in 40 CFR. The reader is advised to refer to 40 CFR 761 and wo

his own legal and environmental council for interpretation of the regulations.

in general, the current regulations define three categories of PCB devices;

> 500 PPM - PCB
> 50 but < 500 PPM - PCB Contaminated
< 50 PPM - Non-PCB

PCB contaminated devices (> 50 PPM but < 500 PPM) have long been remedied by simple
"retrofi11® or replacement of contaminated flufd with new fluid. Mineral ofl
devices, contaminated to even greater than 500 PPM have been easily remedied in the
same manner. Many owners of PCB devices have elected to perform a complete
changecut of the device, replacing it with a device of 1ike kind and thus
elimnating the immediate PCB risk, PCB fluids are incinerated 1n approved PCB

rransForm 15 a registered trademark of the Quadrex KPS Corporation
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snerators and carcasses are buried 1n EPA approved 1andf111s. Retrof11) and
rakey rephco-nt services are avallable from severa) reputable gservice
PPHOFS.
f;dustf'r has sought an acceptable procedure by which pure askarel transformers
could be reconditioned 1n some manner to permanently reduce the PLB concentration
to below 50 PPM while the transformer remaing in service, as is permitted by the
,-gguhﬂons. Several attempts have been made to achieve this goal in the past.
c.ruin methods attempted to filter or absorb PCB's from the transformer; others
‘attemoted to reduce PCB concentration by multiple retrofill actions over long
periods. Varying degrees of success {or lack of success) have been achieved.
Restidual PCB, leaching from the core &nd coils, untenable frequent power
{nterruptions and lengthy processes have been frequent berriers to complete success
and &cceptability,

1n early -1986, Westingnouse Electric Corporation introduced TransFors™™, & PCB
reconditioning process which gusrantees reclassification of askarel filled
transformers to non-PCB status (below 50 PPM) quickly and with only two short power
interruptions. This paper will functionelly descridbe the proprietary process, the
extensive test program and results, which are impressive, Although Just introduced
st the Amarican Power Conference in Apr1l, 1986, the TransForn™ process was
turning out reclassified transformers by the fal) of 1988 and by mid-1987 more then
50 cuszomer owned commercial transformers have deen certified non-PCB. Many more
are currantly being serviced or sre in the 90-day reclassification period. Actual
case history results will be described of in-service askarel transformers, mny of
which were processed in six months or less and reclassified at levels of zero to 17
PPM, 1t now sppesrs that trensformer size, &s well as oOther veriables such as
manufacturer and internal configuration, may slightly effect processing time. Oats
will 2130 show that leaching was insignificent over one year after
reclassification,

PROCESS

“The TransFora™ process was jointly developed by Westinghouse and Quadrex WPS, Inc,
starting in 1984, This process a1lows decontam natfon of operating transformers
that were originally designed to be filled with askarel, & non-flammable
transformer dielectric of tne 1930°s to 1970's spacifically suited for indoor
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transformer applications. The process 1s not intended for miners) oi1 filled
transformer designs, which can be remedied by the simpler retrofil] method.

. Not all askarel transformers &re considered candidates for TransFormt® Or any Other
reclassification procedure, We recommend that potential candidates de scrutinireq
carefylly as the decisfon 1s made for turnkey replacement, recondition or "do
nothing®, including &n evaluation of:

Electrical Test

Fluid Test

Physical Condition

Age

Physical Location (ease of removal)
Cost of Replacement

Cwner's Plans and Concerns

Following this evalustion with our clients, and once the choice s made to proceed
with TrensForm, the project schedule begins with 8 scheduled transformer de-
energization for & period of less than 48 hours. Askarel fluid is drafned from the
transformer 1ntd tankers or barrels for disposal by incineration 1n an EPA approved
PC3 incinerator in full compliance with 211 EPA regulations. Gasket materials are
always replaced during this fnitial outege. The transformer 1s then filled with &
proprietary dielectric fluid, TOR-3. A TransForm=™ processing unit 1s connected to
the transformer via sme)l teflon hoses with safety features such as stainless stee!
bratided shield, gquick dfsconnects, locked panels, and solencid operated valves at
each end to close 1n event of § problen. The process 1s designed for orderly
shutdown of the processor in event of melfunctions, without disrupting the
trénsformer operation. The transformr s then re-energized and processing occurs
during normal, full-load operation. '

The TOR-3 dielectric fluid 1s an excellant medium for PCB removs) which readily
extracts PCB from the transformer interns) components. The unit processes &
contfouous flow from the transformer, removing the PCB's from the Muid and
returning cleaned TDR-3 to the transformer. The TransForm™ unft s interlocked 1n
Such a menner that the 11quid level in the transformer 13 maintained at the proper
level, A} parameters of the TransForm™ unft which can affect operation of the
trans formr are monitored and interlocked to assure that the transformer remains
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enin the norme) operating range. TransForm™ 1s designed to run automtically

ring the servicing period of approximately & to 5 months or less. Remote
nterrogition via telepnone modem s available. Servicing and inspection visits

are made at two TO three week fntervals. The extracted wastes are removed from tne
site for incineration.

As the conclusion of the processing period is recognized from test sample data, the
?Irll‘lifdl‘lt- unit is disconnected from the transformer and the 90-day in-service

| partod for reclassification to non-PCB status (below 50 PPM PCB content) 1n
‘accordence with EPA regulations 40 CFR 761 15 started. After reclessification, tne
transformer 15 scheduled to be out of service for approximately B to 24 noyrs,
during which the TOR-3 flyid 15 removed from the transformer and handled in
accordance with EPA approved procedures. The transformer 15 retrofilled with tne
dielectric fluid of the customer's choice. Candidates are minera) ofl, silicone,
R-temp, #tc. TDR-3 remains the property Of Westinghouse and 1s not intended to be-

a permanant replacement dielecrric fluid.

Using TransForm, transformer Owners cin achieve guaranteed non-PCB status without
naving to replace existing equipment. TransForm™ 13 particularly well suited for
units that are expensive, difficult &nd costly to remove or have long reméining
useful life,

TESTING PROGRAM

During the initial testing program, & number of transformers were processed in
accordance with the sbova procadures. The specific testing variadbles and results
are discussed {n detai) in C. Claiborne's and C. L. Vacher's paper, "A Process for
In.Service Reclassifications of Askare! Fillad Transformers®, presented at the
Annua) Meeting of the American Power conference April 14.16, 1986. (1)

During this testing program, sonitoring of the contamination level indicatad that
the PCH Tovel in the transformer fluid 1s reduced rapidly to below SO PPM and neld
there for the remsinder of the processing period. Figure 1 shows typical curves
for contamination as & function of time during initial processing for units with
original PCB levels ranging from 30D,00D to 700,000 PPM. Obviously, PCB
concentration in the dielactric 1s reduced drastically Just by removal and
replacemant with new fluid, but even with careful flushing procedures this
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i
reduction may creste & false image since leaching from the core coils and otner
internals would cause rise back to thousands of PPM. The TransForm'™ process
continuously extracts PC8°s, nence, the fast reduction to the lower Tevel, The
. completion of the processing period 15 determined by monftoring the rate of PCB
removal from the transformer,
. CUNIT A 1500 KVA
DUKIT B 2500 KVA
AUNIT € 2500 KVA
e | A

Typical processing time
is 3 to 5 months,

] 7 1] [ W ™
PROCESS STAKRT UP DAYS

Figure 1: P3C leval during process stirt-up.
As part of the test program, the leachback rite during and after reclassfication of
two of the units continues to be monitored. Test data sheets 1 & 2 show the
results of this monitoring. GBoth trensformers were dréined, retrofi)led with
silicone and returned to the customer,

After the completion of exhaustive electrical tests, other units hive bdeen
untanked, disassembled and evaluated. No evidence of any effect upon the
transformer material and mtnimal PCR residuals were found.

FITLD EXPERIENCE

The success revealed by the test program using customer owned transformers in the
Westinghouse Lansing, [111nots fecility, lesd Westinghouse to confidently offer thne
TransForm™ process for generel field applicetions. We were confident that askarel
transformers could indeed be serviced and reclassified to non-PCB status (< S0 PPM)
in the anticipated short period of time and that concerns of material degredation,
Yeaching 1n the early or long-term stages, #tc., have been overcome. Tast results
were discussed previously and are shown in figure | and on test data sheets 1 &nd
2. The TransForm™® process was now ready for field introduction, and was
officially announced at the American Power Conference, Chicago, in April 1986.
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tustomer orders were developed, based on the successful pilot programs, ranging
from major utilities committing their entire system to small {adustrials with two
or three transformers. One of our edrly commitments, & utility compeny opted To
nave 1ts 2500 KVA transformer containing 1060 gallons of askarel processed in our
Chicago facility rather than on-site. This large transformer processing was
{nitiated 1n November, 1985, and completed August 7, 1986. The unit was certified
non-PCB at a leve) of 17 PPM following the 90-day in-service perfod. 1t is
significant that this large unit was processed under simulated Yoad conditions,
with special approval of the EPA. This procedure Can be used to process askarel
units that are not readily energized such as spares. One client has chosen to
bring his transformers to & central facility for processing to sinimize pudblic
attention and vault congestion. The client is reporting on this procedure o
E.P.R.I. '

Simultaneously, orders were received to process & multitude of types, sizes,
retings, manufacturers and ages of askarel transformers. Transformer ratings from
500 KYA to 7500 XYA with volumes from 150 to 2500 gallons of askarel are being
Transformed. Ages range up to 30 years or more. Manufacturers of the askare}

237 MONS 217222



F

units Include Westingnouse, Genera) Electric, ITE, Pennsy)vania, Maloney, Niagra,
Al11s Chalmers, and others. A few of tnese certainly deserve mentioning and are
tabulated in Figure 2.

One major mdwestern utility company chose Westinghouse to recondition the
remaining 68 sskare) units of fts Transmission/Oistribution and Power Plant systems
1n a very tignt time period. This has been discussad in grester detdt) in papers
by our client. (2) Suffice to say here that the commitment is being met and the
units began receiving reclassification certificaces 1n November, 1986 following

five months or less of TransForm™ processing. Reclassification levels of zero to ¢
six parts per mi111on following the 90-day period are not uncommon &s snown in
Figure 2. ’
ASKAREL TRANSFORMER RECILASSIFICATIONS
TRANSFORMER | MANUF. | KVA PRIM. SEC FLUID RECLASS [ 441 /]
) VOLT VOLT GALLONS| TINE RECLASS
A ® 1500 | 12KV L80Y/21? 410 120 days| 1.2
B GE 2500 | 12KV 480Y/277 400 100 days | 8.3
c ® 2500 | 13,2KkVv | 480 1060 | 8 me. 17
D ® 1750 | 13.2kv | 480 250 | S mo. 0
E ® 1500 | 13.2Kv | 480 221 S mo. 6
r ® 1500 | 13.26v | 480 221 | 3 mo. s
c I1TE 1500 | 6%00V 480/277 3co 5 mo. [

Figure 2: Typical Case History Results

Another Midwest utility achieved reclassification of 1ts 1500 KYA, 300 gallon
transformer at 6 PPN following five montns of TransForm™™ processing end 90-day 1n-
service perfod. Many more transformers for industrial, commercial and utility
customers hive completed their processing and are currently in the 90-day waiting
periods. Many, mtny more are currently in process fn major commerical buildings,
hospitals, universities, dairies, chemical plants, paper mi1ls, steel mills,
utility powsr plants and distribution systems.
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1rans formers naving & broad range of KVA's and Yiquid volumes have been and are now
peing processed. Some are very old and are being reconditioned due to the owners
‘ heluctance to 1andfill the units coupled with high replacement costs of some
Uspecial units and the interest in repatr {n event of ultimate fatlure. As long as
rtho unit passes the electrica) and fluid acceptance test, successful processing and
T reclassification {5 achfevable. It does appear from these experfences that larger
_:u-ansfomrs such s the 1000+ gallon variety may require siightly longer
'- processing time, but that desired results are readily achievadle. Fast reduction
“of PCB risk 1s & reality. ’

BENEFITS

The askarel transformer owher can now retain selected units within his system as
non-PLB transformers with minimum dirruption to his power supply and production
schedule. The immediate economic savings fs an obvious benefit. The resulting
non=PCB classified transformers which are no longer regulated and can be repa":(;ed .
1t they should fai) are probably the most popular advantages. The reclassified
transformers can 1egally be disposed of as non-PCB devises at the end of their
useful life. 1t is not uncommon for TransFormt™ reconditioning of an average 2500
XYA transformar, where “in and out" costs will be significant, to render a savings
of 40% over turnkey replacement. Obviously, site conditions greatly affect the
difticulty to remove and replace transformers and each must be evaluated on its own
mrits.

CONCLUSIONS

This paper does not intend to promote or recommend indiscriminate reconditfening,
or retrofilling, of askare) transformers. MNor does 1t intend to recommend
indiscriminate changeout or replacement. It {s the intent of the paper to
recommend that the owner's entire PCB system be carefully evaluated from the
standpoint of risk; that the identified deficiencies be immediately remedied; and
that & carefully evaluated long-term PCB program be implemented to retrofill,
recondition or replace sach PCB or PCB conteminated device as is most appropriate
from & service and sconomic stendpoint. Askarel transformers that sre small,
easily accessidle and inexpensive to purchase are ususlly better candidates for
turnkey replacement, Simidarly, askere) units that are "o1d" or that are in poor
physical or slectrical condition should usually be replaced. The PCR program may
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also give added opportunity for replacement of askarel transformers that no longer
accommodate the owner's electricsl needs. In this case, & power system study s
often recommended to determine the client’s current power requirements before

. specifying a replacement pragram.

It 13 the primary fntent of this paper to report that askars! transformer
reconditioning through an approved servicing procedure, TransFormt“. is fiela
proven and available for fast reclassification with minimum power {nterruptions ami
that, for selected PCR arpaitcations, suych reclassification is practical and
economically feasible, v

For any of these PCB risk reduction procedures, a reputsble, total service supplier
is recommended to assure an unbiased evaluation of esch option and, thereby,
achisve maximum risk reduction per dollar spent, with Yess disruption to your
business operation.
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SYSTEM 50¥% PROCESS FOR RETROFILLING
AND RECLASSIFICATION OF ASKAREL TRANSFORMERS

Michsel J. Hessey end Devid R. Hopper
REl Technologles, 1Ilnec. i
696 virginis Rosd, Concord, MA 017a2

[

The following is e report on experience geined in the cetrofllling and
ceclossificotion of sppronimately 40 PCB trensformers using System so™
teachnology. Experlience tlescly demongtrates thet PCB trsnsfotwers cen be
eleoned end reclessified Lo 9 non PCB status with s single intercuption of
trangformer setvice of less than 24 hours snd et costs which ers fully
competitive with transformer ceplacement. Cleening is complets snd parmanent
with sssentially no intrusion into trensformer operations.

SYSTAM SO TECHNOLOCY

tysten so™ tachnology consistes of a proprietary coolant/dielectric fluid and
o proptietary flulds processor. 1In an initlal maintsnence phase of System
so™ servicing, s tesnsformer 19 (a) de-snerglized, (b) bulk askarel is drsinad
from it, (c) the transforwer is cegasketed. (d} a System 50" fluids processor
19 attached to the trensformer, {s) System 50" fluld is introduced into the
teansformer, snd (f) tha trsneformer 10 te-snerglized. As residusl PCB’e leech
from the trsnsformer into the fluld, the fluid is cleansd in the Zystem so"™
fluide processor snd returned to the trensformer. Such processing continues
until essentislly all residusls have leached from the trensforwer and have
sccumileted in the System 50" f1uide processor. Processing Le then stopped
and PCB coneentrations in tha tcansformer are monitored for 90 days. Omcs the
PGB concentration is demonstreted to remain below 50 ppa over this pariod of
tims, the trensformer le declared reclassified end sll PCE labels are Temoved.
Under a basic service warranty, transformer PCB levels ars then monitorsd for
one year and edjusted to less then 5 ppm at the end of that time.
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System s0* coolent/dialectric fluld s a Factory Mutual Approved nonflsmmable
fluld. 1Its coolant capacity 19 twice that of sskatel and ite dlelectric
proparties are comparable. Actcordingly, System 30" rluld s an sxcellent
petwmanent replatesent for sakerel in PCB transformers. Its use reduces
teansformer shutdownd to one snd eliminatas any necesslty for the derating of
trensformara. Its use sctuslly extends the uesful 1ifs of transtformera,

Bystem s0™ fiutd Processors ara compact, trugged, cveliasble and effective.

They sre 2 feet squste, less than 3 feet tall end weigh less than 500 lbs (see
Figuce 1), They sit immediately sdjacent to the tl."lnsfomr and operata
virtually unettended for the entire ducetion of s transformer servicing in
environments renging from severe outdoor winter conditions to teansformar vaults
a9 hot es 130°F.

RANGE OF TRAMSFORMERS CLPANED

As {llustrated in Table 1, Syatem 50™ clesned tcansformars have vanged in

sige from 50 KVA to 2500 XVA and contained from 30 to over 700 gallons of PCB
fluid. Thay have encompassed the full cvangs of PCB arochlors in initiel
concenttations From 500,000 to over 800,000 ppm. Transformer locations have
included operations ouvtdoors, in power geneceting stations, in public bulldings,
and in induetrisl manufecturing facilities.

Trensformec loeding patterns have spanned the complate spectrum from continuous,
fully losded units to lightly losded units with extrame eyclic patterna of use.
Anblent conditions under these loads heve included exttams coel dust, subteco
temperastucres, rsin snd snow, end alevated tempecatures of up to sbout 130°F,
Systen 50*® fiuide emd fluid processors have performad well over the complets
rangs of conditions teeted.

PATTERNS OF TRANBPORMER CLRANING

Reel PCH i-'uu are mitigstad simost irmedietely with Systea s0°®. rc
concenteations in bulk teansformer fluid fall capidly 99 soon e System so™
processing begins. As shown in Figure 2, concentretions typicelly fall below
500 ppm within e couple of weeks end below 50 ppm within ebout 8ix wesks. They
ronain ot or below these levels for the duretion of the cleening.
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1 sleaning time veries with trensformar opereting conditions. As shown in
gurs 3. units operating continucusly under full loed clean within 3 to &

ot he . Lightly loaded units end units under highly verisble losd or having low

g'bunt tempetatures con tequlire from 6 to 12 months to cleen (see Figure 4).

guch units typiceily have lov but persistent PCR leething rates for much of the

kj_nnmg peticd. In theee cases, clesning times cen be shortened by reising the

*,'.nporoturo of these trensformers.

CONPLITENESS OF SYSTEM 50 CLEANING

_gyetes 50" tlesning parmanently eliminstes the PCB lesshing capecity of o
“transfermar. This is illustrated in Figure 5, which shown PCB concentretione in
;. Systen 50" clesned trensformer during end sfter reclessificetion. PCB
concontrations sce substantislly less than 50 ppa et tha completion of
reclessification, When this residusl PCB level is them clsaned with the System
50" processor, the trensformer shows essentislly no further cepstity to leech
PCR'S.  This t_c verified by detailed dismantlement and inspection of the
contents of s Systea 50™ cleansd end reclessiflied transformer (see Tigure

$). In anelytical studlies performed Dy & rsputsbls independent leborstory,
total meesured residusl PCB's in & recleesified transformer constitute en
equivelent of only 7 ppm of PCB's Lf all residuels were Sissolved in that
teansformer’s coolant fluid,
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Unit
Ho.

10151
10141
iolr1
o2
10161
10201
10051
10241
10251
10221
10231
10121
10061
10111
1013
10071
10091
10081
10101
10021
10031
10041
10181
10191

TABLE

1

Partial List of Syetenm 50 Transformer Cleaninge

TRANSTORMER INFO

Traneforw Volume

Bating  Aroghier EEB_ = _Mapuf.  _(Gal)

KVA PCB PCR'e
2500 1260 859,000
2300 1260 655,000
500 1260 154,000
150 1242 870,000
500 1260 694,000
2500 1242 100,000
2000 1260 160,000
1000 1254 540,000
1000 12534 540,000
300 1260 160,000
150 1260 460,000
2500 1254 619,000
1500 1242 A

2500 1254 las, 000
2500 1254 622,000
150 1260 L 1Y

‘150 1260 $13,000
150 1260 NA

750 1240 413,000
2000 1202 811,000
2000 1202 836,000
1%0 1242 867,000
150 1252 100,000
150 1254 $00, 000
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Gt 120
Gk 120
[+ 9 %5
4 4 130
(4 1 195
[ 4 440
(] 1 635
(4 4 154
(4 1 154
Gk 300
[ 4 265
(-1 4 3%
[ 4 225
cx 390
GE %0
W 361
W 361
] 361
L 361
[+ 4 300
[+] 4 300
GE 167
(] 1 215
ce 21s
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FIGURE 1
SYSTEMS50 FLUIDS PROCESSOR IS COMPACT
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FIGURE 2

SYSTEM 60 CLEANING REDUCES FLUID PCB
CONCENTRATIONS RAPIDLY AND PERMANENTLY

Spucificetions:
* 750 KVA GE Unia
b + 214 Gollons
4 o Arachier 1284
- 200 * Unit 1019°
8
~ 26,000 ;
re
o -

3
3

Trenstermer PCS's PPM

* 0 40 L] L J 100
Cleaning Time, Deys N
-“:“.‘i .
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FIGURE 3

LARGE IN-SERVICE TRANSFORMERS CAN BE
CLEANED QUICKLY AND COMPLETELY

KA 1500

Arssiier 12546
Unin an
o

ASKAREL TRANSFORMER RECLASSIFICATION

0 A hve O Sl puf Nowinghah

POS Conpanleslion PPAG
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FIGURE 4

LOW LEVEL RESIDUAL PCB LEACHING CAN PERSIST
FOR 6 TO 12 MONTHS ON TRANSFORMERS WITH LOW
LOADS AND FOR LOW AMBIENT TEMPERATURES

PCB Loach Rate PP/ Doy

PCE Lowch Rnte FPM /Doy

1

Speailiesiions:

* 750 KVA GE
* 218 Qelons

* Argchior 1264
* Unit 100

Messured
Rete: 1.2 pomsday

Cleaning Time, Days

F o L

Spesifications:
s 780 KVA W Unlt
* 218 Qulisne
* Areehier 1154
¢ Linit 1019

Measured
Rote: 1.6 ppm/day
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FIGURE 5

SYSTEMS0 CLEANING IS COMPLETE
AND PERMANENT

P PTY.

MEASURED RESIDUAL PCB IN
SYSTEMB0 RECLASSIFIED TRANSFORMER

Basin: 38 KVA BE Tronstermar

Comurany 30 Gotens o1 Coslem

Vesssl Surfaces < 0.5 ppm

Core Steel 3.7 ppm

Windings. Wood, Cellulose 2.0 ppm

Copper Conductor 0.8 ppm

Misaeliansous < 0.8 ppm
Totsl < 7.9 ppm
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Problems Associated With
Reclassified PCB Transformer D'sposal

Or. J.B. NcOermott R.K. Zump : or. C.L. Cocclo
Chemical Cnginger Mgr. Bus. QOev. - PCBs Mgr. PCB Bus. Oper,
GE Corp. RMD GE IS&S 6L Is4S

1 River Rd. 1 River Rdg. 1 1 River Rd.
Schenectady, Ny 12345 Schenectady, NY 12345 Schengctady, NY 12345
ABSTRACT

The *Fire Hazard Rule* issued in July 1985 provided new restrictions on certaip
types ang applications of transformers with the besic dead)ine for modificatigh,
remova) or reclassification in October 1990. Retrefi)) services as offered by
various companies may be able to effect reclassification by the EPA definition.
thus allowing the owner to continue opersting the unit. The guestions which
should be answered are - How much PCB remains in the transformer after
retrof117ing and what actions should be taken by the owner of a retrofilled
transformer? The cradle-to-grave responsibilities of the origina) owner could
require him or her to remedy any contamination resulting from the residual PCB in
the retrofilled unit.

A study was performed to determine which solvents were suitable for use as
retrofi11 Fluids, Diffusion studies and methematicd) modeling were then performed
for the most 1ikely retrofil) solvents. The results of thit investigation suggest
that significant amounts of PCB rembin in the interna) structure of the
transformer after reclassification to PCB-contaminated or non-PCE regardless of
the retrofil) process used.

INTRODUCTION

By 1990, PCB transformers in commercial installations will have to be modified
with high and in soms cases low current fault protection equipment and certain PCB
network transformers will require reclassification or replacement (1). The cholce
can sometimes be difficult for the owner of the transformer. Jf the owner chooses
the transformer replacement option, he must remove the PCE transformer and replace
it with a suitable environmentally acceptable non-PCB transformer. Oespite these
efforts, he remains responsible indefinitely for the contaminated carcass.

Retrofi1) services sesmingly alleviate the potentia) liability by removing and
ultimetely destroying the PCBs. Those who choose retrofil]l may believe that a
reclessified unit 45 equivalent to & unit that was non-PCB originally and can be
disposed of 1n a 1ike manner. The present EPA regulations allow units
reclassified to non-PCB transformer status to be disposed of as non-PC8 units,
Two important questions remain - How much PCB remains in the retrofilled
transfogmc; ang what 11abi1ity can ba incurred in the unregulated disposal of
these PCRs
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;h!ro ‘s nothing magical or mystical about the removal of PCBs from transformers.
The process involves draining the PCB fluid from the transformer, replacing it
with another dielectric fluid that is also a solvent for +lBs, and watting o
sufficiently long time for the PCBs to leach out of the ‘nternal structures. As
the PCBs 0iffuse Ynto the bulk fluld, they can be removed either by pertodically
changing the fluid or by tontinuously removing a fraction of the fluid, separating
out the PCBS and returning the fluid to the wnit,

This cleaning process, since Yt 33 strictly a diffusional process, can be
characterized by transformer structurdd information and the mobil1ity (dVffusivity)
of PCBS n the various transformer components. Typical transformer matertals
include paper insulation, wood, phenoliic material, copper and aluminum windings
and 8 to 14 mil thick sheets of steel used as the magnetic core. Merein is
presented information regarding retrofill with the three most suitable
solvents-tetrachloroethylene (TCE), trichiorobenzene [TCB) and silicone fluid.

The information presented strongly suggests that & significant amount of PCBs
remain in the trensformer components after the retrofi)) process s compiete, even
though the transformer may meet the reclassification requirements as presently
specified by EPA,

EXPERIMENTAL RESULTS AND DISCUSSION

Elutd Yolymes

The amount of PCB fluid held in the internal structures of the transformer after
it has been drained i3 an important piece of information for the modeling of the
retrofii] process. A 10 KVA ot1-filied pole-top transformer was disassembled and
each of 1ts components was solvent extracted, The extract was collected and the
solvent svaporated aliowing determination of the amount of fluld trapped in eacth
component. The amount of fluid extracted was & function of the degree of
fragmentation. Samples that were extracted, then chopped to smeller pleces and
re-extracted yielded considerable volumes of oil with the second extraction, The
nominal size of the extracted fragments was 0.5 inch. The internals of the
transformer held 3.3% of the original volume of fluid that filled the
transformer. See Table 1 for a more detatled breakdown of the fluid volumes,

Independent of whether the transformer had been filled with 10C oV1 or PCB fluild.
the volume of fluid trapped in each component would have been the same. while
there are some structural differences between an 0i1-filled pole-top unit and a
pyranol unit, the above information indicates the megnitude of the fluid trapped
in the internal structure of a transformer.

Riffusivity Mepsucements

The above work defines the amount of PCB in the transformer at the start of the
retrofill. The other plece of information necessary for the modeling iz the rate
at which the PCOs Yeach out of the structures. This s characterized by the
@1Ffusivity (D, cm2/5) of the PCB in the matertals. Diffusivity is the mass
transfer analog of thermal conducitivty and s a function of the soivent as well
as the medium in which the ditfusion s occurring.

The molecular diffusivity of bipheny! in TCE and TCH® was measured at 23°*C using
the method of hydrodynamic stability (2). The mplecular diffusivity describes the
mess transport through a homogentous phase (stagnant fiim of flyid)., not a porous
structure. A porous medium, by providing resistance to diffusion, decreases the
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eftective diffusivity. The molecular diffusivities determined here can be viewed
as upper bounds to the rate of diffuzion 'n the vartous transformer components.
Bipheny! provided for an easier analysis of the data since 1t s a single
compound, unlike the PCBS used in transformers that were Complex mixtyres of
stmilar chemica) species. The transport properttes of PCB and bipheny) are
similar. The diffusivity of a PCB (pclychlorinateo bipheny!) can de easily
estimated from the biphenyl value by accounting for the differences in molal
volume at thetr respective botling points {3). The estimation of diffusivities ¢t
temperatures other than the temperature of measurement 1s also straightforward
{4). See Table 2 for the measured diffusivities of biphenyl along with the
estimates for hexachlorobiphenyl (HCB) at 23°C and 60°C. Hexachlorobiphenyl (6
chlorine atoms out of a possible ten on the molecule) 13 the “average® constituent
of Aroclor 1260 since Aroclor 1260 s 60X chlorinated.

The diffusivity of PCB 4n silicone fluld 15 substantially Jower than in TCE or TCB
s & result of 1ts higher viscosity. 8ecause of the lowsr diffusivity and partia)
miscibility with askarel, silicone fluld would be considerably less effective at
PCB removal than either TCE or TCB. AS & result of the Yower leach rate, silicone
flptd could be uysed to increase the 1ikelihood of the reclassification if used ag
the dielectrtic fluid during the reclassification period. The stlicone flyid would
retard the leaching of the PCBs from the transformer internals resulting in a
lower PCB concentration in the bulk filuid but higher PCB residuum. P

MATHEMATICAL MODELING

The system chosen for the modeling of the retrofil) process 15 a 500 KVA PCB
transformer f311gd with 200 gallons of fluid that s 50X by weight Aroclor 1260
and 50X TCB (tri- and tetrachlorobenzene, a typical askarel mixture). The
modeling is specifically of the transformer ¢olls because these represent the most
difficult structures to render PC8-free. The core, the other major constituent of
the transformer, has spaces betwsen he laminations that are large compared to he
dimenstions of & PCB molecule and the diffusion path out of these laminations s
not tortuous (straight-line}. Thus, the mode of diffusion out of the laminations
13 molecular, not hindered as 1s the case in the cotl insulation. The level of
PCB residual predicted here, modeling only the coils, 1s an under-estimate;
becouse, there are likely to be constderable residual in the fiberboard and the
maple in addition to what remains in the coils.

A conservative estimate of the amount of PCB material contained in the three coils
of the 500 KVA transformer before retrofill 1s 4 kg based upon the fluid volume
experiments described earlier, The actual amount could be as high as 16 kg. The
diffusivity parallel to the paper windings is several orders of magnitude greater
than perpendicular to the paper (5). Therefore the diffusion was modeled in one
dimension parallel to the paper. THe length of the coil ip the direction of
greater diffusivity was 30 cm.

In Figure 1, the amount of PCB remaining in the coils after & months of diffysing
into 8 solvent with zero PCB concentratson (the maximum driving force for
diffusion) 4% plotted against values of diffyusivity/é1ffusion-length? (D/L2).
Curve A depicts the results for the conservative 4 kg flgid mass estimate while
curve & depicts the results for the 16 kg estimate, D/L¢ 1s an tindication of

the rate at which the concentration of PCOs in a medium decreases. The dependence
upon the length-squared s significant. A large transformer with larger interna?
plrt: coulattake very much longer to achieve the same degree of PCB removal than a
smaller unit,
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only 56 g of PCB 1s necessary to raise the concentration of the 300 gallons of
‘transformer fluid to 50 ppm. This guantity can be calculated by muitiplying the
ltoti' weight of transformer fiutd by § x 10°5, 7o be sure that the transformer
flutd never exceeds the 50 ppm level, the PCB residual must be reduced to luss

“than this quantity., for the transformer modeled here to rema'n under S0 ppm PCB

(residua) < 56 g) indefinitely, the 0/L2 value must equal or exceed 2.6 x

.10-8 s=1. The higher diffusivity of PCB in TCE makes this the solvent most

Jikely to effect the desired clesnup. The highest value of D/LZ (using the
molocular diffusivity upper 1imit) possible for TCE at 60°C 1s

1.8 x 10-8 s=1.  Thus even TCE at 60°C with no impedence to diffusion from the
cotl materials 15 insufficient to ciedn the colis well enough to guarantee under
50 ppm concentrations indefinitely. Any reduction in the diffusivity resulting
from the diffusionsl resistance of the insulation will substantially increase the
residual lavel,

from curves A and B in Figure 1. 1t can be seen that kilograms of PCB are 1ikely
to remain in the cotls. With the possibility of additional materisl in the
fiberboard and wood, the values in Figure | are under-estima*.s of the total PCB
remaining in the transformer after retrofili. The large PCB residuum does not
imply any difficulty with reclassification. The leaching rate, particularly 1f 5
silicone 1s the final fludd, 1s sufficiently low that the dulk fluld concontra§4;n
would remain under 50 ppm for 90 days. The significant criterion that the /
transformer owner should use to evaluate the success of a retrofil) process is the
reduction of the PC8 restduum to below the Tevel necessary to guarantee under 50
opm indefinitely, not the ability to meet the present reclassification
requirements.

CONCLUSIONS

Retrofil) services utiliZing a good solvent may effect the desired
reclassification by meeting the 90 day requirements set by the EPA for the
dielectric to contain less than 500 or 50 ppm PCB. This does not mean that the
transformer 1 truly PCB-free. Kilograms of PCB likely remain in the coils,
fiberboard and mapie wood. By opting for retrofill instead of retrofit, the owner
risks the possibilitty of the reclassified transformer betoming a PCB-contaminated
unit, or worse a PCB unit, as a result of the slow leaching of the remaintng PCB.
The owner, upon discovery of the increased level of PCBs In the replacement fluld.
1s subject again to EPA requirements as determined by the PCB concentration, Kis
options may then be Vimited to replacament only, depanding on the type, location
and application of the transformer, or he may ba ablie to again retrofill, )

Poteniially more sericus would be the discovery of the increased PCB concentration
aftar & spilY, Yeak or fire involving the transformar. As the EPA focuses more
attentien on transformer scrapping operations, the possibility increases for
bscoming involved in site remedistions due to the disposal 4n & scrapyard or
Tangf41) of an EPA classified non-PCR or PCB-contaminated carcass containing
sigrificant amounts of PCB. The Financial risk can be substantlal) as noted by
several recent clesnups directed by EPA.

The rectrofill and reclassification of a transformer might initially be less
costly than retrofit, but there are potentially higher future costs and

significant risk that should be taken into consideration before a deciston 1s made
between the two thoices,
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Table 1

greakdown of Transformer
flutd volumes

flutd volume Percent of
Stryctyre {In Mi1idYiters) Tota) Volym
Core 20 0.8
Cotls (2) 650 2.0
Fiberboard 1M 0.5
1097 i 3

Total Transformer Fluid Volume - 33 i

Table 2
piffusivity (cm/s)

Soivgnt Bipheny) (23°C) Hes (23°C) HCB (6D°CY
TCE 1.4 x 10°5 1.0 x 10-5 1.6 x 10-5
TCR 6.6 x 10-6 4.8 x 10-6 9.1 x 10-%
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J. P. HePartland
lows Electric Light and Powver Company
Environmentsl Coordination
P, 0. Box 331
Cedar Rapids, Iowe 52406

TITLE AND ARSTRACT ,

Ratrofill in s Remote Location of Network Transformsrs Uasing the Westinghouse
Syatem: The PCB transformers that sre the subject of thia paper present soms
epocisl conditions. Thay are located in vaults beneath the sidewsiks in down-
town Cedar Rapids.

Cedsr Rapids is a tity of sbout 110,000 perscns and 2 trade sres for additional
thousanda. The downtown ared. 88 you can imagine, as 2 well-established, tradi-
tional shopping end trade neighborhood. It is high-traffic for both automobilas
snd pedestrisns.

Neatvork transformers in the sres pressnt for our utility a typical low-probability,
high-risk condition: the chances of a problem sffecting utility customers snd

the puhlic are vary low. Should a problem occur, however, the risk ia potantislly
very high.

Hany of yeu have been, or are now, confronted with the samse situastion.

What do you do? Do you lsave things as they are, changing to non-PCB equipment as
it sgas, falls, or beconss economically inefficient in the natursl course of
eventa! Or do you, as many have done, replace the PCB spparstus ss quickly as you
can? That ia the sefest way. Also, tha most expensive. All companies cannot fol-
low tha raplacamant courss because of budgetary limitations. There is an addad
coat factor in replacement, too. That is the cost of disposal and destruction,
Retrofill is a middls courss that many sre following. It is the coursa lowa
Elsctric decided te follow for its downtown Cedar Rapids network transformers.
Thie decision wvas carsfully and thoughtfully made. It was reached after careful
evaluation of all the factors--public and customer welfare, system efficiency,
cost, and impact on overall operastion.

Retrofill will cost somewhat less than replacement. We d0 not know just vhat that
cost ssvings will be as yet. But costs of ratrofill now appear t0 be two-thirds
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to threa-fourths thoss of raplscing existing units with naw apparatuses. This
savings of 1) to 25X of replscement includes the avoidad cost of disposal and de-
struction.

Iowa Electric personnsl made tha ratrofill deciaion sfter careful evsluation. To
data, that decision sesms to bs & good ona., S50 far, our experiance has baan goo0d
snd wa axpect to continue to have §o0d expsrience, We are now working with the
retrofill of four of the transformars--and fully axpect that we will contfnua with
this retrofill proceas for an additional 10 to 15 tranaformers. When Iova Elec-
tric decided to retrofill, our technicians ware concerned about the impact retro-
£111 might hsve on custorers end tha public as they vatched ua vork in high-
treffic downtown,

We rightfully falt thet work in downtown vaults might cause unusual comment and
concern amang cuatomars and tha public, Hesvy vehiculer and pedestrien treffic -
could reise more questions sbout the ratrofill procedure than tha procedure 1:-55}
would snawer. As you sll know, the pressnce 0f PCBa in electrical squipment 11“
wall known to the public, The public has ne trouble perceiving PCB dengers. At
the same time, the public in ganaral had little perception of PCB's ectual dangara
to humsn health end velfers. The gansral public has not besn able to raalistically
svaluats the lov level of PCB risk. Thua, lowa Electric wvalcomed a ratrefill pro-
cess which allowed the company and its contractor to carry out the transformer
process in a remote lOcstion.

In this setup, the transformar is ramoved from ita place in the network vault snd
truckad a mile snd s half to s facility the company owms. The transformsr is re-
placed with s spare ona from the company's inventory. The transformar taken to oOur
ramote facility for the transformer process hss, of course, been carefully evalu-
ated for sge, projected remsining useful lifa, snd general condition. Omly good
candidatas for relatively long reamsining useful 1ife sre selected for TransForm.
Units which do not meet criterie are removed from service and are replaced aithar
with transforwers from inventory or with new apparatuses.

At ths transform fecility, this procedure is followed: PCP fluid ia dreined,
gasket materials ers repleced, and tha transformer ie filled with e proprietary
dielectric fluid called TDR-). Then & processing machine {s cennectad to the
transformer and the transformer ia re-energizad. Thia first stage ia axpected,
by Westinghouaa, to not exceed 48 houra. Experisnce indicates that undsr most
circumstances not mors than twelve hours sre requirsd.

The processor than cpesrstss with the trensformer in servies for duration of the
treatment--usually four to nine months. When tests and completed processing time
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A 3301 the end of this stsge, s sécond atsgs begins. The processor is discennscted
feom the transformer and the TDR-3 is drainsd from ths transformer. Ths trans-
forner is then vecuun-filled vith the dielectric fluid of ths owner’s choice. It
ould be mineral oil, ailicone oil, or other materisl. Ths choice is bassd on

[
the ownet's choice snd code requirements spplicable to the permanent locstion of

-

the transformer.

The building in which the TransForm process le carried out (s in & commercisl/

Ll 2

' reaidential ares {n Cedar Repids. We nov have four transforners in TrensFora pro-

¢
19

fcess. While the fascility {s not manned continuocusly, it is monitored continuslly

Fvith ssnasors vhich sctivate telephons equipment it and vhan s glitch occurs and

" the processor sutomatic equipmant shuts dovn the opefation without sffecting the

':ranlfor-or. Thus, monitoring is cerrisd out by Iows Electric Oparstions par-
sonnel or by Westinghouse technicians. lIows Electric personnel sre only a fev
minutes avey. To date, the sutomatic shut-down and telephcne esnting devices have

"

opersted very wvall.

The Wsstinghouse TransForm procees is & single-trestment foconditienln; aorvico:
We sre gusranteed reclassification of the transformers to nen-PCB status. As you
know, non=PCB stetus is lees than 50 parte per million. At the end of the process-
ing pericd, the trenaformer is disconnected snd s 90-day in-eervice period is be-
gun. Then, the TDR-3 fluid is remcved snd replaced with the final fluld. In our
case, that fluld will probebly ba silicons.

(Results of our TrsnsForm experience through September 30, 1987, vill be presented
vheh the psper is resd.)
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EXPERIENCES FROM RETROFILLING ASKAREL TRANSFORMERS

A TWO YEAR SERVICE DATA PROGRAM

G. R. Atwood and W. B. Martin
UNISON “ransformer Services, Inc.
Subsidiary of Union Carbide Corporation
800-544~-0030

ABSTRACT

Since RECLASS 505 servicing was first offered in July of

1985, it has been accepted by more than 200 major clients,

Over 3,000 askarel servicings have been completed with no.
evidence of incompstibilities or other problems having beens
observed. In general, the vast majority of askarel,
equipment has been found, upon examinatien, te be in’

excellent condition, dry, l.lqht&y loaded and oparating at

oil temparsturea of less than 50°C.

The resultas of a Servicing Information Data Program are
summarized. The data include most types of 15KV equipment
{including rectifiers, voltage regulators, and grounding
transformers), over 231 different manufacturers, and network
and radial electrical configurations.

A common gquestion for existing transformers is the
condition of the equipment and how much useful life
remains. The mean age of eQuipment under service is
greater than 25 years. Age alone, however, has not been a
reliable indicator. Transformer inspsction, electrical
testing, and coolant analysis can be helpful, Askarel
coolant has been observed to be quite stable and inhibitory
towards internal degradation. Tha vast majority of coolant
in transformers have tested lowv in water with
correspondingly high dielectric insulating strength
(indicative of t{ght gaskets and bushings.) .

Transformets in the Data Program differ greatly in design
and electrical characteristics but have been constructed
from similar rous materials and thus are obsarved to be
respending similarly with respect to PCB removal. The
dosinant parameters influencing PCB removal rates and
mathods for tracking progress are discussed.
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ENVIRONMENTAL ALTERNATIVE
TO LANDFILLING PCB TRANSFORMERS

Dana §. Myers
S. 0. Myers, Inc.
Transformer Consultants Division
180 South Avenue
Talimadge, Ohio 44278

ABSTRACT

1n order t0 eliminate the “1ingering 1iabilities” associated with the Tandfilliing
of PCB transformers, 5. 0. Myers, Inc. has developed a process which will
decontaminate the internal metallic parts of the unit, The celiulosic materials,
along with the askarel fluid, will be incinerated. (For {iuids contamirated

up to 3300 ppm PCB, the PCBs will be chemicelly destroyed using the PCB-Gone
Mobile Process.) The end product will be that the natural resources are
r:%?ver:d for reuse, the PCBs are destroyed, and no trace of the transformer

W exist,

Since the advent of Superfund, 1t 1s no longer possibie to place toxic or
hazardous substances into a landfi11 and assume that the problem has been solved.
Despite the Constitytional prohibition of retroactive laws [ex post facto),
Congress decidad that they can pass laws in the present that may affect actions
of the past. Therefors, disposal metheds which are legal today may turn into
tomorrow's extraordinary costs.

EPRI recognized this when it spoke about the “lingering Tiabiiity" associated

with the landfilling of PCB transformers. Since the ownar of a PCB transformer
bears responsibiiity for disposal of the PCB transformer at its end of 1ife,
and landf{lling may not constitute “end of 1ife,” Tandf{111ing could subject

the generator to possible future 1{ability should any number of things happen
{e.g.. Telghing. Teaks, {mproper disposal, poor record keeping, changes in the
Aws, @tc.).

Development of the disposal process discussed in this papsr {the detailis being
highii?hted in the accompanying siides) began as 2 research project to retrofil)
askare transfornnrs.z Experiments with cleaning tightly packed Taminations

to below 10 ug/100 cn® revealed the difficulty of such a feat. Then, when wa
found 144 pounds of askarel soaked hardwood together with over 60 pounds of

papar in a 200 ?lllon askarel unit, 1t was decided that this was a very difficult,
if not impossible, proposition. The fact that we are not aware of any company
claiming to vatrofilt askarel units to non-PCH status, and the guaranteeing that
they stay non-PC8 for one or two years without any servicing after the §$0-day
wait period, points towdrds a high probability that {t cannot be done.

S. D. Myers, Inc. thersfore developed our disposal process, now in the midst of
commgrcial scale-up, that relieves the transformer owner of his PCB 14ability
and olimirates the need for 1andfiiling any transformer, PCB or not. The process

2-61

MONS 217249



fnvolves, in the case of askarel units, first draining and flushing the unit (o
remove gross amounts of PCBs. After this, the transformer core and ¢oils are
untanked, all porous materials (paper, wood, ?asket material) removed from the
metal parts, the Taminations separated and all the meta) parts rinsed unti} tne
PCls have been removed. This s done under EPA authorization, and heslth end
safety issues have been addressed. The case {s then separately rinsed both
{nside and out to ensure that the PCBs have been adequstely removed.

The waste streams and materisls are then handled as follows: All porous
materfalg are sent out for incineration, A1l PCB-free metal parts are sent to
smeiters. The solvent used for rinsing is distilied for reuse, and only the
still bottons coliected for incineretion. Thus, nothing exists that can, in
any imaginable way, be traced back to either the generator or the disposer.

PCBs have g:zn adequately removed, according to the EPA, when less than

10 ug/100 oszCBs are detected on a wipe sample. Region VIl EPA considers
10 ug PCA/100 em® to be the 1imit of detection for wipe samples. Region V EPA,
under whose authority wa have been working, considers less than 10 ug/100 cm¢ to
be the goal of such clean-up activity.

We believe that good reason exists to justify that the 10 ug/100 em {5 the
environmentally safe level for clean-up that should apply for this operation.
First, the April 2, 1987, “TSCA PCB Spil) Clean-Up Policy Rule” uses less than
10 vg/100 as its level for clean-up of "high contact solid surfaces."
Second, the EPA allows PCB contaminated transformers to be drained and the cors,
coils, and case (with the porous materials sti1l attached) sent to a smeliting
operation. These transformer parts often contain more than 10 ug/100 cme. This
being the case, it would be 1llogical for the EPA to require stricter clean-up
Tevels for disposal of PCB transformers than they do for disposal of PCB con-
taminated transformers. Third, {f the 200 gat]on unit previously mentioned

had all its metal parts cleaned to 9 ug/l00 . the total amount of PCBs
reméining would be 0.B gm for a 99.9999% removal efficiency.

The goal in developing this process was to eliminate the "1ingering 1iability”
of PCB transformer owners in an economical fashion. While this goal has been
realized, other benafits also accrus with this process: namely, valuable
natural resources are recycled for use, the amount of waste generated is
reduced, and the generator can say, “1 have selected the method of treatment,
storage or disposal currently available to me which minimizes the present and
future threat to human health and the environment. ”
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TRR FATE OF PCBe IN SOIL AND WATER

Toha F, Bgova, Tz.. Rebert B, Voguer, Doase L. Baderd.
James €, Corneden oad Renald Datezmen
Geserel Elootris Resserch snd Develepment Conter, Sehessetedy NI
P.0. Sor & Bohonsetady, NY 12)01

Oatil reseatly, there sxiated tve ocoatredietery peceeptieas regardiag the
bohavier of PCOe ia the gensrel savicoameat. Oue¢ weo thet the semmareiol PCBy
(Agoclers) vers sesentiolly indestruotible, ond vosld pereiet indefinitely ot
spill sites umalese romeved by some form of comedial sstion. The other wee
thot the oaslrtiosl gas shrmotogzome of PCVs rosnvezresd from savireamiatel
sanples roerely metohed thess of sither ladividuel or mized Areslezs, 1o that
verioss orbitrery soavesations vers aended L2 erdar te zepert snvicemmentel PCB
saslyess in tezma of "Arcsler” ssmpositions: The shrometegrephio aissateh ves
stteidbated to “westhoring” of the PCR,

Doring the poot fonx yoors, we bave boon otadring the sompoosition of oeavicen~
mentel PCBs  with high revoluties sapillacy oo shromategrophy ond mass spos-
teomotey im erder te bettor shozesterine the PCB “wosthoring” phenamenen osi
fdestif{y ite exigins. It Ls aev sppazent thet it inelades at leset fonr dif-
tocont typea of PCB slteration pressesss; pertitioning iate o wodile phens,
sxidotive bicdegredetien, rodastive biocdegradetion (deshloerination), ond pho-
telyeio by smalight (1~6). These four prosscsss, their enviremmentel roquiro-
meats, their croesogaities {feetures, and theiz iafluemes oa PCB fate vwill ¥
deverided in taza. ' ‘

PARTITIONING INTO A KOSILE PRASE

Theze oee ot Losat Lonz purely phredesl mecbenisme by vwhish PCBi sep b
conoved f{rom semtamimated seils of sedimentes. These ore (4) sveperatios iate
the atassphers, (b) extzactien iate o body of vwater by truwe, aeleeniar sola-
tion, (0) egtrestion Late the vater by discelved orgonie oolloids (faeilitatod
selution), and (4} Clushing of snspended dzeplets or pectioles By o weter
steoss Presecs (4) coequices sm opprecioble oeunzgent velecity, and hense
ceptessnte on impertent FCB transpert meshonion 43 civers, Hut set 1o most
Lakes, ootuazies, of gromndveter. It oon be distiaguiohed frem () and (o) by
tiltoring o ssmple of the vwatez ond easlysing the filtrete ond snspendsd por
tionlates separetely Qo PCB content. Proesesses (o) ond (b)), salike (o) ond
(4), zosnlt 4n ohanges {ootually, vory similar shangea) 4a PCB acampesition.
Thees osonr bdosenss the veriees individual POV songenere differ eonsidacedly
ia velatility usd woeter-selsbiliny. Bines thess prepectiss ore slowmly
roloted to mobility os o gus ebzomatogcephio solmma, if oithoer eveporation or
vater—sxtrestion of on onvirommentsl PCR spasinen hao saonseed, its oshromoto~
gzom vill shev o gosersl veokoniog of the sacly peaks thet bessmes nere Borked
the sarlier the rotontion tine, but with 2o merked altecations ia the peletive
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iatessitios of seighberies peaks. The orteat of sneb svaperative or oextres~
tive Loss Lo probebly beot satineted Br scaperisan vith Acreslor stenderds that
have boos olloved to oveporets to kaova ssxteete of veight Llees i8 the laderg~
torys . Sash eetimetes dsdioate sxroneive (20~80%) PCS Llosses fzom the sselee,
leysre of seile sad sndimeats ot Arosior 1242 epiil sites, oad semetines sven
sigaifivest eviperastion ([rom Arssler L260. This Loes meshesiom, hovever, is
shvicasly iapgebable for PCBs that aze more deeply Varied or sedisperend,

i leadtills. .

OLIDATIVE AI0DEORADATION

Beils, esdinente. ssd snrfooe vwateze soatain sompler pepnlatiess of ssroble
siscoergani ome thet ore sepable of ecidetively Viedegrading oll of the eatur~
slly esenzciog shaminsl soastiteente of orgenis natter, oad alee nmsay PCS
SOREIRNEL. PCB=dogroding Vootocia have beon dotooted in every seil and sedi~
meat that ve have sesmiped. To date, over tve doten atraine of PCBdogradiag
bastorie have been dseloted {1). Theae vary widely in PiO~dograding sotivity: .
seme ook 3ttesk ealy o f[ov mego~ and dishlogediphesyle, others ean sttask
slmest all of the lever songenere, many of the peateshlerabiphearle, ead svesn
a tev beasshlorebipbonyles. Thoey slee vary in ecagensr selestivity pattera:
some (the aajerity) san telerate the presense of shlsrine stoms in botd prie
{4,4'~) positione bat aze iahibited when shlorins otoma oOssspr tve erthe
{(23,2'= or 1,6) positions, or pesitions 2,5~, while the otheze san talscete
2,3'~ sudatitution more easily than 4,4'~ (1,2). The levele of the individusl
steaine in seils and sedimonte ace prebadly low aad predadly eet inersased ia
the prossnee of PCO sontamination, sines nens af the PCB-degrading serebes san
astuslly grow on PCB,

In envizeomental PCU samples the esonrrenes of eaidstive miscobdial biodegrads-
tiea mey be distiaguished fzom thet of eveperative or elutriative lees by the
sppeazenee of selestivity ia the eongener romevel pattesn. Isstead of ma
indicorimingnt Leas of all Lower esngensrs in proepection to thoir velatility,
one upually aaee Llasses of those lower songonsrs that eacey osly eme orxthe
shlecine in prefsrenes to theoe of the ayamstrically di~erthe (2,2'=) sudeti~
tated type, and theoeo in proference te thooe of the waeymmeteiesily di-ortho
(3,6~) enhetitmtod typss. Wo hove ooem theoe 2ect of sltecstions noet oslescly
in aemples of grovadvater, oad theas of riverweter thot hed sontsined most of
the PCE ia trwe selatien] in serebie e0ils ond sedinents Lesaes of lover
soagontce by eorodie biedogreodotion aze often overshedowsd by thoos arising
{rom evepesetion or olatiem.

A hioshomienlly difCerent Lorm of oxidetive biodegredetion (thet (o, o (era
aesdioted by nmonsezygenass crether thua diexzyrgeasss entymes) fors sssurs ia
birde, nsmmile, ornstatenne, ond some kinde of fiekh (B). Ae 3 zesult, ia
envirenmental PCU opocinmene dorived Lrom onsh sonzess, rother them {rom eoils,
sodimexte, wvater, or uollnees, the altoretions in PCE oeeagener distribation
peodsnesd By olither phreieesl pextitioning or savizemmental baeteris sen M
overcidden by thess offestod by nensozygenses (1.0., P=4¢50 oyteshromes) nsta-
belion., Thie type of metebelism cemoves sssestiolly all PCY songenscs sxeept
theae that oze di-pere sabetitated, ond Pertiosnloeciy thess sarrying okleriznes
ia ’.l“‘..' 3."’. o ‘.0

REDOCTIVE SIODSORADATION (DECELORINATION)

The mest reseatly divsevered forn of exvireamontal POV biodegradetion eensists
of rodustive deshlocinetion 4n equatie sedimeats (4.3), Evidenses for the
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coenrrents of eneh precesses heve 20v been fonpd in sediments or fish frem the
veters of Fort Edwerd, KIy Pittsfield, MA; Faakegan, IL: Shebepges, I
Masseas, KI? Alveay. NY; Nev Sedford, MA; Eeoembis Roy, FL: ond Nev York City.
The precese hes Veosn dapiisstad in the leberstory by lneadatiag PC8s wirh
snstoriliced sodimonte uander eceserobie eonditions, bat Ls stopped by aterili-
setion, imdieating thet o biologissl egeat ie iavolved. Avellebls evidence
jedicaten thet ot lesst ¥ diffarcet envirowmental sgeete, procemedly oll dif-
terent atraime of smserobie Dssteria, ere responsible for corrriag out the
observed deoklorinstion processes. Ko slse believe thet these Vactarie ase
the PCBs o8 toermilel sleotron aceeptors ia their metabolie preecsssss. Tinms,
those sneerobes, unlike the PCl-oniditing serobes, mey bs  oble te derive
soupstitive advantage {rem thelr PCB-degrediag setivities. snd therefore pro-
duee octonded eclonies of o single speeise in srses vhere they have mansged 1o
seed o PCE oplll site. At ony event, pettorms of higher mengensr depleties
ond lover eongener fezmetien tend te Bo sharply‘defined ond gquite comsistenmt
from oeomple te ssmple within o siegle apil] site, but demenetrably difforens
in differant aitoe. Charsateristia recegnition feoatures of omviremmentel POU
thet hove sadergons reduetive deshliorinstion ineluds depronsed levels of most
higher nengeners, partionlarly of those oontsining 3,4=, 3,4,5~ or 1.3,4-
ohlorephenyl gronps: and eharply ineresssd lovels of eertein lower eeageners,
vhiok may Ve those esprying sither 3-, 3=, 2,6= 2,4- or 2,5-0hlerophenyl
gronps, depending wupen the perticeler deshierinstion eyetem involved. Thas
fer, we have nenally seen redaetive dochlorinetion in the hoovlly sonteminetsd
sediments frem the lmmediote vieinity of epill eites, and in the lece heavily
sontaminsted rogione aronad the periphery of sueh sites, Sut wemslly net ja
the lightly contaminsted sedineats {rem remots srees,

Tho signifioence of reduetive deohlorisstion s three—fold. Fieet, M ro-
duoing the degree of ohlorinstion eof the PCE moleenlen it mikes thew morse
eslily resoved frem the slte by sither partitionming iate eir or weter or by
oxidetive Viedegradatien. Secend, by rwmoviang the eongemere sargyiang §.4-,
2,3,4-, oad 3,4.5-0hlezopheny] groaps reduetive deoklorinstion slese removes
the peteatisl for ohlorssaegenie toxisity, oad by removing other chlerins
stems (rom pegs (4-) positioens, ss well the petential for PCB biesssumnlstion
ia varm=~bloeded enimals. Thue, the diologiesl deehloriastion also sespa-
pliskas dstoxieation. Third, by oharply sltering the eongener dictribation io
thy Areslez, it exa provide znusael PCB eompositions vhess movements throng)
emvirommento eontamineted with PCle frzom other sonrees san he trecad.

PEOTOLYSIS @Y SONLIGET

Leboretory anéd medeliag stadiee () heve ohova that PCBy in soiatios mey be
photedogradad by soleg altroviolet. the preduets Veing meetly thess of redeo-
tive deshlosiantion., nlong vith some of phoeto~eseinted eolvolysie, The photo-
ehmioal doshlorisation, in chorp eentrsst to the mierebiologlesl, hae &
stzong prolocenss for resoviag ortho ehlorines, snd thue yielde PCB apiztuzes
copsleting prolemisantly of wmeno-ortho aad nom=o0rthe edbegituted eongeners.
s havo 20t ot 200k 22y tush seapseitions in veter, fleh, or sediment sanples
teem iashers o inlsad loontisnms, ner does theory prediet their sxistenocs.
Bovoves, modeling zosults suggest thet they might sppesr in of {-ehore spesi-
meas, om0k ot mid-ceeen Pplaskton eolleetions. Photechemiosl dechloerinstios
should inprove PCE emsesptibility te eolution end exidetive biodegredation, but
ia the eerly stspgee vwould Lnersese rather than deoresse ehiorsonegenie tori~
elty.

Putting thass procsssss togethar, it woald eppaer thet the amltimets fets of
PCBe relsessd o3 lead will ve ¢ pertiel biodegredetion by ssrobis soil bac-
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tezie o3 sits sesompaniod by o gredas] traesport vie netacroiogioel and hydee—
leglael processss to lefgs lekes or cosens vhere deatraotion vill oesnr b os
oonbiaation of photoohmmice]l and sezobis miorobjel prosesass. For thoss PCSe
celeassd imto vaterveys o0d theons taken up by the sediments, enseroble micre
blel duohlorinstion will permit ¢ coosidarable seceleration of the prosssses
of detoxiontion snd mobilizetion, end give prodmots that vill be mors repidly
destroysd by photolyals ead ozidetive biodegredetion in the surfsce vaters of
rivers, lekes, ond ossens. The sitast to which thess procassss of traesport
oad treanformation bave coentrsd et eny Oae sitse vwill obviowsly %bs depsadiet
npoR  locel eavirsmmentsl feotors, perticalariy thoes affaatiag tha levels ead
astiviting of both ssrcbis and entsrobis miorobisl populations. At presen:,
snoh Cadtore are aot vell sndapstood, se thet thelr net sffest npon PCO fy¢0
st ey speelilin site hes to be determinad throngh o deteiled ehromstogrephie
snelyals of the residael PCY composition.
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PCB-RELATED ACTIVITIES AT EPRI, 1986-1987

Mary €. MciLearn
EVectric Power Research Institute
Coal Combustion Systems Division
3412 Hillview Averue
Palo Alto, CA 94304

ABSTRACT

Research activities concerning polychiorinated biphenyls (PCBs) are currently

being conducted in three technical divigions of the Electric Powsr Research
Institute, In the Electrical Systems Division, activities are focused on the
decontamination of utility fluids, decontamination and destruction of PCB-
containing capacitors and transformers, PCB fires, and substitutes for PCB. Pro-
Jects in the Coal Combustion Systems Division address remedia) action for PCB »
spilis. Environment Division research i3 concerned with risk assessment for PCB .~
exposure, risk managemant for utility PCB equipment and PCB-contaminated sites, *
and analytical methods development for polychloringted dibenzodioxins (PCODs) and
dibenzofurans (PCOFs) in PCB matrices.

ELECTRICAL SYSTEMS DIVISION

In the Yast year, most of EPRI's PCB-related research has been maniged by the
Electrical Systams Division. A 500,000 g9allon per year plant for the decontaming-
tion of mineral o1V has been constructed in the Georgia Powar Company systes at
Atlanta. (Resaarch, Project 2028-13,14). Research permits werg received in autumn
1986 and shakedown runs and instrument calidration began in October 1986, PCB
runs have been conducted, problems in the extraction ssction have been corrected,
and problems in the solvent recovery section are being addressed. The facility is
schaduled to begin operation again in June 1987, This 1is expected to be the fiml
EPRI ressarch effort toward decontamination of minera) oil.

Studies investigating the pyrolysis and combustion of PCB as & contaminant
(RP2028-4) have shown that PCDF formetion in PCB-contaminated fluid is propor-
tional to the PCB concentration. Mith tri/tetrachiorcbenzens replacing PCB as the
contaminant, &t concentrations as high as 5000 ppa, neither PCOF nor PCOD is found
folilowing pyrolysis or combpustion, Pyrolysis and combustion of pantachlorophenci-
contaminated insulating olls are currently being examined. As part of this pro-
Ject, the flat-call bioassay technicque is being developed to measurs PCOF/PCOD-
Ttke activity in pyrolysis or combustion products in & PCB matrix. This should
sarve 43 & simple screening technigue for emergency uses.

An improved analytical method based on gas chromotography/mass spectrometry for
measurement of individual PCOF/PCOD species in utility fluids has been developed
SRPZDZB-S through -10) and tested through a laboratory round-robin, Both tha

lectrical Systems Division and the Environment Division participated in this
project. Agreemant between the five laboratories participating in the round-robin
testing was generally within s factor of two, which was congidered satisfactory.
In ganersl, results indicate that the method represents a significant advance in
analytical technique for measurement of PCOF/PCOD in utility fluids, and no addi-
tional research is planned in PCOF/PCDD analysis.
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A DL arc furnace for destruction of PCB-capacitors is being constructed at a fleld
site in Model City, New York (RPZ701-1}. Permits have been received from the New
York State Department of Environmenta)l Conservation and the U.S. Environmental
Protection Agency and initial tests on non-PCB surrogate materials have begn
planned for the second quarter of 1987, Tests with PCB materidls will follow ¢n
1987. This will be the final EPRI research project in askarel destruction,

EPRI has been evaluating options for rapid and sconomical methods to retrofill or
scrap askarel transformers to meet EPA requirements (RP2028-19), seeking a method
for cleaning drained transformers so that they would not require disposal in spe-
clal landfills. EPA permits have been received for the gxperimental work, and
experiments are underway to detank and clean metal parts, fo'lowed by incineration
of PCB-satyrated cellylosic materials, The economics of such & process will re-
quire careful study. Under the same contract, & material balance and anmalysis s
being done On the residue rnmlining in contaminsted mineral oil transforrers after
careful draining. The objective of this work i3 to gain background information
for possible simplification of analytical requiremants for reclassification of
retrofi1led transformers as non-contaminated.

COAL COMBUSTION SYSTEMS DIVISION

In EPRI's Coa) Combustion System Division, PCB-related activities have addressed
remadial action for PCE spills, including PCB analysis and spil) cleanup. 1In
1966, phaseout of PCB-rcl.;ed activities was begun in the CCS Division,

A portabls PCB analyzer (PCBA-102 gas chromatograph) wis developed under EPRI
contract (RP1263-9); extensive laboratory and fie1d testing has now demonstrated
that accurats and preciss measurements cin be made by experisnced operators using
rigorous quality control procedures (RP1263-23)}. The field instryment has been
modified and ruggedized as a resylt of the field tests and is now commercially
availadble from the developer.

Pilot scale tests have been conductted of a Sofl-washing system for PCB remediation
(RP1262-15) and have demonstrated successful volume reduction of harardous water-
fals using a proprietary solvent, PCB-contaminated soll (up to 4000 ppm PCB) was
cleaned to below 2 pom and the solvent could be recovered for reuse leaving a PCB-
solvent residue for disposal. Field demonstration indicated the need for addi-
tional development of the mechanical system for soil-washing. EPRI is currently
pursuing options for additional development of the soil-washing process by the
commercial sector.

Mobil1ty of PCBS on solls is currently being investigated (RP1263-22): sorption
uptake squilibria and relsase rate studies are being conducted for three PCB con-
geners on typical and low organic carbon soils, Examimation of the effect of
agueous syrfactants on PCH release, toward development of an aqueous soil-washing
process, 13 planmned.

In-sity vitrification of PCB-contaminated soils has been demonstrated on the
enginesring scale (RP1283-24). Opportunities for further davelopment and demon-
stration are being discussed with EPRI member utilities. In addition, use of in-
situ vitrification for immobilization/destruction of mixed radicactive and hazar-
dous wastes and use of vitrified barriers for waste containment are being consi-
dered as future project arsas.
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‘Environment Division at EPRI i3 developing amalytical tools and information to
p1p utilities to assess and manage risks from PCBs. A PCB Spill Exposure
gsessoent Model has been developed to include exposure assessment for PCB.
zontaminated minera) oil and askarel, Components of the PCB exposure assessment
pethodo 109y inClude release mode, transport and fate moda, and exposure mode,
After relzase, a number of processes act to transport the PCBs in alr, water, and
godl. The transport and fate component of the methodology containg severgl
aode1s: & spill-site model called POSSM, PCB On-Site Spill Model, and several off-
'site models, which are established air, surface, and groundwater models.

Rl J

*-

ronce a PCB spi1) occurs, a number of key hydrelogic and transport processes come
finto play, depending on whether the spill s ci S01) or asphalt/concrete, From
“g0i1, PCB mey volatilize and enter the atmosphere, leach through soll into ground-
“water, or migrate overland to surface water. If PCB spills on concrete, the com.
pound MLy vo atilize and/or migrate overland to surface water. POSSM can consider
the influence of these processes on two types of spillis: relatively pure chemica)
spills (e.9., capacitor spillis} and spills of a mixture of two chemicals that are
relatively insoluble in water (e.g.. PCB-contaminated transformer oil spills),
when applied to the second type of spill, POSSM simulates the impact thet each
component in the mixture will have on the volatility and solubility in water of
the other component, -

The of f-site models are a Gaussian plume dispersion model, an andlytic surface
water transport model and an analytic groundwater transport model, These models
predict PCB fate as the compounds migrate through the air, surface water, or
groundwter,

Exposure can occur by three routes; inhalation, ingestion, and dermal contact.
Population distribution and activity patterns determine contact. The exposure
mode), EXPOSE, includes & general exposure analysis framework for estimating expo-
sure levels for each route., The framawork is currently used by EPA. In addition,
software for uncertainty analysis has been produced. The software will estadlish
the variance of the predicted values of concentration in air, water and soil over
time. It will also ald in estimating the probability of exceeding a given stan-
dard and so can replace worst cast scenarios,

The computer models ASK end COIL have been developed to nelp utiiities manage
their economic risks from PCB equipment {RP25%5), The models are designed to help
utility staffs to develop and explain policies to manage dollar risks to the util-
ity and {ts ratepayers from two sources: PCB equipment in power plants and con-
taminated mineral 011 transformers in the distribution system. Health risk man.
agement of PCB or contaminated minaral oi) equipment is addressed in a separate
model 4130 daveloped in RP2595, the Transformer/Capacitor Risk Management Mode!
(TRIM). A1l three models operate on 1BM PC-compatible computers.

ASK 1s degigned to analyze the alternatives for managing economic risks from PCB
squipment in power plants. A PCA spill or fire in a power plant poses the risk of
extansivae claarwp costs, the cost of replacement powar if the plant must be shut
down, end possible legal Yiabilities, ASK helps the analyst to compare the costs
of possible PCE incidents of varying severity versus the costs of management
alternatives to prevent or l1imit such incidents,

COIL s designed to amalyze alternatives for managing the economic risks from PCB-
contaminated minera) oi1 equipment in utility distribution systemg, A spi}l or
fire in such equipment poses the risk of cleanup costs and legal 1iabilities,
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COIL helps the analyst compare the rigk of inCidents sgainst the costs of policies
to manage those risks. An fmportant aspect Of this problem addressed by COIL {5
deciding whether & program to go out and sample mineral oil equipment 1n opera-
tion, for PC8 content, is worth the effort.

A series of case studies was conducted to field-test ASK and COIL and to demon-
strate how the models might be used, Write-ups of the case studies describe the
structure of the analyses, the major input assumptions and the results. COIL wag
applied at two utilities; one was large and urban, the other was small and rural,
ASK was applied 1n analyses of gifferent types of transformers in fiva different
power plants: two coal, one lignite, cne gas, and one nuclear. The seven write-
ups of the case studies are available now. Later they will be available as part

of the ASK and COIL documentation, .

A computer mode) called SITES has recently been developed to help utilities to
marage their risks from PCB-contaminated sites, SITES addresses two problems in
site remediation: determining the extent of site investigation to perform and
evaluating the effectiveness of remedial actions in reducing health and economic
risks. SITES has been applied to two manufactured gas plant waste sites, and €PR]
1s currently seeking host utilities to apply SITES at P{B-contaminatec locations. »

Updates on PCB research activities are available several times per year as the pck
technical report from EPRI.
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TRANSPORMER LIFE EXPECTANCY

Dr. Steven C. Vick and Wr. Dennis F. Tulloh
Unlen Carblde Cerporation
Tarrytown, New Vork 103581

ABSTRACT

This psper cosprehensively snelyseas trensforser 1ife sxpectency. Conclueions sre pre
sented in terss of treneformer typs end dislectric fluid utilized. A retionele {a
provided in support of vigorous pursuit of policies by trensformsr ownsre which sein
teln exjating trensformers in servics.

INTRODUCTION
Trensforasr 11fs expectancy is & subjsct of criticsl congern to sll trensformer own-

«rs. The congept of acheduled replscement before s trensforser has fajled often ls
practiced In the hope of minimizing foremd outages snd other dlaruptions of service..

However, rellebllity eurveys heve alsc shown thet the egiopity of trapsfoseer fgl)--
yres are cavged by fectory not rejsted to pormpl deteripration {rom ege,

t Presstury’

changecut mey result in s poor sllocetion of resources end mgy in fact ceusey sore”
w w

JECYice, Accelerated replecemsnt ¢of trensformsrs dus to environmentsl rjaks ssscci-
atsd with PCB ss ccolant le not only countsrproductive with regard te fejlure rets
analysis but is misc extremsly cOst ineffective. Proper trenaforssr replacesent
requires an understanding of trensformar fajlure ceuses gs well en evaluation of
transfornar life including both sdverse and positive fscters such as preventstive
asintenance and retrefill optione. ’

TRANSFORMER FALLURES

Trenaformers sre relieble, trouble-free pleces of squipsent, resulting
in an unobtruslvensss which makes falluras both unexpected and difficult to predict.
in an effort to more precissly define end categorize trensformer feilures, ssvaral
surveys by ISEE, Doble, tha U.5. govarnment. and othars have been undertekenZ:-¥,

For this peper, a “fallure” il defined as an unplenned or unanticipeted event which

resultes In any of the following to cceur: 1) partis] or oosplets shutdown. or below-
standerd operation: 2) unacceptable performancs of user's equipaent: 3} epsretlon of
the slectrical protective relaying or ssergency opsration of the electricsl aystam:

4) de-energization of any elactrical c¢ircult or equipaent.

in such surveys, en effort wes esde t¢ jdentify the initiating cosponant fallure se
well as the contributing cause of thet failure, discusalon limited here to liquid
fllled unita due to the grester amcunt of avellable historice] dats. A compsrison of
the JELE 1973-74 and 1979 total feilure rete surveys reveals sn incressed fellure

Publiahed with Permission of Union Carbide Corperation

3.8 -

MONS 217261



rate of 50% in just ¢ix yeers. This suggesta that newer ji.quid filied transforaers
sre not aa relishle ss their older counterparts. Confiraing this are the dere for
liquid f1llad tranaformers between 300 end 10000 kVA which show thet the fellure
retes for unita sged 1-10, 11-25 end grester then 25 years were 0.0072, 0.0053 end
0.0080 reapectively. New trensformers suffer from high “infent mortelity”, middle
eged tranaforsars diepiay grestust religbillty snd only a slight indication of
decressed rellsbliity is sean with the oidest ¢ge group. Thie behsvior, the ~Bathtyh
curve” ¢ holde thet the Idesl decislon point for acheduled replecement iz the pojint
whece the fellura reta for en axleting jn-piece trensformer equels the fallure ratg
of e nev replecemant unit, ceme r t nt w u s

v [ re ryte for s v 'S

Pallure ¥odes Exsmination of feilure modes ellows s transfurser owner te judge the
riak that 2ay glven trensformsr s subject to end deteraina if end whan ¢ echeduled
replecenent should occur, It is clear from the IEEE survey that the majority (50)
of fellurss result fros some type of insulstion breakdown. Most Interssting ie thet
lu » ora

o . the resainder csused by either unprevantsble outeide caues or by
preventable abuse. misuss Or ingdequats msintensnce. Theea atatiatics call into ques-
tion tha very concept of schedulsd replscessnt end Indioats that ths wost sgund ool-

lcy to minjelze Sransforoer fajlures ie » comprehgnsive preventetive saintensnce
RLOKrAA 52 resain. dependable Lranslormers [0 88Ivice. A further justificstion for
thie prenise le¢ the widely held belief¥ that older traneformers wers bujlt with

design excesses which resuited in minimun stressing of conductors and insuletion.

FACTORS AFPECTING TRANSPORMER AGING

Most trensforaer failures can be related to-a short coming of the
calluloelc Insulation eyetem, often described as an aleotrical systes, a chemical
syeten or a sschanical system. As an electrical systea, the dislectric strength of
the oil lepregnated paper la the critjcal psremster and is soet affected by contemi-
nation of the oli by water. Aas a msechanical aystes the ceillulosio Insulstion must
sajntain ita tensile strength te withatend the streseess which occur with overveltags
surges. Dicteting both of these properties Iy its chemicel integrity. l.e. ite sbil-
ity to withstand detrisentsl chesical transformations. which has lead to the devel-
opsent of the currently accepted retionai for theraal insulation aging es sn spplica-
tiun of the Arrhsnius rate eguation.

The Arrhsniue equation al)ows performsnce of accelerated functional :ife testing
under controlled conditions. As early ss 19426 and ocentinuing unti) 1972 industry
stendarda for svejusting both power and diatribution transformer 1ifs expectancies

st and above nsmeplate rating wers bass solely on lsboratory ssssuressnts. Ths “end
of 1ife” point wae grbjtracily chosen sa the time to decrsaes the lnsulation's ten-
slle strength to SO%x of its original value. During the 185C's and 1980'a a ssries of
teste (pudlished aa ANSI CS57.81 (1049)) were parformed by the AIEE on smsli distribu-

tion transforsere (18XVA) which showsd that the published life span inforsatign bused
aziely 9o insylation MRinE was congsrvative.

The tise-temperature reldtionship for exlating power transforsere bsaed on ingulation
sging studiea le also unneceesarily conssrvetive &nd should be confirasd by studise
on entire unite. Thia ressarch hes not been performed to date, and plcna’ are now
being laplemented celling for developesnt of s laboratory test eodel which wil]l more
cloasly eleulats entire unita. When this ressarch le perforaed one cen axpsct that
the 1ife sxpwctancy curves for power trenaforaers will be llkewise shifted upwerd.

v The change in the design philosophy over the lest 50 yesra had
sijowed the manufacturs of units which n 0
4

$e not possess the bujlt in safely facsop
Iapuising froe sore congervative design pragtice. Deelgn differences in modern
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transforsers of particular concarn are lower Sanic I[nsuletion jepulee Levels (BILa).
1 ¥ r nuaber of volt psr turn, reduced Impedancs end reduced ol]l content per kva.
It ia difficult to foreass the result of such changsa when the unit te stresesd
peyond its Intended use, the situstiune where mest fallures occur. One csss in point
s tha apldeaic of through-feult failures which began to appesr in the 187¢'s® due In
lerge mesaurs to the reduced dile end thelir corrsspondingly reduced japedance rating.
The incressed slectromagnetic forces created during short circuit current surges
crestsd axcssaive movement and resulted /n winding insulation rupture, Currentiy
spring loeded clemping hee besn adopted to correct thie design flew and through-rault
feilures ars beginning to decline. Thees date lend credence to ths proposition that
the only trus messurs of reliability le field sxpsrisnce. the exect seme (jeld expe-
W

risnce which je oresent io s ynjt which hap been {lewlessly operating for 30, 40 or
aore YeRIR.

Just se in eny chemicel system, ‘tha snvironment (dielectric) In which
a reacticn (detericrstion) ls perforasd will determine the outcome of the rasction.
Mineral oll has bessn used in the overwhslming majority of transformers to dete. ln
certaln trensforasrs, Askarsl wes the ¢il of choice until the 1978 ban on ths sanu-
faoture of PCB., Since thet time sllicons hae gensrelly besa uesd far spplications
requiring fleme retardence. The owners of tha mere than 150,000 Aekarsl trensforsers
sxtant todey ere feced with the choice of removal of the PCB fluid or premsturs
replaceasnt of the entirs transforasr. The gquestion thst auet be snewered is -lg the
osllulosic Ineulation in By Askersl trensformar deteriorating mora or less than iis
ainersl oll counterpart? :

Degradation Pathways The primery sgeats of celluloeic degredation ara oxygen snd
water, with heat accslerating the reactions. Additionslly, verious ai] degradaties
products will act es catalyste for thias deterloration. Varioue deta®:10 |pdicete the
solubility propertise for minersl ol] and Askare]l vis & vis oxygen and water sre not
sarkedly difterant, end squivelent amounts of degradation raactents will be svail-
able. Any differences in eging charaoterietios of the celluloalc will be attribut-
able to the presesce of eny ceteslyets or differences in hest trensfer is the cellu-
losic matrix., cConduction of the haat cut of the coelluless ia depandant on tha thar-
as]l conductivity of the fluld, with Askarasl having the advantags ovar sinersl oil.
Hest transfer dus to convection is & complex function of Visecosity, Density, Theresl
Conductivity, Neat Capacity and Coefficlient of Thermel Expanstion. On balance, Aekarel
is more effactive in convectiva heat trensfer. An edditional feotor whioh grestly
favora Askarel ie the total absence of eludge formation. Mineral oil ie prene to
sludge formation which is very dslsterious to convective hsst trensfsr fros ths cors.
An m result, many utilities have inetigeted s peclicy of ainers] cil “polishing™ st
least once every [ive years to remeve gludge buildup.l!

The flnal factor in oellulosiec degradeticn ls the formetica of scidic residuss which
ect as catalyete, The laportant difference between the ecidic residues ls that
Askarel forme NCl while minersl o)) formes relatively wask, but more delitsrious.
carboxylic acide. Strong ecids can be trapped by neutral scid scavengers whila the
lesn reactive orgenic acida cannot. FPor thess reasons, the jnsulsticn will ege more
gracefully in e Askarel unit than in ite minerel ¢i] transforser coynterpart, The
eame conolusjona ere reached with regard to sillicona oll trensferaera. Sillcone oll
ezhibits eupsrior (with respect to Askersl and minsral oil) conductive heet trensfar.
dosa not fors eludge and iea chemically incapeble of degredaticn to mecidic resjduse.
Tor theee reasona, silioone o1l hes becoms the atandard dielectric ceolent for virtu-
ally sll new liquid filled. indoor treneformers.

Bscauss of various factore, de-tanking and core examinetion studiee have been llejted
essantially to mineral o1] traneformsrs. Ons such studyl? {nvolved fifty ol) filled
trsnsforners which had been |n continuous operstion at donneville Power Adainjstre-
tion for spproximately 25-27 ysara. Seversl conclusions were drewn from this study:
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1. Only s nominal loss was obesrved in such dislectric propertiss s inpulage,
switching surge and low-fraquancy voltage strength In traneformers over » 25 Year
period.

2. Only low to moderats theraal degradation of the cellulusic inrulation was
obssrved, Further, littls loss iIn cellulosic tensile atrength was oLsarved.

3. Mechanicslly, subatantial useful life remained In theas trenafurners (transfore.
are at thelir ateted, inatelled )ife expsctanciss).

4, Thess 25 years repressnt NOT MORE THAN 20 PERCENT of the wnxpected lifetimes-
such projections, 125 yssrs eay bs possibis.

5. An additione] twenty-five or more ysars of useful service life (ruughly twice the
instslled 11fe axpectancy} can bs expected from such. treneforeers.

With

Another study by Public Eervice Elsctric and Ges Compenyld concluded "thet transfory-
ere of older conetruction heve an average expected feilure life of eround €0 yesrs ,*
supporting the conclueion that older traneformers heve a life expectency of two or
three times the installed expectancy. ln addition, PSE&G ooncluded thet “todey',
ames production asthode hava resulted in sany ceees of faulty workssnship and marg-
nal designs that are not uncoversd by fectory inepectien or testing, resuiting in e
higher feilure rete during the firet three yeurs of ssrvice. Thie is In contraet to
the crefteasnshlp of yesterday with ite pride in ¢ perfect product.”

Thesa two coaprehensive etudiee conclude thst the averege life expectancies of oldefr
traneformere are far longer then the originally etated expsctencies. Given the sups-

., rlor properties of Aekarel and silicone fluid, the 1ife expectancies of the older
Askarel unite when retrofllled and reclageified to non-PCB atatus vie Reclass-5008

Trensformer Retrofill Service, likewise, are expected to be far greater then origi-
nally etated, thus sugmenting the risk reduction value of retrofiil and reclessifice-
tion to non-PCB status.

SUMMARY AND CONCLDSIONG

1. Traneformere, perticulerly Aekarel transformere, wers eignificently overdesigned
pieces of electrical equipment with exceptionally long life expectenciea.

2. History has ehown thet euch transforaere have true life expectancies of flifty,
eixty, asventy, or even sighty yeare or morse.

3, Viable, commercially proven teohmoiogy exjete to retrofill thet transforssr and
recieesify it ta non-PCB status per EPA regulations.

4. The 1life expectancy of any traneforasr je¢ dependent on the cara with which thst
traneforesr hae begn mainteined,

UNISON Transformer Retrofill Services, Inc. has, during the past two years. [nitiated
in axcess of two thousend treneformer servicings. These Aekarel] transforsers sre
excaptionsliy weli built pleces of equipment, well worth eeving. A suamery table of
anticipated traneforaer life expectanoies of installed equipment js the following:

Year Placed is Miniaua Life Maximus Life
Sorvice Expsctancy Ixpectancy
Askarsel {(or Bilicone 011)
Prior to 1870 80 (1
Sinoe 1870 40 60
Mineral 01l
Prior to 1970 48 80
Since 1970 23 38
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ASKAREL TRANSFORMER RETROFILL - AN ANSWER TO COMMON MISCONCEPTIONS

DENNIS F, TULLOH and STEVEN C, VICK
Unton Carbide Corporation
Tarrytown, New York 10591

»

ABSTRACT

With the commercial introduction of technology to successfully retrofill trangfor.
mers and reclassify them to non-PCB status, the transformer owner for the first
time has a real choice of opttons for dedling with his or her PCB transformer
problems, The choice shoyld be made only after consideration of all the factors
which might have a bearing, including risk reduction and menagement, near-terp and
Tong-term liabilities, transformer 1ife expectancy and safe operation, Althéugn .
technology to successfully reclassify transformers to non-PCB status was introduced
to the market in 1984 by UNISON Transformer Services, Inc., the safe use of sili-

. cone as & ratrofill fluld has been demonstrated for many years. Even so, a number

of questions concerning the advisability of utilizing silicone in askarel transfor-
mers have been posed, This paper will enumgrate and discuss these subjects in view
of available scientific informatfon,

INTRODUCTION

With the development of the RECLASS-50sm Transformer Retrofill Service by union
Cerbide Corporation and UNISON Transformer Services, Inc,, reclassification of
askarel transformers to non-PCB status beceme 2 reality. This t«:hnolo?y directly
addrassad the problem of leeching the PCB out of the insulatfon, and utilized a
proprietary interim coolant, TF-1, to accomplish this task. Ouring the leaching
with TF-1 to resove PCBs, the transformer may be operated under normal conditions,
Following the TF-1 cycles, during which virtually 11 the PCBs are removed from tne
transformar core, any of several possible permanent gielectric coolants may be
used, the most desirable of which, would be silicone oi1, Doubts about silicone's
util*t:. though unfounded, when circulated throughout the electrical industry can
cause anxfety. It is the intant of this paper to resolve these uncertainties, by
restating the guestions and then factually resolving the fisstues.

POINTS OF CONCERN

ARE SPE FLUSHING AGENTS NECESSARY TO CLEAN QUT AS MUCH ASKAREL AS POSSIBL
pecla ushing |?¢n .
ane or Freon", are not required in order to achieve non-PCH status vise
retrof1il, While superfictal askarel is removed thiz brief flushing technigue does
sothing to solve the fundamental problem of retrofill - diffusion and ramovsl of
deeply imbadded askarel. The surface cleanfng advantages do not outweigh the risk
of transformer damage by these strong solvents. UNISON's RECLASS-505® Transformer
Retrofill Servica is designed to enhance the matural diffusion mechanisms which
leach out the deaply fmbedded askarel, UNISON's TF-1 accomplishes the same tesk in
&n acceptable time frame and a1s0 without damaging the transformer,
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Unfon Carbide Corporation

314 MONS 217267



Retrofi11 processes have been proposed which recommend thorough flushing with
strong solvents, followed by retroffll with silicone of1, rather than an inter-
'sediste 1eachant such as TF-1. However, silicone oi) preferentis!]ly leaches out
~matever diluents (askarel co-solvents) may be present, thus and reducing PCB
‘Jeachability. Consequently, lesching askarel with silicone ofl tekes years, even
'if strong solvent flusning agents are utilized.

)

WILL RETROFILL COOLANTS BE COMPATIBLE WITH ANY TRANSFORMER? 1n this instance, com-
5;%TETT?Ey ®eans the absence of deleterious chemical oF physical intersctions, The
coolant should not dissolve, degrade, or otherwise modify the insulation, its adhe-
sives, saalants or the insulating lacquers used on miny transformer windings,
Coolants which are recommended by UNISON at this time are its proprietary TF.1,
gilicone ofl, and minaral ofl,

tF-1 42 & low viscosity coolant, totally miscible with askarel, and compatible with
the materials used in askarel transformers. Its use will enhanca diffusional
Yeaching of PCBs from askarel transformers, but will not affect the integrity or
electrica) characteristics of the insulation, TF.l, however, is not aiwdys com-
patible with transformers designed for minera) oll, Other fluids and procedures
need be utilized in these Cases.

Silicone oil is noteworthy for its innocuous interaction with other types of
matarials, It «111 not dissolve or degrade the insulation or lacquers in either
askare) or minera) oil transformers. With respect to interaction with silicone,
gasketing materials are & Spacial case. Most ?ltk.tl. whether silicong rubber or
neoprene, will be swollen by askarel or mineral ofl. Such swollen gaskets can
deswel) and possibly leak after retrofill with silicone of), Accordingly, all
gaskets need be replaced with Yiton or other gasketing matarials at the appropriate
time. Minera) ofl s contidered to be compatible with askarel traniformers, and
can be & fina) coolant if the transformer i located such that the flammability of
minera) o1 s not a hazard.

IS THERE DANGER OF EXCESSIVE TRANSFORMER PRESSURE DUE TQ THE HIGHER COEFFICIENT OF
TRERPAL EXPANSTON FOR SILI & Grrongous Tear tRat excessive transformer
prassure can develop when a transformer is retrofilled with silicone {3 based on a
common migconception as. to & suggested "excessive” thermal coefficient of expansion
of silicons o1, Exaggerated values as high as 0.00106¢c/cc*C have been claimed,
In actuality, the value for silicone of! is 0,00092cc/cc®C, whila those for askarel
and mineral ofl are sbout 0,0007 and 0,00086cc/cc®C, respectively. Thus, for a
65°C rise tn temparaturg, silicone 0i) would expand 6,0% vs, 4,.6% for askare! 2
mers 1/2 inch difference for a 350 gallon case, not & large difference, but one
which UNISON has considered, particularly where the trantformer may have been
gcsigned with insufficient head space or is hydrostatically designed to be gas

ree.

[F MY ASKAREL TRAMSFORMER IS RETROFILLE

TH SILICONE OIL, WILL IT NEED TQ BE
onp 3 eserves detalle scustion, rst,
owgver, it must bs noted that for most transformer owners, this is an academic
question because most transformers are used well below their rated capacities and
there IS mo reasen to contider derating, For those few transformers that run at
capacity, derating is not a major issue. 011 temperature is used by many as a
gauge on transformar fnsulstion 1ife. However, winding tempertures are more likely
to correlate to the ingulation and transformer 1ife than the fluid temperature,
The actudl electrical windings are surrounded by cellulosic materials for electri-
cal insulation and spacing, Such materials are also thermal insulators unless thay
are saturated with a flyid, such as askarel or silicone fluid, which provides ther-
mal conduction, The thermal conductivity of silicone 1s higher than that of
askarel (0,036 vs. 0.023 sec [°C/cm), respectively) and accordingly, silicone is
more efficient in this phase of heat transfer, OQata generated by Oow Corning,

D Wl
c
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from two identical pancake type transformers (2500 KVA 13.8 KV HY Delta 450 Ly wre)
filled with askarel and silicone show that temperature rises for the high voltage
and low veltage windings are 3-4°C lower for the silicone filled transformer than
for the askara) transformer, Thus,” the temperature rise for the transformer win.
dings and the surrounding cellulosic materials {s lower for a silicone retrofiileg
transformer than for the corresponding askarel filled transformer,

Regarding top ol) temperatures, the effectiveness of heat transfer by convection ig
a complex function of: viscosity, density, thermal conductivity, heat capacity,
coefficient of thermal expansion. The last three favor silicone. On balance, the
thermal transport due to convection is marginally slower for silicone, and bulk top
011 temperatures can be expected to be slightly higher (only five degrees or less)
for silicone than for askarel. Even for transformers run at electrica) capacity,
the top oil temperature rise for silicone filled transformers should be less than
the rated degres rise, and derating is of no concern,

Taking into account the top oil temparature rise and the winding temperature rige,
it {is apparent that the temperaturs of the cellulosic winding tnsulation in a sili.
cone retrofilled transformer is essentially the same as the temparature in the:
corresponding askarel transformer, The transformer 1ife is, to a major extent,
determined by the 1ife of the cellulosic winding insulation, and the essentially
{dentical temperature of a silicons versus askarel filled transformer corresponds
to identical transformer lifetimes, A

_in sunmary, as stated above, for most transformer owners, this is al) scademic,
because most transformers in fact are used well balow their rated capacities,
lowsver, for those who do run at capacity, 1t is comforting to know that a slightly
highar top ofl tsmperature does not necessarily signify the need to derate. Those
wishing a greater, though unnecessary, margin of safety in top oi] temperatures
should consider derating the transformer by one to not more than five percent maxi.
mum, However, while we may expect 2 slightly higher top oil tempe-ature rise with
silicone fluid, we will encounter lower winding or hot spot temperature rises, and
the transformer does not need to de derated,

IF MY ASKAREL TRANSFORMER IS RETROFILLED WITH SILICOME DIL, WILL ADOITIOMAL PRECAU-

S R DI PR g0 P e
yI.- ailicone Tluid in no way &ffects the standard operation of no-ioag

ap chang@rs which set and allow changes in the voltage ratio of a de-energ!zed
transformar without breaking the transformer seal. Tap changers are generally set
during the initia) commissioning of tha trensformer, and once the transformer fis
pleced in service, the tap changer requires no sttention and rarely, is changed
from its initial position,

A tap changer consists of stationary conductive elements and movable conductive
elements which frequently are tin plated copper. Prior studies show that silicone
fluid is a good Jubricant for tin on tin, Thus, 1t s unlikely that the drive
shaft, which controls the movement of the movable elements, would break and lead to
or chuse & misalignment of the tap changer, In the unlikely event that the drive
sheft would break, the cause would undoubtedly be improper movemgnt or handling of
tha drive shaft rather that the presence of the silicons fluid, I[f the drive shaft
shoyld break, the sbgence of any high torque region during tap changer movement
would be ¢ ciur indication that & prodlem exists within the changer. At thig
point, 1t would be a relatively esasy task to replace the tap changer,

1f the tap changer were to fail on snergizing due to improper positioning of the
contacts, tha failure would occur regerdless of the fluid contained within the
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former, Fallure would occur due to arcing across the contact elements, and
.'lld be severe enough to compromise the integrity of the transformer itself, It
¢lear that THE TAP CHANGER MUST BE IN THE CORRECT POSITION TD INSURE PROPER
ERATION, SUCH POSITION BEING THE CENTER OF TWE HWIGH TORQUE REGION.

%, 18 true that redesign of tap changers occurred in parallel during the time
riod that stlicone was replacing Askarel as the transformer fluid of choice,
E;cn redesign otcurred to counter a design deficiency of the then existing units
yther than in response to a problem caused by silicone. [t was determined that
{hl voltage ratio of many transformers was being changed more often than the _
bsesigners of the tap changers had anticipated, Faliure due to improper positioning.
of the drive was occurring, albeit rarely. As & result, the tap Changer design was

Khanged to provida for both easier movement of the mechanism ani easier, proper
'placement of the contacts,

E.

"IF MY TRAXSFORMER 1S RETROFILLEO WITH SILICOME, WILL BASIC IMPULSE LEVEL (BILS)

i REDUCTY YO DIFFERENCES Immk'wm.
;Egg;gg-Sl*l. ND ASKARELT Assuming a transformer Ras beean properly maintained
303 15 protected by suitabls Vightning arresters or othar fault protection equip-
pant, there are no reasons BIL'Ss should be reduced,

With the advent in the early 1980's of tilicone retrofill technology (whether
reclassification had been achieved or not), and the corresponding availability of
gi1icone retrofilied askarel transformers, data becams avatlable which show that
transiant voltage surge {nduced faults are no more likely to eccur with a silicone
retrofillad askaral transformer than with the askarsl transformer itself,

An additionel support for this conclusion is the building of transformers with
reduced BlL's, a trand that has become an usual original equipmant manufacturer
(OEM) practice. At tha present time, the {ndustry accepted norm for most new
transformers 15 a BIL range of 45-80 X¥, with previous designs for older tramsfor-
mers being 90-125 Kv. Simply stated, this translatas to assembling transformers
with reduced insulating materials, effectively lowering the manufacturing costs of
the transformers. If the reduction in insulation capability of prassboard
{mpregnated with silicons were to Cause problems or faults through trensient
voltage surges, thean the current OEM practice of building transformers with a
reduction in insulation materials and concomitant reduced BIL's would also present
a problem, Since the latter obviously is of no concern, the former (any suggested
but Clearly not evident reduction in insulation character due to lower positive
impulse polarity creep strength of silicone) 1ikewise presents no problem. This
clearly supports the widely hald belief that older transformers were overdesigned
and, correspondingly, are superior to modern transformers in raliability and per-
formance under stress; making them assets wall worth preserving,

CONCLUSIONS

In sumwary, questions have baen posed regarding the retrofil) and reclassification
option fer dealing with a transformer's PCB risk., Such quastions or doubts, posed
by a few individuals, can cause the transformar ownar & great dea) of anxiety aven
thou?h such doubts are based only on supposition, Whan angswered in the face of
available, sclentific evidence, however, such doubts vanish, This leaves the
transformer owner free to concCentrate on more important factors such as risk reduc-
tion and elimination of long-tern Yabilities associated with PCBs. Mith the
demonstration that RECLASS-BOSM Transformer Retrof{1] Service offers a viable
retrofill t.chnolo?y which does not adversely affect the transformer, the trans-
former owner finally has en option for eliminating his or her PCBS and their asso-
clated risks, forever.
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ABSTRACT

A process which vses high-voltage, ac discharges as a reaction zone to deCompose
oils has been developed and patented. The system is unique in that the discharge
plasma is confined to the interface between the oil being decomposed and water, The
temparature of the discharge region 1is of sufficient magnitude to cause fast
pyrolysis. of the oil. The water helps pravent carbon buildups via a shift reaction
which produces hydrogen amd carbon monoxide. Thae water also allows soluble
catalysts to be introduced to the reaction zone, and reaction products to be
removed, For example, the chlorine of chlorinated hydrocarbons 1s converted to
HCl, then neutralized to a metal salt which s withdrawn from the waler phase, The
gaseous products of the decomposition are withdrawn as hydrocarbon vapors.

Fluids contaminated with PCB's have been tested on a limited basis. These and other
preliminary tests on waste agrichemicals and other hazardous I{ndustrial wastes
indicate that the geses evoived are free of hazardous or toxic components, while
precipitates are condensed carbon structures and d{norganic salts, Projected
advantages are low cepital costs and the abiiity to be scaled to small or large
sizes without loss of efficiency.

Processes to destroy PCB's continue to be of high interest both nationally and
internationally. A racent international meeting in Vienna addressed this topic as
well as a multitude of other problems invoiving the management of hazardous and
toxic wastes {1). The concept of "waste minimization” appears to bs the goal for
future control efforts. Meanwhile, efforts to develop acceptable technology for the
treatment of existing hazardous wastes continues to go forward. With respect to
PCB’s, on-site cledn ups have alwiys been an attractive feature for developing
technologies (2). This feature is particularly agreeable with the electric power
fndustry which acknowledges the potential hazardous condition of widely scattered
transformers containing PCB’s. Such transformers are distributed throughout most
gopu1ltod geographical areas. They represent a multitude of smell volumes, 250

jters {60 gal.) which can contain anywhers from pure askarels to ppm concentrations
of PCB's in the dielectric fluids (3). As such, they represent potential high risks
for causing anvironmental insult should accidental spills occur.

Progress 4s being made in the removal of these PCB containing fluids from activa

service., Incineration {s an accepted technology. 1t {s effective and can b2
regulated by governmental agencies. Howevar, most {ncineration processes are larga
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scale and necessitate that the hazardous fluid be transported to the disposal sit,.
a process which also can have a high Vability risk assoclated with it if :ﬁ
accidental . spill occurs. The more preferable on-site technology for treating th
PCB fluids has centered on both physical and chemical treatmant processas. Ph sica’
processes utilize distillation or extraction techniques with proprietary so vants
(2). Chemical treatments use alkali metals or molten salt baths to actually changa
the PCB molecular structure. These processes are successful in many instances, byt
can be expensive, may require repesated applications due to diffusion controlled
phenomena, and are still dependent on incineration to treat by-products which apq
formed. For these reasons, on-site disposal of fluids containing PCB’s remaing ,
competitive area of technology. This paper will describe a new technology being
d:voloped which may perhaps find a niche in the removal processes for PCB’s op
site,

PROGRAM OBJECTIVES

The technology to be discussed in this paper was developed over the last four years
as a process for generating fuel gases from waste or low cost 1iquid hydrocartons,
A patent covering this technology has been apﬁlicd for and will issue to Al-Chem
fuels, Inc. (Dimmitt, TX) this ysar. Only within the last year has the application
of this technology been directed towards the treatment of hazardous or toxic
chemical wastes (4, 5, 6). Moreover, it has only been during the last six menths.
that serious attention has besn given to the problems associated with PCB disphsa),
Thorofo;o. many pertinent questions pertaining to the technology remain to be
answered,

In our initia) approach to PCB disposal severa) program objectives were established.
These included the following: (1) to develop & capability of completely destroying
PC8 molecular structures without creating new hazardous wastes (i.e., dioxins); (2)
to- attempt smalli-scale, on-site disposal ({i.e., 200 liters/day (50 gal/day) with
minimal utility requirements) and; (3) to strive for a cost competitive process.
The tochnolog{ being developed appsars to be progressing towards achieving these
objectives. e discussion which follows offers data and evidence as to how this fis
being achieved.

ELECTRICAL DISCHARGE PROCESS

The discharge of electricity between two electrodes is known to contain electrons at
temperatures in excess of 15000K. This level of temperature is sufficient to
dissociate most chemica) bonds and create lowsr molecular weight species which are
thermally more stable. Therma) cracking and pyrolysis processes on an industrial
scale are examplas of such thermally induced changes, The technology used in this
process makes use of the elevated temperatures associated with repetitive electric
arc discharges to destroy the PCB molecular structure. Not only is the PCB
structure destroyed, but also that of the mineral oil, siiicons oi1 or any other
solvent in which the PCB’s are dissolved, Hence, the process is not one of resource
recovery snd recycie, but one of total destruction.

The physica) structure requirements of the process which will be discussed here are
depicted in Figure 1. As shown, a2 metal electrode {s immersed in an insulating ofl
phase and brought into the proximity of the interfece formed with a conducting water
phase. The water phase acts as an electrode during operation, A high voltage
potential is creested between the tip of the metal electrode and the conducting water
phase. As this potential s Increased, a point is reached at which the
nonconducting oil phase breaks down and an electrical discharge is created through
the gap betwesn the electrode tip and the water interface. By using an alternating
powar source, multiple arcs can be struck over a period of time as the polarity of
the electrodes cycles betwesn the extremes of positive and negative potentials.
Generally, tha potentials involved are in the Kkilovolt range while the current
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gities are 3 functton of the potential drop squared and the inverse of the cuta
sthe distance: between the electrode tip and the water interface. Hence, moving
i electrode awey from the tnterface can cause cessation of the discharge process.
inilarly, an increase in the electrical conductivity of the Insulating ofl phase
an radch a level st which discharges are eliminated and ohmic conduction and
ﬁ"ting are created. To be effective therefore, an arc discharge must oceur. It
’“‘t be repetitive to the point that it is continyous. 1f this can be accompltshed
and controlled, then the arc becomes the destructive mechanism for atl molecular
'species drawn into the plasma zons.

Plasts  treatment processes are not new technology for waste treatment. Freemun
'discussed two plasma processes that have reached demonstration stages (7). One unit
‘4g offered by Pyrolysis Systems, Inc. and the other by Applied Energetics, Inc. The
pyrolysis Systems’ technology is based on a plasma torch concept developed at the
pittsburgh based Westinghouse Electric Corporation (8). 1t has been described as a
sobile unit capable of treating up to six tons of waste per day with a one hundred
percent conversion efficiency. Gases produced by the plasma torch must be scrubbed
to remove hazardous constituents.

These examples of the proven ability of electrical discharge plasmas to destroy
ghemical structures are offered as supportive evidence for the technology developed
by Al-Chem. The unit being developed by Al-Chem also utilizes the destructivy
potential of a hot, fonizing electrical discharge, However, it differs in severs
significant ways: (1) it 15 a wuch smaller plasma zone; {2) the discherge sccurs at
a water interface; and (3) it has a built in gas scrubbing mechanism. A fourth
feature fis that it 1s capable of utilizing the fuel gases produced to offset the
powsr requirements of operation.

in order to put a scale of siZe on Figure 1, 4t should be noted that the plasma arc
created by the discharge rarely exceeds an elliptical shape whose major axis s 0.5
ca in Yength, The volume of plasma region is therefore scmawhat less than one tenth
of one percent of the volume of 11quid of1 and water 1in the vicinity of the
discharge. Therefore, it is possible to maintain a steep thermal gradient between
tha thousands of degrees centigrade within the arc and the less than one hundred
degrees of the bulk fluid, The gases produced by the electrical arc are thereby
quenched and scrubbed by the surrounding ofl and water within seconds of their
formation. The large volume of fluids relative to the discharge zone also helps
prevent spurious discharges of electrical energy which car arise as carbon deposits
build in the of) phage, This carbon buildup is the direct result of the pyrelysis
caused by the high temperatures within the erc and carbon-rich deposits represent a
by-product of the cell’s operation,

The presence of the water interface and the actual use of water as an electroda ts
necessary in order to prevent an excessive buildup of carbon deposits. Unlike the
insulating oY, the more conductive water is actually drawn into the reaction zone
by the forces of the high electrical potential. The chemical analyses of the gases
produced suggest that because of this participation of the water in the reaction
chemistry, solid carbon {5 shifted to molecular hydrogen and carbon monoxida.
Thersfors, depending upen the typs of oil being destroyed, 2 quasi-steady state
lavel of carbon rich precipitates are formed. The level of condensed carbon
structures can be further reduced by the introduction of water soluble catalysts.
Finally, the water phase acts as a highly adsorbtive medium for the removal of any
acidic gases which are formed (1.e., HCI, SOy, NOy, etc.). 1t is well known that
these inorganic minera) acids are many times more soluble in aqueous solutions than
they are in organic flyids. Moreover, if the aqueous phage Contains mineral bases
of hi?h pH, then soluble or insoluble salts can be formed, In this way tha
offending anions of the hazardous waste can be removed expeditiously without ths
need for auxiliary gas scrubbers.
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The schematic shown in Figure 2 indicates how the gases produced could be scrypy
by caustic water 1f it were deemed necessary. Also shown in this figure ig t;d
mannar in which the fuel gases produced by the Al-Chem device can be used to po.,'
or at least co-fuel the unit. The efficiency of thts type of gystem wil} 'br
discussed later, but generally }ight hydrocarbons to serve as fuel must be brought
to the stte if the twenty-five percent effictency of the internal combustion engin
is to ba overcome, However, the electrical enerqy needed to run tha Al-Chen un\{
can come directly from an electrics] power source if tt is avatlable on site.

EXPERIMENTAL APPROACH

The experimental approach used in this study 1s the same as that uted in similyyr
prior studies which involved fus! gas gensration. This is detailed in othep
pubiications (4, 5, 6) and only a summary of the p5°:jd“" is repeated here. Thy
reaction contafner was a glass vessel (3.8 x 10° or 1 US gallon). The glasgs
provided a visual display of the electrodes during operation end for photographic
purposes, Howsver, stainless stesl containers and carbon steel units have been
assembled on a pilot scale. ;

A 110.120 volt power source was used with the one gallon glass reaction vessel,
Hers again a 220-240 volt, three phase power source has besn used with larger undts,
The 110 house voltage was connected to two electrodes within the cell through ;.
proprietary electronic circuit. This allows powsr consumption by the unit to be
monitored and provided some diagnostic assistance. Gases produced were collected in
metal sample bombs or vented through a laboratory hood. In some cases samples of
residual liquids and precipitated solids were collected for analysis.

In most cases, the small-scale, two electrode device 15 run on & semicontinuous mode
for from six to ten hours. Both water and hydrocerbon fluids are added during
operation to maintain a proper level of the interface. Most of the data collected
have baen from runs with tap water and thres hydrocarbons: n-heptane, digsel fuel,
and toluene. A silicone ofl used as a viscosity standard was a1s0 run, For this
particutar study, a transformer of! containing S50 ppm of Aroclor 1242, and a dlend
of 100,000 ppm of a PCB in dissel ware tested. Concentration levels were determined
with HPLC using EPA approved guidelines. Similarly, all analyses of gQases which
were produced were performed on a series of chromatographs with programmed elutioen,
This particular GC system could identify permanent gases and hydrocarbons below (g
to the nearest 0,01 percentage, although all report values were rounded to the
nearest 0.] percent (1000 pom). The carbon sludges which formed ware subjected to
slemental carbon, hydrogen and oxygen analysis.

EXPERIMENTAL RESULTS

Although a large numbsr of experimental rung with various different feed materials
have been conducted, only thres runs relate to the PCB trials. The experimental
results are shown in the following tables. Table 1, for example shows the variatien
in ¢ sition of the gases produced during a series of three, six hour runs in
which the or?tntc phase contain a Yow level of PCB’s (550 ppm);: a rather high Yeve)
of PCB's (§7,000 ppm); and one without any PCB’s (pure diesel). The diesel wis
selacted bacause we have amassed & considersble amount of run time during test
procedures with diese) fuel, and because it appeared to mimic the performance of the
mineral o011 used in the transformer fluid which contained the 550 ppm PCB's. Also
sho:n fn Table ! are the theoretical heating values expscted for the gases produced
sach test run,

The data given in Table 2 show the various types of information obtained before and
after six hours of run time. These data include PC8 concentrations in the {nttia)
and  final periods for 411 thres of the phases. With the pure diesel oil, more
specific data concerning mass and energy balances ware also obtained. In general
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¢ total mass balance was closed to within three to five percent. The elemental
1ance was Buch more difficult to close, however.

i
1SCUSSION OF RESULTS

4

gas Produciion

%:,.d on the data shown in Table 1, it would appear that the mineral oil in the
transformer fluid {Run A) behaves much tike the pure diesel fuel (Run ()  when
'subjected to the arc discharge. Both fluids decomposed to produce essentially the
‘same gas phase composition. The slfght tncreases in carbon monoxide and acetylens
be due to differences between the mineral oil and the diesel fusl, or it my
::{1 be due to the presence of the PCB's. A comparison between Run 8 and Run €, in
which the onty difference is the presence of PCB's,,would seem to indicate that the
contaminant has an effect. Based on other experiments not reported in this paper,
{t appears that halogens can act to snhance acetylens formation and, in some cases,
cardon monoxide as well. This is thought to be a Lewis Acid catalytic phenomenon in
which the halogen combines with metaliic ions, such as iron, from the #lectrodes to
produce Lewis acids in the aqueous phise. In the other experiments, fluorine was
fntroduced to the system through the water phase and found to double the fractior of-
acetylene produced. -

One surprising result was the conparativol{ high tevel of carbon dioxide tn Run A.
It was assumed that the presence of calcium hydroxide and the higher pH would
effectively remove any acid gases which formed including cerbon dioxide. This had
bean the case with other experimental runs in which sodium hydroxide was uced to
fncrease the pH of the aqueous phase. In fact, it was possible to remove 211 carbon
dioxide from the product gases by using sodium hydroxide. In Run A, however, the
calcium hydroxide appeared to be ineffective. Rather, 1t appeared that the divalent
calcium fon was participating in the formation of a greater fraction of soltd
precipitates. Since the calcius fon can form structured soaps or greases which are
1ess soluble than the sodfum {on structures, this may well have been what occured.
In any event, it is evident that the inorganic ions, antonic or cationic, introduced
through the aqueous fluid can indeed change the overall reaction chemistry and,
tharefore, deserves more attention in future studies.

Finally, the theoretical heating value of the product gases produced are shown in
Table 1. These data should be interpreted only on a relative scale, since the
calculated theoretical values can change significantly by the additton of small
amounts of heavier hydrocarbons (C3+). In fact, the two to five percentages of gas
compositions not shown in Table [, were indesd hydrocarbons greater than C3 and most
of which appeared as unsaturated hydrocarbons. An average heating value aquivalent
to pentane was used for this fraction in calculating the values shown in Table 1.
Iin a1l three runs, the heating value was in the mid range of fuel values of known
commercial fuel gases. Moreover, the heating value of the gases produced can be
stgnificantly increased by spiking the organic phase with a light hydrocarbon {Cg-
Cy and opsrating the wunit at an elevated temperature. The Hhigher temperature
causes the Vight hydrocarbon ‘to disti1l out of the organic phase as a vapor
component. As wili be shown, this can be used advantageously for on-site
destruction of waste fluids.

Lauid and Seclid Residuals

The data in Table 2 deal with the chemica) changes in the liguids fed to the unit
and  with the organic studges produced. Ouring the thres, six hour rung, the P(8
concentration dropped, tndtcating that it was indeed being destroyed in the plasma
are, The destructive nature is more dramatic at the lower PCB concantrations where
the s$ix hour operation resulted in nearly a fifty percent decrease of the PCB level.
It should be kept in mind that during that stix hour period, less than five percent
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of the bulk organic phase was consumed. Hence, {f both oi) and PCB contaminant wer
being consumed at equal rates {n proportion to their concentration, then a fif,
percent drop in PCB concantration would not have been predicted. At the much hy .{
PCB concentrations which were used in Run B, this is more nearly the case. That iy
six percent of the PCB's were destroyed during which approximately five percent of
the oil was also destroyed.

In both Rur A and Aun B, the PCB’s were found to contaminate both the residual water
phase and the sludge which formed. 1In the latter case, it appears ag though the
PCB’s in the sludge are associated with the organic fluids it retained, since the
PC8 concentration is nearly the same in both, This 15 in Keeping with the
hypothesis that this plasma process is not a "vis breaking® phenomena. That {g, th,
molecular structure of the 011 phase is not successively reduced to lowsr and lower
molecular weaights, Rather, whatever material s drawn into the plasma erc (g
rapidly pyrolyzed to gases and solids. The bulk fluid remains essentially
unchanged, Since hazardous wastes in either the o1l phase or the aqueout phase arg
more sensitive to the alternating electric field potentials that develop prior to
discharge, they are more likely to be drawn into the discharge region. It g
important therefore to develop techniques which enhance this effect, 1{.e., perhaps
modify the frequency of the alternating current,

An elemental analysis of the sludge produced during processing of the digdel fus!
indicates that rather condensed carbon structures are formed. [t is interesting
that oxygen from the water also participates in this chemistry, It 1s expected that
other divalent antons, i.e., sulfur, nitrogen, phosphorous, ete., will do the same.
The sludge has not Kct been analyzed for chlorine, but these monovalent halogens may
also bs part of these condensed structures. The approximately four percent of
unknown, shown in Table 2, {13 suspected of containing dron atoms from the
electrodes. This {s based on the magnetic properties exhibited by the sludges which
wers produced over longer experimental test runs,

Finally, Table 2 offers the observation that the organic phase is consumed at
agproxinatoly twice the rate of the water phase on a mass basis. Moreover, tha
electrical energy input to the system produces a nearly equal amount of chemical
ensrgy as fuel gases which can be drawn from the system. This latter point is
important to on-site waste treatment. ldeally, 1t is desirable for four units of
energy to be produced per unit of electrical energy consumed. This ratic was
observed only when n-heptane was used in the organic phase under thermal conditions
which caused some of it to be volatilized. In this dnstance, some of the input
slectrical snergy was used e3 a heat source for the latent heat of vaporizatien of
%hc heptane as well as for the pyrolysis chamistry. This effect will be discussed
ater.

UNIT OPERATING CHARACTERISTICS

Figure 2 dogicts schamatically the field operation of the Al-Cham technology in
which the fuel gases generated are combusted in an IC engine. The eagine powers .
¥;:uratnr which produces electricity and which in turn i3 used to generate more gas,
actual hydrocarbon fuel for the internal combustion engine comes from tha wiste
oi1 being decomposed or from a utility source as required. If the efficiencies of
the varfous components ere known, then an energy balance can bs structured to
indicate at what point the gases produced from the waste hydrocarbon are sufficient
to power the system without assistance from an auxiliary gas source. One solution
to this ene balance relationship is shown in Figure 3, This figure depicts the
ratio of EY{ chemical energy produced as fuel gas from the waste to (2) the
electrical energy consumed, as a function of the therma) efficiency of the internal
combustion engine. The region to the left of the curve indicates that an auxiliary
fuel gas source is needed. The region to the right and above the curve implies trat
the equipment {3 being operated 1in such & manner that more fuel is produced t:in
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st which 13 required to sustain the operation, Since internal combustion engines
ve thermal. efficiencies of twenty-five percent or less, then the electrical
gischarge device must produce something in excess of four energy units of fue) qas
or SVery unit of electrical energy consumed. A ratio of four or more to one ig
ssible only when volatile 1ight hydrocarbons are used as a diluent in the wasts
‘organic phase. In another sense, this i3 the fuel required for a double
facineration of the hiazardous waste; once in the plasma discharge and once in the
Mosbustion chamber of the engine.

Although nearly all the experimental dats were obtained on a single pair of
telectrodes, sufficient longer term runs with multiple electrodes have baen
‘undertaken 30 that estimates of cost information could be made. These data are
‘given in Table 3. At this point 1t s difficult to compare these costs with those
'peported in the literature (7, §) although they appear to be competitive, As
suggested, the operating costs can be reduced by making use of the fuel gases
produced to offset the cost of electrical energy. However, what 45 not shown
directly in Table 3 is the low capital investmant required. The unit in Table 3 has
been scaled as smal) size by the standards of most waste disposa) systems. Because
of this smal) scale, the unit s expected to cost somewhat under fifty thousand
dolars per unit, This means that a producer of small quantities of hazardous
wastes (200 liter/day) could afford to treat his own wastes on site, This would hot
only sliminate expsnsive transportation charges, but also remove the potential rfsks
{nvolved with an accidental) spill in transit to a central disposal site. 4 ‘
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TABLE 1

GAS CHROMATOGRAPHIC (GC) ANALYSIS OF OFF GASES FROM THE
TREATMENT OF PCB CONTAMINATED HYDROCARBON LIQUIOS

Oescription of Ligquid Feads For
Each Run [s Shown Below

Gassous Run A Aun B Run ¢

Components Vol. Percent Vol. Percent Vol.Pgrcent
Hydrogen (Hz) 3.3 1.4 3.9
Carbon Monoxide {C0) 21.0 21.1 17.0
Acetylene {CoHp) 6.7 X 6.3
Carbon Dioxide (C02) ‘.1 1.5 3.2
Methane (CHy) 2.3 2.6 2.5
Ethylene {CoHy) L3 2l L3
98.7 98.3 95.2
WIS @ mm
(BTU/SCF) (491) (564) (600)

Run A Transformer ofl containing 500 ppm PCB's and water with
Ca{OH)2 and 11.9 pH. Six hours of run time.

Run B Diesel spiked with 97,000 ppm PCB and tapwater, pH 7.B. Six
hours of run time.

Run C. Pure diesel and tap water, ph 7.8. Six hours of run time.

haiai Blegireer

Q /.. Fuel Gases

Plasmy Region

e
1 Mase
with Msietved
Hasnd

\._.- :-:]mum hegton

Vatar Pruat (Vnta)

FIGURE 1. BLECTRICAL BISCRAMGL PROCERY OF WAITT
TREATNINT yn] T
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TABLE

H

DATA OBTAINED FROM THE THREE EXPERIMENTAL

Parameter
Being Monitored

InttiaY PCB's n D1}

Finel PCB's 1n 011
{6 hrs.)

Initial PCB's in Water

Final PCB's in Natar
(6 hrs.)

PCB’s in Sludge Formed

Composition of Sludge
Formed--Atomic Percent

Ratioc of Diesel:Water
Consumption by Weight

RUNS WITH

PCB’S

Description of Each Run
is Given in Table |

Run A
550 ppm
287 ppm

.0-
1 ppm

247 ppm

Ratio of BTU Electricity In: ----

BTU of Fuel Gas Out

Gas Production Rate
Liter/Hour {STP)

Foul Baz Ncyche

Run 8
97,000‘ppn
91,000 ppn

-0
B4S ppm

Flared Cpes

Gap Engine
Exhamt

FIGURE 2. SCHEMATIC 01AGAAN OF On-SLTT WASTE TRLCATMEAT vmit

et bl 3L b

tatarne) combuation gaa anging
Snemar

Llectranic contrel bin
Lleearit ere relciion chambar
Heat ecchanget {atrubher)
Watar {epuesut wiite}
Viseh arganig (tram feraer o)
L prectattats withraest

4-9 MONS

217280



TABLE 3
HYPOTHETICAL COST ESTIMATES
Rasis:

Organic waste is a transformer
flyid containing 1000 ppm PCB's

Processing rata 150 litar/day
{40 gal/day)

Reactor Systey:
Number of electrodes: 1300
Volume: 5 m3 (180 ft3)

Cperatigoal Utility Requirements:
Watar: 75 liter/dsy (20 gal/day)

Electricity: 110 or 220 AC, 60 Mz
(1) Power line, $0.07/ki11owatt hr

(b) Natural gls engine end generator
$6.00/10° BTV

{c) Co-fueled with iroduct gases

t: -

3 Np
i] [ ] o frctem Munt on Fuel
E Produced
i

il B
<3
L}
L
- Iytws Wevtr
L A1 Yiaey Fye) Bases

] ] 1 1 L N

L} ] n » L] "
£ 1ctoney of Incarm) Cambuntion Engime

FIOUE 3. W30 OF FUEL GASLY PROBTD AS CAENGT 10WREE
4-10 -
MONS

negligible
cost

$2.65/ga1
$2.58/9a2.
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OF PCBg¢ IN URANIUN CONTAMINATED WASTES
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ABSTRACT

A Toxio Bubstances Control Aot (TSCA) Lncinsrstor for envircmmentally safs dsstruotion
of PCBs end heterdous organic saterisle contaminatead with lov lsvel redicsotive
wastes from seven DOR feoilities hee besn construoted st the OCak Ridgs Gessous
Diffuelon Plant, and hae undergons performance tasting with PCR surrogatss., The
systeam incorporatss statevof=the=-srt off=gas trestmsnt, s highly instrusented xnn.
snd ssocondary combustion chamber, and en inert atmosphers solids handling feed .y.m',,
Releass of organio during an upest avent, whioh ctriggers opening of the secondsry
combustion ohamber relisf vent, will be pravented by saintaining sxosss oxyjen in the
kiln and & high teaparaturs in the sécondary oombyetion ohamber with an oparating
burner., Mixtures of ohlorinated bsnzenss ueed in performance testing to eimulets
destruotion of PCH, worst oase studies to satisfy regulatory ooncerns, snd implioa~-
tions of performance test results will be disoussed.

ACRA/TBCA MIXED WASTE INCINENATOR DESCRIPTION

In tha patt; no inolnerator facility was svailable with licensing to handle both toxio,
hesardcus, snd lowlevel urenium ocontaminated westa. With the addition of this feci-
lity, all beoklogged stored weetes along with ourrently genersted wvaste from ssven
DOR facilitiss undsr the direotion of ths Qak Ridgs Oparstion will be disposed in s
sefs sannsr. About 7% to 80 psrcent of thess vestes will be from the Oak Ridgs complex,

Dssign

The DOR=ORO incinsrstor wag custon dssigned to meet the needs of this fecility snd ves
nsnufactured by International Wests Energy Systems, Inc. of Bt. Louis, Miseturi. The
dssign incorporates a highly instrumented rotary kiln, zixing chamber, and secondery
combustion ohamber ($CC) combined with & state~of-the-srt off-gas treataent systea %o
insure that the inoinerator ssets or sxceeds ell regulations. Cff-ges from ths BCC
is pulled throwgh a guench chamber, veriabla throat venturi ecgubber, pached bed,
cross=flovw sorubber, end tvo ionieing wet scrubbers in seriss by an induced dreft fan
t0o Temvve particulates end soid fases before dischergs to a staock.

Incinerstion Procsss

Yonvolatils westa meterisls Temain insids the xiln for V to 1=1/2 hours at mpontutu
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of 1500 to 1B00*F. Solids paseing through the kiln fall into s water basin, wharg ,
drsqg 1ink conveyor continucusly removes the aolids to a collsction hopper, Combustign
gesss from .ths kiln sntar & mix chember end froa thence travel through a sscondary
combustion chember st 1900 to 2200°F. The SCC provides & gas retention tims of four
asconds, twice that regquired by Pederal regulations,

Technology Advancas

This projsct hes thress specific sress in which the stats of technology wes sdvanced,

Drusmed Solids Hendling. This is the first incinerstion fecility to provide sutoms-
tic hendling of 30, 55, end BS gellon drums in on inert atmospheras.

PCS surrogets. PCD's ers not permitted to ba dsstroyed in san incinerstion facilipy
until the facllity snters L1te licansing testa. To snhenos the probability of pasaing the
lioensing test, ths Energy Systams Quality & Technicsl Ssrvices Division daveloped a
eixturs of chlorinated bsntens compounds to simulete ths stomio composition snd dif-
ficulty of destroying PCO eixtures et Oak Ridgs. <Thess chlorinated benasns mixfures
wers used in performance testa. & .

Assursncs of Orgenice Dsstruction in Incinsrstor Upset Conditions. The Oek Aidge
inoineration facility implements a nev EPA requirsment in that during emergency shut

down, in wvhich the induced draft farn and gas ecrubbing systes is shut down and the
8CC thermal relief vent is opened, the Oak Ridge design provides at least 25% excess
air for oosbustion of residual unburned eolide while maintaining operstion of ths
auxiliary BCC burner to assure high snough tempersturses for destruction of organics when
the relief vant is opan.

Effluent Nansgemsnt

Liquid scrubber blowdown end vet ash will be collacted and analyzed prior to relsass. If
exoessive levels of organice ars pressnt the scrubber blowtown will be passed through
4 carbon column to remove organics, and wet ash will be recycled to ths rotery xiln.

INCINERATOR TESTING

Conatruction of the incinerator systea vag completed in October 1986. A functional
test vas carried ocut during November 1988 to determins eystem inadequaciss, and per-
formancs testing was carried out during July 1987 to determing if the incinerator
nests parformance standards sstablished by procursmant specifications.

Tept jesults

All EPA requiremants under RCRA wers met by tha functional test with perchlorcethylens
as PORC and by tha performance tests. Average DREe > 99.99991% for ctrich-
loromcnofluoromathans and carbon tetrachloride at RCRA temparatures and for liquid
polychlorinated bensenss as surrogetss for PCD at TSCA temparaturss wers obtained in
performance tsste, and reesults indicated that the inoinsrater is able to meet ail
procurensant spacifications., In the functional test sulfur dioxide, from combustion
of sulfur fed to the kiln, wee Oxidized to sulfate and sorbed in the scrubber for 2
removal efficisncy of 99.96%., TReaults from & special tast between RCRA and TsSCA
phassa of funotional tests indicatad that ths TAV stack draft should be sufficient to
mnest the nsv EPA requireasnt for 25% sxcess kiln alr whila maintaining an $CC ten-
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.;“,. » 1832°F and & sufficiently nagetive pressuré to pravent g susteined positive
suzs at the Xiln fece plets for mors then 15 ssconds during & TRY opening svent,
opplemental test involving feed of coal at & rete of 8,2 x 10% BTU/hr, prior to a
leted emargency TRV opening will be conducted during trisl burne to verify
jevensnt of the required excess air, xiln vecuum, and mininum $CC tampersturs.

Toblems, Probléms needing correction which were Teveeled by the functional test
juded: (1} atrength end operacion of mechenicsl systems; (2) air inleskagss {3}
rratic Quench flow) {(4) instrumentation; and {8) diacrspsncies betwesn Orast snd
Caok instrument resdinge for CO; snd 03. Although problems vith quench fiowe and
jacrepanciss betwesn Orsst end ateck CO; snd Op velues peraistad, during parformance
ssts the most seriour problems were: (1) en unaxpected chemical resction of cow-
ente in & cerbon tsrrechloridesmsthencl-isopropyl slcohol-polydimsthylsiloxane
;!..4 solution with severs corrosion of the stesl mixz tank; (2) loas Of eight type Kk
Fehermocouples in the secondery combuation chamber due to overhesting end corrosion,
'.,,g (3} failure of demistor componsnts with acrubber plugging during test 1 becauss
"the componsnts weTs febricatsd from Noryl plestic rether then the epecified FAF material.
‘other problems sncountared wvers fugitive emissions which caueed fisld blenk seaples .
to contéin mors POMC than stack samples, and dgtection limits for chlorobanzenss
'Whioh wers not low enough to dstermine whether or not the required DRI of 99,9995
‘was achisved in test 7 which involved a small feed of chlorobanzenss vith solids, -
’
i

peinciple Organic Hazardous Constitusnts { POHCS }

The first four parformance tests ¢t RCRA temparaturss ueed trichloromonofluorcmsthans
or carbon tetrschloride for POHC's esince a 350150 mixturs of these chemicals will be
ueed in Trial Bpurns. Trichloromonofluoromethans was used because it is ths most dif-
fieult to ineinerate Appendix VIII conetituent asccording to EPA'e incinerability
ranking becsuse of ite low hest of cosbustion, Cerbon tetrachloride, wvhich was edded
88 & second PONC st the request of EPA, Region 1V, ie¢ ths fourth most difficult to
dsstruct on the EPA list. Tests 5, 6, snd 7 were intended to dewonstrate tha pro-
bable destruction sfficiency of PCB's DY dsetruction of polychlorinated benrens mix-
tures ee¢ surrogetss for PCH's. To be scceptable the combustion mixzes for uss in the
psrforsancs tests had to ba homogsnsous, hsve the required sversge hsat of cow~
bustion, have the requirsd chlorins content, and yield the reguired ash contant.
Thess requiremsnts wars ast by mixtures of ths PONC'e with verying emounts of
dimethyl malonate, methsnol, sthylens ¢lycol, ieopropyl asleohel snd polydimethylei-
loxens.

PCB Surrogets. Polychlorineted bentens mixtures were eslected for teeting which had
ths same chlorine contant, sams eversgs heat of combuetion, end approximataly the sase
distribution of tempersturse required for 99% thermal degradstion in two seoonds in
s dry ges stream as tha sversgs of PCB weetes ot K=-25 for rune § end 6, end Aroclor
1260 for cest 7. . .

RCRA Triasl Burns

Tast 1 will uee meximum fesd raves for all wasts feeds, and minimum hsats of com-
buetion of 7,000 BTU/1b. for the kxiln and 10,000 BTU/1b. for the SCC with kiln tee-
pereture from 1400 to 1600°F and an ECC outlst temperature of 1832 % 50°F, Msthenol
will be mixed with ths CClyF-CCly mixturs to obtain the 7,000 BTU/1b. heat of cos-
bustion for kiln feed, end sethanol will be mixed with the CCl3F-CCly aixturs to
obtain a meen Mg of 10,000 BDTU/LL, for the ECC feed. The setond RCRA trisl burn will
involve wasts feed to the SCC whils the kiln ie ghut down to demonetrate the cepabi-
lity to opsrete the BCC alone,

4-13 )
MONS 217285



TSCA Trial Burne

TSCA test | will be conducted by feeding organic liquide with g heat of combugtion
7,000 BTU/1b., aqueous wssts, sludgse, soile end ehrsdded cepacitore containing ?y
8t maximum rates to the rotery kiln, whils sleo feeding at s maxisum rats PCH Orq.,u.
liquid with a hest of combustion of 10,000 BTU/Ib. to ths $CC. Thie tea: .11:
desonstrate the {ncineretord ability to burn 8ll forms of PCB waster, end wi]} aleo
establish msximum sllowsble feed rates and thermsl duties. TSCA teet 2 will be ¢opn.
duoted feeding only non~ligquid PCB meterisls to the incinerstor. The objectivee of
this test will be to eetablieh minimum tespsreturse scceptable for proper deatructioy
efficienty wheh PCI liquide are not being fed to the incineretor. Anticipated kila
and BCC temperatures sre expected to be 1700-1900°F end 2150-2250°P respactively, ror
TECA test 2 ctha expectad kiln and SCC temparsturas ars 1400-1600°F and 1750=18%0p
respactively,

Shekedown Testing

Shake down testing of the incinerator ie planned to begin during the latter part of
October or first of November, and vill preceds Trisl Burns. Howaver, before any
wastss containing uranium or other radionucleides cean be burned s permit must ba
. obtained from NESKAP.

CONCLUSION

Although some problems remsin, pre~triasl burn test rasults indicata that the DOE-ORO
RCRA/TSCA incinerstor should sest all Tregulatery requiremsents during trisl burnas, and
ig expected to be parmitted to dastroy all hazsrdous westes including diexina which
have & heast of combustion greatsr than that of trichlormonofluoromethane.
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ARC PYROLYSIS PROJECT
A Progress Report
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ABSTRACT

A bigh tewpsrature DC arc furnaca for the destruction of capacitors containing
polychlorinsted biphenyls (PCB) has bsen parmittad for tast st the SCA Modal Cicy
site of Chemical Wasts Managemant. Thia prototyps ressarch and davelopmant furnace
is baing davelopad wvwith mpior funding by EPRI. Tha technology is basad upon tha
utilization of a direct currant arc impinging on & molten matal bath., Tha ayatem
ie dasigned sc that initisl dacomposition takes place in tha molten bath and the
rasultant gasaous products are pasesd in thes vicinity of the high tempersturs arc,
Tha eyatsm raduces PCBe to WC1l, €O, H,, and particulats carbon. Solids edded to
ths system melt to produce the molten"matal bath in tha furmaca.

Conatruction and parmitting of the facility vas completed in Septembar of 1987,
Teating of tha eystam has begun and will continues through Novasmber of thie yea:z.

BACKGROUND

At ths 1983 EFRI PCB Seminar, & paper descriding tha concept for this project waa
prasantad, At that time, completion of tha projact vas projactad to ba completsd
vithia thres yasrs. At tha confsarance, it wes snticipatad that tha furnace wee to
bs aited in Californis at s utiliry site. 1n ths intervaning yesrs, the projecte
pregrassad but not in Californis. Difficultias in parmitting a “"green field" eite
vers found to be insursountable for this nev and slternative tachnology. Aftar
Are Technologias Compaty vas formad by Chamical Waste Managamant and Llectro-
Pyrolysis, Inc., sxisting haesrdoue vasts siteas vars avaluated for the location of
the furnacs. In addition to tha aite, tha procass raquirad sdaquate electric pover
snd vatar. Ths Modal City eite in western NHew York mat all of thess requirsuencs.

PERMITTING

Dusl permitting wes Taquired under Fadaral TSCA ragulations as sduinistered by the
United States Environmental Proteccion Agency (EPA) snd Nev York State reguletions
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vhich are adniniatered by the Dapertmant of Environmencel Conservetion (NYSDEC).
The Nev York Steta Regulation Pert 373 Application evppliss detailed organizetiong]
and oparationsl informetion such &8 ¢ veete anelysis plen, s contingency plen, s
{insncisl sseurencs plen, o closure plen. end & demonecration plan. The Pert 20|
Pearmit Applicstion conteine sssurencas that the fecilicy cen and will operats in
full compiience with all eppliceble eir emiseions regulstione. The Fert 161
Applicetion vee o Requaet for s Certificecte of Environmencel Sefety and Public
Necegeity and the Supplemencsl Draft Environmental Impact Statemant. Thie
applicetion wes submitted to both NYSDEC énd a epeciel eicing boerd sppointed by
the governor which wes cherged with reviewing tha project. Both the giting bogrd
and NYSDEC regquirad public hsarings.

The Federsl psrmit application wves submitted in April 1985 snd ths parmit to
conduct the teat waa Teceived in Jenuary 1987. The New York State applicstions
were eudmitted in May through Juns 1985 with edditional information baing supplied
during the next ysar. A completensas determination was rendered prior to the
public hearinga which were held in June [986. With no major public oppoeition, the
hesrings procesded amoothly. Tha Drafc Permit snd the Permit to Conetruct was
i{seusd in November of 1986. Conscruccion wee eterTted end continued through m
Septeabar 1987. During this period, edditionsl documents wers submicted to the /£
Stece ¢ required ae epscial conditione in the Dreft Permit. The final permit cof
etarTt up vae ieaved on Auguac 17, 1987.

FACILITY DESCRIPTION

The fecilicy ie¢ en Integreted syetem cepeble of teking the smallest to the largest
utility cepacitor and destroying thea under pyrolytic conditione in the eseeled sre
furnace. Tha fecllity consieta of & cepecitor hendling erese, DC arc furnace, ges
handling system. setal tapping facility, snd control house. DC pover ie supplied
by s three phess AC full veve golid etate diode rectifier heving AC snd DC reectors
on the input end output of the power supply.

The capecitor handling eree coneiets of ¢ building in which cepacitors will bs
uncTated end catsloged. The cepecitors will be loeded on ¢ semisutomatic conveyor
syetom end elevators which will loed them and feed cham into che furnecs.

The capecitors ere £fod into the furnace through s sesled thres-door sutomacic
loeding eystem. The firet atep in the cherging esquence is to open the first door
end losd the capacitor inco :the firsc chamber. The firer door closss, but bafors
the second door opens, the first chamber is purgsd with nitrogen. Tha second door
opens, e¢llowing the capacitor to drop into the second cheaber. In the sscond
chembar, the capacitor is punctured by seversl steel pronge. The third deor then
opana, and the ¢apacicor is pushed into chs furnece chember.

Once in the furnscs chasber, vhich i& controlled et 1600°C., the etael case end
ceramic bushings melt into the molten beth. At the same time, the PCBa end
capaciter core pyrolyze, decompoeing into carbon meonoxids, hydrogen, end hydrogen
chlostdl g0s. The small volume 0f gaees produced during pyrolyeie pese through thae
6000°C. plesna zone. Exiting upwerd through the 30 inch diemeter hollow slectrode,
the gases flow through ¢ sesled duct, conetructed of eteel, lined with e refractory
materiel, into the gas hendling aystem.

In the gea hendling syecem, the geees will bs quenched by evaporstive cooling. Twe
aprey norrlas aupply recycled scrubber liquid and one norzle suppliss cool fresh
weter. 1In a portion of the quench chamber, sdditionel cooling tskee plece by mesns
of & noncontact jecker of cooling weter.
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t, the dry eeparstor receives gases satursted with water vepor from the quench
> sar. Here, excess vater droplets ere removed by gravity, draining to s sunp
¢he bottom of the separator end imto the scrubber recycls tank.

+ cyclone esparetor receives the gesse next. 1t Temoves the medium eized carben
;:rticlll- The hopper, or cona shepsd receiving vesssl on the bottom, stores the
%elllct'd particuletes. A eesaled golids collection aystem hee been inetellad on
‘ne bottom of che lower hoppar for solide removsl.

(A

Gilcu treval from the cyclone ssparstor into the second Phase of tha gae handling
systen, vhere they snter the vencturl ecrubber. Some of the hydrogen chloride ges
will be removed in this chamber, elong with the sasller eized particles. The
operating liquid for the venturl scrubber is also recycled scrubber liquid.

following the venturi scrubber, the gseas pass into two packed tover esctions.
Here, the hydrogen chloride in ths pyrolysis gae will ba removed with & ainimuns
efficisney of 99.9%. Scrubber liquid will flow 4in the opposite direccion of the
gea flow, draining into che underlying scrubber tank.

From this point, the gas flows into the efcerburner ssction of che gae handling
eysten. The sfterburner will burn the remaining hydrogen and carbon wonoxide, .
converting thea to cerbon dioxide and water vapor, geeas we humans exhsls. The/?
aftarburner 1s & 60 foot atack with an inaide diameter of 30 inchee. The -
combustible gases flowing into the sfterburner will normally burn without
sdditional fuel. When required, propans gas vill bs usad to msintain the minimum
required combustion tempereturs.

F

Gas exiting tha top of ths stack will be common carbon dioxide snd water vepor.

Approximately every 8 houras, ths furnace will be tapped using stendard furnecs
operating procedures. The moltsn metel will bas tapped into mold cars eized to
hold the spproximsts | foot of moltsn metal end sleg vhich eccumulates on the
furnace hearth.

A 10,000 CFM blower end beghouse control the emissions during tepping.

The eyetem is controlled from ¢ control house vhich includee the motor control
center, continuous stack gas monitoring equipment. and furnece snd feed chambar
controls. Two wmultichannel date scquisition eystems record mors then 35 points of
dats continuouvaly.

An anfiuncistor penel indicetes end slarme over 79 functions for the faill-safe
oparation of the eystem, .

Powar for the furnace ie¢ eupplied from a 115 KV line on Nisgare Mohavk'e eyetsa.
The powver is rectified by & diode ractifier utilizing both AC end DC reactors to
provids continuous amcoth powsr to tha erc,

The design philosophy usad in tha system provides for radundsncy of ¢ll functionsl
systems. Ths control systam oparstss on 24V DC vith battary backup. In cess of
povar loss, 8ll systeme return to 4 feil-ssafs condition. A 168 KW emsrgancy
ganaretor is deaigned to pick up tha powsr losd of sll squipment saxcapt ths DC src
iteslf.

In sddition to redundent vetar cooling pumpe, &n smargancy water ayatsa using city
water has bsan provided. Duas to tha naturs of tha facility, the concern for the
city water ayectem dictetes our ues of both doubla backflow pravanters and s vater
brask. .
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Othar suxilisry squipment required on site coneiste of two 28,000 gallon ble
storega tenks, liquid nitrogen storegs, end Propans storsgs. All hazardeus
mgtariale sre atorad in arsss deaigned to contsin the volums of the materis
110X of the reinwster from ¢ 100-yasr storm.

Sown

1 plug

Wa are sbout to atarc & two phasa Stert-up end test progrem to damonatrsta the siy
ninas Destruction Removel Efficiency {DRE) cepsbility for tha furnsce system to
destroy PCRs. Tha first phese progrem conaists of seven tasts to check out al}l
sapacts of ths system's oparstion prior to feeding PCBe to the furnscs.

Test I Furnac¢e lining cure

Teat II Mixed matsl

Test III Metal end caramics

Test IV Metal, caramics, polysthylena '
Teat Vv Matel, ceramicse, film snd papar
Tast VI Matal, ceramice, PVC and papar

Tast VII Non=PCB filled cepacitors

Phase II consiate of feeding PCE filled cepacitore ac faed ratas of 000, 4500,
and $500 pounde/hour. [Each tast will be run in triplicsts,

An sxtansive teat plen will check sll byproducts including etack emisaiona, ingots,
blowdown liquid, and collacted particuletes for PCBs, dioxine, furems, volatile and
ssmi-volatils orgenics, PP + 10 {Priority Pollutents), mstsls, cysnides, chlorides.
The plan currantly providaa for s long-tarm haslth risk ssssesmant to bs provided
to both New York Stete Departmant of Envirommantsl Conssrvetion and New York Stats
Dapartmant of Heelth, Reculte ars co be submittsd by Dacambar, receipt of public
comments by Februsry 1988, and commercial oparation in April - June 1983.

mons 2172990

4.18




ULTRASONIC PROCESS FOR THE DESTRUCTION
OF PCBs IN OIL AND SOIL

Mercus Sittenfield
Marcus Sittenfisld and Associstes
Hezerdous Wasts Mansgement, Inc.

1015 Chastnut Strest

Philadelphise, PA 19107

ABSTRACT

The ves of ultrasonic redistion to promots chamicsl resctions hes bean studied for
mény ysers. The liteveturs is replats with referencas to meny differanc chemicel
resctions including dechlorinetion of both sliphatic end sromstic hydrocarbons,
cleavags of arcometic molaculas, promotion of cetelytic rssctions, etc. o
Ultrssonic redietion promotas chemicel reasctions by meens of high anergy genereted
in the cevitation gons crestsad in liquide. It has basn obasrved thet sccousticelly
genaretad cavitation causes the repid formetion, growth and implosive collepse of
vapor filled vacuolas. This ssguencs gensates short lived, loctslized “hot-spota”
vhare paak temperatures of 3000 to 10,000°K and high pressures of 100 te 1000
stmoaphsras have Basn reported. Ths time cyecls for tha formetion, growth end
implosive collapss of the gas vecuoles is raportad to ba of the order of nseconds.

Cleavags of chemical bonde in wolscules can occur by increseing tha vidration
fraquancy of ths bonde by high temperaturas or ths physicsl action of high fraquency
vibrations. It has basan suggested sleo thet cevitetion enargy cen crasts orgenic
radicale through ien ganeration at the surfacs of the vacvolas. The formation of
organic radicels promotes chain resctions.

It ie wall known thet PCBs ars considered to bs chemically very ineart. Howsver,
they will resct with certain chemicele under very high temparsturs conditions. Fer
example, PCBa reect with sodium hydroxids st slevetsad temparsctures. PCBs cen also
ba destroysd by combustion with the formetion of hydrogen chlorids.

Despits ite ralative insrtness, s number of processss have besn proposed for ths
destruction of PCBs. Thass include incinerstion, axtrection with solvents, phote-
lytic irradisation, gasms redistion, rasction with a sodium orgenic tomplex undsr sn-
hydrous conditions, ate. Of thase,ths onss thet have been studiad most and developad
for commarcial use are incinsretion and resction with & sodium organic complax.

In tha cese of incinerstion, vhan tha sguipment is properly designad and opsreted,

the process has ¢ destruction efficiancy of 99.999% of the PCBs fad. Howaver, thars
are soms inharent probleme. Firet, dioxins cen bs formed in the combustion process.
Second, porteble incinarstors ars difficult to dessign and oparate st pesk efficiencis.
Third, it {s not possible to dacontaminate liquide by burning enly the PCls.

Fourth, if the contaminetsd mitarisl is non-combustible, than fusl coscs cen bacome
gquite high.

Tha processes using the sodium organic complex reactent wvars désigned to recover
contaaingted liquide. Howaver, the prsparstion of the reactent requires hendling
wotallic sodium, a very rsactive end hgzardous substence. As & result, the procass
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wmust bs conducted under enhydrous conditions. Resction times for thase Procesag;
heve bsen raportsd to requirs seversl hours to complats.

The ultresonic process developed by Hezsrdous Weste Msnsgement, Ine. for decont gme
insting verious liquid end solid substretes conteining PCBs rspressnts s novel
spproech to the PCB problem. The procass is based on the fact thst under exXtiremg
conditions of temperstures, such gs ers obteined in the cevitstion tone genergteq
by ultrasonic ection, PCBs will rasct with other chemicels resulting in braeking
cerbon to carbon end carbon to chlorine bonds.

The RWM procass for detoxification of substencas by utilization of ultresonic
snergy is dascribed in U.S. Pstent No 4,477,357, It consiste of irredisting
PCB conteining materisl in ths presence of an slkaline materiel with ultressonic
energy of sufficient Intensicy to destroy the PCBs. The slksline substances srs
edded to Temove sny chlorine or chloride ions and parmit the rssction to go to
complation. )

A series of experiments ere described demonstreting the feasibility of the procsss.
One series subjected & trensformer oll contsining 93 ppm of Aroclor 1242 to dif-
ferent resction pasremeters. As e result, the PCB concentrstions in ths oil were ﬂ#
reduced to as low es I35 ppm. 4,

Another series of experiments were meds on & heevy sludge obtained from & wasts
dispossl eite. This sludge conteined sbout 2.8% Aroclor 1247 end about 3.12
Arotlor 1260, After subjecting the sludge to the WWM ultrasonic process,
snelvess showed thet sbout 99X of the Aroclor 1242 and 61 of Arcoler 1250 were
destroyed. Reaction times of sbout 5 minutes were ueed.

To dete, the expesrimentel work hess been done using & comnerciel 350 weet ultra-
sonic generetor operating at 20 Kilohartz. Plens have besn prepered for sdditionsl
work to optimiz- opsreting conditions, eveluste flow patterns through the
genarator and tesc continuous flow ultresonic unite.

An sconomic snalysis of the process indicetes that oversll costs to deconteminats
liquids sre of the order of 51.50 to $2.00 per gellon, besed on current informetion
1t is sstimated thet s porteble ulcresonic decontamination unit cen bs built for
betwean 5200,000 end $450,000 cepabla of processing as much es 50 gpm of
conteminated fluids.
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THE USE OF LIQUID REAGENT FOR IN-3ITU TREATMENT
OF PCB'S IN CONCRETE AND ON SURFACES

JOHN P. WOODYARD, P.E.

ENZO M, IORATTO, P.E. :
INTERNATIONAL TECHNOLOGY CORPORATION

KNOXVILLE, TENKESSEE

ABSTRACT

This peper describes a new develcpment in PCB conCrete and other surface
decontamination through the use of a 1iquid treatment reagent, The resgent,
developed in Europe specifically for treatment of chlorinated hydrocarbons, is
applied in a heated liguid form and allowed to either penetrate porous
surfaces or coat non-porous surfaces. The technique provides a significant
advantage in many instances; for concrete it allows destruction of PCB in
place without concrete removal, while on metal or other non-porous surfaces it
can be used to reduce or eliminate the need for PCB disposal of
decontaminat fon residues, The technigue has also been used successfully for
treatment of dioxin and didenzofurans, and provides an initial response too)
in PCB transformer fire incidents involving significant levels of these
compounds.,

INTRODUCTION

PCB spi1l and fire Cleanup projects require expertise in a variety of
decontaminat fon technologies, given the similar variety of surfaces and
materials that require decontamination. While improvements in technology have
resulted in cest'S|v1n?s and efficiencies through.the use of recyclable
cleaning solvents and tow volume cleaning techniques, decontamination of
concrete contimies to be one of the mast difficult problems facing utilities
and decontamination contractors. TYraditional methods of washing or otherwise
removing portions of concrete is well documented. These methods alone can
account for the most significant portion of a decontamination project cost,

International Technology Corporation {IT) licensed a patented reagent process
in 1986, designed to ba used fn a solid or 1iquid form to dechlorinate PCB,
After rovielin’ and confirming some of the inftial field results from the
Curopean use of the reagent, 1T applied for a TSCA research permit in January,

1987 and received permission from USEPA to proceed with field scale
demonstration of the technology in May. 1T has completed its first field
trial of the reagent, and has plans for several additional tests in the next
six months. Field research will focus on a variety of surfaces, levels of

contamination, aroclor types, penetration effectiveness, and dibenzofuran
destruction.
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CHEMISTRY

The IT reagent 1s based on phase transfer catalysis chemistry, in which one of
the chemicals to be reacted is transferred from & phase in which it is
relatively unreactive to one in which it can be redcted, In the IT reagent,
the reactive chemicals in the formulation are an alkaly metal alkoxfde or
peroxide and & polyglycol of varying molecular weight, The high molecular
weight ¢lycols are solid at room temperature, but liquids at the reaction
temperature range of 60 to 90°C,

The 1iquid reagent §s prepared by suspending the alkoxid= in the Viquid
polyglycol (low molecular weight) at elevated temperature. The mixtyre g
then heated and epplied to the surface to ba treated. The materia) remaing in
intimate contact with the contaminants for days or weeks until the reaction
proceeds to complation. Experimental use of yltraviolet 1ight has also been.
conducted to enhance the free radical formation association with the reaction.

TEST RESULTS

The 1iquid reagent has been applied to commercial surface decontamination in
Europe on sever 1 projects involving PCB, dibenzofurans, and dioxins

{Ref. 1). 'These field scale demonstrations have shown the 1iquid reagent to
be an effect!ve destruction agent in as 1ittle as one week. Because of
differences in spi11 cleanup standards and approaches, however, these projects
do not provide sufficient information for ready technology transfer in this
country.

In July, 1987, IT conducted the first U.S. test of the reagent technology at a
transformer fire site in Shreveport, Louisiana. Results of the Shreveport
test will be available just prior to the presentation of this paper.

PERMITS

Because spilling PCB liquid constitutes 11legal disposal as interpreted by
USEPA, destruction of PCB in place constitutes an alternative to conventional
disposal and must therefore be permitted. |IT received a TSCA Research and
Development permit from USEPA in May, 1987, allowing for the demonstration of
the technology at several active PCB decontamination project sites. The first
such demonstration was conducted in Shreveport on 4n emergency basis, whare
the state and EPA region waived notification requirements in order to proceed
expeditiously with the test during morma) decontamination,

Attempts to permit the technology for commercia) application will hinge on the
results of first seversl field demonstrations, all scheduled this year.
While the reagent 1¢ known to be effective for surface or shallow
contamination, the optimum reagent recipe and application parameters are not
sufficient)y known to guarantee commercial success. Any degree of technical
success in the initiel field demonstrations could result in an application to
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€PA for a commercial permit, althou?h such 4 permit would 1ikely be 1imited to
the only specific type of successfu application associated with the
demonstration. The USEPA permitting process clearly did not anticipate the
"advent of this type of technology, therefore requiring fairly stringent USEPA
testing requirements, thorough permit review, and narrowly defined permit
conditions.

PLANS FOR OEVELOPMENT

The 1iquid reagent technology has several obvious applications in ndustrial
#CB decontamination, including the following: .

1. Traatment of contaminated non-porous surfaces, such as metal
cabinets and machinery, .

2. Treatment of porous surfaces such as concrete and wood.

3. Initial response treatment of furan/dioxin contamination following
PC8 fire incidents.

The technology has been proven effective in situations 1ike 1 and 3.
Successful field confirmation of the Eurcpean results will resylt in
commercialization of & viable emergency response technology for PCB spills and
fires, as well as & means of decontaminating industrial equipment contacted
with PCB during years of use, Successful use in decontaminating concrete and
wood, and the biggest problem, would perhaps provide the most dramatic
improvement in technology due to the primitive nature and high cost of
technologies currently available.
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PLASMA ARC OESTRUCTION OF
HAZARDOUS WASTES

M, F. Joseph
Westinghouse Plasme Systems Cahada Int. Canada
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ABSTRACT

The Westinghouse Plasma Systems PYROPLASMA waste destruction unit destroys Vigquid
organic materials by breaking the molecular structure of chemica) wastes and
changing hazardous wastes into nonhazardous, potentislly useful substantes. The
highly efficient mobile destruction process 1s based upon the concept of
pyrolyzing waste molecules using a therma) plasma field.

DESCRIPTION OF TECHNOLOGY

The Pyroplasma process 1s based on the concept of pyrolyzing waste molecules using
a thermal plasma fi81d, The heart of the destruction system s & plasmd torch
which was designed by Westinghouse Electric Corporation and Pyrolysis Systems

Inc. Simidar torches have been used commercially for years in practical
applications ranging from dlast furnaces and doiler ignition to the testing of
atmospheric resntry heat shields by NASA and devalopment of Mach 6 aircraft
engines.

The Pyroplasma unit 15 entirely contained in a 48-foot tractor trailer and
requires only powsr, water, and sanitary sewer discharge 1ines. The power
requirements are 4180 volts, J-phase. Domestic water supply and access to a
sewage treatment plant (STP) are the only addition externa) requirements other
than a waste source., Only a matter of a few days are reguired for complate system
mobilization to the point of actual oparation. There are currently two conmmercial
size vnits available: a 1=gallon per minute (GPM) unit operating at 350 kW and 2
3 GPM (1 ton/hour) unit operating at 750 kW, Mobile units miay be designed with
throughout capacities as high as & GPM and sti)) be contained in a single

trailer. While current emphasis has been on the design of mobile units for
reasons of lowsr environmenta) risk and greater public acceptance. the
construction of fixed facilitias is possible in the avent that higher throughput
capacities are required.
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LIELD 151
E

eliminary field testing of the Pyroplasms mobile unit was completed in early
1906 as part of the contract between Pyrciysis Systems and New York State. All
tests were obsarved by both federa) and state authorities from the Unite States,
as wel) as federal, provincial and loca) Canadian authorities. Chemical analyses
of both gas and water effluent streams were performed externally by lenon
tnvironmental {Buriington, Ontario) and stack testing was conducted by GGA

torporation of the U.5. and IMET Incorporated of Canada.

nechanical operation of the mobile plasm pyrolysis stream was first verified by

‘processing & nonchlorinated blend of MEX/MeOH (1:1 volusme). Following this,

thrae, one-hour carbon tetrachloride runs were conducted to demonstrate i) the
destruction efficiency of the plasmy process with a 61fficylt to destroy
chlorinated compound, 11) the stability of the system upon exposure to high
concentrations of chlorine, and 111) the effectiveness of the scrubber for WCl
removal. The carbon tetrachloride was blended with MEK/MeOW/H2D and fed at a
rate of one kilogram of (L1 per minute, ODestruction efficiencies wers graater
than 99.99995% for all three runs besed on measured residuals in a1l effluent
streams. Stack emissions for CC1y were analytically nondetectable,

After completion of the CCly runs, seven tests were performed using a blend of
Askarel (Aroclors 1254 and 1260 in trichlorbenzens) in MEX/MeOH to determine the
PCB dastryction capabilities of the precess. Thres one-hour, one two-hour and
thres five-hour tests gave destruction remaval efficiencies consistently grester
than $9.99999%.

TECHNOLOGY AOYANTAGES

The Westinghouse Plasma Systems mobile Pyroplasms unit provides unique advantages
over other tonventional technologies. The most important of these is the very Jow
emissions resulting from the high destruction efficiencies combined with the Yow
PIC formation. The technology 1tself s pyrolytic inh nature and does hot require
tha Jarge volumes Of air nesded for combustion. The Yowsr gas volumes and thus
Jower quenching and scrubbing water volumes land themselves to a small, compact
process which 1s easily made mobile.
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CATALYTIC HYDROGENATION OF POLYCHLORINATED HYOROCARBONS

K. J. Youtsey and D. R. Hedden
YOP Inc.
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Oes Plaines, 111inois 60017

ABSTRACT

The UOP Decontamination process employs cetalytic hydrogenation tachnology which
converts the chlorinated compounds.producing hydrogen chloride and a petroleph

derivative. Typically, the petroleum derivative 15 a reusable preduct of such value
that 1t offsets the costs to treat the waste material. Depending on the source of
the waste 011, its economic value can be recovered by using 1t as a source of energy
fue) 011); recycling it as a refined intermediate (lube base stock); or, upgrading
t as a specialty product {chlorinated benzene to cyclohexans}.

As well as an economic means of converting contaminated waste oils into reusable
products, & properly designed catalytic hydrogenation process unit eliminates the
possibility of releasing products of incomplete conversion into the environment.
Process units are designed and constructed to allow certification of products before
they are releasad from the treatmant facility.

PROCESS ADVANTAGES

Catalytic hydrogenation as practiced in the UDP Decontamination process i3 a safe
and efficient means of treating PCB-contaminated oils when designed and operated
gursuant to the standards of the petroleum refining and petrochemical industries.
asic hydroprocessing technology 1s found in most modern day refineries and
petrochemical plants, and is used to reduce the contaminant levels in virgin oils of
such hetercatoms ts sulfur, nitrogen, oxygen and metal complexes. Most importantly,
the UOP Decontamination process offers a mathod of treatment for a wide range of
hazardous materials convorting chemical waste streams into hydrocarbon products that
have value as pstrochemical charge stocks, solvents, lubricants and fueis.

Based on pilot plant runs employing PCB-contaminated waste oils, UOP has
¢1omcuut.ﬂtodP that undesirable side reactions involving the hydrocarbon matrix of the
waste 0!l can be minimized. The formation of partially oxidized materials such as
chlorinated dioxins and furans which can be formed by oxidative processes such as
incineration 13 chemically impossible with the hydrogen reducing environment of the
process [1,2]. Further, when compared with other chemical reduction processes, such
as those based on sodium technology, the fina) product from catalytic hydrogenation
15 & more valuable ofl since 1t is not contaminated with tha sludge-like material
formed from polymerization raactions during reduction by metallic sodium.
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be2OCESS DESCRIPTION

ﬁ‘o':nn process design s based on the waste of) composition, the and product
specification, the regulatory requirements, and the desired operational flexibility
o that any constraints on utilizing the technology ara economic, not technical, in
nature.

Along With catalytic hydrogenation, the UOP Decontamination process utilizes unit
operations such as phase separation, axtraction, adsorption, evaporation and
distillation for pre-treatment of the waste of) to remove 30lids, meta)
‘contaminants, or catalyst poisons and post-treatmant of the products to meet
requisite effluent specifications.

In the UOP hydroprocessing scheme, zfter pre-treatmant, the waste oi) 1s heated and
combined with a hydrogen-rich gas stream before entering the reactor catalyst bed,
refer to Figure ]. The UOP catalysts utilized by the process react hydrogen with
the waste oil halogen contaminants at temperatures and pressures exemplary of those
found in the patroieum refining industry:

. Dperating Pressures, 9313 200 - 1000
' Oparating Tempsratures, “F 150 - 700

The reactor effluent is cooled and neutralized with an aqueous solution containing a
basic compound. UOP has enginesred a unique system to ensure intimate contacting of
the reactor effluent and agqueocus solution in order to cool, neutralize and purify
the reaction products. The technique along with proper salection of metallurgy
minimizes the corrosivity of the product streams caused by the presence of HCY.

Within the same unique system, the neutralized reactor effluent 1s next separated
into three phases. A hydrogen gas stresm is recycled to the reactor szection to
provide a large excess of hydrogen in the catalyst reaction zone. Hydrogen gas is
added during the operation to balance its consumption. An agqueous fraction ieaves
the plant as a solution of non-hazardous salts and the decontaminated organic
fraction is recoversd as final product. The overall objective of waste minimization
is applied to ench specific design case.

PILOT PLANT TEST RESULTS

BCB Waste Streams

Pilot plant test results support the application of the UOP Decontamination process
to a broad class of hazardous waste types, such as transformear oils, still bottoms,
waste solvents, cutting oils and used lubricating oils, PCBs have besn chosen is
the principal focus to illustrate the capabilities of this treatment technology.
The fol\owing wiste streams were continuously processed to demonstrate the
feasibility of the technology in this service:

. ?11}; AX transformer oil contaminated with 1400 ppm PCBs as Aroclor
01- ) .

. Waste lubrication oil obtained from a contaminated oil recycling site.
T?c]na:er1t1 wis contaminated with 270 ppm of Aroclor 1260 and 750 ppm
of lead,

4.27 MONS 217299



In both cases, the waste oils were processed without dilution in a pilot plant
designed to evaluate catalytic activity, stability and selectivity. Oemonstratigy
data were obtained using a recycle gas flow configuration to eliminate sCale-yp
assumptions,

Analytical

Both the product llquid and gas streans were subjected to a variety of detaileg
analyses to quantify pollutant conversion, hydrogen consumption and hydrocarben
product quality. Reduction in metals, ash, sulfur and other undesirable compounds
wis measured using a combination of ASTM, UOP and USEPA derived tast methods
Monitoring the waste oil1's PCB concentration was by a gas chromatogaphy/electron
capture detection method (GC/ECD){3]. )

The objective of catalytic hydrogenation is to remove the chloring atoms from the
PCB molecule. Thus, the typical Arocior pattern used to detect the PCB leve! in the
wiste oil feed is eliminated from the final product. When measuring the final
product PCB content, the GC/ECD detector's responss to other constituents tends to
interfers with low levels of PCBs. Therefore, measurement of the product oil's PCP
concentration was with sither a HP 5987 GC/MS system or a HP 5890 GC equipped with a
HP 5§70 MSD detector. The fina) product PCB concentration was further confirmed b{i‘

an outside laboratory, Battelle Laboratories. i

Besults Supmary

High conversion levels of contaminants were acheived for the waste oils processed in
the pilot plant. In addition to reducing product PCB concentrations to non-
detectable levels, other contaminants, such as 1ead and sulfur were also converted,
further improving the quality of the final product., Table | {5 provided as a
comparative suowmary of the waste oils and the corresponding final product.

Iransformer 013.

The PCB-contaminated transformer oll was processed for approximately 30 days under
an accelerated stability/activity test program. A final product PCRB content of less
than 2 pmm was the oporltln? basis throughOut the piiot plant run.  As the
analytical results show in Table ], the level of PCBs 1n the final product oil was
reduced to the 1imits of detection (-0.5 ppm) thus demonstrating a complete
conversion level for PCBs greater than 99.9%, Over the sams pariod, the
concentrqtion of sulfur heteroatoms in the transformer oil was reduced reflecting a
sulfur removal of 97.5%.

¥aste (ubrication 011,

The waste lubricating ofl treatability was examined over an 8-day test period.
Catalytic hydrogenatifon of the .waste oi) produced a final material which was
measured to contain less than 2 ppm of PCBs at each level of chlorination (per
Battelle). The oil’s lead content was reduced from 750 ppm to less than 10 ppm,
Desul furization of the oil was 73%.  Hydroprocessing the waste oil retained tha
excellent viscosity characteristics of the starting material as evidenced by
comparing the Viscosity Index of the raw oil with the final product. Thus, as
f1lustrated in Table I, once the undesirable contaminants were removed, tha oil
became an axcellent candidate for reuse as a lube base stock. -
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£sS ECONOMICS

e the discussion here has focused upon converting P(B-contaminated waste oils
ato reusadle oils, a wide range of waste streams can be treated in a similar
3;shion- VOP's current pilot plant experience Includes trichloroethylens-
contaminated st1ll bottoms from a solvent recycling operation, highly chlorinated
taste oils (circa 60 wt-% chlorine}, and both chlorinated and non.chlorinated waste
solvents.
[ 3

$ro forma economics for the UOP Decontamination process have been prepared assuming
annual on stream factors of 70%, although 90% or greater {s readily acheivable. The
payback calculitions summarized in Table 2 are based on a plant size of 10,000 gpd
and conservative assumptions with respect to capital costs and operating costs. The
positive contributions utilized fin determining the simple paybacks arise from
avoidance of externa) disposal costs and from final product credits: both of which
were based on current competitive values in the United States.

In a1) of the waste oi) cases reviewed, the payback on the installation of a new UOP
Decontamination process was favorable; less than 2 years in all cases. In certain
applications, such as treating Askarels or highly chlortnated waste oils, the
paybacks are less than ] year. As might be expected, the rapid paybacks -are
directly attributable to the ever increasing costs to dispose of waste oils off
site. s

""
COMMERCIAL STATUS

State-of-the-art processing technologies coupled with over two dozen propristary
hydrogenation catalysts provide a firm basis for offering the UOP Decontamination
process to the waste management industry. The highly qualified engineering staff at
UOP make possible the custom design and supply of treatmant plants to satisfy a wide
variety of environmenta) and industrial needs. Joining the knowledge to design,
engineer and construct treatment facilities with UOP plant start-up, operater
training and troubleshooting activities provides waste oi) generators a fully
supggrtod single scurce option to finding solutions to today's waste treatment
problems.
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Table 1
Transformer Waste Lube
0il 04l
‘ Faste Qi1 Product Naste 011 Proguct
Analvies '
pc8 Concantration, ppm 1400 ND 270 <2
Argclor Type 1016 “- 1260 -
Specific Gravity 0.886 0.878 0.887 0.87%
pistillation Range,°C
18P 222 220 163 122
50% Over 327 329 418 405
Fap S22 493 485 545-.
Residye, volX s -- - 20 ]
4
Sulfur, wt-ppm 700 17 4900 1300
Nitrogen, wi-ppm 1 .- 600 250
".t.‘ , ] 't‘pp‘
Lead .- .- 150 5.5
ine -- .- 285 1.7
Yanadium .- .- 2.9 <0.1
Nickel .- .e .8 2.6
Viscosity Index . -- 128 ' 126
Table 2

Payback Economics of UOP Decontamination Unit

Hasie Ivoe Pavback (vrs)
Waste Lube Contaminated with PCBs 1.8
Askarel <1.0
Chiorinated Stil1 Bottoms _ 1.9
Spent Halogenated Solvent <1.0
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PCB TRANSFORMER FIRES:
THE RISK IN NUCLEAR POWER PLANTS

Kirk Bleckmon .
Preaident - Bleckmon-~Mooring Steiastic Technologies, Inc.
One Summit Avenue
Suice 202
Fort Worth, Taxas 76102

One of the more valusble assets eny utility company poseesase 1i¢ ite nucleer pover
plant. For that reeson, 1if one of thess plenta is out of cosmieeion for eny
period of time due to ¢ PCB fire it cen ba very coetly. The average down time cost
for a nuclear power plant is between 2 to & million dollars e week, per unit end
miny plante heve multiple unite, It is estimated chat one-half of the preaent
nuclear pover plants operate wicth PCI filled treneformer equipment.

A atudy performed in 1984 for Nuclesr Mutual Limited and Wuclear Electric Insurence
Limited addrasaed the risk potential for PCB fires st nuclear genereting fecilitiaee,
Tha atudy vaa parformsd by the Netionel Economic Reeearch Associstio-, Inc., in
conjunction with MéM Protection Conaulcants and Clayton Environmental Congultercs.
Tha report identified conditiotc where PCH filled transformers were located in close
proximity to major oil hazarda beneath turbine generatore., Beceuss of the lergs
guanticias of lubricating oil required in thaes facilitiee, a fire in a power plent
ia not uncommon., A classic exampls of thia was & fire that occurred under the
tugbina at tha 30 segawatt Pichway Genarating Plant in Columbue, Ohio on June 23,
1951, Fire damsge vas exteneive and included ccllaue of the plant roof. Of
couree, there was no fire protection eyetam at the piwnt,

Another incident occurred approximately 15 yeare ago vhen ¢ fira at the 3rowne
Ferry Nuclear Power Plant caught the attention of the utility induecry. Apparently
an amployas chacking for leaks in esale between the conteinnvent building and the
suxiliary building accidantally eet fire co eome ineulating meterisl, The fire
epread undar the contzol room and eaveraly damaged cable rune to the point whars
the plant vae shut down for an extanded period of time, Thie incident ie what
prompted the NRC to require certain firs protection in all nucleer pover plante.
Probabilicy secimates relacing to the frequency of this type incidant can never

be sccurate; howsver, it ie poesible to seteblieh falrly accurate estimacas of
potential clesm=up coets and dovm time.

In an sttempt to obtein better eecimatse of clean-up coste in ¢ nuclear power plant
uhdet tassanabla loss scenarice, & etudy wae commiesioned, Thie etudy was a joint
vanguts betvesn Blackmon=Hooring Steamacic Technologiee, Inc,, (BMS=TECH) and M&M
Protaction Coneultente (1). This joint etudy was conducted et & typicel pressurized
water reactor plant coneieting of two 1000 megawert unite. Three epacific scenarios
were selected and analyzed for thie typicel power plent, Theea ecenarics were:

1) an electrical fallure of & traneformer in an feoleted evitch geer room; 2) a
tzaneformar expoesd to s 55 gallon treneiant combuetion o1l fire in the euxiliary
building; and 3) ¢ PCB traneformer involved in s major turbine luba firs inm th
turbine building. .

In the firet acenerie, it wae sesumed that the ewitch geer room could be Complately
isolated and that contaminante from the fire would ba contsined within that room.

5.1
MONS 217306



Dsmage wae ¢etimpted to be st spproximately $500,000. Alchough thie feolated
evitch gaar room wee uded only in caes of emsrgency, the NRC clearly etipuleted
thet they would not ellow the plent to operete unleee tha squipment was in workyn
condition. Beceuss of this, it wae enticipeted thet the plent would be ehut down
during the entire 10 weske required for the decontemination and clean-up. Howayyp
becauss thie wee ¢ two unit nucleer plant it wee sesumad thet only one of the unlg;
would be affected.

In the eecond ecenario ¢ 55 gellen drum of oil wae being traneportad through an
ates of the euxiliery building when it accidentally epilled and tha oil ignited
naxt to e traneformer conteinring PCB'e. Baceuse of the open conatruction of the
suxiliary building (betvesn floore and within each floor}, soot fellout could by
expsctad to epread throughout thie structure. The coet for the clesn-up end
decontaminetion effort wee satimated at approximately 79 million dollere. It wes
sotimated the entire plant would be ehut down, including both reectore for ¢ pariog
of approximately 8 monthes. '

In the final ecenaric ¢ PCB traneformer wae angulfed in flames cauesd by an
accidental turbine lube oil reluese. Thie tima the treneformer wee loceted in o.
open srea of the turbine building bensath the turbine opereting floor. Agein .~
becauee of the vest openinees of ths turbine building, and the peeitive eir flow
from thie eree into the suxiliary building, it was deemed highly probable thet the
turbine building ee well ea the suxilisry building would be contemineted. Clean-up
and decontaminetion coers for the third ecenaric wers sstimated ot approximately 98
million dollera. Both resctors vere sxpscted to bs ehut down for the approximate 9
nontha the clesn-up operation would require.

In ell of the ecenarice no edditional demage was sesumed to have occurred to
squipment exposed to the fire or the combuetion by-producte. Aleo, no setimats of
demage to the traneformer wes included. The only regulatory delaye anticipetsd

in the clesn-up eetimatea ware spproximately 2 veeks to negotisate with ths health
officiels concerning the ecceptsble level of deconcaminaciou neceesery. Significant
reguletory deleye caused by the NRC, EPA, OSHA, etec., could extend the outege
esignificantly beyond the setimates included in thie report. Anothsr factor that
muat be included ee¢ ¢ coet but wvas not in thie etudy would be the purchase of
replecement slectricity during the time the plant was shut down. Aa etatad serlier,
the eversge down time coet for ¢ unit ie eetimated to ba between 2 and & million
dollars ¢ wesk.

In general, e clesn-up et 8 nuclear pover plent would bs more difficult than s
clean=up in en ordinery office building contamineted as o reault of a PCB fire.
Soma of the reasona ere as followa:

1. Both cleaning and handling of the reeidue from PCB'e, related toxic compounds,
and vaate water would be complicated by the presence of radioactive matarial.
Cleaning would require sdditionsl worker protection which would excend the
clean=up time,

2. Wastas handling and diepoeel could be more complicated end coetly becaums both
toxic chemicele and redicactive materiels could be involved.

3, Nagetive eir preseure, typicelly found in the containment building, designaed
to ksep redioactive materisl from epresding to the euxiliary end turbine
buildinge would provide a vehicle to epread eny trensformer fire contaminanta
from the turbine building to the euxiliary building.

4. An sdditionel reguletory suthority, the NRC, would heve to be added to the
group of decleion makers vhen it came to formulating clesan-up criteris and
operating procedurse.

5.  Health end asfety programs would not only heve to teke into coneideration the
occupational phyeicien‘e and induetrial hygeiniet'enormal concerns, but also
would involve input from health phyeiciete to deal with poeaibls problems of

5-2
MONS 217307



“

radioactivity.

»  Plent security which ie typically sxceptionally ecringent in ¢ nucleer
genevating fecility, could zlow the clean=up sffort.

1n performing decontamination st & nuclesr power plant many of the proceduree will
{pe very eimiler to thoss used in other PCP fires, while othere will be quite
Fgifferent . Soma of the differences are as followve:

fl' Alr Filtretion Systems ussd to avacuste sir from contaminated srees must not

only be able to remove the chemicel conteminante but will aleo have to remove
radioactive contacinents. It ia probeble that the air Eilcration syatem will
P advaresly affect the plant's cperacing radioactive air contamination controla.

2. All vaste water genareted from the claan-up sctivity would firet heve to pass

: through ¢ radiosctive waste weter trastment facility and then through a PCB
veste water eystam. However, the capescity of most plants existing rad=weste
trestment systems appears sufficient to handle the volume of liquid wasts
thet would be generatad by such a clesn=up operation. ‘

There vere aleo ssveral other fsctors thet eppear to affect cost and down time:

l. It is Swperative that corrosion control procedures be implemented immedistaly
after exctinguishing the fire, Tha corrosive fallout generated from a PCC fire
could caupa sxtenaive damsge to unpainted mecal surfacee. If chese surfeces 4
vers left untresced tha coat end down tima would drematically increass bacaues &
squipment could ba damaged beyond repair and therefore naed to ba repleced.

2. It ver discoversd, during the courss of this study that if cercein ereas of the
plant wers isolated from each other camage could be minimized. Some items to
be coneidered are ss follows:

A: Tha design of HVAC systems through negative preesure, smoks triggered
exheuat ayatems, etc.

8. The aesling of all openings betvaan arsas.

C. The encasement of PCH rranaformars in vaults with separets ventilation
wyetems.

1. The degres of clesniness that s plant normally maintaine with respect to
radiation contamination cen slmeffect clesn=up coste and down time. 1f en
ares ie contaminatad with PCH and PCE by=producta ae wall as rediocective
¢contaminaction, the clean=-up ie further complicated. The worker normelly ia
able to work fer 8 houre in a PCB/PCDD/PCDF environment vearing proper
protective gear but if the arss ia edditionally contaminated with radiocactive
material it is possible that the work day could be reduced to two hours or
leas.

4. This typa of lose gensretes complax vastas, making diepoesl more difficulc.

5. Continganty plane covering thees typea of evente should be implemanted prior
to the cecurrance of an accidant. How well an organizacion ie prepared fot
such a catestrophic event can dramatically sffect cost and down time.

The isaue of freqQuency of traneformer failures in & nuclear pover plant was sleo
sddreesed in this atudy. It cen be expected that the rate of these incidents may

be lovar than in a commercial building due to better maincenance. asurveillasncs,
inner locks and operator action, etc. For theee reseons it ie satimated that the
ennual rats of 6 x 10=5 per traneformer per Year should be sasumed. (2) Thase
featurss should raducs the likslihood of alectricsl or machanical failurae.

Hovever, & mejor portion of the PCE risk 1is derived from transformers baing exposed
to external firea, Beceuse of the facet that thass transformers sre normally

locatad in opan aress of ths plants and/or exposed to potentislly savers fires such
a8 turbina lubricating fires, it is axpacted that contsmination would ba wida spread
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in the plant,

Based on the results of the BMS TECE/M&M Protection Consultants study, the
insurance carrisrs for this industry have implemented an sdjustmant in thair

rate etructuree for nuclesr plants thet have PCB aquipment. It should alae ba
noted that most nuclear powser plents sra salf inaurad £or the firsc & monthe of

. down time. Civen tha resssrch thet hae bean completed. and considering current
tachniques in decontaminstion and political as wall ae environmantal complications
that exist in the United Stetes, the risk of s PCB fire in ¢ nuclaar powsr plant
ie not only significant but hes cetastrophic ramificactiona. Thie conclusion ie
based more on the severity of such a avant rather than its frequency.

1, M&M Protection Conaultants ars affiliated with Marsh and Mclennan, Companies

2. PCB Traneformere = The Risk In Nuclear Fover Plsnts, prepared by Jsmes
H. Connally, F.E., = MsH Protection Consultants, Novemdbar 24, 1986
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RISX ANALYSIS OF PCB SPILL CLEANUP OPTIONS

Donald 8 Wilson
Kurt D, Runke
David Cohan

Katharine Kahle

Ducision Focus Incorporated
4584 E| Camino Real
Los Altos, CA 54022

‘ABSTRACT

What rasidual consentration after a PCB splil clesnup is low snough to ensure public safety?
How quickly should the spill be cleansd up? The festest cleanup to the lowast levels wiil lead to
the lowest risk, but at extraordinary, and possibly unnscessary, costs. The objective of this risk
analysie was to develop & better understanding of alternative spill cieanup options by Integrating
Information on potential incidents, environmental fate, human exposure and deposition, an?
humen heslth affects. The study snalyzed potential human heelth riaks from PCB capecito

spllis for each of several splll cleanup options. The cleanup options differ in the speed of the
clsanup process and the final level of residual oonoentration achleved in tha cleanup. The
cleanup options wers analyzed using the EFRI Contaminated Sites Risk Management System,
SITES. SITES provided & comprehensive fremework for comparing cleanup options in terms of
the health and environMental effects and total costs. This paper will discuss the SITES
methodology, and the dats, essumptions, results, and conclusions of the snalysis.

THE SITES MODEL

The EPRI SITES model Is a declsion support tool to help utllity personnel manage contaminated,
or potentlally contaminated, sites. SITES can help rank potentially contaminated sitas, decide
oft the best siteinvestigation strategy, and, as is the case In this analysis, choose the
appropriste oleanup or remedial action strategy. Its flexible structure allows analysis of risks
due to a range of substanaes Including PCBs, manufactured gas plant wastes, voal-combustion
by-products, and petroleum products. The SITES model is an interactive, menu-based program
which facliitates and guides the user through all steps of the analyses.

SITES provides a framework for comparing aiternative clesnup strategies in terms of both
hsaith and environmental effects and total oosts. The model tracks the aontamination levels
over time and computes exposure and effects for several different ohemicais, locations, medla,
site investigation and remedial aotions options. It can also evajuste other costa such as (ines,
iegal Uabilitips, or future olesnup costs. A key feature of SITEE ls that it can explieitly
reprasent uncertainty in several important factors. Figure 1 shows a shorthand representation
of the decision tree struature of the SITES model In the {ull decision tree, each successive
node is conneated to every endpoint of the previous node. Tha left-most square nods represents
the decision to salect one of the cleanup strategies, or no cleanup at all. The circle nodes
represent uncertainties in cleanup effectiveness, actual contamination level, exposurs, and
health impaats,

Using this decision tree struoture, BITES can exsmine the sensitivity of the total risk asscoiated
with e gite to the extent and nature of the contamination, the possibility of human exposure and
environmental damage, the costs of testing and cleanup, and the size and likelinood of fines and
financial ilabilities, This permits the user to focus on the most important unoertain factors for
each site. SITES allows the user to specify any singie path through the decision tree 10 examine
the detailed doses and effects based on that specific set of assumptions, or perform a tres
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roliback to exam!ne the expected !Mpacts and costs of all the scenarios. The SITES mode]
reports the dose that esch receptor racelves by chemical and exposure pathway, the Neajtn
impsats resulting from these exposures, and the total costs assoclated with eaeh cleanyp
strategy.

THE PCB SPILL ANALYSIS

The analysis was originally conducted in 1884 for the Utiilty Solld Waste Af!‘tlvll!el Group snd
formaed the basls for their comments on EPA's propoasd spill cleanup poiicies®. The anslysis hag
since been updated to retlect current understanding of transport and fate modeling, exposure
sosnarios, and toxjcological information. Teble 1 shows the four siternativs cleanup strategies
following the splll of a pole-mounted PCB capacitor examined In the analysia. For al] clesnup
strategiss, it was mssumed that the spill site was restored to its original condition on the 30un
day after cleanup.

The major data used in the SITES model represent {i) transport and fate (I} exposure
parameters, and (iil) health tmpacts. Concentration proflles and the impacts of the cleanup
strategies were modeled using EPRI's PCB On-Site Splll Model (POSSM)*, Figure ? shows en
example concentration profile over time assuming a 14 day, 50 ppm cleanup. The exposure
parameters were based on reasonable and accepted behavioral assumptions for adults and.
children in urban and suburban settings. For example, it was sssumed that suburban adults couid:
hn! falrly frequent soll contact at the site after cleanup (but befora reclamation), with 87

em®/day of dermal contact on 100 days/year, with 1% absorption through the exin, 4

The hesith lmplst data for PCBs was originally estimated from an EPA Office of Toxie
Substances report”, and was subsequently reviewed and updated by the Washington Oceupationsl
Health Assoclatast,

RESULTS AND CONCLUSIONS

The GITES model was used to first estimate the total doses of PCBs for the exposed
individuals, Figure 3 shows the dose results; the population group of Urban Children receive the
highest doses. The dominant exposure pathway s generally Inhalation of voliatiilzed PCBs.

The iifetime individuals risk of living near a PCB capacitor is estimated by muitipiying the
dosss by a dose-response funatlon, and muitipiying this result by the probability of a spil!
Incldent ooeurring. Figure 4 shows the calculated lifetime Individual rlsks.

The conclusions drawn from this snaiysis of the health impacts resulting from PCB capscitor
spills, given the data and assumptions used, are:

* Lifetime risks feced by all potentially upouc“ndlvldull are small -- lsss than 1070
when no cleanup is performed and less than 10717 for all cleanup aptions considered.

1. The Utility Solid Waste Activities Group. Proposed Spill Cleanup Poliey and Supporting
Studiss, October 1§, 1984,

2.  The Utllity Solld Waste Activitias Group. Proposed 5pill Cleanup Policy and Supportin
Studies. October 18, 1984,

3. U, 5 Environmental Proteation Agency. Carcinogenic Risk Assessments of
Polyehlorinated Biphenyis {PCBs). November 4, 1603,

4.  Washington Occupational Health Assoclates, inc. Review of Health Effects Documents

Relevant to the EPA Proposed Rule on the Use of PCBs in Eiectricai Transformers.
ecember 5, 1984, )
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+ Increasing the speed of cleenup produces a grester reduction in potential heslth
effects than does reducing the residuai concentretion,

. «  Restricting sccess to a spiil site greetly reduces overell exposurs.

« Inhsletion is genarally the dominent exposure pethwaey.

Aenal

Ciowp Claswy Comamvanstogn Expuwers Hoaih

gy K reerram tawt 1 b trmmemy [P
Latemive igh Vhgh

Mo W Wiagorsn A v / [—

l_-l-:lﬂ__\iw \;...

] . " » 1] "
Dups Aler Kpill Sncidemt

Figure 2. Soll Conaentrations Assuming 14 day, 50 ppm Cleanup

{w)

Days Al Epilt Inchient
Figure 3. Totei Dose of PCBs for Exposed Indlviduals
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Figure 4. Lifetime Individual Risk
Table 1
PCB SPILL CLEANUP STRATEGIES

Residual PCB Levels

trat Time to Clean Soll %tiComicu
ii'iiiﬁ (pom) ug/130 om

1 1 1 10

2 14 1 10

3 1 1) 108

4 14 30 100
5-8

MORS 217314



POSSM: A TOOL FOR RISK ASSESSMENT OF PCB SPILLS SITES

Jim Lingle
Wisconsin Electric Power Co. -
P. 0., Box 2046
Milwaukee, Wisconsin 53201

ENTRODUCTION

POSSM, the PCB On-Site Spill Model, was developed for the Electric Power
Research lInstitute by Brown and Boutwell in order to assist electric utility |
personnel in understanding and evaluating the risks associated with spills of o
oil from electrical equipment (1)}, Spills of PCB or Askarel-type fluids such’
as from PC8 cepacitors, as well as low concentration PCB contaminated mineral
oi1 from distribution transformers can be evaluated using POSSM. The mode)
utilizes spiil informstion such ss the volume of fluid lost, ares of the spil),
sofl type, clesnup sctions tsken, soil concentrations, meteorclogical condi-
tions, snd other data in order to csiculate the fate Of the PCBs over time,

POSSM was used to conduct s human health risk sssessment of two transformer oil
spills and two PCB cspacitor spills which occurrad over the last three years in
the Wisconsin Electric system., Site-specific data were used as POSSM input in
order to determine the fate of the PCBs in the soil, air, and rainfal) runoff,
Initta) PCB loadings to the soil and vegetation were calculsted based on the
volume and concentration of PC8s spilled, PCB soil concentrations measured
after site cleanup were used as input datas to the model for the time period
fonouin? ¢lesnup. Airborne concentrations of PCBs downwind of the spill site
were calculated wusing the PTDIS gqaussian dispersion model based on daily
volatilization rates from the 3011, vegetstion, and solid surfaces at the site,
Exposure pathways considered included inhalation for the substation spilis; and
inhalation, dermal absorption of soil, and ingestion of soi) for the residential
transformer 0%1 spil) cases. Exposure factors and chemical transfer rates are
generally consistent with those used in the EPA PCB Spi)1 Cleanup Policy,

SPILL SCENARIQS

Two 28 KkVA distribution transformer oi) $pills which occurred in residential
aress were used as input to POSSM. Specific detalls are provided on Table i, A
statistically based hexagonal sampling grid was used to characterize the soil
concentrations following cleanup of both spills (2}, Results of the soil
sampling are shown on Figure 1. Both residential spill areas wers grass

covared. The Pewaukes soi!l consisted of a loamy sofl whersas the Cudahy site
contained a silt=-1oam soil,

Both PCB capacitor spills occurred in substations, Although several residences
are nearby, the substations are considered as restricted access areas since
each substation is enclosed by & secure fence and a second fence surrounds each

5-9
MONS 217315



capacitor bank, A six inch layer of crushed stone overlaid a silt-loam soil
base 3t each substation, Inhalation tintake by nearby residents was based on s
breathing rate of 20 cubic meter/day for an exposure period of 365 days a year
for four years. A 15 percent wind direction frequency factor was ysed to
account for the time the wind blows toward the house. No adjustment was made
for tndoor vs. outdoor concentration differences. PCBS were assumed to be
absorbed at a 50 percent rate in the lungs. Lifetime health risks were based
on 8 70-year lifespan for a 70 kg adult. A PCB carcinogenic potency of 4.34
mg/kg/day was used based on am EPA health effects report for PCBs (3},

Dermal contact by children was tssmd based on a 1000 cnz skin area and a
daily soil deposition of 1 mg/cm®/day. Soll concentrations were avaraged for
12 cm of the soil profile. The exposure period was estimated at 120 days/year
for six years, A site access frequency of 10 parcent was assumed based on the
probability that a child would be in the spill area. (The Cudahy spill area
represented 5 parcent of the accessible land for the residential property.)

Ingestion wes based on an average soil concentration in the 12 cm soll profile
over a four-year period. Exposure fregquency was estimated at 120 days/year for
six years with a site access frequency of 10 percent as explained above. Soll
ingastion was estimated at 0.6 grams/day with an absorption rate of 30 percent.

RESULTS AND DISCUSSION

The fate of the PCBs was determined by running POSSM for a four-year period for
the residential spills and for a one-year period for the substation sites.
Nearly all of the PCB was removed by cleanup activities, although a smal)
amount was volatilized and an even smaller amount remained in the sol) site,
Specific data are shown on Tabla 2. Since none of the PCB migrated more than 6
cm in the soi), groundwater was not affected.

Health risks calculated indicate that of the four spill scenarios considered,
none pose & significant health risk (see Table 3). The Waterford substption
spill produced the highest numerical risk with a lifetime risk of 1 x 107" for
inhalation. The Waukesha substation produced a health risk from inhalation of
Ix 107, These data suggest that PCB spills in substations do not pose an
unreasonable risk to human health, even when rasidences are nearby and the sotl
concantrations are relatively high (the Waterford substation soll contatned an
avarage of 20 ppm and & maximum of 150 ppm prior to the second cleanup).
Perhaps the residential cleanup standard (10 ppm) now required by EPA for
substations located within 328 faet of a residential area is overly restrictive.

The transformer oil spills also posed no stgnificant health risk to nearby
rasidents, even though exposure by darmal c_cgw.act and ingestion were assumed.
Overall health risks were less than B8 x 10 ° for both transformer oi) spiils,
Ons major uncertainty often overlooked in conducting risk assessments of tranms-
former ofl spills in residential areas is the probadility that a child will
come intd contact with soil 1in the spill area. In both spills examined, the
area of the spill was smal)l compered to the total yard area, and the spill
areas ware re-sodded following spill cleanup.

POSSM has provided a useful method to evaluate the environmental behavior of
PCB spills end to calculate human health risks associated with those spills.
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TABLE 1

TRANSFORMER AND CAPACITOR SPILL DATA

Location Area

wWaterford wWaukesha Cudahy Pewaukee
Substation Substation Residential Restdential
fquipment pCB pce kVA KVA
Capacitor Capacitor Transformer Transformer
Fluld vYolume 1 gallon 1 quart 6.5 gallons 1§ gallons
PCB concentration  100% 100% 100 pom 180 ppm
Acoclor typa 1242 1242 1254 1260
Mass of PCB 5216 grams 1304 grams 2.2 grams 9.0 grams
Date of spil) Mar., 1986 May, 1986 Sep., 19B% July, 1987
Area affacted 260 sq. ft. 30 sq. ft. 312 sq. ft. 400 sq. ft.
Av?. s011 PCB leve)
st cleanup 19.7 ppm 11.2 ppm 1.18 ppm 0.25 ppm
2nd cleanup 1.2 ppm 2.0 ppm
Naarest 92 faet 200 feet 50 feat 122 feet
Residance
TABLE 2
FATE OF PCBs
wWaterford Waukesha Cudahy - Pewaukee
Cleanup 96.8% 95,9% 65.0% 95.0%
yolatilized 1.1% 4.0% 3.3 .005%
Runoff 0.0% 0.0% 0.2% 0.0%
Remaining 0.03% 0.03% 31.5% 4.9%
TABLE 3
HUMAN HEALTH R1SKS FROM PLB SPILLS
Pathway waterford waukesha Cudahy Pewaukee
Inhalation 1 x 1078 3 x 1073 2 %107 5 x 10 *
Ingestion 6 x 10 31070
Dermal Absorption 2 x10° 7 x 10'10
5-13
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EMPLOYEE BLCOD SCREENING FOR PCB
EXPOSVRE AT NORTHWESTERN RURAL ELECTRIC
COOPERATIVE, INC.

MICHAEL D. TIRPAK
NORTHWESTERN RURAL ELECTRIC COOUPERATIVE, INC,
R. D. #1, RT. 86
CAMBRIDGE SPRINGS, PA 16403

ABSTRACT

In sarly 1983, savarsl smployesa at Northwastern Rursl Electric Cooparativa
axpressad concarns about their saxposurss to PCB contaminatad minaral 0ile and the
potantial future health sffects that may sxist. Conssquantly, the managament at
the Cooparative sstablishad, with conaiderable halp from a local hospital, @
testing protocol that could bs used to satiafy our employssas' concerns as to tha
extent of body contaminstion. A reprassncative sampla of saven smploysss was
sslactad and teatad aldn. with two hospitsl smploysss for comparison. This paper
outlineas ths development of the testing protocol, the snauing teating end the
sssocistad resulta asnalysis.

BACKGROUND

The procesa began in early 1583, whan at s raguler monthly safaty masting, savara]l
of ths Co-op's linemen axprssssd & sincers concern sbout sxposure to PCB contamin-
ated minersl oile. As lineman, they have had direct contect with transformar and
reclossr minarsl oils during thair carssrs through variocus maintenancs programs,
Thass minersl oila hed known PCB contaminstion of up to 200 parta par million
(PPH).

The quascions raised were geanarally as follows:

’ How muth body contamination has beaan the rasult of tha sxposurss
over tims to PCB'al

. What short=tarm and long=-term heslth sffects doss this conteainsticn
represant?

It bacems apparant that thsse concarna nasded two different, yst intesrralated
solutiona. Tha first baing a procedurs to detarmins accurataly and relliably
ths level of body contsminstion of PCB's, Ths sscond releting to just what

thasa rasults meant for tha presant ss wall as ths futurs of our smploysss.
5-14
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oL DEVELOPMENT

tareturs eveilabla at the time indicatad that a blood serum test for PCB's was
silable, but drawing blood requires assistance from the medical community.
,}.quantlyo e contact wea made wich the Meadville City Hoapital and a maeting
2 sat-up with the Executive Dirsctor end ssvarsl of hie key staff peopls,

etuding the Director of the Pathology snd Laborstory Medicine Dapartment,

rhe firet weating pointed-out that few in our local medical community knaw ebout

’c| axposurss or the propar teating protocol naeded for our employsas.

,,r;unntnly. the director of Pathology and Laborstory Madicins took an intarasst in
thia project end procasdsd to do en axtsnsive literaturs sssrch including contaccing
kih. Centar for Disaasa Control (CDC) in Atlants, GA.

Thn CDC wes most halpful and suggested the following protocol:

. Through job history, identify tha mcet highly axposad individuals
for the acrasning test sampla.

. Utilize control samplas of non=axpossd individuals whan possibls.

. Uaas atanderd samplas providad by thas CDC to chack ths accurascy of
tha laboratory squipasnt,

Tha SDC also providad tha namas of sevaral laboratorisas that would ba suitablas for
tha tasting daairad, '

EDUCATION

Whila tha tasting protocol wae under davalopmant by tha hoapital etaff, a contsct
wes made ot the Hational Institute for Occupational Safety and Health {NIOSH),
Cincinnati, OH, that proved co bs vary helpful. Tha Chisf of Medicsl Saection,
Hazard Evaluation, and Technical Ageistsnca Branch, Division of Surveillancs,
Hazard Eveluation and Flald Studiee, agreed to conduct sducaticonsl seminasrs for
both our Cooperative's employess and the physicians of City Hospital. Thia saminar
vas held in January. 1984,

Wa leaarned froms studias complated by ¥1051{1) that very littls corrslscion existaed
batwean PCB expoturs and vorker haalth. Extress sxposurss hava resultad in
chlorscns and signs of livar snlargament, but routines utility work raraly axposas
ampleyass to theme lavals,

The studima also indiceted that the blood sarum PCE laval for utility workars sppears
to ba very similar to tha ganaral public lsval which is that epproximataly 902 of all
individuals have 20 psrts par billion (PPB) or lsss (80 to 85% are less than 10

PPB).

MONS 217322



Theee educetionsl seminars helped to answer the quescion of short-cerm and long-
tarm hcnlth sffecte of our smployees as vell as raise the swvarenses snd knowledge
level of PCB diagnoeis for the local medicel coomunity.

TESTING AND RESULTS

The final protocol for our ecreening procedurs was es follows:

* Five of our employese wvers selected who had the grescest exposurs
poctentisl to PCB conteminated mineral oile besed on their vears
esarvice and job function.

. Two smployses vere selected who had little or no known axposure to
PCB's.
Two hospital leboratory employese were eslected to provide further
blind duplicate samples.

. Permission was obteined from eech of ths employees' physiciane
for ths bloed work.
. Blood semples wars to be tsken, prepsred, snd sent by the Cicy

Hospital Lad to the Rel-Tech Scisncs Services Lab, Madieon,
Wisconein. ss per their instructions.

. Thres standard sasplse, provided by the CDC, vers eent along with
ths sbove mentionsd semples ss 8 vey of messuring che precision of
the tascting., Thees samplee reprseented PCh lavels of 1.6, 9.9,
snd 22.2 PPB.

. In gddition to the PCB testing st Ral-Tech, the City Hoepitel lebd
ran tests on the blood eemples for livar enzywmes (S5GOT/SPGT)
slkelins phosphatees end choleseterol levels to deteramine i{f any
correletions sxistsd with PCB levels a3 hed bdsen indiceted in the
literaturs on previous etudiss.

The blood ssmples were teken in aerly April, 1984, coded to eliminets names for
privecy and sent to Ral-Tech for enslysis. Table 1 outlines the results of the
tasting.

Employes sampls f), who had the highest PCB leval of 25.2 PPB, had & elightly
sleveted livar snsyms leval (5GOT) of 13 (normal rangs 7-23 unice per liter).

Eaployes sampls #5, who hed & PCB lavel of B.2 PPB, also had en SGOT level st
the uppar limit of the normal rengs.

Both employses were sdvised to ses their femlly doctors for e follow=up exam to
invaetigats potantisl liver damaga. Follow-up blood teste s few vesks later
indicatad tha livar snzyms levals to be back within ths normsl rengs for both
employsss. Aftsr sxasinetions, thay ware ssch givan s clesn bill of heealth. It
sppesrs thet & veriety of fectore ¢em influence thess sniyme levels temporarily.
A correlstion with tha PCB level did not sppesr to ba indicated in our taets.
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coSTS

g;. serus snalyeis at Rael-Tech vas spproximetely $100 per sample. The standard
yamples from the CDC ware provided st no cosc ae ware the chemical profiles at
fcicy Hospitel. The only renumeration nscessary for both orgenizations wes the
gshsring of the dsce sc the completion of the testing.

- oy -y

SUMMARY

The test results indicated to us thet the employes ssrum PCB lavels to be ebout
se axpected. Even the high reeding of 25.2 could bs coneidered sbout 2D PPB when the
testing sccurscy wae tasken into asccount.

Our employsss wars mors then estisfied that their body PCB contamination was not
significently differenc from the generel populetion, end that minimsl denger
axistad for sithsr short-term or long-tsrm heslth effacts. Both major quastions
wats snswared st this point.

With all risks considersd, the bast courss of sction for this psrticular probdlem
vas t0 maat tha concarns of the employsas head on.
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TABLE |

BLOOD SERUM PCB LEVEL TEST RESULTS

mrr.ov%ru EXPOSURE RESULTS (PPB)
1 18.5
” | 8.2
# 5.2
# ' 9.7
#5 8.2

EMPLOYEES ~ LITTLE EXPOSURE

16 6.5
7 1.3
HOSPITAL EMPLOYEES

1] 7.7
9 6.8
STANDAXD SAMPLES*
#10 = 1.6 PPB levsel J.4(1st run); 2.0
{2nd run)
11 - 9.7 PPB level 11.7(1st run); 15.5
{2nd run)
#12 = 22.2 PFB lavel 27.5%(1st rum): 30.2
{2nd run)

#The stsndard sample rune indicste the reeults to be ee much es
10 to 20% highar then sxpacted. A rerun was raquested to provide
a furthar accuracy chack.
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PCB MANAGEMENT IN A MULTI-PLANT CANADIAN CORPORATION

H, Torossian
Domtar Inc.
P.0. Box 300
Sannevills, Quabec
CANADA HOX 3L7

ABSTRACT

Domtar Inc.. a Canadian Corporation, operates 75 plants in Canada and 25 in ths
U.S.. It is a diversified company, producing pulp and papar products, peckaging,
construction materials and chamicals., The Corporats Environmental Servicas
Oepartment established a program of PCB managamsnt to snsurs compliance with
Fadaral, Provincia) and State regulations, and to davelop and impiament a plan to
reduce Domtar"s exposure to PCB related incidents.

The objectives of this program are being achieved by the execution of the
following pheses:

Inventory of all electrica’ equipmant containing or contaminated with PCB
Technical audits and risk evaluetion

Analysis of options for action to reduce risks

Action plan and implementation

INTRODUCTION

Inefficient management of PCBs could be disasterous to any corporation, PCBs
have become the focus of more regulatory attention than any other compound in
history, Recent clean-up and decontamination costs after a fire invelving PCBs
have reached millions of dollars. The cost of production loss and ensuing legal
claims could be astronomical. Domtar initiated its PCB managemant progrem in
1985 in order to reduce its exposure to PCB related incidents and to minimize
health, environmental and financial risks.

INVENTORY

An inventory of all electrical equipment containing PCB fluids in Canadian and
U.5, mills and plants was carried out, followed by inventory of over 200 offices,
warehouses and distribution centres, A1l electrical equipment containing or
contaminated with PCBs, in service or in storage, were included. A questionnaire

was sent to avery location in a format which facilitated reporting to government
authorities,

Due to the volume of information collected and the necessity to keep the
information updated, it became evident that a computer was needed to process and
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ranage this information, A data base management system using OBASE-11! program
wis implamented on an IBM-PC. Data manipulation and updating became an easy
task, Inventory listing of any type of electrical saquipment such as capacitors,
PCB transformers or mineral oil filled transformers per Company Group, Division,
Province, Stats, Country is available.

The inventory format was divided into six sections, !t included PCB
transformers, capacitors, contaminated mineral oi) transformers and miscellansoys
articles in service, PCB equipment in storage for future disposal as we'l as a
1ist of a11'PCB equipment shipped out for storage, A complets description of
every PCB squipment i3 provided, including its government label number, serial
number, kVA, location, volume of fluid, and in the case of mineral ¢i}
transformers, the contamination level. For PCB equipment shipped out for
:to;ng.. the shipping date, carrier, destination and manifest number is also
ncluded,

Following the completion of the inventory, s}l PCB filled capacitors,
transformers as well as mineral 611 transformers contaminated with over 50 ppm
PCBs in Domtar's Canadian plants were labelled using stickers obtained from
Environment Canada.

REGULATORY BACKGROUND: THE CANADIAN ENVIRONMENTAL CONTAMINANTS ACT

“Chlorophaeny) Regulation No. 1" which becams effectiva on September 28, 1977,
bans the use of PCB equipment in any product. machinery or equipment manufactured
or imported into Canada.

“Chlorobiphanyl Regulations No. 2 (Product)” prescribes s maximum permissible
concantration of 50 ppm of PCB in electrical squipment which are imported,
manufactured or offered for sale in Canada. Exceptions exist where the
slectrical eguipment containing PCB in concentrations greater than 50 PPM i
offerad for sale as a necessary and integral part of a building, plant or
structure which itself is offered for sale, To qualify for this exception the
electrical eguipment must be functional and operating. A further exception is
PCB fillad equipment sold for destruction or for storage awaiting destruction.

"Chlorobiphenyl Regulations No. 3 (Release)” prescribes 50 ppm by welight as tha
maximum concentration of PCB which may be released into the environment other
than an application to a road surface, in which case the maximum permissible
concentration is 5 ppm by weight. The maximum quantity of PCR which may be
released into the environment from any PCB filled electrical equipment is 1imited
to 1 gram per day. Offences under the Environmental Contaminants Act ere
punishable by a fine up to $100.000 per day or imprisonment for two years,

Chlorobiphanyl Regulations No. 2 and No. 3 became effective on May 15, 1985.
The majer differences betwean Canadian and U.S. regulations are:

= Any slactrical eguipmant in Canada containing over 50 ppm PCB is considered
ab a PCB equipment and is subject to chlorobiphenyl regulations 2 and 3.

- The U.S. regulations make provisions for PCB contaminated transformere, i.e.
ones containing 50-500 ppm PCBs. A PCB transformer is one that contains 500
ppm or greater.

Transportation of PCBs between the two countries is not allowad.
The EPA has stricter regulations regarding registration of PCB equipment with
fire departments, removing of combustible materials, inspections, location
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restrictions, maintenance etc,

Oestruction of PCBs is available in the U.5. but not in Canada. Mobile
decontamination units for mineral of1 filled transformers have recently been
approved by most Canadian provinces.

TECHNICAL AUDITS AND RISK EVALUATION

A PCB auditing program is a necessary medsure to ensure compliance with PCR
regulations., It should also be the basis on which risk assessment is carried out
ang corrective measures taken. UDomtar's PCB audits are carried out during the
general environmental asudits, which are conducted by Domtar's Environmenta)
Technology Group. The auditors (including an Eleccrical Engineer) are trained in
PCB regulations. spil) and fire prevention measures, leak inspsctions, etc.

The purpose of these audits is to examine the physical condition of the pCB
equipment and its installation and to evaluate risks of spills and fires. A
checkiist based on the guidelines published by Environmant Canada is used by the
auditors, which {ncludes the category of the electrical equipment, its complete
igentification, the equipment condition and its layout, the presence of labe's
and records, svidence of spills, gpt11 containment, fire risks, such as the .
presence of flammable material near transformers, the avatlability of protective
equipment against spilis and fires etec. -

After the visit, a 1ist of recommendations for prevention and centainment are
made. The audit report is then conveyed to the management of that specific
location with recommendations for an action plan.

OPTIONS FOR ACTION

Since all PCB storage sites in Canada are filled to capacity, and there are still
no approved PCE destruction processes in oparation, our choices remain very
limited,

The options available for a company concernsd with its PCB inventory in Canada
are the following:

1. Do nothing,

2, Take al) PCB equipment out of service and store on-site.

3. Retrofill all PCB squipment with non~PCB fluids and decontaminate. Store
11quid on site.

4. Keep all PCB equipment in service and take proper safety precautions.

5, Replace structurally poor and high risk transformers at once and take
preventive measures for securing others,

ANALYSIS OF OPTIONS

?ggign Advantage Disadvant
» Do nothing. o cnp*tai outlay, -ﬂigh r1sE o, spills and fires.

2. Take all p(B Expesure is low if =Useful 14fe of squipment is shortened.

equipment cut of adequately stored, -Major capital outlay for new

service and store squipment,

on site. -Capital required for tuilding storage
sites.

-Creates a PCB waste site.
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3. Retrofil) PCB
transformers with
non PCB flulds.

b, Decontaminate
PCB contaminated
equipment to below
50 ppm.

4. Keep o)1 RCB
equipment in
service and take
proper safety
precautions,

§. Replace al
high risk PCB
squipment with
environmentally
acceptable
squipment,

Concentration of
dioxins and furans
will be less during
PCB fires.

1f successful, a
PCB contaminated
mineral of!
transformer will be
reclassified as o
non=-PCB squipment,

=Exposure reduced.
~Maintain control
over PCBs until
such timg when
destruction
factlities are
approved.

*Minimum exposure,
~Economically and
snvironmentally
sound,

~Does not eliminate PCig,

=PCB levels wil) almost certainly be
over %0 ppm,

=May generate PCB waste ) times the
original volume,

~Transformer could be downrated.
=Applies only to mineral ai)
transformers contaminated with up to
500 ppm PCBs,

~PCE concentration will increass within
6§ months,

=2 or 3 treatmants may be required.
~Generates small amounts of wastes
which have to be landfillad,

~Costs up to $20 per pgallon,

~Some mi11s or plants may ignore safety
precautions.

-Capital expenditure reguired.

~Additional servicing or replacement
will continue to be necessary to
minimize Yiability,

-Will have to be monitored on a regular
basis.

=Will create PCB storage sites.

1f a PCB transformer {s in good condition and could be kept in service for an
additional 10 or 20 years, efforts ers mede to secure that transformer snd
extract the maximum possible service as long as all precautionary measures are
taken in order to minimize spill and fire risks.

Option §, which is s combination of options 2, 3b and 4, allows for the graduel

phasing out of the PCR articles and in the present Canadian context,

1t is an

environmentally and economically sound option.

It is understood that implementing this option is not the final solution to the

PCh problem and that replacing them is the ultimate aim,

Howsver, under the

present regulatory snvironment and the non-existence of PCB destruction
facilivies in Canada, the above recommended route must be pursued,
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CORROSION AND ITS COSTLY EFFECTS AFTER THE PCB FIRE

Kirk Bleckmon - Presidant
Larry Wood - Chief Enginser
Maurice Puma = Chisf Chamiet
Bleckaon-Mooring Steematic Technologies, Inc,
One Summit Avenus
Suits 202
Fort Worth, Texae 76102

Whan you walk into the mechenicel room of the Binghemton State Office Building one
obvicue aite is tha maesive smounte of corrceion spparent on sll unpeintsd matel
surfsces, All elactrical switch gear, bsckup slectricel generetore, firs elamm
syetems, elevetor switch gesr, end maseive amounts of electro-sechsnicel squipment .
vwill heve to bs repleced. The corrosive sffecte of the PCB fire heve teken their -
toll on this squipmant. g

Although ws havs obearvad thees corroeive affects et almost all PCB fire incidants
little has basn dons to comtrol it., It ie known that the ecot genersted from the
PCB fire is laced with corroeivs gasss such as hydrogen chloride (HC1l) snd chlorins
(Cl). when thaes gesss combine with moleture (Humidity) they form highly corrosive
hydrochloric acid deposits. Anothar axample of this occurred st the Alr Foxce Wind
Tunnal Testing Facility at Arnold Enginesring and Daveloping Cantsr in Tulshoma,
Tannssese. Bacauss ths corrosion probles vas not sddressed in ths sarly etages all
slsctrical squipment, switch gasre, controller squipment, and some sanufacturing
equipmsnt will have to be raplaced.

Ths cost of replacing this squipment and other equipment damaged by ths corrosive
effects of PCB fire incidents is staggering. Uncil now, this has rsceived lictle
sttantion. Tha corrosion msay bs primarily caussd by ths scid condition left by the
fire incident; howaver, there aras sls0 seversl other factors that tsn sccelsrate
ths corrosive sction. Thass include:

1. The presence of moleturs

2. The abeencs of protsctivs coating on ths metal surfacss
3, Tha pressnce of air

Thars ara certain iteme with vhich you should normally ba concarned wvhan avaluating
ths damage dope by o PCB fire. They ars ae follows:

1. Blsctronics

2, Elsctrc-mschazicsl squipmsnt
3, ladustrial machinery

4, Matal Structursl itsms

As s factor in the PCH {ire arena, the corrosion problems is relstively new. Howevar.
ths field of torrosion control after disesters is not new, TFor yesrs the by~
products of fires snd floods heve left s corroeive stmoesphere in fscilities.
Exteneive resesrch in thie ares has indicated thst sost lossas causad by euch
corroeion can be averted with proper treatment.
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The neturel tendency once e PCB fire occure le to teet the building thoroughly to
determine the extent of conteminetion. Unfortunately thie tskae tims. Emargancy
corrosion control procedurea ahould be performed withim the first 24-36 houra efter
the incident. Thie work cen be dona vary quickly even in maximum protective geer.
The ectuel reatoration work on the aquipment cen be done leter. Tha key in moet
cease ie the spead ot which the propar trastmant ie initieted. Thees are bcci:.lly
two atepe to corroeion control. The firet le emergency traetment. which includes
the atepe teken to reterd corroeion end ealow ite deatructive forca. The eacond
step le the sctusl restoretion or rescovel of sll contaminente frox the surfacas.

iIn the initisl emergency trestmant esversl eteps should be teken:

I. Control of humidity - In eome csees thie masne simply remeving the firemans’
veter end contcinerizing it. In other eituatione this could meen the placement
of dahumidifying aquipment or tha usa of air conditioners.

2. Isolsting veluable equipment from the heatile environment = If the aquipment
cennot be phyeically ieclated from the contemination or ths high humidity, it
sight be poeeible to move the aquipment to enothar aree of the building.

3. All untrestsd matel eurfeces ahould be epreyed with inhibitore es prescribed by
e corroaicn control chemiet to reduce oxygen on the axpossd esurfaces end
displsce any moieture.

Electronic Dets Proceseing (EDP) Equipment ie perticularly eusceptible to the
affecte of corroaion for asversl resscns: 1!} Thay oparste on very low voltage eo
conssquantly any psrticuleta mattsr esttling on eurfeces can have the potsntisl to
produce & atray aignsl resulting in equipment malfunction. 2) Very tight tolerences
snd multipls counsctore make thees items pertislly eueceptibla.

1t the corrosion has prograsead to tha point whare you cen sas it, normally it e
too lats to sava the squipment. Ths amargsncy trsstmant of equipmsnt slows the
progress of the corrosion snd buys the customar tima for dscleion msking. Normally
during thie time the building csn bs enslyzad for ths extant of PCB/PCDD/PCDY
contsmination and & clssn=yp and e decontamination plan can ba formulated. As o
pert of ths dscontsminetion plen rastorstion of ths EDP egquipment should also bs
included, Tha matal surfeces should be tastad to dstermine ths neturs of the
contamination and its cnrrosiva propartiss. Using information obtsined from theee
tests, ths corroeion control chamist will formulats & solution for sech surfece and
componant. S5oma mathods thet havs bssn succeesfully uesd are ss follows:

t. Ultrssonic ~ This innovetion is perticulerly good for cleaning printed circuit
boarde. keyboarde, and small parte. Spaciel care must bs teken to ineurs thet
sonic ssnsitive items srs not placed in the ultrseonic baths.

2. HEand clsaning with a wash end rinss ayates - This procses normally ia uead with
e fraon based clasnasr.

3. Vash snd bake cparation - Componente are normally dippad in s weshing eolution
snd thea baked dry, Most manufecturars uee & form of this cleening sathod in
the final etagss of printed circuit bosrd conetructien.

Onca the uoict has bassn thoroughly deconteainsted, it must be rscertifisd snd pleced
updsr & proper maintspancecontrect, if applicabla. In many ceses the original
maintenance providsr for the equipmant may not wish to continue the msintensnce
contraet. TYortunataly, thers ere many other reputeble third party msintenence
compsnies that srse ususlly quite enxioue to eateblieh sn sccapteble progres for the
squipmant.,

Many times the most important eeset requiring presarvetion by the coapsny is its
corporets madis (company dets besa). It ia very poesible to have e §10.000
computer with & $150,000 worth of eccounts recaivable in ite memory. Thie will
normally bs containsd on tape or disk. Savers damsge to diak read/write heade is
possibls. If sn sttempt is mede to use the medis vhen it is not claen, e "head
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.b” ceussd by a particle on tha surfece of the madia will not only demege ths
{ve but slac rasult in a loas of dsts. In decontemineting thea madie it is

— rtant €0 keep all claanars avay from the drive heed snd tha diék aurfecaa.
elasning of diek packe. tspes, end floppy diake raquiras apacisl tschniquea end
hould be done only by exparisencad pareaonnal. In tha avant media is dsmeged by o
aad cTesh this doae not nacessarily mean that it ia irratriavable. However, it
'doss Tequire the uvee of apacifically configurad diak drives with mechenicelly
moveble hsede. Agein, e asrvice provided by s profesaional.

Industtiel aquipmant ia normally treatad in e complataly diffarant fashicn from the
‘gpp equipmsni. In thie cess, aven i{f thia equipment is Tuated it cen oftan be
‘prought back to a sarviceable condition. Agein, it is important thet the
bosccgancy treatmant be parformed immadistaly. Although you msy ba sbla to rastors
‘tha equipment if it goes untreated, the coat end tha complaxity of the reatoration
19 msuch mors difficult 1f the corrosion ia not retatded in the beginming. Some
typee of industrial aquipmant are ea followe:

1. Typavriters

2. Manufecturing sschinery

3. Motors

&. Numsricslly controlled manufscturing aquipmant
$. Computer oparatsd manufecturing aquipsent

6. Rav matal atock itema

The eaargancy trastmsnt ueually coneists of tha usa of inhibiting olile to restrict
oxygen on tha surfsce of the matels snd displece any molsture preasant. Controlling
ths humidicy i3 also an important fector. The reatoration procass normally bagins
with the stripping of rust from the surfaceas of the matel. In thie process the
corrosion control chamist will prescribs either an scid or alkalina ruat remover,
depanding on the conteminant. Many of thess chemicels are hest sctiveted, eo often
they srs epplied with the uee of steaz clesnars. Protective gesr must ba uesd to
protsct the smploysss' skin froa ths ceustic affscts of thess chemicels. Next, the
surface of ths metal is nautrelized, scmatimas it is then pacifisd and then

finslly tha proper protective coating is applied. Soms axamples of costings are
lubricsting oils, phosphats costings or possibly s primer coat of paint.

Although many of the lendmark PCB fira incidents resultsd in ateggaring lossas dus
to tha corroaivs affects of PCB by-products on the aquipmant, today we knov this
need not happen, Thess excessivs financisl loasss vhich have resulted fros BCB
fires can bs substantislly reduced in ths fucure through the immedisce ues of
initial emargsncy tachniquaa followed by s mathodical reatoration prograea.
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PCH-CONTAMINATED TRANSFORMER CIL SPILL
EXPOSURE ASSESSMENT

S. M. Brown and W, J, Shislds
CH2M HILL
P.O, Box 91500
Bellevue, Washington 98009-20%50

INTRCDUCTION

A study was conducted to estimate potential human sxposure levsls sasociated with
PCB-contaminatsd transformer oil spille folloving visibls trace cleanup 1). This
sxposure aasesament diffared in two waya from thoms previcualy conducted by tuo
EPA (2,3} in support of their recsnt Toxic Substances Control Act (TSCA) PCB spill
cleanup policy rule (4). Firat, PCB concentrationa and ssaociated exporure levels
were satimated for conditiona repreasntativs of visible trace ¢leanup at trans-
formar oil aitea. Second, the presence of mineral oil and its effect on the envy-
ronmantsl bshavior of PCB were considered. The EPA exposure asssssmsnts sssumed
conditions typicsel of dispoaal sites, rather than spilli sites, and 214 not con-
aider potential PCB-mineral oll interactiona.

APPROACH

_PCB concentrstions associsted with tranaformer oll spilla were sstimated with the
PCB On-Site Spill Model, POBSN, (5,6) snd an EFA sir dispersion model, PTDIS (7).
POBEN i3 a chemicsl tranaport and fate model that simylatea changes in chmmical
concentrations on a spill site and loasea of chemicsl from tha spill site via vol-
stilizstion, runoff-soil erosion, and leaching to groundwater. PTDIE calculates
chemical concentrationa in sir downwind from s point scurca of rslesss.

POESH was used to evaluate PCB losses from a 40-1iter (10.6-gallon) spill of min-
eral oil containing 270-ppm PCB in the form of Arcclor 1242. Visible tracae of
the rpill were saaumed to cover an arsa of 0,0016 hs (170 aquare feet). Theas
spill conditiona rapresent the averags spill volume, PCB concentration, and
cleanup area for 60 spilla from distributicn eayatem transformers.

Visibles trace cleanup waa sssumed to occur one day after the spill resulting in
betwaen 65 and 95 percent remcval of the PCB~contaminated oil. Thase two valuse
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racket the rangs of spill cleanup efficiencies cbaerved by ths utility industry.
Epn], sits restoretion through the placement of a clean ecil-sod c'ovor ovar the
‘eleanup Ares vas assumed to occur 30 days following cleenup. Cover thickisssea of
5 centimstars (cm) (2 inches). 10-cm (4 inches), and 25-cm {10 inches) were

lovnlucna.

'Hcpossn {8}, or Monts Carle POSSM, was alsc used to determine the potentiel range
of variability of estimated sxposure levels. MCPOSSM waa epplied to the 30-dsy
time pericd betwesn spill cleanup and site reatozation. MCPOZEM runa wers cone
ductad for two cleanup levels: €5 and 93 percent removsl., Input parametsr
frequency diatributions were developed to repressnt the variability of spill cone
ditions baaed on utility data for 60 transformer apille, a broad range of eoil
typesa, and the range of PCB propertiea typical of Aroeclor 1242,

Soil conoentrations eetimated with POSSM wers convarted into soil ingesticn and -

dermal contact axpoaure levelas uaing exposure factors conaiatent with thoas uud':'
by EPA (2). PCB volatilization loases were convarted intc downwind air concentra-
tions uaing PTDIE, The reasultant air concentrationa were converted inte inhala-
tion inteks rates using exposure factora coneiatent with those uaed by ZPA (2).

REBULTS

PCB volatilization was found to be the moeat aignificant loee mechaniswm in all sim-
ulatione. loases via runoff-scil erosicn snd leaching wers negligible compared to
the volatilization loeses.

The results indicate that dermal contact ia the moat aignificant route of expo-
sure, particularly for the €5 percent cleanup level with a 5- or lO-ca cover
thicknessa. Thia result is due to the aasumption that the receptor comes inte con-
tact with scil to a depth of 25 cmy for the 5- and 10-cm=thick cover optiona, the
i5=cm depth includes reaidusl PCH remaining following cleanup. BRatimated soil in-
gestion rates sre a fsctor of approximately 3 lower than the dermal contact rates,
and setimated inhalaticn intake rates are between a factor of 4 to 15 lower than
the dermal contact rates.

Ratimated inteke ratee for the 65 and 95 parcent cleanup, with a 10-cm cover, show
that inhalation intake could decrease by a factor of 6 if the more common 95 per-
cent cleanup level were achieved. Solil ingestion and dermal contact intaks could
decreaes by a factor of 9.
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The MCPOSSM results indicate that inhalation inteks rates cen be highly varianl,.
MCPOSEM utpltu for the JO-day prereatoration period show that everege intakg
ratea could range over four to five crders-of-magnituda. The large renge of veri.
ability ie due to the large range of potential variebility in spill conditions,
ecil properties, and FCB properties. Frequency dietributione of inhalation intaky
rates for the 30-day prersetoration perisd show that a high percentege of the time
(i.8., 90 parcent) exposure lavela ars at the lov end of the range of oatimated
valuea,
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THE PCB SPILL CLEANUP POLICY OF 1987:
SUMMARY AND IMPLICATIONS

Josaph E. Shafchek, CHMM
Wisconsin Powar and Light Company

ABSTRACT

The purposa of this papar is to summarize and discuss the nationsl PCB apill
clsanup policy, The policy requires that all nev PCB spills be cleaned up
according to strict performance steandards. All professionsals responsible for PCE
menagement should ba familisr with this policy, since it once agein changes the
gama rules for handling PCBs, This eummary addressss and clarifiss thea PCB
policy's tegquirements for epill reporting, cleanup, post-clesnup sampling, and
racord-kaaping, elong with soma of the policy's problams and implications.

INTRODUCTION

On April 2, 1987, tha U.S.EFA issued o final rule sstablishing a National PCB
Spill Cleeaup Policy (1), The policy becaws affective May 4, 1987, aend
significently increeses the requirements for reporting end cleenup of ell nev PCE
spilles. Spille ars defined as intentional or unintsntional leaks, spills, end
other uncontrollad discharges of any quantity of PCBe running off or about to run
off the external surface of the squipment or PCE sourca, as vwell as the resuleing
concaminetion. Tha escope of the policy covers moat nav spilles of PCB fluide
conczeining 50 ppm end abovs. Howaver, spillas directly into wetaer, severs,
vagatabla gardena, end enimal grazing lend ere not coversd by the policy but will
be coneidarad by tha EPA ragions on & site-by-site beeis. Cleanup requiraments
for thees typss of epills are likely to ba strictsr tham the policy requiremants.

OVERVIEW OF REQUIREMENTS

Tha Policy sddressss fiva basic espects of PCB epill response. Generelly, for
wost aev epille of matariels conteining more than 500 ppm PCE, the following is
required:

1. Reporting:; To EPA within 24 hours of epill discovery

2. Clesanup: Completion within 48 hours of spill discovery

3. Performance Standards: Veriabla according to spill location and
mass of PCBs spilled

4. Poat-Cleasnup Sempling: Stetistically velid wethodology and
analyticel techniquas for verification

5, Record-Keaping: Cartification eand document retantion for fiva yesrs
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8pill Reporting

The ovarall objective of the Policy is repid PCB 4pill responss. The Policy
requires that all new epills of mors than 10 pounds of purs PCE by weight be
reportad to the EPA ragionsl office and Nationsl Responsa Center (NRC)
(1-800~424-8802) within 24 hours efter the spill hes bean discovered. Typicelly,
this would cover eny complets raleasss of fluid from s eingle PCB cepacitor or
tcansgformar, This requiressnt oay de wveivad only in the csve of sdvares
circumstancea, such aes tornede, hurricena, or civil emergency. However,
responsible pertiss who delay reporting end ¢lsenup dus to sn sdvers: circumstance
must kesp records documanting the circumstences precluding repid casponss. Mogt
epills of low concentration PCB (50-500 ppm) wust be cleensd up, but EPA
notificetion is not required. Spills of maeterials conteining less then 50 ppu PCB
sre not coverad by this Policy.

1t is worth noting thet the published policy doss indicata thet "spilla exceeding
10 pounds of PCB meterial (gensrslly one gallen of dislectric fluid}" wmust bae
reported to the TPA regionsl office. Consequently, the Utilicy Solid Westse
Activity Group (UBWAG) raquested thet the EPA clarify cthis reporting raquirement
sinca it would heve unduly required tha reperting of nesrly all wminersl oil
transforser spills regerdlese of the wmess of PCBs spillead, In & subsequent
memorendum to USWAG, the EPA Office of Toxic Substances clarifiad thet the
specified reporting requirement only pertaine to apille of 10 pounds of purs PC3s
or mors by weight snd thet ths ragional offices hed bean notified of this policy
revision (2).

Clesnup Standards

The Policy imposes variable clsenup requiremants based on ths mass of PCBs epilled
and tha location of the wspill.

I. Por epilles of PCBeconceminated material (50-500 ppu) containing laess
than one pound of purs PCB by weight, the following clesnup raquiramsnts
must be complatad within 48 hours of spill discovary.

« Bolid Burfaces: Double vash/rinse with solvent
» S0il: Rewove vigibls traces plus a buffer of one laters] foot
+ Documentation: Provide cleanup cartification

II. The folloving is required for all epills iavolving PCB materisls ovsr
500 ppm end PCBrcontaminated materials exceeding one pound of PCB by
veight:

1, Immediate Responae! The following requirements must be setisfiad
vithin 24 hours of spill discovery:

Wotification: Contact EPA end NRC if ovar 10 pounds of PC3

Barrier Protection: Restrict sccass to spill eres plus o thras
foot buffer zone

Eliminate Spillage: Stop flov with sbaorbent or plug

+ Initiate Cleanup: Removae ell visible traces of spill
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2, Cleeanup Stsndarde: S5pill cleanup must méet stringent psrformance
_standerds. A summery of the epill c¢leanup performence stondards is
' presented in Table l. Within 48 hours of spill discovery, clesnup
ahould be completed and achieve the spacific stendsrde for the
listad locacrions. Post-clesnup sampling muet verify that the
standards for clesnup have been succesefully achiaved.

post-Clasnup Sempling

The policy requiras o stetieticelly valid, reproducible, sampling methedology to
varify tha achievasent of the cleanup parformence etenderds for all high-~level PCB
spills or lov leval epills imvolving one pound or wore PCBa by weight. Tha
sampling schems may consist of aither rendow or grid ssmplas. However, tha
sampling eres must ba the lerger of sithar the eres cleaned plue en additionel one
foot boundary, or an erse 20 paercent larger than the original spill boundery.-

The number of samplee collected cen be a8 little as threa or ss wmany as 4&0;
howavar, @ sufficient number muest bs taken to ensure that ereas of conteminetion
of s radius of two feet or more within tha sempling eres will ba detected.-
Additionally, tha sampling schema must ensure 95 percant confidence againec fslsy’

positivas and includa e calculation for expected veriability due to enalytical
aTTor.

Although eny emmpling methodelogy vhich echiavas tha abova raquirements mey bta
usad, tha EPA recowmends tha usa of tha sempling schame aend verification
tachniquas davalopad by ths Midwest Ressarch Inetituts for tha EPA Offica of Texic
Subatsncae (3) (&),

Racord-Keapin

The Policy raquiras that sll spill cleanups ba fully documanted and chat ths
rasponsibls party cartify the required site dacentsmination. All epill records,
documantation, and partinant date wust ba ratainad for at laast five years ond be
mada aeveilabla to tha BPA upon requast. Tha racords and documantaetion wmust
conaiet of tha folloving information:

ldantification of spill source {equipmant)

Catimated or actual date and time of epill

Actusl data and time of claanup complatien

Dascription of spill locetion and natura

Pra=clasnup sampling deta

Dascription of eolid surface cleaning

Approximata dapth and amount of soil ramovad
Poat=claanup verification senpling dats and methodology
Signad cartification stetament

Batimgtad cost of spill cleanup {(optional)

IMPLICATIONS AND PROBLEMS

Tha policy will prova coetly to electric utiliciss. Tha EPA astimetes that
620,000 pounds of PCBs are laeked or spilled fros alectrical esquipmant avery yaar,
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Based on evaileble dats, 38T of these PCBs are spillad in electricsl aubstationg
and 68 are spilled in residentisl/commercial, rural, or industrial sress. Given
tha largs quentities of spilled PCBe and the very stringent clasnup stenderd,
raquired by the Policy, the cost of PCB cleanup is certsin ta increagy
significantly. The cleanup of one FCB capscitor spill in & residentisl aras i,
axpectad to coat on tha order of $10,000. Bassd on EPA'a cost estimstes, U.g,
industry can expact to pay over 5100 million per yasr to clean up PCB spills. Ngr
only is this Palicy very costly, but it crasstss some very serious complisnce
problems for elactric utilities,

0ld and New Spilla

Moat alectrical subatationa and other locations whars PCB squipment is in ues have
bean subject to historical PCB apilla. Tharefors, s residusl PCR concentration
may ba expactad at thess locstions, Once s nevw apill occura in auch a lacation,
tha prascribad dacontsmination stenderds muer ba achiavad at that aite. If the
contaminetion from the new spill can’'t ba distinguishad from ths histaries]
contamination, the antirs sits may havea to ba axcavated and clesnad to the
prescribad atendard. This acanerio may 4aetily incresss EPA'a ariginal cose
eatimates. To soiva this dilemms, it may be necessary for wtilitias to construct
conteinmant atructures in all substetions snd sress whera PCBe sra currantly.in
usa in arder to isolats sll new spills from past apill anvironments.

48-Hour Raquirsmant

Maating the requirament of apill clesnup complation and restorstion within 48
houra is alao axpactad to causs complienca problems. In order to wmaat thie
réquiremant, tha aite muat be clesnsd, verificetion semplas obteinad, analyeicasl
resulte reportad, and the aits restored within two deys. Naadlass to say, gatting
a turn-sround tima of ona to two dava for PC3 asnslyses is atypical. Thara will
aleo ba s naed for all PCM ganarstors to hava a ralieble source of cleen fill
matarial ready for transport ta sny apill locatian for aita restoration at s
wmoment's notica. If & contractor ia usad for sita cleanup snd/or eewpling, this
requiremant will aubetantially increses tha coats,
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Table J. PCB SPILL CLEANUP PERFORMANCE STANDARDS

CONTAMINATED S0IL SOL10 SURFACES
¥isibhle
Traces

Hass * 1 fe. 10 ppa Double - 100 g/
ot Latersl 50 pom + 10 inch Riwse/ 100 wg/ 100ca? 10 ug/
PChe Locutien Buffer * motice 25 ppm Excavet ion Wash 100ce ¢ cap 100c o
Lov Conc.
Spilis Indoor X
50-500 Agsidentisl Areae ’
rpm
€270 gal. |} Al] Othey Arems ) 4 X

ELECTAICAL

SUBSTATIONS X 4 4

EESTRICTTO

ACCESS AREAS

Bi Contact Ouidoor

Ls Coatuct Llwdgor ) 4 X
Al Lo Contact Lodoor
Righ Honipparvious ) 4 X X
Conc.
Spille Le Costact Outdoor 4 . 4
>500 ppm
nod WON-RESTRICTED
Low ACLESS AREAS
Comc.
Spills All ladoor
>210 Bi Comtact Outdoor ) 4 X
galloos

Vaults Ipdoor

Lo Comtact Outdoer x X

Lo Contact Outdoor

Ronispervious X X X
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Attenuation of Polychlortnated Biphenyls in Soils

D. C. Girvin, D. S. Skiarew and A, J. Scott
Environmenta) Sciencas Department
Batteile, Pacific NHorthwest Laboratories

The ability to predict the long-term mobiiity of polychiorinated biphenyis (PCBs)
in the soil-water environment is of particular interest to the electric utiiity
industry and regulatory agencies because of the history of use of PCBs as g
coolant-insulation fluid and their resistance to deyradation. This paper
describes the influence that adsorption/desorption has upon PCB mobility in soilis
and our current experimentsl work to 1) establish correiative relationships that
can be used to estimate equilibrium sorption parameters from sasily measured soil
characteristics and well-gstablished physical properties of PCBs; and 2) measure
the release retes under non-equilibrium conditions of PC3 congeners from utiiity
s0i1s containing Aroclor mixtures. The &pprosch baing used in this program to
describe the role of sorption/desorption on PCB mobiiity in soils is also spplica-
ble to other hydrophobic organic compounds, such as the poiynuclesr aromatic
hydrocarbons (PAHs), which are present in the soils at Town Gas sites.

INFLUENCE OF SORPTION ON PCB MOBILITY & TRANSPORT

In sofl-water systems at iow environmentsl concentrations, the sorption of & PCB
congener ;1' can be describad by & linear sorption isotherm, where f"' amount
sorbed (S') is related to the equilibrium solution concentration (C') by & con-
stant (Kp) termad the aquilibrium partition constant for that congener (1} and

given by

i

i _
crded eyl o S
S xpc or Kp ET (1)

To i1lustrate the attenyation or retardation effect that sorption has on the
transport of PCBs or other orginic compounds (e.g., PAMS) awdy from their initia)
point of contact with the soil, consider the following simple example. Water is
flowing at a steady hydrologic flow with an average velocity, v, through & soil of
uniform porosity (n) that containg PCBs. Assume further that, the sorption resc-
tions are fast relative to v, so that sorption/desorpticon can be described by
equation (1), the witer content of the soil is constant, and that dispersion
effects unrelated to sorpticn are negligible. The rate of advancement (v') of the
PC8 front through the sofl will be retarded relative to the rate of advancement of
the water oy an dmount v' = v / Ry, The retardation factor R, is defined s,
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R -v/v'-l#%K

o (2)

‘ ‘whare n and o sre the soi! porosity &nd density respectively (2},

f

Consider the retardation of the Arocior 1260 congener 2,4,5,2',4°,5' in g tom
organic cérbon $o0il characterized by 0.05% (by weight) organic carvon {0C), 5%
axpéndable cliay minersis (CM), a porosity n = 0.5, and density p s 2.4 g/cm3.
Although & reasOnably accurate “carbon-reference” model exists for calculsting K
and describing the sorption of organic compounds by soils containing greater thah
0.23% OC (},%J. no such model has besn established to describe sorption on goils
containing less than 0,25 OC. Thus to estimate the retardation in this low OC

so1! we could oniy mike the questionable assumption that OC still dominates sorp-
tion and K, can be estimated using the carbon-reference approach, Based on 3
raview of Titersture dats {1), X8 for the 2,2',4,4",5.5' congener for such Yow OC
soils range from 36 to 1400. FoF sake of 1llustration K, can be assumed to be

300, ylelding a retardation factor of Re=1440. With a whter valocity of 50 cw/d,
we would expect PCBs to require approximately J85 years to mwove 50 meters. This
assumption neglects sorption by expandable clays; however, there is no “clay-
reference” model from which we can estimite & Kp for the clay fraction of the

soil. Based on our current lack of information in estimating & K, value for this
Yow OC, 5% clay soil, 1t i3 not unreasonsble to postulate that the K. used above .
could be in error by as much as a factor of 10, In this case, the 50-meter tran-¢
sit time could be as Yow as 35 years or a3 high as 3850 years., Thus, we currently
have no bisis with which to estimate the rate of PCB movement in low OC goilsg,
Clearly additional information i3 needed on PCB sorption in low OC sofls to define
the role played by expandable clay minerals in sorption processes.

ESTIMATION OF EQUILIBRIUM PARTITION COEFFICIENTS FROM PHYSICAL CONSTANTS

Our current axperimental program includes investigation of PCB sorption/desorption
under equilibrium conditions for both typical {>0.2%) and low {<0.13) OC soils,
The objective i3 to derive a preadictive equation or equations, based on a small
but sdequate set of experimental s?rption datg, which can be used to estimate
equilibrium pertition constants (X_) for a large rnumber of individual congeners
fwummswmwnumHnMsmﬁnmbunmﬂwmm Experiments are in pro-
grass to medsure Kps for 2,4'; 2,2°,4,4'; and 2,2'4,4'.5,5' on 10 soils differing
in their OC and CM"content {0.05% < OC < 4%; 5% < CM < 53%).

For typical OC soils, regression equations of the form,

lwtp-aloglwtb-logfoc {3)

have bean sxtensively used in the Viterature, where Xow i3 the octenol-water par-
tition coafficient and f_. 1s weight fraction of organic carbon in the soil. A
significant bady of X, Ofta exists fn the literature (4-6) and T, 15 an easily
- measured quantity, ng 4 and b correlation coefficients dotoruinos for various
classes of hydrophobic organic compounds differ significantly (3,7-9). The coef-
ficients for ons class of compounds do not work for another class + Thase
cosfficients have not previously besn derived for a series of PCB congeners.

Once the & and b coefficients and their )imits of accuracy are established with
data from experiments currently in progress, Kp values for congengrs for which no
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experimental data exist can be estimated from experimental (4) or calculated (s)
Ky vélues and the measured f, . of the soil. Development of this tnformatton —
répresents a significant advance becsuse it 1S far edsier to measure the foc for ,
$0i1 and medsure or calculate the X ‘s for & series of congeners than to measure

xps for a series of congeners on thgwso1l.

MEASUREMENT OF PCB DESORPTION RATES FROM UTILLTY SDILS

The partition coeffictents described above treat the sorption process and retarda.
tion under equilibrium conditions, that s when the flow of water through the sof}
1s sufficiently slow that local aquilibrium conditions exist. When the flow
increases to the point where local equilibrium 11 not attained, the sorption proc-
ess is described in terms of the rates of sorption and desorption. In general noth
the K s and the sorption/desorption rates are required for a complete description
of thé retardation of organic compounds in fleld situations.

The utility industry is interested in soils that have been in contact with Aroclor
mixtures for an extended period of time. Thus the practical question is, what g
the rate of desorption once these contaminated soils are contacted by the waters
percolating through them. To address this question we are utilizing gas stripping
columns with Tenax resin traps {10} to simultaneously determine the rates of
release of 16 to 25 congenars from g utility soil suspended in water. The Tensw
traps are changed at regular intervals and the trapped PCBs are mesgsured by gas
chromatography. I[n this way the reledse rates from the soil can be determined for
individual congeners. This follows because the rate of PC8 exchange between the
water and the gas, which is flowing up the column, 1% virtually instantaneous in
comparison to the relesse rate from the o1l which is diffusion limited. Thus the
rate of change of PC8s in the Tenax resin trap i3 wsqual to the rate of relssse
from the soil,

Gas stripping expariments have been conducted with a 1,5% OC utility site sofl
containing 1.5 ppm total Aroclor 1260 to determine whether this method for measur-
ing release rates s applicable to Aroclor mixtures in soils. The results showed
that the relesase of 16 conganars could be observed during the four-month term of
the experiments and that & greater number of congeners could be observed if soils
containing higher total PCB concentrations were used. The cumulative fractions
released, when plotted against the squire root of time, are approximately linesr
for thoss congenars present 1n sufficiently high concentrations. This linearity
13 conststent with the hypothesis that the release rates from soil particles are
1imited by diffusion from the interior of the soil particle (10). This follows
because the boundary conditions existing in these experiments [e,g., Zero aqueous
PC8 concentration) approximate those for which diffusion controlled release

rates depend on the squarg root of time {11). Ouring the four-month stripping
Oxporillnt‘ 383, 28% and of the total quantity of congeners 2,2',4,5,5';
2,2',3,5,%",68; 2,2°,4,4',5,5" were removed from the ond-gram sampie of utility
soil used. This represents the upper limit of the release which could occur from
this soil under field conditions. Sased on the success of these preliminary
exparinents, additional stripping experiments are planned for 1968 using seversl
utility soiis, These experiments will be conducted for longer times to quantita-
tively determine the relesse rates and how these release rates change with time,
The releise rites, determined in this way, reprasent the uppar limit or maximum
relesse rates that could occur in & soil-water system. This informstion directly
quantifies the significance of & given gpill site as & PCB source term for sub-
sequent migration in sofl-water or aquifer-groundwater systems.
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SUMMARY

Ve have yiven a simple example of how sorption/desorption influsnces the mobility

‘of PCBs 1n sofls and descrived our experimental work to develop methods and data

for quantitatively estimating sorption/desorption parameters, which can be used to
descrivpe PCB movement in soils using transport oF risk assessment models. Speci-
fically we have described correlatior relationships that can be used to estimate
squilibrium partition coefficients and experimental gas stripping techniques to

measure maximum possible release rates. Finally, we pointed out that while PCBs

sre important compounds to the utility industry, the methods and approach
described here for PCBs are applicable for the study of ‘the sttenuation of other
hydrophobic compounds (e.g., PAHs) that may be of current or future importance to
the utility industry.
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EVALIATTON OF LECONTANINATION OF SOLID SURFACES EXYOSED 70 PCBe
»y
AN MATLEY AND RXIHLEEN KREPS

PO,
155 M.B. 100th, Buite 403
Seattls, W\ 98128

Under the srthority of the Tuxio substanos Comtrol Aot (TSCA) the U.8,
Eavirommental Protaction Agency has reomntly established a uniferm policy for
decontaminstion of polychlorinated biphanyl (PCE) spill aress (1). MNumericml
Secoptaminaticn standards, which &afine adeguats clesmp in tarms of resiéml
e, and parformance-based standgrds have best |ltlhl£lhl¢ Undar a

Ppon the guantity and oonosutration of the X8 spill.
The cptima) suipmant wnd materials to suocessfully achisve sithar the
of performance-based

mmarioal or standards for clesmp of FCP~comtaminated sclid
sxtaces have oot beat established. The nsed for aeasures for
W resides of polychlorisetsd biphesyls (FCBe) om & variety of salid
mxtaces contimms to be & ty issue utilities and othar
=] OWDALS , the continued nesd for snbanced al
and the findings of othar researchers on the mirject, tha authors
a investigation to provide additional corperiscns of
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performed prior to smpling for residua)l FCBe, Each non-porous surface vas
cleansd by pipeting the cleaning solution onto & gmuze pad and wiping
Aface. Thres wash itarstions were also performed on the non-porous
prior to sampling for residual FChe.

sple from sach test Rirface. The vipe vas performad using a guuse
Pad saturated vith Momns. T furthar svaluate the fate of the ¥CBbs applied to
the surfaces, & Bass balance of the originally spplied KBe vas

attampted. The following shiples ware analysed for FCBa to perform the mass

Cleaning agemts, spike conosmtrations, and results from the wipe tests are
listad in Table 2. One control sample was Prepared for eash type of surface by

ccncrwts
The copomntration of FCBs in the smples collectsd aftsr concrets washing
ranged from 0.89 to $.03 uy/100 « Mo signifiomnt difference in rCB
oleaning ability was found mmong the thres clsaning used for concrete
washing, besed on a one-wuy analysis of variance of the post-wash wipe tasts.
The oontrol wipe rasult is significently hi than all concrets
wvipe tests, but Iepressnts & recovery of cunly 2.5% of the eriginally spplied
e,
The low recovary of ICBe with the control wipe sasple indisetes the IBs either
absoxbed strongly eough to the comcrets surface 9 prevent Tmmoval by the wipe
tast, spresd to areas outside the tast arwa, or penstrinted desper into the
oonerets. Chip smplas oollected from the conarets up to a depth of 1/2 inch
after bo cleamtp recoversd only 30% of the eriginally spplisd JCBe.
Ccnomtration of FCBe decreased markedly with depth (Figure 1), indicating thet
nominal JCBe re=ained on the surface or traveled dssper into the concrets. To
verify that IChe had spread cutside the test area, osulking surounding one of
the tast Atwad was analysed and found to coptain 301 ugy of FCBS, repreMmnting
308 of the erigimally spplisd PCBe. The spread of the MCBs into the omulking
indisates that if there hed bean no barrier the FCBe woxild have coptinued to

aorves the surface cutside the 100 ca’ test ares. The chips

that v pmhnnuurbd-u;d ;:Kﬂ;

the Kiv vae Y by the thareby

inhibiting further spreading to ocutside or desper areas.
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conosntration (less than 300 ug/g) PCB contmeinatad-minaral oil, the following

Pased ca the laboratory bench tasts, desi¢gned to svaluats spills of low
conclusions are made:
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U.5. EM, Washington, D.C. PFederal Magister, Vol. 52, Mo. -

. 10680-10710,

cleamp polioy.
{2) Toocham. 1967, PO cleatup research.

(1) U.8. Envircomental Frotectioa Agemoy. 1987. Folychlorioated Miphemyls spill

Final Report. Prepared for Saattle

city tight. BooChen, Ino., Seattls, WA, 54 PPp.
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«9/g PCB

4£0/g PCB

CHIPS FROM CONCRETE

PENETONE
O— —— HEXANE

DEPTH 1 DEPTH 2 DEPTH 3

CHIPS FROM ASPHALT

401

DEPTH 1 DEPTH 2 DEPTH 3

FIGURE 1 OONCENTRATICN OF PCBS IN CHIPS COLLECTED AFTER CLEANUP
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TARLE 1
MATERIALE EVALUATED
(RTER BENCH TEST CRNDITIONG

Painted
Galvaniged

Datargent/folvent @ Conmpwbe @ AsmAlt Staml 0 Gteal

Penstons
Trisotiue Phosphate
Raxans

Tcov

b
a a b
Test oonditions vere replicated thres times to detammine within-treatmant
variability. 7ror sach treatment, wash proosdures vare repastsd thres times,
then final PO content vas detarmined for the solid surfaos by a wipe test.
For one of each tast conditiom the following samples ware collectsd and
spalysed to evaluate the fate of the applied PChe:

= Jbsozbant pads collected aftar each wvash.

= Final rinssats frcm the metal brush and stesl box used to contain wash
wvatar,

- Chips from the test smmple surface and two lower depths,

Test oonditions were replicated thres times to detammine withir-treatment
variability. PFor sach trsatment, the stasl was weahed thres times, them a
vips saNpls collsctad and analyssd to svaluats residual FCBs.



Average
Cleaning ©~ l;iz:d

ptace - wecage )
oonaTets Peneatons 978,
Reane 0.
!tilodigl Phosphate 1009,
Control 1022,
Asphalt Penstons 70,
A Rumane 7.
¥ Phosphate m.
' wowtm 940,
| puinted Stesd  Penstons 954,
Hexane 80,
1:1-cdu*r|!hn¢phato 955,
Cantrol ”19.
trpainted Stasl Pepstons ”"7.
REANS 0.
968,
m’ib' Phosphate .

3.45
2.43
28.

1.3
.38

16.3
8.17

3.47

2.98

2.83
322,

2.8

2.9

2.73
2458,

3.03

0.43

0.17
(one sample)

& Test area spiked with minaral oil ocontaining PCB Aroclar 1260 at 483 ug/g.
D purface spiked the same as cther test smmples, Iut no vashing performed befors

wipe tast,
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