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Proceedings: 1985 EPRI PCB Seminar

New regulations have increased the complexity of virtually all
phases of PCB management. In this EPRI-sponsored seminar,
participants discussed the latest advances in methods and
equipment to facilitate and improve PCB disposal, cleanup,
replacement, and risk assessment.

This industrywide meeting constituted the third EPRI-sponsored seminas to
update utilities on equipment and processes for dealing with the complex
problems of polychiorinated biphenyt (PCB) management. As in the previous
seminars, heid in 19681 and 1963, di ) topics ranged from equipment
and methods in the initial stages of development to processes now on the
market.

* To provide a forum for discussing equipment and methods for PCB
management.

* To avoid unnecessary duptication of research efforts through exchange ot
information.

* To inform equipment suppliers of utility PC8 management needs.

Approximately 460 rep ives of utilities, gt agencies,
research groups, and private industry in the United States and othar coun-
tries attended a PCB seminar in Seattle, October 22-25, 1985. Major subjects
of discussion were PCB destruction, mineral ofl decontamination, PCB anal-
ysis, PCB spill ck D and Manags i, risk ysis and OH

PCB fires, and retrofili and replacement fluids.

This report contains more than 60 papers presented at the seminar. Those

discussing PCB destruction addressed such 10pics as the thermal treatment
of PCBs and PCB-contaminated soils and the sampling and analysis criteria
for evaluating the effectiveness of PCB destruction methods. Topics in other

) areas included p! for g PCBs from
transformer oil and coolants, equipment for testing PCB-contaminated
solis, PCB environmental port, pyrolysis and lon of PCB-

contaminated transtormer fluids, and preventive measures for reducing aur-
borne PCB contamination, Several papers described pilot plant projects or

EPRICS/EA/EL 44808
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EPRI PERSPECTIVE
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case stugies to demonstrate the use of new equipment, processes, and
cleanup methods.

The large number of people attending the 1985 PCB seminar reflects the
need of ali those invoived in PCB g to prob-
lems and goals. Participants—nearly 200 of whom were from member
utilities—came from the United Smos. Canada, Great Britain, Fm
Italy, and Sweden and d a variety of discipii The g
thus provided for a compmnonslva review of the issues faced by those
ponsibie for PCB analysis, risk 1, and disp and
those planning r h or developing squipment to make thess tasks
easier. This report presents the procsedings of the inar. The
ings from the 1981 and 1963 seminars are contained in EPRI reports
EL-2572 and EL-3581, respectively.

RP2028

EPRI Project Managers: Ralph Komai; Vic Niemeyer; Git Addis

Coal Combustion Systerns Division; Energy Analysis and Environment
Division; Electrical Systems Division

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

The 1985 PCB seminar continued EPR!'s series providing timely information on P(B
research to utilities, regulators, and contractors. The papers in this seminar
showed 2 significant {ncrease in technical level over those presented in the 1981
and 1983 meetings.

Subjects covered in the three and one-half days meeting were:

PCB Destruction

Mineral 011 Decontamination
Analytical Techniques for PCBs
Spi11 Cleanup and Management
Risk Analysis and Management
PC8 Fires and PCOF Analysis
Retrofil) and Replacement Fluids
Miscellaneous Subjects
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FIRE INVOLVING PCB TRANSFORMERS
FURTHER REGULATIONS
MANAGING THE RISK

H. C. Manger

The Environmental Protection Agency (EPA) issued a final rule on
August 25, 1982, authorizing the indefinite use of certain electrical
transformers containing polychlorinated biphenyls (PCBs). At that
time, information available to the EPA indicated that fires involving
electrical transformers were rare, isolated incidents.

Because of the notoriety of several recent transformer fires and upon
reconsideration, EPA has amended the 40 C.F.R. regulations with
regards to:

761.3 Definition
761.30 Authorization
761.40 Marking Requirements

The changes established three important dates for actiocn:

October 1, 1985
December 1, 1985
October 1, 1990

October 1, 1985

After October 1, 1985, EPA prohibits the use or storage of PCB trans-
formers where there is exposure to food or feed. 1In addition, the
installation of PCB transformers in or near commercial buildings is
prohibited, and defines "in or near commercial buildings”.

December 1, 1985

By December 1, 1985, all PCB transformers must be registered with
the local fire fighting authority with specific information such as
location, principle dielectric fluid, name and telephone number of
person to contact in case of a fire.

By the same date, PCB transformers located in a commercial building
(commarcial buildings are defined) must be registered with building
owners, noting the specific location, principle dielectric fluid,
and type of the PCB transformer (radial - network). For PCB trans-
formers located near commercial buildings, the same information must
be registered with all owners of buildings located within 30 meters
of the transformers.
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Qctober 1, 1990

EPA has amended authorizations in CFR 40 - 761.30

Prohibitions .

As of October 1, 1990, the use of Network PCB Transformers with high

secondary voltages (480 - 480/277 or greater) in or near commercial
buildings is prohibited.

Allowed (with "enchanced" protection)

Radial PCB Transformers with high secondary voltages 480V and above,
Tn use, in or near commercial buildings after October 1, 1990 must be
equipped with protection to avoid high current faults, and a method
to detect and avoid sustained low current faults.

Network and Radial Transformers with voltage less than 480 need only
be equipped with protection to avoid high current faults.

These amendments are a result of an EPA Risk Analysis. EPA with data
available, as stated in the preamble of the latest rule, "undertook
an evaluation of the fire-related risks posed by the continued use

of PCB Transformers, and the costs and benefits of measures designed
to reduce those risks".

MANAGING THE RISK
Aside from the regulation, the fire incidents publicized and the
ensuing costs from fires involving PCB should suggest an evaluation
of each specific risk with PCB equipment, particularly in buildings.
Some of the potential cost are:

Litigation Costs and Injury Awards

The potential presence of PCDF's (Furans) and PCDD's (Dioxins)
essentially causes every incident to turn into a piece of Agent Orange
controversy.

Business Interruption Costs

The building owners in San Francisco and Tulsa have claims against
the utilities involved for damages.

Cleanup Costs
In Binghamton, the cost for cleanup exceeded the cost of the building.

Sampling and Analysis Costs

Each dioxin and furan analysis cost as much as $1,000.00.

It is evident that industry generally is not prepared to deal with a

PCB fire. 1In order not to make costly mistakes, one should consider

what steps could be taken before a PCB incident, and possibly prepare
a plgn in order to respond expeditiously to potential PCB fire emer-

gencies.
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Examination of the PCB fire incidents suggest that proper pre-incident
preparation and post-incident emergency response can greatly reduce
the risks and liabilities associated with PCB fires in buildings.

Pre-Incident Preparation should include:

(1) Form a corporate response team to develop pre~incident
preparations and plan post-incident actions.

This team should include employees who encompass these
disciplines:

Legal

Insurance Claims
Environmental
Operations
Maintenance
Media Relations

(2) Make an inventory of, and collect detailed information
about all major PCB equipment installations owned by the
Company.

(3) Record the location of all PCB transformers and prepare
maps identifying major PCB transformers in public buildings
or areas accessible to the general public,

(4) 1dentify the owners of buildings which contain PCB trans-
formers.

(5) Develop a risk assessment and transformer phase-out priori-
tization scheme.

(6) Determine the responsibilities and authority of local Fire,
Health, EPA and Natural Resource departments. Discuss the

plan with the local agencies and determine limits of autho-
rity.

(7) Dilscuss plans and execute contracts in advance with experi-~
enced PCB~cleanup service companies.

{8) Prepare operation procedures which will ensure the proper
and immediate reporting of all PCB incidents.

If an incident occurs:
(1) Take charge immediately.
When governmental agencies assume control, they may act so
slowly that nothing is done by the time the media is
involved. Public opinion can then dictate procedures and
cleanup levels. One must convince the agencies, preferably
in advance, that you can handle all problems.

(2) Call in cleanup companies.
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(3

(4)

(6)

Sample to analyze the extent of the problem promptly. It
is important to determine the extent of the problem as
soon as possible, not only from a PCB, furan, and dioxin
standpoint, but what portion of the building is actually
contaminated.

Get in touch with building owners.

Building managers have the primary interest and responsi-
bility for communicating with the tenants of the building
and for arranging alternate accommodations if the building
must be evacuated during the cleanup. Therefore, the
building manager should be kept completely informed, and
should be both the spokesman for the tenants and their
major source of information.

Get statements from persons who claim exposure or may have
been exposed describing their feelings and symptoms.

Follow predetermined plan for press releases. Caution all
involved not to make statements which will add confusion
and adverse publicity.

How one handles such a serious situation is never cut and dry, nor
do I infer that this approach is the only way. However, adopting a
well thought out plan in advance can show that you are competent and
knowledgeable. It can also provide tangible benefits, such as re-
ducing human and environmental exposure, and can serve to signifi-
cantly reduce the risks of liabilities asscciated with PCB accidents.

REFERENCES :

1.

PCB Fire Emergency Resronse and Management by Joseph E.
Shefchek, Wisconsin Power and Light Company and Louis Kosek,
Public Service Company of Oklahoma

Proceedings of Pollution Engineering's HAZPRO '85,
Baltimore, Maryland
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SAMPLING AND ANALYSIS CRITERIA USEL TU EVALUATE
THE EFFICACY UF POLYCHLORINATED BIPHENYL (PCB) DESTRUCTION

Author: John H. Smith

For PCB Disposal Permits in more than one United States
Environmental Protection Agency Region, the Office of Toxic
substances (OTS) has the responsibility to negotiate
demonstration conditions for, examine demonstrations for, and
write permits for PCB destruction efficacy demonstrations in
accordance with Toxic Substances Control Act Section 6(e)
regulations. To carry out this responsibility OTS reviews
documentation submitted by permit applicants. This documentation
includes: existing state and local permits, equipment diagrams,
equipment operation procedures used, operating specifications,
proposed personnel, PCB destruction validation, waste disposal, a
schedule of demonstration activities, and expected use(s) of
treated material. This talk discusses information obtained in
and prepared by the U.S.E.P.A. Headquarters PCB Disposal
Permitting Program.

One of the key factors in evaluating the demonstration of
PCB destruction sfficacy is the review of the permit application
and analysis of the treated and untreated PCB matrix. The PCH
Disposal Section evaluates the sampling and analysis of different
process materials in order to meet several regulatory objectives.

Sampling of a matrix, from which PCBs are to be destroyed or
removed, must be representative of that kind of matrix and the
distribution of PCBs in the matrix. Sampling must be controlled
such that (1) PCHBs are not destroyeo in the sampling process, and
(2) contaminants interfering with PCB analysis must not be
introduced in the sampling process. Samples must be of a large
enouyph size to provide sufficient material for instrumental
analysis.

Analysis includes the preparation of the sample for instru-
mental analysis, the instrumental analysis, interpretation of
inetrumental data, and reporting of the results of the analysis.
As with sampling, contaminants interfering with PCB analysis are
not introduced in the analysis process. Minimum quantitation
levels must meet regulatory reguirements. The maximum level of
PCBs in the treastment matrix must be specified in many permits,
and thus the permit applicant must demonstrate the repeatable
capsbility to treat and analyze PCBs at the maximum level to be
permitted. 1In all demonstrations the materials from which PCBs
have been removed or destroyed must he proven free, at levels
required in the regulations, of PChs by definitive, confirmatory
chemical analysis. 1n many cases waste products from the process
must also be analyzed, the specifications of waste product
analyses depend on the proposed method of disposal.

office of Toxic Substances loﬁlor officials use the results
of the sampling and analysis from the PCR destruction efficacy
demonstrations in making final decisions on PCB Disposal Permits.
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If the treated material and waste from a PCB disposal
process are below designated treatment levels, there are no
regulatory requirements for disposal of the treated material. If
waste material or material treated as part of PCH disposal does
not have a PCR concentration below designated limits, the waste
material or treated material must be disposed inthe same manner
as the regulatory requirement for the original untreated
material. That is, for original untreated material greater than
500 parts per million (ppm) disposal is incineration and for
original untreated material between 50 ppm and 500 ppm disposal
is in an approved PCHB landfill.

According to the regulation (40 CFR 761.60 and 761.70),
there are several requirements for 8 PCB incinerator. Some of
the sampling requirements are the monitoring of oxygen, carbon
monoxide, carhon dioxide, volatile organic halides, PCBs,
polychlorinated dibenzofurans (PCLFs) and polychlorinated
dibenzodioxins (PCDDs) in the stack emissions. The temperature
and the residence time are also regularly monitored.

The regulation also allows alternative methoas of disposal
if those methods have been determined equivalent to
incineration. Equivalence includes not only destruction
eficiency but also potential for environmental exposure to,
potential hazards from, and contamination from material from
which PCBs are to be removed and PCB disposal processing
wastes. As an example, PCR materials treated by mobile
alternative methods do not have to be transported. The matrix
containing PCBs, once completely treated o below the levels
required by regulation, may be reused. The non-PCH wastes
generatea are generally not hazardous. For separation processes,
PCR wastes, in which PCBs have been concentrated to much lower
volumes are incinerated.

Alternate technologies demonstrated to the Office of Toxic
Substances to date include the general classifications of
chemical reduction, physical separation, and solvent washing for
metal recovery. The demonstrations of the alternate technologies
include representative sampling of the untreated PCb matrix, the
treated matrix, and process emissions and wastes. Initial PChk
matrix concentrations are guantitated based on the original PCB
formulation present. Where the treatment process changes the
chemical nature of PCBs, the analytical method for treated
material must be guantified based on representative individual
PCB compounds at each level of chlorination. If the treatment
process does not change the chemical nature of the original PCR
formulation, quantitation of the treated material is based on the
original PCR formulation. Completeness of PCB disposal in
conjunction with metal recovery (and assumed metal reuse) is
addressed in a case by case basis. For capacitor casing by
solvent rinse, a solvent concentration based on estimated retal
surface area is used to determine the equivalence to incinerator
removal of PCBs. For the recovery of copper from transforner
cores, the content of PCBs in the copper must be below regulated
disposal treatment waste levels of 2 ppm for each individual PCB
compound. ’
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PYROPLASMA DETOXIFICATION OF ASKAREL FLUIDS

Thomas G. 8arton

INTRODUCTION

During the past year, a mobile Pyroplasma™ unit has been undergoing a sertes of
waste destruction demonstrations using organic fluids. This demonstration project
has been jointly funded by the New York State Department of Environmenta)
Conservation (NYS/DEC) and the Environmental Protection Agency Industrial
Environmental Research Laboratory (EPA/IERL).

The Pyroplasma unit is a plasma based system which uses a Westinghouse high
enthalpy plasma device to chemically atomize organic fluids. Following their
atomization, the elemental components are allowed to recombine to form fuel gas,
acid gas and carbon. A caustic soda scrubber is used to quench the gas, neutralize
the acidic products and capture the carbon. A schematic of this process is shown
in figure 1.

The entire process is controlled and monitored by a process control computer which
provides a continuous check on a1l operating parameters and provides operator
warnings should these parameters deviate from preset values. The computer is aiso
programmed to shut down the process in the event of deviation set by critical
parameters. Two onboard gas chromatographs monitor for bulk gas constituents as
well as trace residual compounds of interest. The entire mobile unit is housed in
a forty-five foot moving van and requires hookup to power, water and sanitary sewer
as well as waste fluid and caustic soda supplies to function.

THE TEST PROGRAM

A three stage test program was jointly developed by NYS/DEC, and EPA/IERL in
conjunction with Environment Canada and the Ontario Ministry of the Environment.
The first stage |nv'olv0¢ system shakedown with organic solvents as the feed
material. The second stage had two main objectives. The first was to determine
the ability of the Pyroplasma system to destroy a refractory chlorinated compound.
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The second objective was to verify the mechanical operation of the system when
ustng chlorinated feed material and demonstrate the capture of the hydrogen
chioride product by the caustic soda scrubbing system.

The third stage involves the destruction of Askarel fluids by the Pyroplasma unit
with stack monitoring for residual PCB, dioxin and furan residuals. At the time of

writing this abstract, only the first two stages have been completed.

FLARE

CARBON FITER PROCUCEN GAS /
ac-Mso

WASTE PLUD

H ]

ATOMIZATION == EQUILIBRATION —$= OUFNCIWNG

LUK FLUID

PROCESS CONTROL
COMPUTER

SALY wATER

Figure 1. Pyroplasma Process Schematic
RESULTS TO DATE

During the first stage, approximately twelve hours of operation, including a three
hour and a four hour test, pyrolyzed over 3000 litres of ethanol. A further
eighteen hours of testing were conducted using 3500 litres of methyl ethyl keytone
(MEK). Once the operating temperature of the reactor had reached 1000°C, virtuslly
no adjustments by the operator were required. Product gas composition was very
constant from run to run. In the ethanol testing the concentrations of the two
major components of the product gas, hydrogen and carbon monoxide, varied by only
three percent from the mean concentration. Ouring these shakedown tests, no
external stack monitoring was conducted.
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Theoretical values for the composition of the product gas from the pyrolysis of
ethanol were calculated using kinetic equilibria equations. This theoretical
composition was then compared with the gas chromatographic analyses of the product
gas to determine the accuracy of the computer predictions. Excellent agreement
within the 95 percent confidence interval of the experimental data is indicated.
This agreement supports the hypothesis that the pyrolytic gas leaving the reactor
has a composition close to that defined by kinetic equilibria. As a result,
computer modelling based upon such kinetic equations shauld provide 3 good estimate
of the product gas composition. ODfscrepancies may be caused by the assumption that
the composition of the cooled product gas as analysed by the gas chromatograph is
equivalent to the composition of the hot product gas as it leaves the reactor.
This hot product gas composition may not be instantaneously "frozen® by the
scrubbing water system, During cooling, kinetics would favour an incresse in
methane and a reduction in hydrogen concentrations. A “reverse shift® to reduce
methane concentration to a theoretical value gprovides higher concentrations of
hydrogen and carbon. This calculated product gas compasition when compared to the
- theoretical conpos!ilon showed differences of less than one percent far the major
bulk gas constituents.

During the second stage of testing, a solution containing 38 percent carbon
tetrachloride and 62 percent MEX on a mass basis was fed to the reactor at a rate
of 2.6 kg/min. This represented a chlorine loading of 36 percent by mass. The
reactor exit temperature was maintained at 1000°C with a plasma torch operating
power of 300 kW. The product gas had a combustion energy value approximately three
times the plasma energy put into the system.

Operational stability was demonstrated during this series of tests. At the 95
percent confidence level, parameters such as feed rates, plasma power and cooling
water flows varied by less than four percent, whereas the reactor temperature
varied by less than one percent.

The 6CA/Technology Division, under contract to EPA provided external monitoring of
the scrubber water and flared product gas effluent streams. The scrubber water was
analysed for residual CCl,. The post flare product gas was monitored for CCly,
1, 0z, CO, CO; and NOy. The temperature and flow rate of the flared gas were
also monitored. The data collected by GCA are to be considered as preliminary
pending review and approval by EPA,
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Preliminary results showed that the Pyroplasma system repeatedly achieved for CCl,
4 destruction efficiency greater than 99.9999 percent in triplicate tests.
Recovery of HC1 by the scrubber system was better than 99.3 percent during these
tests. Stack emissions for HC) were also less than 8 g HC1/min and easily complied
with the EPA emission requirements of 99 percent removal. On average, the stack
loading for NO, was typically less than 100 ppm and met EPA standards.

During these tests, particulate carbon was captured in the scrubber at a rate
approaching 2.5 grams of carbon per litre of scrubber fluid. As this carbon
absorbs residual organics, its presence in the water is considered beneficial in
the overall objectives of environmental protection. At a detection limit of 5 ppb,
no organics were detected in the liquid phase of the scrubber effluent. Wwhen this
effluent stream is discharged to the wastewater treatment plant, the carbon is
physically separated in the plant and sent to the anaerobic digesters for final
treatment.

At the time of writing, stage three tests with Askarel fluids are not complete. 1
hope to be able to report on their success during the Fall meeting in Seattle, The
success demonstrated by the Pyroplasma unit with carbon tetrachloride indicates
that Askarel fluids should offer little additional technical challenge. However,
the controversy surrounding these wastes often creates interesting political
challenges.
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Thermal Treatment of PCBs and PCB-contaminated Sails

Jimmy W. Boyd, J. M. Huber Corporation

Huber Technology Group (HTG) of J. M. Huber Corporation has develcped an Advances
Electric Reactor (AER) which 1s highly effective for decontaminating soils contam-
inated with polychlorinated biphenyls (PCB) and similar hazardous materials. The
AER has been used to conduct PCB tests under the auspices of the Toxic Substances
Control Act (TSCA), and demonstrations with carbon tetrachloride (CC1,), octa-
chlorodidenzo-p-dioxin (OCOD), and tetrachlorodibenzo-p-dioxin (TCOD).

The AER is a pyrolytic process which rapidly heats wastes to temperatures between
22009-25000C using intense thermal radiation in the near infrared. Solid feed fs
transferred from an air-tight hopper to the top of the AER. Reactants are isolated
from the cylindricel graphite reactor core by a gaseous blanket formed by flowing
nitrogen inward through the porous core wall. Carbon slectrodes heat the core to
incandescence. The core transfers heat to the reactants by radfative coupling,

Two post reactor treatment zones (FRTZ) immediately below the reactor provide addi-
tional high-temperature residence time at about 13700C and cool the product gas to
about 5409C. HTG currently maintains a pilot-scale AER (AER-12) with a 12-inch di~
amster core and a portable 3~inch AER (AER-3). The AER-12 uses a cyclone, bag-
house, caustic scrudbber, and activated carbon beds for particle removal and gas
polishing, The AER~3 uses one PRTZ, a baghouse, and carbon beds. The technology
{s designed 1o be highly modbile and we)) suited for on-site treatment. A transpor-
table AER with a throughput of 18-27 eillion kg/yr 1s readily feasible.

In September 1983, HTG conducted a trial burn treating approximately 6400 kg of
sof] containing 3000 ug/g PCB. All TSCA requirements were excseded including PC8
destruction and removal efficiencies (DRE) in the range of 99.99999% (7 nines).
Even destruction efficiencies (DE) measured in the product gas before downstresm
cleanup exceeded the TSCA DRE requirement of 6 nines in 3 of 4 tests. Chloride and
particulate loading In the gesecus effluent were also well below EPA incinerator
standards. Gas-phase polychlorinated didenzodioxins and furans (PCDD & PCOF) be-
fore downstream cleanup were below detection limits of 0.03-0.06 vg/SCM. The AER
received EPA cortification for destruction of PCBs in May 1984.

AER Tests were also conducted with ecr‘ as a surrogate on sofl and with dioxin-

contanfnated soil taken from Times Beach, Missouri. CCl, was chosen for testing
based on its refractory properties. reflacted by tts high position on EPA's
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hierarchy of tncinerability. CCl, tests wers conducted to demonstrate the AER's
capabilities over a wide range of operating condftfons and waste concentratfions.
DREs >99,9999% were achieved for CC1, feed concentrations up to 99%. The Times
Beach tests, conducted on site with the AER~3 fn November, 1984 was the world's
first successful fleld demonstration of dioxin treatment technology. The Times
Beach tests are supported by OCOD tests conducted with the AER-12 and AER-3 at
Borger, Texas. On-site tests and tests conducted with the AER-3 1n Borger achfeved
OREs >99.999%. Dioxin concentrations in the process effluent were below detection
1imits 1n a1 cases. Higher DREs could not be demonstrated due to low feed concen-
trations. However, OCOD tests with the AER-12 resulted i{n DREs of >99.9999%, 1ndi-
cating that in an actual clesnup operation using a full-scale unit, DREs of greater
than 6 nines for dioxins are achtevable. A susmmary of tests conducted is given in
Table 1. Detailed results of the PCB and ccu tests are given in Tables 2 and 3,
respectively, PCB, dloxin, and CC), concentrations wers determined by gas
chrometography-mass spectrometry (GC-MS), GC-M5-MS, and GC with electron capture
detection, respectively. Other species concentrations wers determined using EPA
reference mthods.

Rotary kiln incineratfon (RKI) 1s presently touted as an attractive technology for
treatmnt of soils contaminated with hazardous wastes. The AER has inherent safety
and performance advantages over RKI. Safety features incliude: the absence of com-
bustion air, eliminating the possibilities of explosion and formation of toxic com
pounds such as PCODs, PCOFs, and dioxins; high thermal fnertis to process time
ratto, assuring continued waste destruction and safe clearing of feed from the
process in the event of & temporary power failure; operation at low to s)lightly
negative pressures, greatly reducing the prodability of an outward gas leak; and
the abflity to sconomically equip the AER with high-efficiency gas treatment units
such as carbon beds to provide redundant treatment of stack emissions in case of
omergency, Performance advantages include: 1ncreased gasecus residence time at
higher temperatures reswiting in {mproved DEs and DREs and reduced sensitivity to
process upsets; pyrolytic decomposition which essentially eliminates normal pro-
ducts of combustion such as no‘. 50,. and oxygenated organic species and also elim-
inates the prodlems of fuel carbonization on burner surfaces, caking and foultngs
and variations in fuel proparties; and very low process fiow rates which reduce
atmospheric emissions and allow using low=cost, of f=the~shelf gas scrubbing and
cleanup units., AER versus RKI job total cleanup costs for contaminated soils ere
comparable. Assuming 20,000 ton/site and on-site operation, an overall cost com-
parison including setup, trestment, site excavation, and site restoration indicates
a total cost of $780/ton for the AER and $765/ton for the RKI in 1985 dollars.
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Tadle 1
A SUMMARY OF HAZARDOUS WASTE TESTS CONDUCTED WITH THE AER

Feed Conc. Feed Rate Average
Spac.iss Data Unit —luglg)
PC8 Nov. &3 AER-12 3000 7.1 99.999997
ccl, May &4 AER-12 0.37-1008% 1.5-18.5 99.99998
0C0D Oct. 84 AER-12 17.9 $.4-7.8 >99.99998
0co0 Oct. 84 AER-3 0.25 0.1 >99.9994
TCo0b Nov. 84 AER-3 0.08 0.1 >99.99922

Wfoxins at the process stack were delow detection 1imits for all tests.

DTest performed on site.

Table 2

OETAILED RESULTS FOR THE PCB TEST SERIES

Eacamstar Isat l Inst 2 Isat 3 Isst 4

Test Duration (min) 1 71 225 220
Average Feed Rate (kg/min) 7.0 7.1 7.1 7.2
Total Feed Mass (kg) 1910 1930 1610 1580
PCB Concentrations

Feed {ug/g) 3000 3000 3000 3000

Treated Feed (ug/g) 0.0008 <0.0005 0.0006 0.001

Gasecus Effluent (ug/SCM) 0.23 0.03 0.10 0.30
Stack Gas

N0, (mg/scHy 16.0¢26 6.2+4.8 NS 8.0%.6

Chloride (mg/SCM) <0.010 <0.016 <0.012 <0.012

Particle Loading (mg/SCM) <4.5 <7.1 <5.5 <5.8
Reactor Outlet

PCODs (ug/SCM) <0.05 <0.06 <0.03 <0.08

PCOFs (ug/SCM) <0.05 <0,06 <0.03 <0.08
PCB DE (%) 99.99992 99.99992 99.999 99.99995
PC8 ORE (%) 99. 99.9 99. 99.99994

NS = Not Sampled.
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Table 3
DETAILED RESULTS FOR THE CARBON TETRACHLORIDE TEST SERIES

Reactor Feedrate  Feed Treated Feed Stack Gas [~ ORE
Iest _(0C) (kg/min) (SCCIA) _fug/g CCI4} (ug/SCM) . [C 43 m
1 2100 14.9 1.37 0.69 0.0023  99.99992 99.999992
H 2100 10.0 1.37 0.47 0.0019  99.9999% 99.999990
3 2090 3.0 1.37 NS NS 99.99991 NO
4 2260 10.1 1.37 0.47 0.0071  99.9992 99,99996
H 220 2.5 1.37 NS <0.0002  99.9990 >99.999996
6 220 2.6 1.37 NS 0.0007  99.9997 99.99999
? 2100 2.5 1.37 0.07 0.0004  99.9993 99.99999%
8 2080 18.5 0.37 0.14 0.0018  99.99991 99.99998
9 2060 9.8 0.37 LY <0.0009 99.99992 >99.99998
10 2080 2.0 0.37 0.56 <0.0004  >99.99992 399.99996
11 2%0 10.4 0.37 NS <0.0004  99.99995 >99.999992
12 2270 2.1 0.37 NS <0.0004  99.9984 >99.99996
13 240 2.3 0.37 NS <0.0004 >99.99987 >99.99997
14 2090 0.5 13.8 NS <0.0008  99.99998 >99,999991
15 2100 1.4 13.8 0.18 <0.0008  99.99992 >99.999997
16 20%0 1.5 »” NS 0.0054  98.3 99.999997
17 2090 1.5 9 NS 0.0027 97.1 99.999999

NS = Not Sampled; ND = Not Determtned.
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PCB INCINERATOR USING MOLTEN GLASS BATH
AS HEAT SOURCE

Larry Penberthy *

The toxicity of polychlorinated biphenyls was grossiy overstated during the
environmental hysteria of the 1970s. It has since appeared that the culprit was
impurity dioxin. Even that has not been demonstrated to be very hazardous to
humans (1). [Ironically, cigarettes may be burned in closed rooms freely, whereas
PCBs are under strict burning regulations with which we must comply.

Dioxins and furans can be formed during burning of P(Bs if there is a deficiency
in oxygen as in a smokey transformer fire (Figure 1). (2) (3)

H H < L H H
- - o
/ \ / \ (o] {
H-—(‘\ C ———C /C—Cl
c_._c/ \c_c ¢ o !
! »" c'c L= .|4 r'o w DIOXIN

Figure 1. Smokey Transformer Fire

In the presence of excess oxygen, temperature above the cracking point for the
carbon-carbon bond, and turbulence, the benzene rings burn to carbon dioxide,
never to form benzene again. These considerations of chemistry guided our work in
development of a furnace to destroy PCBs. Our long background in electric meiting
of glass (4) was ideal in providing such a furnace for destruction of P(Bs.

Figure 2 shows our engineering and demonstration furnace (6). [t is a tunnel, 3 ft
sq by 22 ft long. The basin holds five tons of glass which is kept moiten by heat
from the burning PCBs, supplemented by electric heat as needed. This size can burn
20 gallons per hr of PCBs.

*The author is president of Penberthy Electromelt Co.. Seattle, WA. He has a 8S in
physics and chemistry, and is the recipient of the Geijsbeek Award of the American
Ceramic Society for his development of electric melting of glass using molybdenum
electrodes (5).
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Figure 2. Glass Furnace Incinerator

PCB 11quid is sprayed or poured onto the hot glass surface. The organic portions
vaporize and burn in air supplied from side jets. The jets are arranged to give
high turbulence to the fire. The organics burn to completion and tnorganic
residues, such as metal oxides or soil, fall on the glass and dissolve in it.

The range of allowable feed material is very broad. The furnace can even handle
contaminated mud or soil. Soda ash is added to soil to flux it down to make
glass. When the glass level builds up & few inches, the excess is tapped off and
sent to beneficial use or to landfill.

Our demonstration furnace is small but is still a practical furnace. It is also
practical to build larger furnaces such as 20 ft wide x 50 ft long x 15 ft high,
volume 15,000 cu ft (Figure 3). The burning capacity is 150,000,000 BTU/hr,
corresponding to 3,000 gallons of PCBs per hour. [ntermediate sizes can also de
built readily.

50 ft

20 ft x 50 ft x 15 ft high

20 ft Volume 15,000 cu ft
Rating: 150,000,000 BTU/hr

30.000 1bs PCB/hr = 3,000 gal/hr

Figure 3. Plan View of Large PCB Furnace

The heating value of PCB-mineral oil mixtures as commonly found in transformers is
amply high to reduce electric power consumption to about half a kilowatt-hour per
gallon of PCB 1iquid. Where power costs 8¢ per KWH, the electric cost is thus 4¢
per gallon. This is a lot less than has been rumored. :
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The chlorine part of the PCB is converted to hydrogen chloride, which must be
scrubbed out of the offgas. Figure 4 shows a series of scrubber towers. They are
filled with limestone rock. A recirculating water spray absorbs the KC1 to form
hydrochloric acid which then reacts immediately with the rock to form calcium
chloride. When the solution in the first tower rises to commercial concentration
(33% CaCl,), it is tapped off to be filtered and sold. The weaker solutions in
the second and third towers are moved upstream and fresh water is added to the
third tower. The fourth tower contains a Brink filter for mist and particulate
removal. This filter is a cylindrical cup of fiber glass 2 ft diameter x 10 ft
high. The walls are densely-packed, and are 4.5" thick.

Alternatively the HCl can be captured in water-spray towers to form hydrochloric
acid, also a commercial product.

RAINDROP SHOWERS FOR COOLING
~Nj

DRAFT FANS

D

SPRAV HEADS

i

LIHESTONE LIMESTONE

+

LIMESTONE
ROCK

Feen JL
;ad&'&.m’w‘ [

BRINK FILTER
(FLUSHABLE )

Figure 4. Scrubber Towers
There are several advantages of the Pyro-Converter"" System for the destruction of
PCBs:

1.  The burning conditions are highly oxidative (12% excess oxygen) and
hence products of incomplete combustion cannot form if the temperature
is held above the auto-ignition temperature and there is turbulence.

2. There cannot be a flame-out with loss of temperature because electric
heat comes on to maintain the correct temperature if the feed stops or
if a low-heating-value material is being burned. Even plain water can be
“burned"”.
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3. The tunne) can be made as long as required for absolute totality of
destruction of the PCBs.

4. The molten glass provides a "home" for any inorganic material that
might be in the PCB oil, The glass thus made is a superd non-
leaching form for the inorganic residues.

S. valuable chlorine compounds can be recovered and sold.
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PART 3:
DECONTAMINATION OF MINERAL OIL
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NON-SQOIUM PROCESS FOR REMOVAL OF PCBS FROM CONTAMINATED
TRANSFORMER OIL

"G. P. ADAMS, Niagara Mohawk Power Corporation
R. L. PETERSON, Galson Research Corporation

INTROOUCTION

Currently acceptable methods of disposing of PCB contaminated ot}
include either incineration in speclally permitted incinerators or
use of metallic sodium decontamination processes. Niagara Mohawk
Power Corporation (NMPC) through it's contractor Galson Research
Corporation (GRC) has developed a non-sodium pracess for oil decon-
tamination as an alternative to current methods. This patented (1)
process has been demonstrated at both laboratory and pilot plant

(60 gallon) scales, and 3 2200 qallon/batch mobfle prototype unit is
currently in the start-up phase.

BACKGROUND

Incineration and sodium treatment of PCB contaminated transformer
o1l have significant disadvantages. Disposal of PCB oil by incin-
eration 1s expensive and depletes the limited supply of replacement
naphthenic transformer ofl. Application of the Goodyear process (2)
or similar sodium based dechlorination systems is an improvement on
incineration in that 1t allows recovery of the naphthenic ofl for
re-use. However, such decontamination processes require the expense
and hazard of handling potentially explosive metallic sodium. The
use of metallic sodfum ¥n such processes has resulted in safety re-
lated operating problems.

The NMPC process, 1ike the Goodyear process and it's variations,
allows recovery of decontaminated transformer oil. Unlike the
Goodyear process, the NMPC process does not use metallic sodium, but
rather a mixture of potassium hydroxide, glycol and sulfoxide.

APPROACH

The objective of the NMPC study was to find and develop a commer-
cially viable non-sodium process for dechlorination of PCBs and other
aromatic halides in transformer ot]l. Dechlorination of aliphatic
halides using potassium hydroxide and alcohol is a standard tech-
nique (3). Researchers at General Electric demonstrated that
aromatic halides such as PCBs and chlorobenzenes can be dechlori-
nated in the same fashion as aliphatic halides by use of an alkali
meta) hydroxide/alcohol mixture if polyethylene glycol is used as

the alcohol (4).
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Tests conducted by GRC confirmed that PCBs mixed directly with a
hydroxide/glycol reagent were rapidly dechlorinated to <2 ppm. EPA
regulations require that chemically decontaminated transformer oils
contain<2 ppm PCB. However, in GRC tests hydroxide/glycol reagents
used to dechlorinate PCBs in transformer oi} reacted very slowly
(6-7 hours from 500 ppm to <2 ppm). This slow rate of reaction made
thT hydroxide/glycol process questionable from a commercial view
point.

The large difference in reaction rate between PCB added directly to
hydroxide/alcohol reagent and PCB dissolved in transformer oil indi-
cated that the rate controlling step in the process was the transfer
of the PCB from the ofl phase into the immiscible reagent phase. The
NMPC research therefore focused on methods of improving the rate of
extraction of aromatic halides into the hydroxide/alcohol phase. Two
major areas of investigation were studied. The first area involved
tests of the effects of using varied rates of agitation on reaction
rates. The second major area studied the effects of various co-
solvents on the reaction rate. Co-soivents tested included sulf-
oxides, amines, ketones, and various mixtures of alcohols.

RESULTS OF AGITATION TESTING

Inftial laboratory testing of the agitation effect used 1,2,4
trichlorobenzene (TCB) in place of PCB. This simplified the analysis
of the oil. Mixtures of TCB in the transformer oil were allowed to
react at 100°C with agitation supplied by a paddle stirrer turning at
either 400 or 2500 rpm. Additional tests of agitation effects were
conducted using a 60 gallon pilot plant equipped with a 2 hp high
shear mixer with a variable speed 0-7000 rpm motor. Use of this
equipment allowed higher agitation rates than were practical in
laboratory glassware. The results of both the laboratory and pilot
plant (PP) tests are shown in Graph 1.

ORAPH | - EFFECTS OF AGITATION ON REACTION RATE
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Laboratory and pilot plant results are graphed using reaction rate,
calculated as (10,000/time in minutes to reach 2 ppm), and agitation
calculated as (rpm/1000)3. While increased agitation produced in-
creased reaction rates, the magnitude of the agitation effect was
small. A 90 fold increase in agitation was required to yield a 3 fold
increase in reaction rate. These data indicate that changes in agit-
ation are not sufficient to produce the desired improvement in react-
ion rate.

RESULTS OF CO-SOLVENT7CATALYST TESTING

In an effort to improve the rate of extraction of contaminant from

the oi) phase into the reagent phase, a variety of co-solvents were
tested, including sulfoxides, amines, alcohols and, ketones. The most
promising results were obtained with sulfoxides such as dimethyl sulf-
oxfde or sulfolane and amines such as ethylene diamine. The toxicity
and potential carcinogenicity of the amine reaction products led to
the selectian of the sulfoxide series for further development.

The addition of sulfoxide to the hydroxide/alcohol mixture 1n labor-
atory testing caused a substantial increase in the overall rate of
reaction, as shown in Graph Il for the reaction of a mixture of po-
tasstum hydroxide (KOH) and polyethylene glycol 400 (PEG) with PCB
1254 in transformer oi) at 100%C.

GRAPH |1 - REACTION OF PCB 1254 IN TRANSFORMER OL

The reagent with OMSO reached <2 ppm PCB after 30 minutes, vs about
400 minutes for the reagent without DMSO. Much the same result was
obtained using sulfolane, a chemically similar and somewhat more ex-
pensive sulfoxide commonly used to extract aromatic compounds from
crude of) in refining operations. These data formed the basis for
the patent (1).

After the laboratory work on co-solvents was completed, additional
tests were conducted in a 60 gallon batch capacity pflot plant. These
tests confirmed the results of the ladoratory experiments, with re-
sults in the pilot plant being slightly better than those from labor-
atory runs, probably due to better agitation.
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SCALEUP

The successful results of the pilot plant co-solvent tests led to the
construction of a full size 2200 gallion/batch prototype unit. Proto-
type construction was completed in August 1985, with inttial field
trtals scheduled for September. Field trials with PCB contaminated
0f1 witll commence with receipt of EPA and NYDEC permits.
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AN ELECTROCHEMICAL PROCESS FOR
DECONTAMINATING PCB-CONTAINING TRANSFORMER CQOLANTS

Drs. Michael J. Massey and Fraser M. Walsh*

Environmental Research & Technology, Inc. (ERT) and Tracer
Technologies, Inc. (Tracer) are developing an electrochemical
technique for the controlled dehalogenation of a wide range of
halogenated organics, including PCB's.** Feasibility studies,
design, and prototype field test programs are being conducted to
integrate this technique inte processes tailored to address the
full range of PCB problems from fluids contamination to equipment
and soils contamination. The present paper focuses on application
of the technique to the in-situ decontamination of PCB-containing
mineral oils and mineral oil transformers.

CHARACTERISTICS OF ELECTROCHEMISTRY

BRT/Tracer's electrochemical cell consists of pairs of working
electrodes operating at a controlled potential in an
electrochemical solution. A range of inexpensive non-noble metal
materials serve as suitable electrodes. Cell operating voltages
range from about S to about 15 volts depending upon the overall
conductivity of the electrochemical solution. The electrochemical
solution consists of the pCB-contaminated fluid, a chemical medium
for the proper conductance of curcrent, and a proprietary reagent.
Although a variety of sources are feasible, the most convenient

¥Dr. Massey is General Manager of Engineering Product Develop-
ment at Environmental Research & Technology, Inc., 696 Virginia
Road, Concord, Massachusetts 01742, Dr. Walsh is President of
Tracer Technologies, Inc., 225 Needham Street, Newton,
Massachusetts 02164

**patent pending.
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medium is usually a combinatjon of the proprietary reagent and
accumulated electrochemical reaction products. The proprietary
reagent is an inexpensive, readily available organic chemical.

Products of electrochemical dehalogenation of PCB's are
substituted biphenyls and chloride salts. Treatment of the
chlorinated benzenes typically present as solvents in a PCB system
yields substituted benzenes and chloride salts. Chloride salts
can be washed from the electrochemical solution and concentrated
to a small volume brine for disposal. Electrochemical reactions
involved are rapid, highly specific to halogenated organics, ang
proceed at least to detection limits of PCB's in organics, viz.,
about 2 ppm. Reaction systems function well over a tested range
of temperatures from room temperature to 95°C.

APPLICATION TO MINERAL OIL

DECONTAMINATION

Application of ERT/Tracer electrochemistry to mineral oil
decontamination invelves simple equipment and avoids the need for
extraction equipment to remove PCB's from the mineral oil (see
Pigure 1). PCB-conteminated mineral oil is mixed with conducting
medium (about 1:3 ratio) and fed to two electrochemical cell
circuits connected in series. Because mineral oil and conducting
medium are largely immiscible, the combination is recirculated
between the electrochemical cell and a pump which continuously
remixes the two fluids. The first reaction cell removes the bulk
of the PCB contamination: the second completes the reaction to
detection limits of 2 ppm. The bulk of the conducting medium is
then recovered and recycled by simple phase separation. The
remainder is recovered with chloride salt reaction products by
washing, Buildup of reaction products is regulated by a process
blowdown stream.

BRT/Tracer systems for mineral oil treatment are low cost,
extremely compact, can be sized to treat either small or large
quantities of oil and can be operated unattended. The total
system required to treat 500,000 gallons per year of oil
containing 250 ppm of PCB would: " fit in a 10 ft. by 15 ft. space
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with 10 ft. of clearance, cost less than $200,000 in capital, and
produce 1,000 to 10,000 galions per year of concentrated chloride
blowdown.. Smaller systems can be made fully portable, with
packaging that will pass through conventional doorways. Total
treatment costs to a client are expected to be about $1 per galloen,

ILLUSTRATIONS OF MINERAL OIL TREATMENT

SYSTEM PERFORMANCE

Laboratory-scale data on the performance of the ERT/Tracer system
are presented in Figure 2, Figure 2A indicates that the three
chlorinated organic contaminants in mineral oil are all
dechlorinated over time. PFigure 2B shows that, as PCB
dechlorination proceeds, measured accumulations of chloride salt
product represent essentially 100% of the chlorine removed from
PCB and chlorinated benzenes. Figure 2C illustrates the favorable
kinetics involved in the electrochemical ceaction, and indicates a
lack sensitivity to the presence of either mineral oil or reaction
products, '

COMMERCIALIZATION PROGRAM

AND SCHEDULE

ERT is seeking to complete the commercialization of its mineral
oil treatment technology by January 1987. A key contribution to
the accomplishment of this objective is a costsharing contract now
in progress between ERT and the U.S. Navy for field demonstration
of the technology. As a part of this contract, ERT is presently
constructing a 10 gallon per hour prototype mineral oil treatment
unit., During the fourth quarter, this unit will be installed at
Northeast Utilities in Hartford, Connecticut. Shakedown testing
will occur there during the first quarter of 1986. The unit will
then be modified as needed and moved to the Naval Station in San
Diego and operated during the second quarter of 1986. Based upon
the results obtained, an EPA-approved commercial demonstration of
the system is planned for the third quarter of 1986. Arrangements
for the manufacture of process systems will be made during the
third quarter of 1986, with target date for the delivery of
commercial equipment of first quarter 1987,
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CHEMICAL DESTRUCTION OF POLYCHLORINATED BIPHENYL
N, S. Chu and S. C. Vick

INTRODUCTION

Polychlorinated biphenyls (PCBs) are widespread environmental pollutants. The
molecules are characterized by their extremely high chemical stability, low
water solubility, low vapor pressure and nonflammability. These properties
render them ideal heat transfer, hydraulic and dielectric fluids., Mowever, the
same factors aiso account for widespread contamination of our environment,
Because of the toxicity associated with PCBs and PCB derived products, Congress
in 1976 banned the further manufacture and use of PCBs in the United States.
However, an estimated 750 miliion pounds still are in service, awaiting a cost
effective, safe means of disposal.

PRIOR PCB DESTRUCTION TECHNIQUES

Although high temperature incineration offers an effective way to dispose of
PC8s, of the numerous generally approved waste incinerators in the US, only
three have been approved by the EPA for the destruction of PCBs. Furthermore,
because an inadequately designed and/or improperly operated incineration process
can lead to incomplete destruction and formation of highly toxic compounds such
as dioxins and dibenzofurans, incineration continues to incur some public
opposition.

Alternatively, PCBs can be destroyed or detoxified by chemical means. The che-
mical destruction of PCBs contained in contaminated transformer ofl has the
advantage that it allows the recovery of the valuable transformer fluid, while
incineration ts simply a disposal strategy which does not allow for recovering
valuable components. Several approaches have been studied to destroy PCBs che-
mically. For instance, Lapiere and co-workers studied the catalytic dehydro-
chlorination of PCBs using either 61X nicke! on Kieselguhr or 10% palladium on
charcoal (equation 1) (1). They reported that approximately 90% of the chlorine
may be removed from PCBs in five hours at 100-200°C.

©1985 UNION CARBIDE CORPORATION
All rights reserved
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Ni/Pd
ArClp + XHQ emm———=p= ArHyClp.x + xHC! (1)

However, the reaction requires the handling of relatively high hydrogen pressure
(30-50 atm}, and the HC1 liberated has to be removed with base to prevent cata-
lyst deacttvatton and corroston problems. Sodium (2) or organosodium such as
Na-naphthalide (3) and Na-PEG (4) have been used to dehalogenate PCBs at low con-
centrations. But because sodium and organosodium can react violently with water
with increased potential for fire, and poly(ethylene glycol ether) containing
sodium alkoxyglycolate (ROCH2CH0Ma) fs hazardous to handle, these processes are
not suitadle for the destruction of PCBs in high concentrations. Other PCB
destruction approaches such as by ultrasonic energy (5), electracatalytic
dechlorination (6), and biodegradation (7) are all still undergoing research and
development.,

NICKEL CATALYZED REDUCTION OF PCBs

We now wish to report a chemical method which allows the destruction of PCBs in
both dilute form such as PCB contaminated transformer fluids and in concentrated
form such as Askarel wastes. This chemical method can be carried out in conven-
tional equipment and is, therefore, less capital intensive. In addition, this
would provide a mobile service eliminating the potential transportation risks
associated with incineration. The process was developed based on a nicke! cata-
lyzed zinc reduction of aromatic halides reported by Colon (equation 2) (8).

Ni-cat

QArCl ¢ In ————mee——» 2 ArH ¢+ InCl2 (2)
Destruction of Pure PCB. Using pure Aroclor® 1260 as a model, we have success-
fully demonstrated that after reduction, at least 99.5% of the Aroclor® 1260
originally added was destroyed. It was further estimated that of the Aroclor®
1260 destroyed, 95% was converted to biphenyl. The rematnder was converted pre-
dominately to chloro- and dichloro- biphenyls. These chloro- and dichloro-
biphenyls and the minor amounts of remaining PCBs can be recovered together with
catalyst cmnents’ and can be recycled for the next reaction, thus providing
for PCB destruction efficiencies approaching 100%. Because solvent and catalyst
used for the reaction are recycladle, biphenyl and a concentrated aqueous metal
halide solution are the only waste products of the process.

Destruction of PCB in Dilute Form. Similar results were obtained when mixtures
containing Aroclor® 1242, trichlorobenzenes and tetrachlorobenzenes were used
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(Aroclor® mixtures with chlorobenzene diluents were commonly used in transfor-
mers) as well as when Union Carbide Silicone Fluid® L-305 contaminated with PCB
{10,000 ppm) was used. Although in the latter case the reaction mixtuyre con-
tained two liquid phases, the destruction of PCBs was just as effective, and the
silicone oil recovered after the reaction was free from PCBs (i.e. less than )
ppm). Gel permeation chromatographic analysis of the recovered silicone
revealed no change in molecular weight distribution, showing that the recovered,
PCB free stlicone fluid would be reusable in transformers.

OPTIMUM CONDITIONS FOR PCB DESTRUCTION

The destruction of PCBs works best when a 50/50 mixture (by weight) of
dimethylformamtde (DMF) and 1sopropanol is used. The presence of a protic
solvent is essential for the reduction of PC8s., In the absence of a protic
solvent, coupling of the aromatic halides will become a major pathway (equation
3) and an insoluble polymer will form due to coupling of the polychlorinated
biphenyls and benzenes.

2 ArCl ¢+ 10 e Ar-Ar  + InCl) (&)}

Formation of polymers should be avoided because it renders the recovery of
unreacted 2inc more difficult and because the polymers stil) usually contain
unreacted chloro-groups, the disposal of which might aiso de a problem. Although
water can aiso be used as a protic solvent as indicated by previous Union
Carbide work, alcohol is a much better choice for the current objective. The
low mutual solubility of PCBs and water prevents water from being used
effectively.

On the other hand, the presence of a polar aprotic solvent is important in order
to obtain reasonable reaction rates, Polar aprotic solvents such as DWF,
dimethylacetamide (OMAC) and N-methyl-2-pyroltdinone (NMP) al} work well as the
aprotic solent for this Ki.catalyzed reduction. Solvents such as acetonitrile
and tetrahydrofuran do not give as good results, but they may be used together
with DWF,

Soth the ratio of reduction to coupling reaction and the rate of these reactions
depend on the ratio of protic to aprotic solvent used. A mixture of 50/50 per-
cent DMF/isopropanc]l was found to promote the reduction of PCBs and still give
reasonable reaction rates, so that the destruction of PCBs can be completed
within a few hours at 70-80°C.
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MECHANISTIC CONSIDERATIONS

Based on gas chromatographic (gc) analysis of the reaction, the highly substituted
chlorobiphenyls appear to be more reactive toward the Ni-catalyzed reduction.
Significant amounts of chloro- and dichlorobiphenyls were found together with
biphenyl as long as Aroclor® was present in the reaction mixture. Upon

depletion of the high PCB congeners, the mono- and dichlorobiphenyls themselves
are consumed. The fact that the same dichlorobiphenyl isomer is always formed

no matter which of the three Aroclors® (1242, 1254 or 1260) were used, and that
the gc retention time of this dichlorobiphenyl is different from the three di-
chlorobiphenyl isomers generally present in Aroclor® 1242 suggests that there might
be & substitution effect. The two chloro- groups of this dichlorobiphenyl are
located in such positions that they are less reactive toward the reduction reac-
tions and therefore are reduced at a much slower rate. The Ni turnover rate for
the reduction of biphenyls with 3 or more chloro groups {s estimated to be
approximately 60 while for chiorodipheny) and the mentioned dichlorodipheny) it

is about 37, The positions of the two chlorines on the bipheny! skeleton for

this dichlorobipheny) are unknown at the present time.

The mechanism of the Ni-catalyzed reduction is not yet fully understood.
However, based on Colon's work and other related literature data, a working
hypothesis for the reaction involves:

1. a reduction of Ni(II) to a lower valent state by zinc
2. oxidative addition of aryl halide to the lower valent nickel and
3. reaction of the aryl nickel species with alcohol to form the

dehalogenated aromatic compound, regenerating a Ni(Il) species.
Transition metals such as pailadium and ruthenium are also known to catalyze the
reductive dehalogenation of aromatic halides using hydrazine (3), amines (10),
formates (11) and alcohols (12) as hydrogen sources. But our current process is more
effective and requires no expensive, precious metals as catalyst.

COMCLUSIONS

This technology represents a new approach for PCB destruction via the nickel
catalyzed zinc reduction of PCS to bipheny). 8y this process, PCBs can be
destroyed with efficiencies approaching 100X, The process has the advantage
that it destroys PCBs in dilute solutions in transformer fluid but leaves the
transformer fluid intact. The recovered PCB free transformer fluid fs reusadble
in transformers, thus limiting the destruction only to the toxic PC8s. This is
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in contrast to fincineration, which by necessity, must destroy both the P(8s and
the transformer fluid. Furthermore, the ease with which the reaction can be
carried out, the mild nature of the Ni-catalyst toward water and the recyclabi-
11ty of the recovered reactants and solvents make the technalogy suitable for
the destruction of PCBs in concentrated form. The latter development s impor-
tant as it represents the first viadble technology for the safe and economical
chemical destruction of concentrated PCBs., Alternate technologies are usefyl
only for the destruction of dilute solutions. Thus, one process may be used to
eliminate the hazard from both concentrated and dilute PCB solutions. Finally,
this method of PCB destruction utilizes an inexpensive nickel catalyst and does
not require the use of expensive, precious metals as catalysts.
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EVALUATION OF A PORTABLE TEST KIT
POR TRSTING PCB CONTAMIMNATED SOILS AND OILS IN THE FISLD

Gary A. Gauger, Gary C. Saith and Judy M. Sullivan
N McGraw-Bdison Cowpany

INTROOUCTION

The McGrav-Edison PCB field teat kit vae initially developed by the Centec Corp.
in Reston, VA. to screen oil samples for PCBa in otder to eliminate the need to
test every sample treceived by gas chromatography. The Xit was evaluated
initially by Centec and independently by the U. S. Army Environmental Hygiene
Agency (AEHA)* to detecrmine the effectiveneas of the kit. Prior to acquiring the
PCB test kit technology, McGraw-Edison made an eveluation of the kit using field
samples of PCB contaminated oil. Based on this evaluation and the previous
studies, it was determined that the kit could be a feil safe screening tool
provided that the intecpretetion be based on » more conservative Aroclor 1242
duced this curve in late 1983.

celibration cucve. 2dison 1

Shortly after the kit was introduced the U. 8. Air Force, which had been actively
using the kit to scceen oil samples in the fileld, expressed an interest in being
able to screen soil samples at various remote spill sites in Alaska. Cantec, in
conjunction with the U.8. Air Porce, proceeded to develop and evaluate
sdaptations to the kit which allowed soil screening. In the process of this
evaluation, over 27 different s0il types were tested, spiked at S0 ppm, 250 ppom
and 1000 ppm, with Aroclor 1260 to deteraine the effectiveness of the field
extraction procedure by correlation of the kit results with gas chromatography.
The results of this study indicated s worst cass extraction efficiency of 408,

h £ » when king into the worst case

rot screening pur
extraction efficiency and solvent density, s multiplication factor of four was
found necessary to give a safe screening value. The initial study also
deternined that the test procedure was not subject to interfsrence from inorganic

SARNA Pesticide Monitoring Special Study Mo. 17-44-0609-83, “Laboratory and Pield
Bvaluation of a Commercially Available Pield Test Kit®, Jan.-July 1903,
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chloride in the environment. The results of this study concluded that the
developed procedure provided s relisble screening tool for rapidly assessing the
extent and levsl of PCB ination at P d spill sites. Because of the
complex nature of soils and the potential for contamination by Aroclors other
than 1260, namely Aroclor 1242, McGraw-Edison has continued this evaluation to
further evaluate the performance characteristics of the kit. This study assesses

the effects of soil composition and moisture levels on the kit performance.

REVIEW OF TECHNOLOGY

The method involves chemical dechlorination of the PCB molecule with an organo
scdium reagent. The sodium chloride which results is extracted into an aqueous
sadiun and detected with a chloride ion specific electrode. The concentration of
chloride ie then related mathematically to the concentration of PCB either as
Aroclor 1242 or as Aroclor 1260. When testing soils, the PCB is injtially
extcacted from the soil matrix and the solvent extract is then evaluated.

SCOPE OF WORK

This evaluation involves side-by-side PCB analysis using standacd laboratory
methods and the McGraw-Bdison PCB Pield Test Kit. A summary is presented
depicting both the oil and soil test capabilities of the kit.

0il ssmples were tested which had been submitted to our lab for analysis. The
samples cepresented a large variation in PCB concentration, Aroclor blend and oil
condition.

The s0il evaluation was accomplished in two atages. The firet stage involved the
evaluation of the soil test method under varying soil conditions. A
sultidimensional experiment was designed and completed to evaluate the effects of
soll type, moisture and PCB concentration on ths ability of the PCA Pleld Test
kit to screen for PCB content. The second stage involved the analysis of actual
21014 samples.

OIL TESTING

$70 oil samples which were sent to our laboratory for PCB analysis by more than
50 different cuetomers wers analysed by both gas chromatography and the teet Xit
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method. The total PCB concentratiocn by GC was compared to the value obtained
with the test kit,

RESULTS FOR OIL SCREBNING

Overall the data indicates interpretation as Aroclor 1260 will be more sccurate
in 968 of samples teated in a typical sample population. In the remaining 4% of
the samples interpreted as 1260, the snawers will be lower than actual.
Interpretation as Arcclor 1242 on the other hand will easentislly give no false
negatives but will give values that are higher than actual if Aroclor 1260 {a
present. A falae positive or negative means that the kit classified the sample
into s higher or lower range than did the G.C.

SOIL SELECTION AND PREPARATION

. Soils testing is much more complex than oil evsluations, due to the diverse
soil types and conditions encountered in f£ield situations. Soil texture and
particle eize, ranging from the larger size of sand particles to the minute
clay particles, all with varying organic contents, provide an inconsistent
unpredictable satrix.

Texture as well as porosity is an important soil characteristic because it will,
in part, determine water intake and the accessibility of the extraction solvent
to adsorbed PCBs. Surface srea and the activity of adsorbtive aitss also play an
important part in both water and PCB access and removal. Sandy type soils have
nigher porosity and have relatively low surface area and adsorptive affinity
compared to clays which are noted for high surface area and wide range of active
adsorbtive sites. Organic soils have very high water holding capecity and
-t:onqiy adsorb ’Cl molecules in the lipid portion of cellular residues.
Belection of soils from each of the categories sand, clay and orgenic for the
evaluation was, except for sand, a difficult task becsuse of the almost infinite
veriety of posesibilities availadble and the lack of defined standazds. Use of a
refined industrial type clay was not practical, for example, because of the
extremely high absorbtivity of these matsrials. Therefore, high clay soil and
otganic peat were selectad and characterised.
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Theoretically, the combinations of soil texture, organic content and moisture
content contribute to the strength of adsorption of chemicals to soil and
accordingly to the extraction efficiency of PCBs from soil.

Each soil was air dried and sieved then contaminated to the desired level using
PCB (1242) standards. O01) was added to a level of 58 w/w oil to s0il. These
soils were used {n all subsequent testing. The “wet™ soils were spiked to a
level considered to be the field moisture capacity for each pacticular soil type.

Each s0il type was spiked with PCB to three diffecent contamination levels (15,
50, 500 ppm 1242). Bach of these samples were tested when air dried and also at
maximun £ield moisture capacity.

Soxhlet extraction and qQ gas ch phic testing per ASTM DI304
(proposed) was used as the dard analysis . g this evaluation,
D304 was considered to be 1008 efficient in extracting PCBs from soil. The PCB
test kit fon was d to it in order to determine extraction

efticiency.

By evaluating the extraction efficiency of the test kit method using extremes of
304l type and moisture content, the minimum extraction efficiency could be
deternined. Once determined, it could then be compared to the factor of four
used {n the kit method.

The characterization of the sand, clay and organic soils used in the
evaluation are shown in Table I. A blend which contains equal parts of the
three basic types was aleo evaluated.

RESULTS OF THR SPIKRD S$OIL EXPERIMENTS

A summary of the results foc model soils spiked with Aroclor 1242 under air
dry and water saturated conditions is shown in Figures L and 2, rsspectively.
It was not possible to modify the test soils with the same high moisture
levels because of the vide variance in their moisture holding ability.
Noisture content of saturated sand is little more than 5% where as the clay
soll was around 20% moisture and the organic soil saturated significantly
above 208.
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Table 1

Field

soil ° organic Moisture Alr Dried Particle Stize Eveluation
Type Matter Capscity Moieture Level Sand sile Clay

s) (8) (L }] (%) ) (s)
Sand 02 .7 80 13 ?
Clay 2.854 2.2 30 27 43
Organic 20.72 54 60 27 13
Blend 6.08 20 33 27 20

190

[

Figure 1. Air Dried Soil

% Resuvery

$35333338

33
3
* ¢

- “e
Sone Clay Ovgonis Blend
Pom PCS

Figure 2. Water Saturated Sofl
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The results on the sir dry soils indicate thet all soil types show 408 or
greater recovery with the test kit. This implies that using the standard
multiplication tactor of four with the kit all screening values would be at the
level of the ‘sxpected G.C. fesult or greater. The results with the spiked soils
indicate that the kit will not consistently detect PCB levels below about 20 ppm
in some soil compositions, however, the limited experience with air dried field
samples indicates a slightly better detection limit than observed with the
artificislly contaminated samples.

Soils evaluated in a water saturated condition do show a distinct reduction in
extzaction efficiency. The reduction for sandy soils is only slight but is more
pronounced for both clay and organic type soils. Clearly it is more desirable to
test air dried or moderately wet s50ils when screening for PCB's with the test kit
{n order to obtain optimum results. To more effectively deal with situations of
axtremely high moisture content, physical removal of the water by desiccant or
mechanical techniques will enhance the capabilities of the kit in handling water
saturated semples. Since the final stap in using tha soil test is sending the
last sample back to the lab for analyeis, no serious problem is anticipated even
under the vorst case conditions.

PIRLD SAMPLES

Soil samples which wera sent to our laborstory for PCB analysis were analyzed by
both gas chromatography and tha test kit method. These samples represented a
lerge variation in moil type, moisture content, Aroclor blend and concentration.

Ths relative extraction efficiency of the various samples follows the trend
established with the synthetic (laboratory prepared) soils. The samples which
contained minimal moisture showed excellent extractability. The “wet” samples,

ever, 1lity, especially those samples of high clay
and high ozganic content.
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CI.OR-N-OILTM TEST KIT AS A PCB SCREENINC TOOL

DAVID W. MILLS and KIRT RHOADS
UTAH POWER & LIGHT COMPANY
INTRODUCTION

Utsh Power & Light (UP&L) has been facad with the necassity of
tasting largs numbers of transformers and othar equipment to detersine the
PCB content of the dielsctric fluid. EPA promulgated marking snd dispossl
regulations of PCBe in 1978 and in 1979 consolidated these into the Use
Prohibition Regulations. These regulstions established ths transformer
categories of non-PCB (less than 50 ppm); PCB-contsminated (50-500 ppm);
snd PCB (greater than 50C ppa),

These regulstions have been further refined, wostly as s result of
court actions, to include:

Periodic inspection of PCB transformers,

Identificacion of PCB trensformers in food and feed locationms,

Removel of such by October i, 1985,

Identification of PCH transformers in commercisl buildings,

Notification of building owners and firs dapartments by December 1,
1985, and finally,

Removal of sowe by October 1, 1990,

In addition, UPLL instituted a program to rewove and dispose of its
PCB transforwers by December 31, 1988, a program which requires testing of
ell Company transformers.

In the scramble to meat all of these requirements, UPLL has inves~
tigsted every wethod of testing or screseaing of PCBs that research has
brought to light. So far the cxor-n-ou"" tast kits have been found to be
the most effective screening system for UPEL applications given the time

limitations imposed by the regulastions.

DISCUSSION

The cxor-u-ou“' test kits vere developed by Genersl Electric under
contract frow the Electric Poer Rasearch Institute (EPRI). DEXSIL
Chemical Corporation hes exclusive license from ZPRI to mass-produce the
kits for industry-wide use. This kit svaulated by UPLL is designed to
give en indication of vhether s mineral oil contsins more then or less
than 50 ppm PCBs. The kit does not messure PCBs but rather measures
chlorine content of the otl. It is designed to reed positive if the
chlorine content of tha oil ie greeter thsn 21 ppam.
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The cut-off point of 21 ppm is based on the chlorine content of the least
halogenated Aroclor (1262). In other words, 50 ppm of Aroclor 1242 will
contain st lesst 21 ppa chlorine,

The u:b 1s hand-held and portable. Each kit has its own eat of
instructions end can be used in the field. The test only takee & few
winutes, and the result is an easy-to-read colorimetric determination of
the presence of chlorine. The kit will only work on PCB-contaminated
minersl oile and Askarel fluids; it will not work on soils, waters, or
other matarial.

One kit will test one oil sample and costs from $3 to $6, depending
on quantity purchased at one time. Laboratory Gas Chromatograph (GC)
analysis of one ssmple of wineral oil currently costs $20 to $40. Testing
programs can generally be completed much sooner if the test kit 1s
utilised, since it ia not necesaary to send all samples to the isboratory
for GC anslyais.

UPLL uses the teat kit to screen its distribution transformers for
?CB concent. In the past, UPLL has not purchased or utilized PCB-type
tranaformers in tts distridutton plant. 1t has, however, classified
these, by rule, as PCB-contaminated transformers. From our experience,
between 80X and 90X of all distribution-type transformers are screened out
(classified as non-PCB) by the test kit,

Current computer records show 198,464 distribution transformers in
oix regions throughout the UPGL systes. Some of the regions cover
n:w;aouun aress such as Salt Lake City, snd others cover remote areas
in Wyoming. In most of the regions, there {s considerable irrigated
agriculture, with substantial distances b aach ¢ £

Line crews have been coumissionesd to collect the samples and deliver
chem to & central location for testing, or run the test themselves in the
field. They take the sample by inserting a pilece of polyethylene tubing
into the pressure relief valve of the transformer. The o0il sample is then
collected in new 2-ounce glass vials. They alsc lsbel the visls and
complete the paperwork which will be used to enter the test information
into the company-wide cosputer.

MONS 018889
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If the samples test positive (50 ppm or grester) with the
Clor-N-011™ kit, they are sent to a Utah Stete-certified lsboratory to be
tested by GC methods. If s sample tasts negstive, it is sent to s central
facility where it is permanently stored in case GC analysis on the sawpls
is needed at some point in the futurs, such as in the cass of an oil
spill.

1f s ssmpls taste positive with tha tsst kit (over 50 ppm PCB) and
negstive (less than SO ppm PCB) by GC methods, it ia termed s “false
positive.” If it is negative by the kit and positive by GC, it is
considered s "false negative". Falss positives are expectsd but the rate
of felse negstives should be very low if the kit 1s to be considered an
effective screening tool.

EPA Region VIII has been contacted regarding the use of the test kit
as s screening tool. Region VIII said they had no problem with using the
kit, but when asked to put this in writing, hesitated. UPLL then inquired
further of EPA in Washington D.C. They responded:

".....the Agency presently finds gas chromatography to be

the sinimum acceptable wmethod for d ini the xstion
and nature of PCBs in most samples. There is no prohibition
against the use of tast kite utilizing total chlorine snalyeis
as rough field screening devices to determine if further testing
1s trequired. However, sny anslytical errors resulting from such
testing would not insulate s company sgainst prosecution lhruld
the Agency obtain evidence of s violation of the PCB rule.”

Since UPLL intended to use the test kit extensively in a testing
program to be completed inm 1986, and since EPA took the position that test
kit results could mot be used to insulate the Comp from pr ion
should an snalytical error be made with the test kit, UPSL decided to
study ths probability that such an error might occur. The gosls and
objectives of the study u; as follows:

1 U, S. EPA correspondence to Utah Power & Light Co. dated

February 14, 1985, signed by John S. Seitz, Chief Executive
Officer, Office of Compliance Monitoring, Pesticides and
Toxic Substences Branch.
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3.

GOALS AND PROGRAM OBJECTIVES

Determine whet percent of a large randow sample of distribucion
transforners could be expecteqd, to be "screened out,” i.e., test
negative, with the Clor-N-0il PCB tast kic.

Determine vhether the portion of trensforwers screened out by the
test kit varies with the trensforwer manufecturer.

Determine what portion of those ssmples testing positive with the
test kit will test positive by GC methods.

Of thoss samples testing positive, determine what portion would be
expected to tast between 50 and 500 ppm; over 500 ppm PCB.

Of those samples testing negative with the kit, determine how many
would be expected to test positive by CC wmethods; f.e., the porcion
that would be false negatives, end compare this false_gegative rate
with that vhich would be expected from the Clor-N-O011"" test kit.

Evaluate the probebility of s false negative with the kit vs. the
prodbability of a false nagative by GC methods.

METRODOLOGY

There are approximately 198,000 transformers on the UPSL systes.
Some of these transformers have been installed since the PCB
regulations becsme sffective in 1979. It is company policy to rely
on the individual msnufacturer's non-PCB certificstion tether than
test these transformers. Hovever, 51,032 transformars have been
tested vith the kit or with doth the kit and the GC. The samples
teken to deta have been taken frow transformers selected et random.
The number of transformers ssmpled sc far represents spproximately
35% of all the transformers to be tested.

R’ d

on sach transformer sawpled indicaete the wanufacturer as well
as other data. This data has been compiled on the computer end is
accessible by various sort prograss.

All semples testing positive are tested by GC methods st a Utsh
state~certified laboratory. The results of the GC teste are entered
into the computer date base slong with the other information
mentioned f{n "2" above.
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4. The results of the GC tests, once entered into the computer data
base, can be sorted into ths PCh-contaminated (50-500 ppm PCB) and
PCB (over 500 ppm PCB) categorfes.

S, Ninety-nine saaples testing negative with the kit were tastad with
the GC to datermine if any wara actuslly positive,

6, Twenty samples were prepared by an independent Utsh State-certified
Laborstory to sccouplish objective 6. They conteined 30 ppm of
Aroclor 1260 plus or winus 5X. These ssmples were then tested by GC
methods st enother laboratory and by the test kit. The number of
test kit negstivee was compared with the nusber of negstives by the
CC method.

Various cosputer sort programs wars used to accomplish objectives [
through 4 end s simple tabulation of the test results satisfied Objectives
5 and 6.

RESULTS

1. Of cthe 51,032 teats rum with the cxor-w-oum kit, 4,523, or 8.9,
testad positive. Therefore, 91.1X of sll ssmples cested were
"screened out” with the test kit.

2. TFrow the information in Table 1, the teat kit seems to be sble to
screen the transformers made by certain manufactursrs slightly better
than those made by others. TiR Electric and Standard do not seem to
screen as well with the test kit ee some of the other manufacturers,
since they have a higher rate of false positives. The date showve
Northwest to have a 100X positive rate; however, only one Northwest
transformer vas tested.

Although thers vas some variability in the rate of false positives
among tha various manufacturers, no single sanufacturer vae
considered to have a false positive rate high enough to significancly
reduce the usefulneee of the test kit as a screening toel,
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TABLE I

Tocal ‘l'nud“ No. Testing Totsl Tesc. % Positive

Manufacturer w/Clor-N-011 Pos. w/CNO Pos. w/GC by GC

Allls Chalmers 2,244 82 9 0.40

Bullock 1 - - -

Chance 42 - - -

Centrsl Moloney 4,846 81l 43 0.88

Colt 46 1 - -

Dowzer Elsctric 28 14 - -

Delta Star 49 1 - -

Ceneral Electric 14,635 1,986 1,241 8.48

Howard Industry 901 10 4 0.44

H{ll 3 - - -

Kuhlman 2,512 20 - -

Larkia 16 - - -

Line Materisl 1,592 32 2 0.13

McCraw Edison 2,213 39 2 0.09

Moloney 1,185 233 14 1.18

Northwest 1 1 1 100.00

Pscific Electric 2 - - -

Penneylvania 393 90 15 3.82

Porter 61 2 1 1.64

Pole Star 262 12 - -

TR 3,961 143 2 0.05

Soranson Electric kX 2 1 3.03

Spokane 3 - - -

Squere D 2 - - -

Standard 233 36 30 12.88

T&R Electric 3l 27 15 48.38

Wagner 3,512 119 38 1.08

Westinghouse 12,029 1,466 562 4.67

3. Of the 4,523 samples testing positive with the cu:—u—ou’“ kie,
2,537, or 56.1%, tested negstive by CC methods.

4. Of the 4,523 samples testing positive, 1,830, or 40.452, vere between
SO and 500 ppm by GC mathods, and 158, or 3.491, ware greater than or
equal to 500 ppm by GC method,

5. Of 99 samples testing negative with the kit, 5 were sctually found to
be positive when teeted by GCC methods. All were run sgain by CC and
‘the resuli onfirmed. When the 5 ssmples were retested with the
Clor-M-011"" test kit, they all tested positive.

6. Tweaty sasples prepsred by sn indepandent Utah State-certified

laboratory were certiffed to be 50 ppm Aroclor 1260 plus or minus SX.
Thase sawples were teeted by both GC methods and with the test kit.
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The resulcs vere as follows:

a. The GC test results on the 20 known semples vere es follows:

TABLE 2
PCB Conc.
Frequency

47 2
48 1
49 1
52 1
53 2
54 2
55 1
56 2
s$? 2
58 2
59 1
61 2
62 1

20

As can be ssen from Tabls 2 sbove, the GC test was negetive on four
samples.

b. The same samples were tested with ths Clor-ll-ollm test kit,
Seventaen tested positive and three tested negative.

As cen be seen from the data sbove, the GC tsst sctuslly did
not predict as well as ths test kit in terws of false negatives. (4
felss nagatives vereus 3 felee negatives.) It wust be emphasized

that the 50 ppe samplea were plus or minus 5% end that 20 ie & fatrly
snall sample size,
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CONCLUS IONS

The test kit {s an economicel PCB acrsening tool since ovsr 90X of
ell n-'npln tested were "screened out”.

The probability of fales negatives with the test kit as determined by
the date hersin is not higher than ths probsbility of s felss
nagetive by GC tast methods. However, the rate of fslss negatives
experienced by UPAL (52) is higher than thst experienced by other
resssrchars (1.21, z.sz)."z Since all of the false negatives teated
positive vhan retsstsd with ths Clor-§-011"" kit, the snalytical
precision of the kit 1e probably batter then indicatsd by chis
experiment.

There {s insufficient varisbility in the rate of falss positives
awong wanufacturers to conclude that the cxo:—ﬂ-oum kit will not
scraen the transformers frow s particulsr msnufacturer economically.
The cxu-n-our” test kit ie an analytically accepteble method for
scrssning PCBe in distribution transforwer oils.

1 Riley, Michael T., Detroit Edison Co., "Utility PCB Practices”,
presented at 1985 T & D Exposition May 14, 1985, Chicago, Illinois
(see Table 5), found fales nagative rete of 1.5 out of 247 teste.

? Tehiliani, Vesu H., EPRI "Field Do:c:!*uuon of PCB in

Trensformer 011, Volume 2: Clor-N-0il"" PCB Screening Kit", EPRI

21-3766, October 1984, Appendix B, pg. 8-10, found felse negative

rate of 22 out of 1,506 teets.
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Field Testing of the S~Cubed Gas
Chromatograph, PCBA-102

J. C. Hein

Brown and Caldwell
1255 Powell Street
Emexryville, California 94608

Background

In many field situations, the analysis of polychlori-
nated biphenyls (PCB) in transformer fluids and in
soils must be accomplished under severe time con-
straints. Often, highly trained analysts are not
available., Pield instrumentation (PCBA-102) re-
cently developed for EPRI under RP1263-9 by S-Cubed
is intented to circumvent both difficulties in the
sense that their instrument is highly portable and
does not require an experienced analyst operator.

The manufacturers have simplified the sample prepara-
tion steps by providing prepackaged reagents. The
interpretation of results, which is often the most
demanding of the analytical tasks, is performed by
pattern recognition software. Furthermore, the amount
of time between injections has been significantly
reduced, thereby permitting greater sample through-
put.

objectives

The Electric Power Research Institute has elected to
support field testing of this instrument. The
objectives of the project were to evaluate the S-Cubed
PCBA-102 instrument for accuracy and precision, con-
venience, technical expertise for operation, and the
ability to handle PCB's in a variety of matrices.

Study Design

The field test program had two aspects, a series of
comparisons between laboratory and field measurements
of PCB in soil from a contaminated site and an
instrument loan program to utilities where they

ran 0il or soil samples of their own choosing. The
site study was in Sacramento, California.

utilization of the PCBA-102 allowed on-site
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definition of the contamination zone at a number of
transformer substations., Confirmation analyses were
pexformed by conventional laboratory methods.

The instrument loan program allowed the utilities to
apply the PCBA-102 to applications of their own
choosing. Confirmation analyses by approved EPA
methodology were used to evaluate precision and
accuracy. Speed and convenience of operation was
evaluated by each utility.

Conclusions

The performance of the PCBA~102 during the utility
loan program was subject to both instrument downtime
and operator error. In general, adequate precision
and accuracy was achieved with experienced gas
chromatographers as operators. Downtime, imprecision
and inaccuracy increased dramatically when inexperi-
enced personnel were asked to perform instrument
start-up and operation.

The site study is being conducted in September and

October of 1985. Results will be available for the
EPRI PCB Seminar in Seattle, Washington.
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COMPARISON OF PCB ANALYTICAL METHODS

Lansing W. Wong
Pacific Cas and Elactric Company

The purpose of this work was to evaluste several FCB analytical systems as
alternatives to gas chromatography (GC).

Sinca the promulgation of PCB regulations under the Toxic Substances Control
Act, thers has been a need for @ repid end eccurata method of determining
PCB concentrations. Gas chromstography has been the accapted method for PCB
snalysis. It requires an operator trained in the operstion and maintenance
of a gas chromatograph, sample preparation, and interpretation of PCB
chromstograms. Because of the labor involved, it is an expensive analysis.

Several alternate methods are now available vhich are faster, portabdle, and
less expensive. These are the McGraw Edison specific ion electrods method,
the CLOR-N-OIL colorimetric method. and the S-Cubed PCBA-102 gas
chromatogreph/computer.

McGraw Edison Chloride Specific Ion Blectrode PCB Test Kit

This method is based on the messurement by specific ion electrode of the
resultant chloride ion activity vhen chlorine is chemically removed from the
PC® molecule. Any chloride from other sources vill also be measured as PCB,
which can result in higher results. Time required per snelysis is about
five minutes, not including meter celibration, which takes about ten
minutes. The detsction limit is about 6 ppm es Aroclor 1260.

~N-0! 11 t

This ICB hod is the £ to perform, requiring about five
minutes. It gives a quick determination es to vhethar an oil is over 50 ppm

in PCB or not. This analysis is besed on colotr changes caused by different
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concentrations of PCB. The color ranges from a deep purple for low PCB
concentrations and gradually lighter to colorleas for high PCB (over S0 ppm)
concentrations.

As with the McGraw Edison method, other chlorinated compounds can contribute
chloride, which can give high results.

- BA-102 Gas Chromatograph

The system is basically s gas chromatograph with an electron capture
detector coupled with & computer which is programmed for interpretation of
PCB chromatograms and calculation of ration. As prog s the
PCBA-102 can detect PCB down to 10 ppm. Modification of the sample
preparation procedure can extend this dectection limit to 1 ppm, but this
raquires some calculations by the operator. The PCBA-102 eliminates the
nesd for the operator to analyze the chromatograms.

Addition of a recorder to the PCBA-102 is helpful in that it gives a visual
trace of the sample, and would give indication interferences not evident in
the numerical printout. Time for analysis is adout 12 minutes.

Resuilts

Some two hundred samples ware run by the different methods. Of these,
saventy-seven were run by all three, which allowed comparison. Results
obtained by conventional gas chromatography were used as a basis for
comparison.

Results generated from the PCBA-102 were much closer to thoss obdtained by
conventional GC than that of the McGraw Edison. Thay averaged 1.12 times
that obtained by regular GC. This is prodably due to the fact that the
PCBA-102 procedurs is basically the same as the conventional GC procedure,
the main diffarence being the computer interpretation and calculation of the
results.

For the McGraw Edison, results averaged 1.25 times that odbtained by GC. This
is in large part probadly due to other chlorinated compounds other than PCB
(such as trichlorobengena) in the samples.

4-18 MONS 018899



No numerical results can be given for the CLOR-N-OIL rasults, as it tests as
only over or under 50 ppm. In any case, the CLOR-N-OIL successfully
screansd any 611 over 50 ppm as determined by GC.

Gas chromatography remains the accepted method for PCB analysis per EPA
regulations and ASTM methods. The PCBA-102 appears to be & logical choice
as en anelytical alternative to GC. Sample preparation and calibration are
easier than the other mathods. Its weak points are injsction of the sample,
which requires a consistent techniqua for reproducible rasults: snd the use
of sulfuric scid, which requiras cere in handling for safety.

The CLOR-N-OIL and McGraw Edison are better suited for screening samples for
approximate PCB concentration.

MONS 018900
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Summary of Results of Comparisons of PCB Methods

Table 1

AVERAGE OF RESULTS OF METHODS RATIOED TO CONVENTIONAL GC ANALYSIS

Method Average Ratio and Standard Devieticn
McGravw Edison 1.25 £ 0.43
$-Cubed PCBA-102 1.12 £ 0.25

Table 2

COMPARISON OF MISCELLANEOUS METHOD PARAMETERS

McGraw
GC_ PCBA-102 Edison CLOR-N-OIL
Time per analysis, minutes 30 12 5 5
Time per calibration, minutes 30 12 10 NA
Frequency of calibration -
(samples between calibration) 10 10 5 NA
Detection 11-::.‘»- NA 10 6 NA
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DEVELOPMENT OF THE BPA SUBSTATION SOIL
PCB TESTING PROGRAM

David C. Plath

INTRODUCTION

Polychlorinated biphenyls (PCBs), becsuse of their stability and resistance to
oxidation, were used for years es dislectric fluids in electrical equipment. DJue
to their chesical setability they have bdeen dstermined to de s persistent
environaentel pollutant. As they are reletively nonpolsr, thay tend to accuaulete
in fetty tiseues and hence are pasasd through the food chain. Therefore, as
etated by Toxic Substances Control Act (TSCA), the Environmental Protection Agency
has implemented rules for tha handling. storage, and disposal of contsminated
nsterials. Two liaits (50 and 500 ppm) have besn set which divides insulating
fiuids into thres catagories, non-PCB contaminated fluids, {less than 50 ppm) PCE
contsminated fluids (between SO and 500 ppa). end PCB fluids (over 500 ppm). In
addition, a recent ruling (July 1985) of the Washington Department of Ecology has
set the lovar limit of regulation on weste insulator fluids at 1 ppm.

Since thass legisletive 1limits were set, a great deal of work has gone into
developing methods for accurately and reliably detarmining the concantrations of
PCEBs in & variety of matrices. Msjor problema have had to be overcome in tha
clean-up, analysis, and quantitation of PCBs. Theas 1include differentisting PC3
congeners from coeluting pesticides (2,4-D, PCP, etc.), suppresaion of the
slectron capture detector by the elution of tha oil metrix, and the qusasitation
of aized Aroclor wolutions., In addition, the power utilities involved in this
analysis had an obligation to limit the coat, and thus the analysis time due to
the sxtrsordinary number of samples being handled.
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INSTRUMENTATION AND INSTRUMENTAL CONCERNS

At Bonneville Power Administration we became involved in PCB anslysis 3 years ago
because privete laboratories could meet neither our sampling obligstions nar our
turn-around-tipme expectations. Now, 3 years later, the capabilities of many west
coast laberatories have improved to the point where we now have additionsl
options. OQur program has coapleted over 900C samples providing a data base on
over 4000 pieces of oil-filled equipment. We feel that the prodblems we Mhave
encountered and solved in the course of developing ocur approach to PCB analysis
sight provide help to utilities in a similar positon.

Since we were starting on this snalysis from scratch, we were in the enviable
position of being able to choose the instrumentation and methods to beet suit our
needs rether than having to adapt existing hardware. Noting the necessity of high
resolution to the separation and the quantitation of these complex mixtures, we
chose to develop our method around the capillary gas chromatograph. Excepting “on
e'olun" injections, the two main mathods of sanple introduction for capillery
chromatography are splitless and split injection. As split injection tends to
differsntiate between the high and lov bdoiling fractions and would thus tend ¢to
skew our results, we chose splitleas injection which has been identified in the
literature as & more quantitative approach. We weres hoping to sutomate this
system, thersfore, "on coluan” injection was not considered because it has not yet
been shown to be compatidle with autosamplers.

At this point, it should be pointed out that it has been written in seversl
well-respected sources, (Ref. 1 and 2), that the method of injection (a very
slov, 5-10 second 1injection) is essential for a proper splitless injection.
While ve do not dispute this claim, we have found that due to changes we have made
ia the Tlow system of the chromatograph, we are able to achieve less than S
percent relative standard deviation in replicate injections of doth stapndards and
samples when using an sutosampler aend splitlees injection. The changes made
involved primarily vﬂphcnont of tuding connections that were found to develop
small leaks, and the use of ultrapure carrier asnd makeup gases with oxygen
scrubbers. As s comsequence, our normal ECD bdackground current hae dropped from
approzimately 600 p. amps to 100 p. amps indicating a clean system vwith very
little air leaksge. One ph that we noted early on 1in this method
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development, was that the response factors for chlerinated hydrocarbons in an ECD
veres higher when air leaks ware evident. While this tended to lower our PCH
detection 1limit it was impossidble to reproduce and increase the error of the
analysis considerably. Recently, work was presented in the literature that
indicates that doping the meke-up gas with lov levels of oxygen will incresse the
respoase of an ECD. Since this would give a reproducible increase, it could he
valuatle for this analysis, especially for low level work, now thet the system
leakage has been minimized.

QUALITY ASSURANCE

In order to assure the absolute concentration of PCBs in a sample oil, it ta
necessary to have a regular quality assurance program. This includes, in our
both standard oil samples as well as documented standards. Early on in this
,method development we noted variability in the relative concentrations of
individual PCB congeners for standards from different sources. Since this
variabdility would affect the use of single peak or peak group calculations
neceasary for mixed Arocalor samples we decided that it would be prudent to btase

our snalysis on a well-defined standard. ¥e requested samples of pure Arcclors
from the Food and Drug Administration (FDA) that had been wall characterized tn
the literature by Leon Sawyer of the FDA (Ref. 3 and 4). In addition, we received
PCB standards end diluent oll from the MNational Bureau of Standards in order to
prepare standard oil samples.

To ensure repeatadility with the autossmpler without sacrificing sample output, ve
designed our analysis schedule asuch that after every six samplee run, two
standards, nominally O.1 and 0.5 ug/ml of a single Aroclor wers run followed by a
blank run of solveat. The Arcolors were then alternated so that in a series of
10G runs there wvere approximately three sets of each standard run. The solvent
rune give an indication if carryover is occurring from sample to sample and wvhen
eyringes should be cleaned or changed. The absolute magnitude of standard runs
indicate the condition of the eplitless injection syetem (i.e., septum leaks,
eta.). Of course, when the sampie wae of a known Arocclor type, the autossmpler
table was adjusted to reflect this case (standards ware shifted).

Once 1t has been determined that the system is giving reproducidle results, it is
necessary to determine the accuracy of the data. The signal suppression in the
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ECD due to the passing of the transformer oil fraction, has been noted in several
articles and vas a bdasis for the development of the ASTM procedure that involves
preparation of standard Aroclors with & known transformer oil, (Ref. 5). As
reliable sources had noted that the degree of suppression varied with the
transformer oil, we chose an alternate route to account for suppression. Using a
sanple of new Shell transformer oil, representative of the oil used at BPA, and
FDA Aroclors, we prepared 5 and 50 ug/g standards of Arcclors 1260, 1254, and 1242
in oil, These standards were then runm through our procedure to determine the
“recovery” due to suppression. This recovery was found to vary Dbetween
approxisately 50 and 80 percent. As the recovery falls toward the 60 percent
level or below, it indicates the existence of air leaks in the detector systems
and as such signals the need for corrective naintenance. In a series of 99
autosaapler runs, 5 ppa and 50 ppm standards prepared in oil are run three times
for sach Aroclor type. It should be coted that the cil suppression recovery is e
function of retention time and when individual peak aresas are used in
calculations, as thay are for Aroclor mixtures, the suppression recoveries are
individually calculated for sach peak. Effects asuch as oil suppression recovery
varistion are masked wvhen all standards are prepared vith oil ae in the AS™
procedure. While these effects may not result in different quantitative results
by the two methods, they do add to the fundamentsl understanding of the
nessuresent systez aa & whole. Sample chromstograms of Aroclore in solvent, in
otl, and as mixtures are shown in Appendix B.

If the calculated concentration fells on or near a regulatory limit (SO or
500 ppm), the sample is rerun using standard additions. In most cases this
involves using the same stock or stsndard solutions used in the normal standards.
The preparation time for staadard additions is less than 5 minutes and with the
use of an sutoeaspler the operator time is negligible. Standard Aroclore in oil
run by this method shov a recovery of 100 percent * 5 percent. We consider this
accuracy to de more than adequate.

CALCULATIONS

The calculation of mixed Aroclor ssmples was tha next prodlem to be addressed.
Since we had chosen to use tha capillary syst

, we found that for two Aroclor
miztures ve had significent non-overlapping regioms in the chromstogras fros which
individusl peak areas could be determined for quantitation versus the standsrd or
by standard additions,
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Por mixtures of Aroclors 1242, 1254, end 1260, this same aethod can be employed
for the determinations of tha first and last Aroclors. Ve are currently
investigating the use of & mini computer to “subtract out” ths aress due to
Aroclors 124:2 and 1260 in order to calculate the reseining fraction of Aroclor
1254. Sincs the overlep of Aroclor types is due to tha presence of the same
congener in both aixtures (as opposed to different compounds coeluting), Lt is not
possible to completely resolve Araclor aixtures by capillary GC.

However, it should be poasible to calculate by relative peak arsa ratios ths
contridution of each Aroclor type t0 a given peak using pesks in the
non-overlapping region as reference.

In the fall of 1982, we participated in an NBS round rodin study on the analysis
of PCBe in oil. It was our relatively poor performance in this study which
prompted the changes in our chromatographic system as well as the adoption of the
current quality assurance program. As a result, reanslyais of these samples has
shown the system and method to be reproducible and accurate. Stepwise procedures
for oil sasple preparstion and calculations can be found 1n Appendix A.
Instrumental parameters for this snalysis are given in Appendix C.

Methadology for the Analysis of PCBs in Substation Soils

The aethods currently being used dy BPA for the sampling and analysis of PCBe in
20il are mocdifications of those used by EPA. The EPA extraction method {N¥o. 8080)
uses a l6-hour Soxhlet extraction with & mixture of acetone and hexane. This
extraction is intended to recover PCBe and pesticides from a wet soill saaple.
Since vwe ere not interested {an volatile pesticides, we have modified this
procedurs. We first dry tha sample et 50°C and then eieve it with a 40-mesh
screen in order to remove rocke leaving a homogenecus samsple that s
representative of the true adsording matrix. Rocks in the sample (such as
substation crlnl) being nonporoue, will =merely dilute the effective PCD
concentration by virtue of their weight. A 10 gram sample of this preparation ia
then Sohlet extracted with 2, 2, 4-trimethyl pentane (iso-Octane) for 6 hours to
remove PCBe. We have done serial extractions on samples of known PCB content end
established that the first 6-hour extraction will capture 97 percent of the PCBe
in the sample. In turn, each additional 6-hour extraction will cspture 97 percent
of the remaining PCB content.
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Next the saaple is reduced in volume, in the extraction flask, on & hot plate such
that the iso-Octanme (boiling point = 90°C) will reflur in the neck of the flask.
This reduces the volume without loss of PCBs (boiling point approximstely 250°C)
without having to resort to the time-consuming, Kuderna-Danish aethod. Ia nany
cases a large percentage of the solvent can be captured in the upper level of the
Soxzhlet extractor completely eliminating the boil down atep.

Finelly, the sample is brought to volume with 1so-Octane in a 100 ml volumetric
flesk and analysed by capillary gas chromatography with electron cepture detection
folloving the protocol we have establiehed for the analysis of PCBs in transformer
oil.

One of the tools ws have been using in the analysis of solls is to determine the
difference of the soil sample weight before end after extraction. The percentage
of 1so-Octane “extractables” calculated from this difference can be csutiously
used to compare the amount of oil present to the PCB content. This cosparison csn
give informstion concerning the contsainstion acds of the PCBe in sotl, For
example, & 80il sample showing & high level of PCBs but & low percentage of oil
would indicate either that the source did not contain transformer oil (i.e.. s
capscitor spill) or that soms mechanisa wes occurring that separated ths oil from
the PCBe after ths soil wvas contasinated. This information is also of value
analyticslly since the response of PCBs in sn electron capture detector is reduced
vhen snalysed in ths presence of transformer oil through a process previously
referred to as suppression. Suppression is accounted for vhen analysing PCBs in
transformer oil by preparing PCB atandards in oil and calculating the suppression
bvased on standards prepared in 1so-Octane. For s0il samples we can determine the
extent of suppression visually on the chromatograa and compare this to the
expected suppresaion based on the percentage of Lso-Octane extractadles. We can
then dstermize if the use of an oll supprsaaion factor is wvarranted. We have
determined in our lad that oil suppression is not a linear funmction of oil
concentration. Therefore, dilution of the sample by a factor of 10 will not causa
s corresponding decrease in suppression. Our preliminary findings are that it is
s log-log function.
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Preparstion of Sampling Plans for ths Analysis of PCB's {n Substation Soils

Faced with tbhe prospect of characterizing the PCB contamination patterns of over
90 of BPA's 450 sudstations, we first had to decids the extent to which we would
sample. Our first calculations, based on Ref. 6 indicated that in order o have a
90 percent chance of finding & PCB “hot spot” of 1 mater radius in a substation of
100 aeters length on s side we would need to set up & square sanpling grid and
take over 3,000 samplee just to analysze the surface soil. Obviously, for teaporsl
and financisl reasons, this would be unacceptable. Therefore, it wvas necessary to
aake some awsumptions to reduce this burden.

The first assumption that wa made is that a spill would be vieible. With our
substations being covered with coarse gravel, a stain from an oil spill tis
generslly visidle for many years. The next assusption aade wae that once
deposited on soil, PCB contsmination would not migrate horizontslly., ¥hile scme
reports of airborne PCB migration have been nade concerning open hassrdous waste
dumps, our results of thousands of woil samples (approzimately 20 percent of which
vers taken st the perimeter of highly contaminated fenced capscitor yards)
indicate that horisontal sigration simply is not occurring at any reasonsbdle level.

One of the "imowns” ve had going into this prograa vas that, baaed on the analysis
of PCBa in insulating oil from approximately 4,000 pieces of large oil-filled
equipnent (transformers and oil circuit breakers), only 2 percent of this
squipsent was contaminsted with PCBe above the 50 ppm level. Also, with the

goometric layout of the substations, large aress could de disregarded ae potential
areas of PCB contamination.

Referring to Pigures 1 and 2, it ia apparent that with increasing voltage rating
(and consequently size) the levels of PCB contamination in general dropped. Since
this equipment, greater tham 69 kV in voltage rating, occupies the majority of
space 12 the -uytnlon yards, we can expect that PCB contemination of the
surrounding soil will be minimal. In fact, if oil at the SO ppm level
oontaainates soil snd comprises 10 percent of its weight, the resultant soil would
have a PCB content of 5 ppm. We would consider thias level of contasination in &
substation to bde ainimal. Our current practice for construction in areas of PCB
contamination of less than 5 ppm is %o place this materisl to the side of the
construction and use it as backfill after construction 1s cosplated.
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It should be emphamized that circuit breaker and transformer oil (froa equipment
greater than 69 kV in rating) accounts for at least 90 percent of otl used in the
BPA systea. In addition, this large equipment has the potential for causing much
larger spills. Seall equipment, on the other hand, has historically shown a
higher level of PCB contamination. Pigure 3 shows the results of oil analysis in
snaller equipaent. The most significant result of this figure is that over 16
percent of the amall equipment teeted shoved PCB contamination above 50 ppa.
Therefore, spillage from this equipment would have & greater probadility of
causing significant contamination to the surrounding soil. However, this
contanination would be spread over s more limited srea than the large equipment
due to the saaller amount of fluid in the low voltage equipaent.

The previous analysis has resulted in the development of sanpling plans which
concentrate sampling around the lower voltage equipaent and visible oil stains.
Figure 4 showe a typical substation with its resultant saapling plan.

The d area of trated sampling haa bheen around capecitor yards and
houses. Capacitors in the BPA systes, with a fev exceptions, ere isolated in the
yard by enclosure with fencing or metal houses. This was done primarily for safety
ressons due to the lov electrical clearance of <this equipment. However, this
isolation has also prevented the distridution of PCBe throughout the eudetetion.
It has, therefore, been our practice to sample the perimeter of these locations,
especially by gateways (in the case of capacitor yards) and close to pads (in the
case of capacitor houses). The results of thsse tests have shown that migration
of PCBs horizontally 4is virtually nonexistent, with the exception of asctual
trecking of PCB from the locations by substation personnel and the contsmainstion
resulting froa the pest practice of storing feiled capacitor cells along the
outside of the capecitor yard fencea. Results of aamples taken within the
ospacitor yards (during periods of de-energisation) have shown levels of PCBe
exceeding 10,000 pps and additional testing would de expected to yield similar
results. All soils from these locations are assumed to be highly contaminated but
contained.

The Use of Contract Labe

In the summer of 1984, it was learned that our lsdoratory would de respomsible for
the testing and profiling of PCBs in soil from 90 of BPA's 450 substations. The
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subststions identified in this program were those which had or still have
capacitor installations as well a3 those substations containing equipaent f¢illed
with PCB oil. Since this program would have taxed the laboratory btevond its
adility to plan and execute such an undertaking, it wvas decided the actusl
sampling and snalysis would bde performed by contract laboratories. The
responsidility for preparing the sampling plans and assuring the quality of the

enalysis, hovever, remained in our control,

Since we DYegan contracting analysis, we have noted several quality assurance
prodlems with our contrsct labs. In general, the prodlems have not been with
basic methodologies because we provided esch laborstory with the method we had
developed in our lab. Rather, the probles hae been that of record keeping during
snalysis. We have, with some laba, had problems of dilution factor errors due to
poor record keeping, the reported results being as much as a factor of 10 below
the actual value. I believe this is & record keeping problem which is associated
with sample "overload"” in the smaller labs.

Many of the labs that we deal with sre small organizations vhich dc a variety of
analyticsl work in sddition to PCB analysis. PCB analysis in this region hae
recently increased, drastically overtaxing record keeping asystems that vwere
devised for handling fever samples. Therefore, it is important to keep in aind.
when evaluating contract labe, the level of work they are currently doing versus
what you will be expecting of them. Their quality assurance procedures should de
designed for the increased sample load.

As a quality control procedure we are currently requesting contract ladoratories
to provide us with duplicate eamples of approxim

1y 10 to 20 perceat of selected
ssaples following receipt of their report. These samples are then run by the same
prond\in in our ladoratory.’ The acceptable limit of deviation from our results
1a ¢ 50 to 100 percent, depending on the level of PCBs found. Duplicate analysis
by the contract lad is required when these limits are exceeded in order to
reconcile the deviations. Siance s0il samples are not inherently homogeneous we
feel these limits are conservative, It is our intention, in the future, to
develop a homogeneous 8011/PCB standard to use for additional guality control.
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Figure I, Compurison of PCB’s in 04l Circuit Breakers
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APPENDIX A

PCB SAMPLE PREPARATION; OIL SAMPLE

1. For each sample to be analyzed prepare two - 20 al disposable culture
tubes with Teflon-faced acrev caps. Tube A - containe 9 ml of
2, 2, 4-trimethyl pentane. Tube B contains 9.00 al of 2, 2, 4-trimethyl
pentane and 5 al concentrated HZSO‘. All volumes are delivered :
1 percent by automatic pipetting equipaent.

2. To Tube A pipette 1.000 ml of oil to be analyzed. Mix well on a vortex
aixer,

3. Pipette 1.000 al of the solution froa Tube A {nto Tube B and mix well on
the vortex mixer. Centifuge to separate azicrodrops of sto‘ and
prepare autosampler vial with the supernatent solution.

STANDARD PREPARATION

1. \Weigh 0.5000 g to the nearest .0001 g of pure Aroclor etandard obtained
from PDA. Dilute to 500 al with 2, 2, 4-trimethyl pentane. Store this
solution in the refrigerator awvay from light. This solution i3 nominally
1000 ug/al.

2. Prepare working standard by pipetting 0.5 ml and diluting to 500 ml with
2, 2, 4-trimethyl peatane. This solution is nominally 1.000 ug/al.

3. Actual atandards are prepared by 1:10 and 1:2 dilutions of the working
standard with 2, 2, 4-trimethyl pentane. Prepare actual standards in the
same type of disposabdle culture tube and with the same volumetric pipette
as the sample solutions. These solutiona are nominally 0.1 ug/al and
0.5 ug/al.
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CALCULATION

1.

Single Aroclor Sanples

When a sample has been ideatified as a single Aroclor the calculation is
quite straightforvard. Linear Regreasion Analysis i{s uaed %o prepare a
standard curve using the total area of all the peaks due to that Aroclor
at bdoth standard concentrations. The same total area is calculated for
the saaple and using an KP-11C calculator the concentration is “plcked”
off the curve. This value is then divided by the density of the oil
sanple (approximately 0.86, an average value determined by seasurement of
10 normal oil samples) and multiplied by 100 (the dilution factor). This
concentration (mow in ug/g) is then divided by the oil suppression
recovery. This factor is a "recovery” to account for the suppression of
the ECD signal due t0 the passage of the transformer oil fracticn. Thia
factor has been determined os 5 ppa and SO ppa Arocclor 1260, 1254, and
1242 standarde prepared in oil and normally runs about 50-80 percent.
¥hen the final calculation is close to e limit the eample should be rerun
by standard additions. Therefore, the calculation for a single Aroclor
is:

(Concentration of esmple from regression analysis) ug/al x dilution factor (100)
.86 g/ml

2.

Suppression Recovery

Mixed Arcclor Samples

Mixed Aroclor samples are calculated by individual congener peak areas or
peak grouping sums chosen from non-overlapping regions of the
chromategren. These areas ere compared with the same standard areas
using s regression smalysis prograr as for single Aroclor samples. This
method is sufficisat for two-Aroclor mixztures. For three-Aroclor
siztures 1242 and 1260 can de determined as defore. Aroclor 1254 can be
determined by sudtracting the Aroclor 1260 component of a single congener
peak in the overlapping region from the sample pesk area. This 1260
componsnt is calculated by sultiplying the congener pesk area from the
sample by the ratio of the same peak in the 1260 standard end another
peak fros & non-overlapping region of the 1260 standard. This vslue then
sudtracted from the cogener peak ares vill give the congener pesk ares
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contridution of Aroclor 1254, With this adrea the concentration can then be
caculated by comparing with Aroclor 1254 standards and completing the calculation
as for two-Arqelor aixtures. This aasumes that relative peak concentrations in a
given Aroclor standard are constant. V¥s have found this to be reasonadbly true for

standards.
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AN ANALYTICAL METHOD FOR THE ANALYSIS OF CHLORINATED BIPHENYLS
IN LIQUIDS AND SOLIDS

Mitchell D. Erickson, John S. Stanley, J. Kay Turman, and Gil Radolovich
Midwest Research Institute
425 Volker Boulevard
Kansas City, Missouri 64110

Oanie) 7. Heggem
U.S. Environmental Protection Agency
Office of Toxic Substances
Field Studies Branch, T5-798
401 M Streets, S.W.
Washington, DC 20460

This is @ gas chromatographic/electron impact mass spectrometric (GC/EIMS) method
applicable to the determination of chlorinated biphenyls (PCBs) in liquid or solid
samples cf environmental, human, or commercial origin. The PCBs may originate
either as contaminants derived from commercial PCB products (e.g., Aroclors) or as
synthetic by-products. The PCBs may include any of the 209 congeners from mono-
chiorobiphenyl through decachlorobiphenyl and may be present as single isomers or
compliex mixtures.

The use of GC/EIMS yields qualitative information which not only readily differen-
tiates among the PCB homologs but also permits elimination of other compounds from
quantitation. The other common PC8 analysis technique, GC/ECD, does not discrim-
inate between PCBs and many common interferents. Thus, GC/ECD results are less
reliable for complex matrices.

A variety of general and specific sample preparation options are presented in this
method. In some cases, these options are taken from other standard procedures for
PCBs. In other cases, no standard procedure exists and general guidance is given
with appropriate literature references. This method takes a different approach
from those which rely on Aroclor mixtures for calibration and quantitation. In
this method PCBs are detected and quantitated by homolog group. The results can
be summed to give a total PCB value comparable to results generated by other meth-
ods or they may be presented as 10 individual homolog values. This homolog dis~
tribution can provide additional quantitative information on the composition and
source of the PCBs. For example, the relative homolog distributions may indfcate
how closely the sample resembles a commercial mixture.

The method consists of the following steps:

1. The process or product must be sampled such that the specimen collected for
analysis is representative of the whole. Statistically designed selection of
the sampling position, time, or discrete items should be employed where appro-
priate. The sample must be preserved to prevent PCB loss prior to analysis.
Room temperature storage may be adequate for some samples if biological degra-
dation will not occur. Otherwise, subambient storage is recommended; refrig-
eration for aqueous samples and freezing for all others.
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10.

The sample is mechanically homogentzed and subsampled if necessary. The sam-
ple must then be spiked with four '3C PCB surrogates (4-chioro-13Ce-biphenyl;
3.3'.4,4‘~t-v.racn1oro-‘3clf-niphenyl; 2,2',3,3',5,5' ,6,6'~octachlore-13C, -
biphenyl; and decacnloro- 3Cu~biphenyl) and the surrogates incorporated by
further mechanical agitation.

The surrogate-spiked sample is extracted and cleaned up at the discretion of
the analyst. Simple dilution or direct injection is permissible. Possible
extraction techniques include 1iquid-liquid partition, liquid-solid partition,
thermal desorption, and sorption onto resin columns followed by solvent de-
sorption. Cleanup techniques may include Viquid-1iquid partition, sulfuric
acid cleanup, saponification, adsorption chromatography, high perforssnce
1iquid chromatography, gel permeatfon chromatography, or a combination of
cleanup techniques. The sample is diluted or concentrated to a final known
volume for instrumental determination.

The PCB content of the sample extract must be determined by high resclution
(preferred) or packed column gas chromatography/electron {mpact mass spec-
trometry (HRGC/EIMS or PGC/EIMS) operated in the full scan, selected ion
monitoring (SIM), or Vimited mass scan (LMS) made.

PCBs are identified by comparison of their retention time and mass spectral
intensity ratios to those in calibration standards.

PCBs are quantitated by the internal standard technique, using response fac-
tors for s mixturs of 10 PCB congeners. The recoveries of four }3C surro-
gates are used to monitor for losses in workup and determination.

The PCBS identifisd by the SIM technique may be confirmed by full scan HRGC/
EIMS, retention on alternate GC columns, other mass spectrometric techniques,
infrared spectrometry, or other technigues, provided that the sensitivity and
selectivity of the technigue are demonstrated to be comparable or superior to
GC/EIMS.

The analysis time is dependent on the extent of workup employed. The time
required for instrumental analysis of a single sample, excluding instrumental
calibration, data reduction and reporting, is typically 30 to 45 min.

A quality assurance (QA) plan must be developed for each labaratory.
Quality control (QC) weasures include laboratory certification and perfor-

mance check sample analysis, procedural QC (instrumental performance, calcu-
lation checks), and sample QC (blanks, replicates, and standard addition).

The method is available through NTIS:

Erickson, M. 0., J. S. Stanley, J. K. Turman, and G. Radolovich, "Analytical
Method: The Analysis of Chlorinated Biphenyls in Liguids and Sotids,” U.S.
Environmenta) Protection Agency, Office of Toxic Substances, Washington, OC,
EPA-560/5-85-023 (February 1985).

Tha work was supported by the U.S. Environmenta) Protection Agency under Contract
No. 68-02-3938.
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FIELD MEASUREMENT OF PCB'S IN SOIL AND SEDIMENT
USING A PORTABLE GAS CHROMATOGRAPH

Thomas M. Spittler

INTRODUCTION

With the recent incresse in sctivity st hazardous waste sites where clesnup and
renedisl sction is underway, a need has emerged for rapid analaytical methods
which can be used fn the field. Often there is need to sssess the inpact and
extent of contsmination right in the field. This enables a sampling crew to
collect meaningful samples for later laboratory analysis.

A second, wore pressing need for field dats is in the actual cleanup process.
Where s problem has been {dentified and removal {s planned, it {s logistically
difficult to perform adequate analytical work to direct a thorough cleamp
prior to the sctual cleamup operation. Few pollutants leave adequate visible
traces to guide cleamup. Therefore, analytical work must often be performed
during the cleamup operation to guide the contaminant excavation and subse-
quent removal process. BSecause rewoval and transportation of hazardous materi-
sle to a sefe disposal site is often very costly, it would de preferadble to
temove only the contaminated materials and stop excavation when clean wmaterial
or soil fs finally resched. In order to achieve this end we have devised s
field method for extraction and wmeasuremsnt of PCB's from soil and sediment
which can be performed in as little as seven minutes after the sample s
collected.

EQUIPMENT AND METHODOLOGY

While there are several serviceable small gas chromatographs on the market,
we have found that the Model 511-06 made by Analyticsl Instruments Development
is one of the most practicsl for field work. This {instrument {is equipped
wvith a sensitive Electron Capture Detector snd has a long history of reliable
field operation both in our laborstory and elsevhere. A stainless steel
column is held in a well-insulated {isothermal chasber. 1If the colusn and
oven sre raised to 210 degrees Cantigrade on AC power, the unit can mein-
tain these conditions on battery power for a full sight-hour working day.
However, it is usually possible to supply some slternstive source of elelctrical
pover such ss & battery-inverter supply or a portsble generstor. Overnight
charging of the Ni-Cad batteries will prepare the unit for sn 8~hour workday.

The unit has three lecture bottles stored in the power pack base and these can
quite easily bde manifolded together to supply carrier gas for seversl days of
field operation. Again, an auxilialry csrrier gas bottle of mnderste capacity
ie advisesble for longer field use. Overnight charging of the Ni-Cad battery
pack will prepare the unit for en 8-hour workday.

MONS 018925



For general fleld use we employ & 3 or 4~foot x 1/8" sceinless steel colum
packed with 3X SE-30 on 80/100 mesh chromosorb W-HP. The column is held at
sbout 200 - 213 degrees centigrasde, depending on the particulsr Arochlor which
is to be analysed. Adjustment of temperature and carrier flov as well ss
proper chotce of column length can provide rapid elution of even Arochlor 1260
in as lictle as seven minutes. Injections sre typicelly made using 1-3 ul of
the hexane extract of & soil, sedimenc or standard sample.

FIELD EXTRACTION TECHNIQUE

A field sample is prepared for analysis as follows. Depending on soill homo-
geneity, 100 - 400 wg of soil s used for analysis. Typically, 200 mg of
so1l 1s weighed (or estimated by volume when high sccuracy is not important)
and placed in a 2 cc septun vial., To the soil saaple sre added sequentially
100 ul of water, 400 ul of methanol and 500 ul of hexane. The sample is
then agitated for about 60 seconds. This {is essily achieved in the field
by holding the vial to the tip of a vidbrating engraver .

RESULTS AND DISCUSSION

This method has been applied in the field at several PCB spills and cleamup
operations. Results of some of this work will be discussed. Also, several
semples were analysed by the field technique and than subjected to standsrd
PCD analytical procedures 1in our lsboratory. Finally, a study s wundervay
to more accurstely determine the axtrsction efficiency of the field method
on different Arochlors. Results of this work will slso be reported st the
seminar.
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DISTRIBUTION OF POLYCHLORINATED BIPHENYLS WITHIN
BONNEVILLE POWER ADMINISTRATION SUBSTATIONS

David W. Baker

INTRODUCTION

Tha Bonneville Power Administration (BPA) 1a a federasl pover distribution and
marketing agency for some 30 hydroelectric dame in the Columbia River Baein. The
BPA transaission system interconnects public and private slectricel utilitiea in
tha Pacific Northwest and consists of sbout 14,200 circuit miles of high voltage
transaission linas and epproximately 450 eubdbstationa. BPA slso supplies direct
asrvice to aluminum reduction plents and other induetrial customers with high

pover loads.

The electrical industry Vbegen using polychlorinated biphenyls (PCBe) in
capacitors, trsnsforaers, and othar equipment in 1929 with production continuing
until about 1977. The persistence of PCBs in the generel environmeant haa created
8 nationsl concern regerding the impact of these bdloaccumulating cheaicals both to
pudblic health and to sensitive ecological systema. As s result, s voluntary
cooperstion agreement ves recently entered into by BPA with the Environmental
Protection Agency (EPA) for the purpose of clarifying mutusl responsibilities and
conaitments for conducting actions required and authorized dy the Toxic Subdstances
Control Act (TSCA), PCB Regulations, and the Comprehensive Envir al Resp R
Compensation, end Liability Act (CERCLA). Provisions under this sgreement include
the implementation of a testing prograa to deternine the extent thst soils in BPA

fecilities have been contaminated over the years by equipment leaks and failures.
Because very fev Asksrel transformers (PCB's over S00 ppm) were used within the

BPA system, emphasis of this soil survey is toward the 85 substations where PCB
capacitors are nov, or have in the past been, in service.
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APPROACH AND OBJECTIVES

Sampling procedures and analytical requirsments developed to carry out this
testing prograa are presented in the companion report. With hundreds of sasples
needed to fully characterize an average substation, certain assumptions regarding

PCB s0il contamination patterns were mad

to reduce testing requirements. To

confirm the validity of theme aesumptions end their use i{n sampling plans for the

85 subdbstations, 13 BPA substations ware sampled extensively. Type and size of
electrical equipment, malantenance history, environmental setting, and past
construction prsctices vere factors considered in selecting these substations.

This papsr im intended to provide ineight into overall PCB soil contamination
patterns within fenced BPA subststions besed on a continuing PCP atudy which is
about one third completed, Results are included on the 13 subststions identified
for comprshensive sampling and the findings from these sudstations sre reviewed in
detail. A total of 15 subatations, snalyzed according to the reduced sampling
protocol, are now completed along with 26 other BPA substations sampled in
specific areas for construction projects. This report will not cover those
sutatations tested for comstruction purposes or those saapled under the reduced
plan. Levels of s0il contamination wvill bde considered in relation to the general
squipment locations within the substatione and maintenance history, in order to
check basic assumptions used in developing the reduced sampling plane.

It ie Lmaportant to remember that this survey focuses on presenting a worst csse
scenario for PCB contamination within fenced BPA subetations. Sasples include
those taken from <capacitor aress which are generslly insccessidle, Ddut
traditionally show high levels of PCB contaminstion (e.g., soil adjacent to
capscitor house pads and locations beneath rack-sounted capacitors) and sites used
in the past for teamporary storage of failed cspacitors, Ssapling plana and
iastructions to samplers also call for preferemtial collection of soil with visual
evidence of past oil spills. Saapling 1s alsc selective towsrds oil-filled
equipsent, such as dietridution and metering transformers, known to contsia the
highest PCB concentrations.

OVERALL RESULTS AND DISCUSSION

Extensive saapling vas performed on the following substations to form foundationsl
information an PCB distridution patterns in soil:

L]
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No. Small 011 No. Large No. Power/ Total No,

BPA No. PCB Filled 011 Circuit Converter Soil/Core
Substation Cape Equip.* Breakers Transf, Samples
Aldany 1782 33 12 7 38
Anaconda 2178 40 7 6 29
Bell 12663 189 35 22 315
Big Eddy 1998 109 12 34 33
Longview 8178 129 34 12 103
Maple Valley 3246 70 9 7 49
Nclary 0 g 14 25 33
Olympia 2667 9 21 13 62
Port Angeles 1065 74 17 7 50
Ross 7628 120 31 15 101
Snohomish 3021 108 30 16 59
St. Johne 1764 69 23 11 66
Troutdale 5814 118 18 19 149

Test results for the 13 subetations tested under the initial phase of this survey are
susmarised below:

PCB Surface Soil
Contamination Soile Cores Sediment Total
Level (0 to 67) (Below 12"} Saaples Samples
Leas than 1 ppa n 782
(ss 1%) (89 3%) (50.0%) (71.9%)
1 to 4.9 ppa 17 182
(20 9%) (s 4%) (27.4%) (16.7%)
5.0 to 49.9 ppa 13 90
(e.si)» (5 01) (21.0%) (8.3%)
50 to 499 ppm 0 11
(1.4’) (0 31) (0.0%) (1.0%)
Over 500 ppm o 1 22
(3 o%) (o%) (1.6%) (2.08)
All Concentrations 708 317 62 1087

¥Tncludes distridbution/metering transformers and oil circuit breakers less
than 69 kY.

Pingle core sample exoeeding 50 ppa (283 ppm) was from Bell Substation st
drill site near capacitor house.
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The results from 708 surface soil samples indicate that moat (95.6 percent) of
the subatation locations contain leas than 5O pps PCBs, with two-thirds of
these sites having less than 1 ppma. Of the 317 samples taken below the soil
surface (12" or more) only 1 (0.3 percent) had more PCBs than the SO ppe
regulatory level. The higher number of sediment samples with 1 to 49 ppa
contanination is consistent with the property of PCBs to tightly bdind to
organic fines which in turn tend to colleat in quiescent environments such as
electrical manholes and oil/water separator tanks. Overall surface soil and
sediment results for the fndividual facilities tested are given in Table No. 1.

PCBS IN CAPACITOR AREAS

The test results for sslected substations having extensive sampling have shown
that the highest leval of PCB contamination is in locations adjacent to
capaoitor banks, and of these areas ths highest levels are assoclated with
enclosed capacitor houses. OQlder direct customer service substations, such as
Longviev, Bell, St. Johns, and Troutdale had certain vintages of lower voltage
capacitors which vere more prone towards violent fsilure or leakage. Clesn-up
of spills within these enclosures is difficult and led to practices which
either spread PCBs directly {atean cleaning), or left enough cospound within
the structure to eventually flov into the soil outside the house. Initial
test ressults have shown that ths soil next to capacitor house Zcundation pads
may have extremely high concentrations of PCls (nonuy Aroclors 1242 and
1254). At this point PCBs could be readily tracked by workmen to other
substation aress. One example of this phencmens is shovn by three Ross
Substation sidevalk samples, taken in an sres with no history of capacitors or
contaminated (over 50 ppm PCBs) oil-filled equipment, showing between 5 and
9 pps of Aroclor 1242, Appcn;:tly. operator personnel caused this pattern of
contamination by their daily rounds through contaminated areas.

Yenced capacitor yards with @ history of failures will of course have

ted PCH P in the soil directly below the capscitors invelved,
but limited access reduces spread by foot traffic. Core samples (vhich we
define as soil collected deeper than the O to 6 inch surfsce samples) have
shown that concentrations of PCBe drop off rapidly with depth, indicating that

the contamination appears to be contained at ths surface soil through strong
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adgorption. An exception was a single core sample exceeding SO ppm which was
from the Bell Substation at a location near & 13.8-kV capacitor house. The
ssaple vas taken at 12 itnches and tested at 283 ppm. Deeper corea for this
drill site at 5, 10, 20, snd 25 feet were found to contsin 1.04, 30.3, 3.28,
and 0.18 ppa PCBs respectively.

Past msintenance practices which included storing ruptured cells st convenient
locations {usually near the gate for fenced capacitor yarda) no doubt has
contridbuted to contamination Vbeyond restricted access areas. This 1is
illustrated by two samples from Longview Substation, collected next to gates
leading to capacitor yards, which wvere teated and found to have 28,500 opm

(1254) and 22,100 (1242) ppa PCBs.

Results for the capacitor locations in the 13 substations are eummerized in
Table Ho. 2. In the case of McNary Substation, no data is shown since this
facility has never had capacitors. For those 3PA substations with
* rack-mounted capscitors, most could not be saapled within the fenced capacitor
yards because of the reduced electrical clearance during operation. Surface
soil PCP contamination profiles, based on 83 and 133 samples fros capacitor
houses snd fenced yard areas respectively, are illustrated in Pigure 1. Of
these 216 samples more than half (55.6 percent) contained less than 1 ppm PCBs
and 86,1 percent vere less than the 50 ppm regulatory level.

PCBS IN OIL-FILLED EQUIPKENT AREAS

In addition to PCBs from capacitor cells, another source of soil contamination
within substations is froa oil-filled equipment. For purposes of assesement,
seaple :data from lower voltege (69 XV and below) areas is being considered
separately from those of higher voltages. Of course, within & 230-kV yard,
for example, thers 1s often lower voltage metering snd station service
transforaers which typically contain much higher PCB levels than the major
breakers or power transformers. As aentioned earlier, a critical element of
this survey 1s to take these factors into account and to preferentially
collect samplea from sitae most likely to have significant contamination. The
information developed on the group of 13 substations i3 sumsmarised in
Tadble 5. This data suggests (see Pigure 2) that the lower voltage oil-filled
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equipment areas are more contasinated by PCBe than the 115-kV (and sbove)
locations but the limited number of eamples for the 69-kV snd delovw aress saks
this conclusion atatistically invelid, as dces the overvhelming influence by
one facility to this data. It ia clesr, however, thst oil-filled equipment
sections within BPA substationa are significantly leas contaminated than
capacitor areas. Only one subatation of the 13 shoved high PCB levels 1in
surface samples collected nesar oil-filled equipment (ss opposed to seven for
capacitor bank locations). The exception was a single longview sasple which
contained 1070 ppa PCBe identified as Arcclor 1248. Not withstsnding, the
sample servea to illuatrate the fact that although this survey may provide
valuable ineights into the extent of PCB contamination within substations,
there 1s alvays the poesidbility of undetected hot spots.

SEDIMENT SAMPLES

Although PCBs have a very low solubility in water, they ere known under
certain circumstances to migrate in runoff water while tightly bound to
organic "fines.” The analysis of sediments found in electrical manholes snd
©41 wvater separstor tanks, could provide s diagnostic tool related to past
levels of substation contsmination. Average PCB results for the 62 sediment
samples collected fros 8 of the 13 sudstations are presented in Tabdle 1.

PCBS IN OTHER SUBSTATION AREAS

Surface samples (rom bulk o1l storage locstions within BPA sudetstions sppear
to have similar PCB s0il contasination levels as the oil-filled equipment
aress. The 39 samples collected from 8 of the 13 substations. had nc results
adove 50 ppm and 28 percent bdetween 1 and 49 ppm as shown in Figure 3.

Core samples ware taken st two of the substations around oil astorage tanks
because these srsas may have been subjected to sepills over the years. Bell
substation vas extensively sampled in the oil storage sres with a totsl of 12
holes drilled, most of them reaching 50 feet in depth. One drill aite showed
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heavy oil contamization with fairly low PCP levels down to approximately 15
feet, a maximus of sbout & ppa appearing at 6 feet. However, deeper than 1S
feet sav an increase to a paxizum of 43 ppa at 30 feet. Below this tha PCBs
drop off to a miniaum of 0.09 ppm at SO feet. The other core samples shoved
somse agreenent bdut did not have tha PCB levels of the described site. It
should be noted that the soil is glacial moraine and i{s thought to account for
the depths of penetration. The other substation sampled below surface near
oil storage tanks was Port Aogeles. Analysis of the soil at the two sanple
sites showed 0.02 and 0.04 ppa at the surface, and 0.14 and 0.26 ppm at 18 and
16 inches respectively. These results suggest that further work is needed to
characterize bdelow surface contamination around oil storage locations.

Surface samples taken in substation areas away from existing or past
electrical equipment and storage tanks are referred to as background asamples.
The saample category diagram (refer to Figure 3) shows less PCB contamination
than other substation locations.

CONCLUSIONS

Ssspling parsasters identified for this system-wide PCP soil survey sppear to
be valid based on reviewing 1087 sample results from 13 eudstations. Movement
of PCBa awvay from areas of highest expected contamination (e.g., PCB capacitor
installations) has been shown to be limited both horisontally and vertically
through the soil, Contamination levels have Dbeen demonstrated to be
predictable based on the general location within the substation with highest

contamination associated with capacitor installations. Tasts to data, with
vary few exceptions, have not shown PCB contamination to sxist above the 50
ppe level outsids capacitor use areas in BPA substations. Oil contaminated
8011 samples associated with higher voltage equipment (115 kV and above)
appear to have lower contamination than ssaplea collected near lower voltage

(69 XV and belov) equipment but additional work is needed to confirm this.
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Table ¥o. 1
Surfece Soil (0 to 6 Inches Depth) and Sediment Results for 13 Substations Tested

Totsl No. |Samplea |Semples |Samples |Total No. |Sediment |Type
Surface 250 pps |1 to 49.9]/<1 ppa |[Sediment |Sample Capacitor
Substation Sanples PChe PCBs | PCBe Seuplss Averages |Installatiens
o onced 8
Albany 31 @ 6.5% 93,58 )] - Onl
. Panced Recks
Anaconda 29 6.9% 51.78 | 41.4% o] - Onl
96 8 6.7% 75.08 1 o poe
Bell .38 16, . 32.5 ppwlPenced Nacks
Penced Racks
Big Rady 3 of | 3.08 | 97.0% 1 up Oul,
| Nouses snd
Longview 80 1.5 63,83 28,68 22 4.68 Yonced Backs
—H Fonced Racks
Waple Valley ! 44 % 6.88 | 93.2% 5 0.03 ppm]Osdy
MoNary 33 [o:4 6.18 | 93, 0 - Bome
Penced Rscks
Bouses
51 1.68 28.1% | 70.2% 5 0.26 Previous),
S Iyeeed Rorks
36 5,68 13,15 | 83.38 0 - Onl
| 809 end
101 3.08 42.6% 54.5% 1 8.6 pim [Penced Racks
50 [+] 4] 1008 10
8t. Johas @ 2.1%8 83.35 | 14.68 0
Troutdele 10 11.4% 22.9% 65.7% 17

MONS

018934



”%-y

Table No. 2
Surface Soil (0 to 6 Inches Depth)
Results in Relation to General Subatation Locations

Bnclneed Capacitor House Areas Fenced Capacitor Rack Aress
BPA Samples in PCB Category { Totsl Sauples in PCB Catego Tota)
Substatio. E’E_“ t 49.9] <1 ppm | Mo, = 50 EE T to §§;¢<"¥I %o,
(B 4
Albeny - - - (] (] [ 1008
pd ] 12 h).] 7 ] . H
Ansconda - - - 4. 57.1! 28. 6!
7 3 -! 14 ‘ 24 1 " 9 " 9 19
Bell . 12,5, 58.% 5.3 47.4 47.43
29.28
Big Bddy - - - o 0 1) 1008
3 4 1 2 4 2
longview 31.58 508 12.58 8 2538 50% 2?* 8
1
Naple Velley| - - - 0 0 0 1008 16
Nclary - - hd ] - - - "}
1 H 1 16
Olympia 1.8 33.3%8 55.6% 9 0 9.1% 90.9% n
‘ Z ? ]
Port les| - - - 0 5% 25% 508 8
3 [ 1 11 9
Roes 608 108 10 (] 55% 4;! 20
1
Saohoaish - - - ] ] )] 1008 13
1 5 2
&.;.ML_.%&_ 5:- ?:-01 8 = = = )]
Troutdsl ?J‘ p..] 33.3% 24 o 14.3% 85.7% 14
TOu! [] . o
Total .78 34.9% 37.48 )] 5.3% 27.8% 66.98 133
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Tabla No. 3
Surface Soil (O to 6 Inches Depth)
Resulta in Relation to Ceneral Subetation locstions

uipaent Areas % 69 kV 011 Tilled Rquipment Areas 2 1
BPA Total Saaples in tegory
Substation No. 250 ppe | 1 ;o 49.9 €1
)]
Alban 2 o} 12.5% 87.5%
4 < |
JAnaconds - - - o [}) 408 60%
2 35
Bell - - - (4] [ 5.48 94.68
1 £
- - - 0 o 4.5 95.7%
1 14 9
- - N o 4,28 5:.3% 31.58%
- - - o [} 10.7% 5.3
1 )
o (] 1008 1 [ 3.7 96.3%
9 21
- - - ] 0 )g’ 708
0 0 1008 4 ] 18.28 81.08
8 22 1
[ 1008 8 0 41.58 58.5%
32
- - - 0 1} ') 1008
9 18 3
0 1008 0 9 [} 85.7% 14.8
6 1%
- - - (1] ') 28.6% 71.4%
[ 9 15 1 84 2
of 37.5% 62.5% 2 0.3% 2. 74.5%
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0 1-49 ppm
50+ ppm + Pl;; 8%
28%, 5
.1—49 ppm
35%
<1 ppn: <1 pow:
37% 67%
ENCLOSED CAP. HOUSES FENCED CAP. RACKS
(83 SAMPLES TOTAL) (133 SAMPLES TOTAL)

(FIG. 1) GENERAL SUBSTATION SURFACE SOIL
SAMPLES (0"—-6") IN EACH PCB CATEGORY
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149 ppm 1-49 ppm
50
.375 + OPS';‘. ‘25x
<1 ppm. <1 ppm
63% 75%
OIL FILLED EQUIP. <69kV OIL FILLED EQUIP. >115kV
(24 SAMPLES TOTAL) (333 SAMPLES TOTAL)

(FIG. 2) GENERAL SUBSTATION SURFACE SOIL
SAMPLES (0"-6") IN EACH PCB CATEGORY
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1-49 ppm 50+ ppm 1-49 ppm

28% 0.3%, . 25%
<1 ppm. <1 ppm'
72% 74%
OIL STORAGE AREA OIL FILLED EQUIP. AREA
(39 SAMPLES TOTAL) (357 SAMPLES TOTAL)
1-49 ppm
Jax
<1 ppm'

82%
BACKGROUND SAMPLES
(56 SAMPLES TOTAL)

(FIG. 3) GENERAL SUBSTATION SURFACE SOIL
SAMPLES (0"-6") IN EACH PCB CATEGORY
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PILOT PLANT STUDIES FOR SOLVENT EXTRACTION OF
POLYCHLORINATED SIPHENYL (PCB) FROM SOIL

M. 8, Saunders

"Soilex" is a process for the solvent remova) of PCB from soils. PCB will be trans-
ferred from the soil to the solvent phase when the two are mixed together. Kerosene
and water were determined to be the solvent of chofce. Kerosene can be recovered
for recycle by steam-stripping. The mixing study was initiated to determine the
importance of component (sotfl-water-Rerosene) variables and mixing time. A pilot

plant was operated, and results are reported.

Soil-to-water ratics of 3 to 5 and soil-to-kerosene ratios of 3 to 5 are best. No
difference in extraction performance could be determined between 15 and 30 minutes
aixing times. The kerosene retention in the soi] was about 25 vol X. A three-stage
batch pilot operating with a 6 to 1 volume ratio experienced soil feed PC8 con-
centrations of 300 mg/L and discharge soil levels of 10-15 mg/L. Lower sotl values
could be obtained using additional stages.

The soi) contaminated with 300-600 mg/L PCB also has a high concentration of oils
and tars, resuiting in a total organic carbon concentration of 10-20X. The PCB and
0d) was solubilized using the kerosene leaching solvent. Water was also added to
the solvent mixture to help break up the soi) particles. About 25-30 wt X kerosene

was absorbed iato the leached soil.

The PCB extraction from the soil as a function of soil-water-kerosene ratios and the
nixing times were performed. The purpose of these tests was to define areas of
acceptable operation. In order to minimize operation and equipment cost, the water
and kerosene-to-30il ratios must be as Tow as possible. The data indicates that a

water-to-soi) Tess than 1.0 and/or a kerosene-to-soil ratio less than 1.0 fall into
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an area which does not have enough fluid to allow for adequate mixing and, there-
fore, not acceptable for operation. A ratio of water-to-soil and kerosene-to-soil
greater than 5.0 requires processing a high volume of material. A ratio of 3.0 to
5.0 for the water-soil ratio and kerosene-soil ratio resuited in a system having

good hydraulic mixing characteristics and yielded a PCB leaching parcentage of 84%X.

The pilot plant (Fig. 1) consists of three stages of mixing squipment. The plant is
operated in a counter-current mode; soll and water are added to Stage 1 and clean
kerosene to Stage 3. Each mix tank has a 200-L capacity and an air-driven mixer.

An interstage solvent pump and a 120-L solvent-hold tank allows the kerosene to be
transferred in & counter-current mode. The distillation-packed column system was
7.6 cm in diameter by 2.4-m long with an 18 L steam-heated reboiler and product con-
denser (See Fig. 2). The distillation unit was used to steamstrip the recyclable

kerosene from the other oils and PCB.

The pilot plant is a one-day batch-cycle operation. Each day the solvent s pusped
from each of the three mix tanks to their solvent-hold tanks. The water-soil mixed
phase i3 transferred by gravity to the next stage, untreated soi] and recycle weter
to Stage 1, and fully treated soil and water are discharged from Stage 3. The kero-
sene i3 then drained from the hold tanks to the next lower numbered mixer. The
transfer opsration takes about three hours to complete. The tanks are mixed for
four hours. Samples removed from the mix tanks at 30-minute intervals indicate that
tha mix tanks are at staady-state after 90 minutes. After mixing has been stopped,
the mix tanks are allowed to phase-separate for 16 hours, thus consuming one day per
batch.

The pilot plant was operated for 19 batch days. Successful steady operation was
obtained after four days. A 25-L batch of PCB and oi1 from the solvent-extraction
pilot plant was steam-stripped to recover the kerosene in three hours, using

500 mL/min of water feed to the boiler operating at 110°C. Twenty-two liters of
kerosene were recovered at a PCB concentration .lus than 5 mg/L. The PC8 was con-
centrated to 15 mg/L.
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A preliminary cost estimate of the entire solvent leach and PCB removal from soil
process has been completed. This cost estimate shows a very small (two to five)
percentage of -the total operating cost results form the loss of 25X of the kerosene
to the soil phase. The cost estimate also compares cost of the solvent extraction
process to direct incineration of the PCB-contaminated soil. The solvent extraction

process cost was about half of the direct incineration cost.
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POLYCHLORINATED DIBENZOFURAN CONTAMINATION OF THE STATE
NIGHWAY DEPARTMENT OFFICE BUILDING IN SANTA FE, NEW MEXICO
AS A RESULT OF A PCB TRANSFORMER MALFUNCTION

‘Fred L. DeRoos, Susan C. Watson, and Joseph A. Hatchel
Battelle Memorial Institute
Columbus, Ohio 43201 USA

INTRODUCTION

On June 17, 1985, an electrical malfunction occured in the New Mexico State Highway
Department Office Building in Santa Fe, New Mexico. A transformer containing
245 gallons of Askarel consisting of Aroclor 1260 (87%) and a mixture of tri-
and tetrachlorinated benzenes (13%) overheated resulting in the release of
vaporized Askarel through the safety valve. The duration of the release is
unknown, however it continued for at least 65 minutes after initial detection
until the transformer was de-energized. Although there was no fire, charred
paint on the transformer casing indicated that the casing may have reached 3
temperature of approximately 300 °C. Exemination of the transformer and metal
analyses of the coolant indicated that arcing had not occured.

The State Highway Department Office Building is a two story butlding of
approximately 70,000 ft2 comnected to an annex building of approximstely 30,000
ft2, The Askarel vapor was distributed throughout the building by convective
air currents and by mechanica) transfer via the heating, ventilatton, and air
condittoning systems. In some areas, such as those adjacent to or above the
transformer vault, the Askarel vapor condensed when 1t reached cooler surfaces
and “rained” onto the floors and horizontal surfaces.
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INITIAL CONTAMINATION LEVELS

Atr and surface wipe samples, as well as coolant fluid samples, were collected
within seven days of the malfunction. The airborne concentrations of PCBs in
the transformer vault were approximately 42 ug/m3. The PCB concentration ranges
in the rest of the main building were:

Other Basement Areas 0.3
First Floor Areas 1.0-19 ug/
Second Floor Aress 0.7

The total concentrations of polychlorinated dibenzofurans (PCDF) in the air ranged
from approximately 10 to 500 pq/n3 with the tetrachlorinated dibenzofurans (TCDF)
ranging from approximately 1 to 55 pg/m3. Although polychlorinated
dibenzo-p-dioxins (PCOD) were detected in the range of 7 to 21 pg/m3, no
tetrachlorodibenzo-p-dioxins (TCDD) were found. The surface concentrations of
PCBs were as high as 280,000 ug/100 cm? in the basement areas. The highest PCB
surface concentrations in the first and second floor areas were 98,000 ug/100
cmd and 180 pg/100 cme respectively.

POTENTIAL PCDF INTERFERENCE

During the analyses of samples which were collected following the cleanup of
the building, it was noted that the PCDF isomer elution patterns were not typical
of PCB fire samples. This 1is {llustrated by the heptachlorodibenzofuran
(Hepta-COF)  elution patterns shown in Figures 1A and 1B, The
heptachlorodibenzofuran chromatogram from the Santa Fe sample, Figure A, contains
additional peaks as compared to the chromatogram from a sample from Tulsa,
Oklahoma, Figure 18. Since high levels of polychlorinated diphenylethers (PCDE)
can interfere with PCOF analyses, selected extracts from the Santa Fe site were
screened for PCDE. As can be seen in Figures 2A,8, 3A,8, and 4A,8, PCOE isomers
account for a significant percentage of the observed PCOF response. Standard
snalyte enrichment procedures remove the majority of the PCDE isomers, however
high levels of PCOE can result 1n residual concentrations in the final extract
used for analysis.
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Although PCDE isomers are commonly observed in biological samples, they are seldom
seen in high concentrations in samples from soot producing PCB fires. The Santa
Fa incident {s somewhat unique in that 1t was a non-soot producing discharge
of PCBs. It ts postulated that the unique conditions of the Santa Fe incident,
that {s the relatively long term refluxing of the coolant, resulted in the
conversion of & portion of the polychlorobenzenes to polychlorophenols. The
chlorophenols then reacted with the remaining chliorobenzenes to produce the
polychlorinated diphenylethers.

As a check, extracts from other PCB incidents, including Binghamton, NY, Boston,
MA and Tulsa, OK were also screened for PCDE isomers. They were not detected
in these samples. Several coolant fluids from in service transformers that were
spproximately 40 years old were found however, to contain relatively low levels
of PCOE isomers. These low levels may have been produced slowly under normal
in service conditions during the 11fe of the transformer.

SUMMARY

An apparent difference in the levels of PCDE isomers in samples from soot producing
and non-soot producing PC8 incidents has been observed. Since the toxicity data
that regulatory agencies use to select cleanup criteria are based on PCDD and
PCDF levels, it 1s important to be certain that the detected levels do not result
from interferences. 1t i3 recommeded that all PCOF analyses from non-soot
producing PCB  indicents 1{nclude a PCDE screening to validate the PCOF
{dentifications.
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SANTA FE

Figure 1A. Heptachlorodibensofurans
in Santa Fe sample.

TULSA SAMPLE

Figure 18. Heptachlorodibensofurans
in Tulsa Sample.
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Figure 2A. Selected ton
current chromatogram for

SANTA FE

tetrachlcrodibenzofurans (m/z 305.899)

Figure 28, Selected ion
current chromatogram for

hexachlorodiphenyl eithers

(m/z 377.833)
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SANTA FE

Figure 3A. Selected 1on current
chromatogram for pentachlorodi-
benzofurans (m/z 339.860)

Figure 3B8. Selected ton current
chromatogram for heptachloro-
dipheny) ethers (m/2 409.797)
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SANTA FE

Figure 4A. Selected ion current
chromatogram for heptachloro-
dibenzofurans (m/z 407.782)

Figure 4B. Selected ion current
chromatogram for nonachloro-
diphenyl ethers (m/z 477.719)

[
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OEVELOPMENT OF A SPRAY - YACUUM HEAD

AND SUPPORT SYSTEM FOR THE REMOVAL OF

PCB CONTAMINATION FROM WALLS, FLOORS,
AND OTHER SURFACES

K. €. ASHLEY
QUADREX HPS INC.

Work {s underway to develop equipment for field use by utilities to remove PCB
dielectric fluid contamination from floors, walls, and related surfaces. Current
techniques for such removal are both labor-intensive and time consuming and have
varying degrees of effectiveness.

SURFACE CLEANING

One common approach involves scrubbing the surface with a selected detergent-
water solution, followed by wiping the area with absorbent cloths. Wiping is
important in this approach to thoroughly remove residual cleaning solutions
(which now contain PCBs) from cracks, crevices, and other typical surface
irregularities. Any residual liquid film or surface wetness of contaminated
cleaning solution effectively limits the degree of surface decontamination that
can be achieved. This phenomena of residual surface wetness is particularly
evident with textured and porous surfaces such as unsealed concrete, cement,
asphalt, etc.

A basic limitation of this static or batch-type of cleaning action is that as
contaminants are removed from the surface, their concentration rises in the
cleaning liquid. Alternately, a continuous flushing of the surface with un-
contaminated cleaning 1iquid can be seen as a mechanism to significantly reduce
the amount of contamination which may rematn on the surface. However, a con-
tinuous flushing action necessitates some simultaneous method to remove the
copious cleaning 1iquid. In addition, some support system is required to supply,
store, and perhaps clean-up for recycle, the cleaning Viquid.

TECHNOLOGY TRANSFER

The general problem of removing contaminants from surfaces challenges many indus-
tria) operations. These tnclude semiconductor and comp manufacturing, aero-
space, and nuclear matertals processing.
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farly engineering work by Quadrex HPS addressed the unique problem of removal of
plutonium waste materials which coated the interior surfaces of a glove-box type
assembly chamber. A prototype surface-decontamination system was configured
which consisted of a cleaning head and support equipment.

Within the cleaning head were spray nozzles angled 30° from the surface; liguid
Freon®-113 was pumped through the nozzles to provide continuous cleaning and
flushing actions. The head had internal passages and a connection port for a
source of vacuum. The edges of the cleaning head which contacted the contaminat-
ed surface, were designed so that the vacuum-induced in-flow of air prevented
14quid leakage beyond the head. The vacuum removed contaminated cleaning 1iquid,
flushing 11quid, and dried the surface. The cleaning head was equipped with a
trigger valve to control Freon® flow; the head was simply moved across the
surface to achieve effective contaminant removal.

The support system (solvent storage, pumping, vacuum generation, vapor contro)
and spent solvent handling) was specifically designed to handle radiocactive
wmaterials, which meant that certain geometric and mass configurations must not
occur anywhere in the system. These design restrictions do not apply to the
handling of non-radicactive materials such as PCBs, thus providing the oppor-
tunity for design improvement and overal) optimization.

DEVELOPMENT PROGRAM HIGHLIGHTS

The objective of this program is to develop equipment for the fast and effective
remova) of PCB contamination from various surfaces such as walls and floors. It
is assumed that any free PCB liquids would have been removed prior to using this
equipment.

The overal) program has been divided into a series of fact-finding and develop-
ment steps with review and assessment occurring at key stages. An initial key
evaluation will be the effectiveness of the spray-vacuum head technique for
surface PCB clean-up. Target clean-up levels for PCBs will be established.
Surface sampling techniques will be evaluated, including the NIOSH wmethod.
Samples of various surfaces (brick, asphalt, concrete, cement, wood) which have
both fresh and aged PCB 1iquid exposures, will be obtained. A literature search
15 included as well as a focused survey regarding current PCB clean-up practices,
and current work by others whose results can be made available.
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Two general types of cleaning Tiquids will be used tn conjunction with the eval-
uation of the spray-vacuum head. These include Freon®-113 and water-detergent
solutions. The effect of spray pressure for each selected cleaning liquid is
being evaluated; two pressure ranges established are: 50t psi and 1000 to 2000
pst. For porous surfaces, core samples will be taken to profile cleaning effec-
tiveness relative to substrate depth. An additiona) sample set will evaluate PCB
Teachback over time from the substrate, thus potentially recontaminating the
surface.

Operator safety concerns include vapor or liquid releases, equipment control,
airborne PCBs and conditions imposed by an actual application site, i.e., poor
ventilation, nearby energized equipment, public exposure, etc.

The program's next development step addresses cleaning liquid recovery, process-
ing, and possible PCB waste concentration. Three scenarios have been established
for processing contaminated clearing 1iquids:

1. local recovery, with purification and recycle at the site;
2. loca) recovery with purification occurring at some central location;

3. local recovery with disposal in Yieu of purification.

EVALUATION CRITERIA

Evaluation criteria for the contaminated cleaning 1iquid processing (or disposal)
alternatives include equipment acquisition and usage costs, overall costs,
practicality, and technical feasibility.

Assuming the development program proceeds to this point, prototype equipment will
be fadbricated and shop tested. Suitable utility host sites will have been iden-
tified for field testing.

Field evaluation criteria include equipment portability and handling ease,
surface decontamination and support system performance, and maintenance require-
ments.
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PROGRAM GOALS

The broad goa) of this program is tc develop equipment and techniques of prac-
tical use to utilities. Clear user benefits of a successful prototype would
include savings of clean-up labor, time, and overall costs. As this project
progresses, we will be working with representatives of the user community to
obtain input. We regard such input as essential for the development of equipment
which would be broadly acceptable by the industry.
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Sorption/Desorption of Polychiorinated 8iphenyls fn Soils

0. C. Cirvin, D. 5. Sklarew, and C. C. Afnsworth
Earth Sciences Department
Battelle, Pacific Northwest Leborstories

Polychisrtnated biphenyls {PCBs) have fownd their wey Into s wide variety of Industris! sppti=-
cations, a mejor one being coolent-insulation fiuids in transformers, Because of the ubiquity snd
porsistence of PCBs, the sbility to 1) predict thelr long-term mobility in the soil-water environsent
and 7) descride their removal from contaminated sci) via sef) weshing tachnologies, when remedis!
action s required, fu of particular interest to the electric utility Industry and regulatory

agencies.

This paper susmarizes, for both typical and Jow organic carbon (OC) sails, the sdequscy of
currently available data and estimstion techniques and models for describing PCB sorption/desorption

in sofl-water systema. Deficlencies or geps in svailable dete and hey unresclved tssuss ars slso

di 1) the reversibility of PCB sorption/desorption and 2) the extent to which sorption 1imits
the mobility of PCBs in low OC soils. Sotls for which the weight fraetion of OC (l“) > 0.002 ore
operationa)ly defined here as 'typicsl’ OC soils, ang soils for which 1“ < 0.00% are defined os 'Yow*
OC sofis. Finally, the effect of surfactants on Aroclor sorption in typica) OC solle 13 beiefly

discussed,

ESTIMATION OF SORPTION PARAMMETERS FROM PHYSICAL CONSTANTS

Typica) OC Soils

Sorption of hydrophobic nontonizable orgenic compounds (HNOCs) such as PCBs at low environmenta)
[
concentrations can be deacribed by a 1inesr 1sotherm modsl, where the smount of congener sorded ($ )
1
1y celated to the squilidrium solution toncentration \C') by & constant (l’) termed the equilidrium

pertition coefficient,

s'en'e! or ket m
4 ¢

When describing the sorption of Acocler mixtures, where the total analyticsl concentration of the PCBs

sorded (s.) and in solution (c.) are measured, the diatribution retio (l‘) 13 the appropriste
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psrameter for describing sorption and ts defined as

H i i
a LS [

KG.C'C .§‘p(c) (2)
R ] )

Relotively few K’ dats are availadle for individusl PCB congeners; however, sn abundance of l' values
(or tts nonlinear equivelent, the Freundlich K') are svailable for various sotl types [1]. This
situstion s unfortunate because lu fs not an sppropriste paresmeter for describing mobility unless the
l'n for the major Aroclor congeners are known. The distribution retio (l(a) 1s not sppropriate for
describing modility because K’- tacresse by many orders of megnitude with Increasing chlorine nusber
and thus the I(d changes as a PCB misture moves through 80!l becsuse of the chromatographic separation
of congeners of differing chlorine number,

Based on extensive dets for a wide vartety of hydrophobic compounds (Log Ku- > 3 and water sol-
ubiltetes < 10.3!1) Kerickhoff [2] concluded that sol) organic carbon dominates observed veristions in
K' for surface soila with '“ > 0.001 to 0.002, Soil particle size distribution end eapsndsdle clay
content (CM) In these solls are of secondery importance. Thus, to & first spproximatien, l' is

proportionsl to the uﬂ"at fraction U“) of organic cardon in the soil, i.e.,
K =k ¢ 3

where K“ 1s the cerbon-raferenced partition coefficient; 1t is relatively constent over a wide range
of solls.

Foc 11near carbon-referanced sorption, regression equations of the form,
logX =alogX +b L3
o9 X e LU 1]

have been extensively used in the litersture, where Im ts the octenoli-water partition coefficient.
The a and b correlation coefficient determined for various classes of hydrophobic compounds differ
significantly [2-5), It fs strongly recommended that the coefficients for one class of compounds
should not be vaed for anether elnt'(z]. These coeffictents have not been explicitly dertved for &
series of PCB congeners; homever, both Equations 3 and & should be spplicable to PCBs.

Once the & and b cosfficionts and their limits of accuracy are established for & variety of
soils, K“ values end therefers K values for congeners for which no ‘oc or K data exfst, can be
estimeted from expecimental {6) or celculeted (7] l“ values. Development of this Information would
ropresent 4 significant advence because K”l are far easier to measure than I’ values. It should be
noted that l’ ind l“ are equilibrium coefficients. There is strong evidence that K’ values reperted
tn the 1iterature for PCB congeners and other HNOCs may not e equilibrium values and thus may be o
fector of two to theee lower than 1f equilibrium were reached. This evidence, in addition to the
paveity of lne data, currently precludes «uninlﬂu‘! of the » and b coefficients in Equation &,
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REVERS IBILITY ANO RELEASE RATES FROM TYPICAL OC SOILS

The reversibility of PCB sorption In squeous=soll systems is sn important unresolved 1ssue typ-
1fied by confiicting information in the literature {8]. It fs ofter reported for PCBs and MNOCs that
both the sorption and desorption processes rapidly reach equilibrium, and that the overs!) process is

reversible, Yet, others report, in addition to a rapidly r

sed labile fraction (OL), the existence
of & highly rel

resistant 'nonlabile’ or nonreversible fraction (o'). compristng SOW to 80N of the
tote) sor.ed PCB (9], This resistent fraction 1s reported to require extended and often harsh extrac-
tions for compiete removal of the sorbant from the solid phase {10,11,12]. These reports and others
note thet the quentity of this resfstent fraction end the difficulty of its extraction ususlly in-
cresse with the duration of the sorption atep. A key element in resolving these conf)icting observe-
tions 11as in the fact thet for both sorption and desorption, the time required to reach equilineium
1s much greater than commonly believed (2). As a conseguence, reported Kp values for PCBs may be o8

much a3 a factor of two to three too lom [8].

From » prectical standpoint, the question is whether this resistent fraction {s truly fiaed in
the sofl matrix, or whether 2 slow release of PCBs (vie diffyusfon plus sorption/deserption) occurs
over & span of months or yesrs. For sofls containing Aroclors, the auestions to be sddressed are
1) whet are the relative quentities of sorbed PCO In the 1adile and resistent fractions (OL. Q.h
1) what is the relesss rate of the Tabile fraction (iL) from the s0i1; and 3) 1s the resistant frac-
tion an artifact of not having resched equilibrium, end, if 30, whet 15 the release rate uL) from

this fraction,

To directly address these questions, 4 ges stripping technique can be used on agueous suspensions
of PCh-contamineted soils. Using this technlique, °L' 0., .L' k., the reversibility, and the true
oquilidbrium K values can be determined simultaneously for 30 to 80 of the mejor congeners in Aroclor
mintures mn’fuvc sorbed onto sotls. The ges stripping technique has been used to messure these

paremeters for several HNOCs from sediment {2,0,11]. The release rates, detarmined In this wey,

represent the upper limit or maxfmum release rates that could occur In a sofl-water system. This

informetion directly quantifies the significance of » given spil! site

s & PCB source term for
subsequent migretion in sofl-water or aquifer-groundwater systems.

PCB_SORPTION ON LOW ORGANIC SOILS

The guantity of OC in saids typically decreases rapidly with Incressing depth. Thus, within o
fon moters of the surfece, the weight function of OC can drop below 0.001. In addition, the OC frec-
tion in subsurface squifer materials often falls Delow this value. The sorption of HNOCs and PCBs on
these Tow OC materials 1s not wel) understood. Few dats extst in the litersture for PCB sorption on
Tow OC 3011s, and those avatlable are for Aroclor serption on pure clay minersls [1). As o result, no
beses exist for predicting the tnfluence of sorption/desorption on the mebility of PCBs in these cases
where PCBs may contact low OC sofls and squifer materisls.
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A wel)-tested predictive mode) equivelent to the cerbon-reference mode) for MMOCs on typicel OC
sotls does not exist for low OC soils. However, expendable clay minersls (e.g., smectitas) are con-
sfdered to be the major sorbent for HMOCs in low OC materials {3,13]. By anslogy with the carbon
referencs model ,'n hes been suggestad (2] thet Kp for 1ow OC solls mey be of the form Kk = l"'"
where 1" ts the weight fraction of eapandable clay minerals in the soll, and Ku 18 & clay-referenced
partition coefficient. Whether !(” 1s relatively constant for specific clay minersls In a wide
variety of soila remaine & question. Without some well-tested basis for describing PCB sorption tn
low OC sotls, the movement of PCBs through low OC soils or aquifer materisls cennot be estimated with

any degree of certainty as the following

Yy po! col example

Consider tha retardation of hexachlorobiphenyl (2,4,5,2°,4°,5°, lo-: "8z |os) wovement through o
soll characterized by 'nc = 0.0005, 10% expendsble clay, o porosity n = 0,3, end density p = 2.6
g/cm®,  The retardetion s given by

n-f:-(uo‘

(s}

where R 1 the ratto of the mater veloctity (v) to the velocity of the advancing PCB front {v') [18].
1f we make the questionsble

sumption thet Kp con be sstimated by the carbon-

srenced l' - lnlu -
400, then R » 2.4 x 10°. Given this R and & water velocity of 100 cw/d, we wouid expect PCBs to re-
quire approximetely 700 ysars to move 100 meters. This estimete is besed on the cerbon reference
mode]l thet we know does not spply to low OC sotls [2]. Basad on our current lack of infermetion in
sstimeting o (' value for this low OC, 108, clay soll, 1t ts not unreasonsdle to postulate that the l’
used sbove could be in error by as much as & factor of 250, In this cese, the 100-meter transit time
could be 88 1ow a8 30 years or as high as 35,000 yeers. Thus, we currently have no basts with which
to estimate the transport roate of PCBs 1n low OC sotls. The point here ts that sdditional iInformetion
on MNOC/PCB sorption in low OC soils is cleerly needed,

Effect of Surfagtants on Areclor Serption/Oeserption

Work by one of the suthors [15] hes demonstreted thet Aroclor 1262 sorption from aqueous solution
onto o soil containing AN OC and 218 clay 1s significently reduced in the presence of an anfenic
surfactant. As the.ceaceatration of this surfactent fs incrsesed, the sorption l‘ stosdtly decresses.
Surfactant concentrations exemined were 411 wel) below the criticel micelle concentration (cmc) ot
which 8 discrete immiscible phase (micelles) form.

in sddition, the pH dependence of Aroclor 1282 sorption has been eaemined on en iren onide
commonly feund in solls. In the abeence of cetionic or anfonic surfactants, Aroclor 1242 sorptien
does net vary with pif. In the presence of either the cationic or snionic surfactant studied (belew
cme), Aroclor 1242 sorption shows 3 strong pH dependence and is found to be completely reversidle fer
sorption/desorption times on the erder of days. The influence of surfectants on the relesss rates of

the slowly daserbing or ‘resistant’ fractions of PCBs in soils has not sa yet been examined.
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These observations may have sfgnificent implications for squesus-based soil-washing methodologtes
tn which single- or mined-biodegradable surfactants are used. Currently, work sponsored by the
Electric Power Resesrch Institute with this objective in mind is under way st Battelle Northwest to
determine the fnﬂuon« of surfectants on PCB sorption/descrption and the release rates for soils that

have been in contact with Aroclors for extended times.

SUMMARY

We heve identified specific arees where additiona) sorption/desorption informetion raleted to the
mobility of HNOCs and PCBs In sefle would be sseful to the electric utility industry and regulatery
agencies. Spacificelly, these areas sre 1) determination of K’ to l(“ correlation coefficients to
enable use of extensive K“ and other physical dats for estimating of Kyu, 2) determinstion of the
reversidility end release rates of Aroclors from solls in aqueous systems, 3) sorption/desorption in
Tow OC soils, #nd 4] the fafluence of surfactants on sorption/desorption and desorption relesss rites
of Aroclors from sofls for possidle application in aquecus-based soll-washing technology. Finally, it
should be noted that slthough PCBs sra important compounds to the ut!lity industry, they s)se repre-
ent an 1des] too) for favestigating the important hydrophobic interactiens that play & major rele in
the sttenuetion processes of other organic compounds that may be of current or future importance te
the utility industry,
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DESORPTION OF PCBs IN A SOIL-AQUEQUS SQLUTION SYSTEM
M. €. Essington, M. R, Resketo, M. M. Cifath, A, A, Elseew! and C. P, Doyle

The adsorption-desorption behavior of PCBs in sofl-aqueous systems has
generally only been examined using PCB concentrations well below their aqueous
solubilities. The applicability of results obtained from these studies to acciden-
ta)l Aroclor spills from point sources such as transformers and capacitors and leaks
from waste disposal sites are likely to result tn localized PCB concentrations that
far exceed their aqueous solubflities,

The objectives of this study were to characterize the partitioning of capacitor
oi1 Aroclor 1242 between sofl and aqueous equilibrium bathing soluttions over 3 wide
range of PCB concentrations. PCB behavior was examined as a function of homolog
type and as a function of aqueous solution composition. The results obtatned are
expected to provide greater fnsight into the environmental behaviaor of the various
PCB homologs and ta provide usabie data to predict the mobility of PCBs in environ-
ments exposed to accidental Aroclor spilis.

Subsamples of a California soil (Linné silty clay loam, 2.4% 0.M,, 33.4% clay),
were treated with Aroclor 1242 to tmpart the following Aroclor concentrations: 0,
25, 50, 100, 250, 500 or 1000 mg Aroclor-kg-!. Desorption studies were performed
by equilibrating 5 grams of Aroclor treated soil with 50 ml of either (1) detonized
water (DW), (2) 0.01 !CaCIszO, or (3) California Waste Extraction Test Solutfon
(WET) consisting of 0.2 M citrate and 0.15 M NaCl adjusted to pH 4.5. Solutions
(1) and (2) were used to characterize the behavior of PCBs in sotl as a resuit of
precipitation or irrigation with Colorado River water, respectively. The WNET solu-
tion was included to determine its effectiveness in extracting PCBs. Aroclor
treated Linné soi) suspensions were equiltbrated for 48 hours at 25°C. Following
the equilibration pertod, the suspensions were centrifuged at 35000 x g for 35
minutes for phase separation. The supernate salution was removed and repeatedly
extracted with hexane, which was then passed through Na,SO, and reduced in volume
by rotary evaporation. The settled Linné sol) was extracted with 1:1 acetone:
hexane which was passed through Na,SO, and reduced in volume by rotary separation.
The hexane extracts from both supernate and soi) were subsampled and diluted to the
appropriate Aroclor 1242 standard range for GC/ECD analysis. A gas chromatograph
equipped with a €3NI electron capture detector was operated under the following
conditions: injection temperature (230°C), detector temperature (340°C), column
temperature 180°C, The Aroclor 1242 PCB homologs were separated by a 1.8 mx 2 mm
1.4, chromatographic column packed with 3% OV-101 on 100/120 mesh Chromasord W-HP
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and with nitrogen carrier gas delivered at 20 ml-min=l. Data collection and peak
area calculations were performed by an integrator.

The gas chromatograms were used to quantify PCB compositions on an Aroclor 1242
equivalent basis and on a PCB homolog basis. With respect to the latter, the chro-
matograms were partitioned according to data presented by Webb and McCalll and
Hutzinger et a1.2 Aroclor 1262 was partittoned into dichlorobipheny! (DCB), trich-
lorobiphenyl (TCB), and tetrachlorobipheny! (TTCB), composing 17%, 39% and 32%
(weight basis) of Aroclor 1242, respectively!,

The distribution of PCBs between adsorbed and aqueous phases are routinely eva-
luated using the Freundlich adsorption isotherm model. At equilibrium the adsorbed
PCB concentration, x/m (mass of adsorbed PCB/mass of adsorbent, ugekg=!) ts related
to the aqueous PCB concentration ¢ (ugeL-1) by the equation:

x/m = KFCI/" (1)

where K¢ and 1/n are empirical parameters indicative of the relative adsorption
capacity and adsorption intensity, respectively. The constants are evaluated via a
logarithmic transformation of the x/m and C adsorption isotherm data followed by
regression analysis to fit the linear form of equation (1). For PCBs, adsorption
data are found to fit this model when C 1s approximately 60 to 70% of the aqueous
PCB solubtitty.

Aroclor and PCB homolog desorption from the Linné€ sofl, irrespective of PC8
homolog or equilibrium solutton composition, corresponded to the Freund)ich model
at low sotution concentrations 11lustrating adsorption-desorption control on
aqueous solution PCB content in a slightly contaminated sotl, Freundlich para-
meters. Kp and 1/n. determined through linear regression analysis on the the three
lowest system Aroclor concentrations (excluding system blank), are shown tn Tadle
1.

Table 1. Freundlich parameters characterizing Aroclor 1242 and
homolog desorption Linné soil.

o SaCl, M0 WET
Ke 1/n Xp 1/n Ke 1/n
Arocior 1242 1063.4 1,05 394.5 1,15 2570.4 0.83
1242-0C8 367.3 0,96 196.5 0.98 414.4 1,04
1242-7C8 1044,7 1,06 301.4 1,23 3022.5 0,77
1242-77C8 3898.2 1,07 2114.2 1.05 3123.8 0.80
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Aroclor 1242 homolog retention, as measured Dy the magnitude of Ke (pgekg=i)
PCB adsorbed when the equilibrium aqueous PCB concentratin 1s 1,0 yg-L-!) was found
to tncrease in the following order: D(B < TCB < TTCB, frrespecttve of solution com-
position, This differential homolog behavior has been noted by a number of
investigators through the examination of specific PC8 9 s in sof)
systems -5, At elevated Aroclor system concentrations the adsorption data appeared
to asymptoticaily approach a maximum equilibrium solutfon PCB concentration. That
s, a positive change in x/m would not result in a corresponding change in C. This
behavior might de indicative of solubiltty controlled solution PCB concentrations
1n highly contaminated soil. Indeed, if the full range of PCB desorption data are
considered, one would find an exponential relationship between C and x/m:

C = alexp (8x/m)] + < (2)

where x/m and C are as previously defined, o and 8 are empirical constants, and

c, the aqueous 30ludility of the species under consideration. In Table 2 are shown
C¢ values for Aroclor 1242, DCB, TCB and TTCB in the three aquecus systems, as
determined from desorption data and Eq. (2) in comparison to published PCB (homwolog
and congener) data in defonized water2,S-11,

Table 2. Aroclor and homolog solubilittes,

™

desorption  published  CaCl -24.0  WET
........ (vgol=1) = = = = = = - -

Aroclor 1242 214.6 19 - 340 225.0 480.0

1242-0¢8 143.3 43 - 1941¢ 234.1 169.0

1242-7CB Te16 17 - 2260 118.4 265.0

1242-T7CB 21,7 _ 7.3 - 175¢% 3.1 145.0

*Includes solubiiity values for specific PCB congeners,

One finds the soludility values generated from desorption data are within published
soludility ranges, 11lustrating the solubility control on aqueous solution PCB con-
tent tn highly contaminated sofls.

Soludbilities and Freundiich parameters were affected by the composition of the
equilibrating solution, The solubility of PCBs In the CaCl, +2H,0 system were ele-
vated with respect to those in the defonized water system. Conversely, PCB reten-
tion was greater in the defonized water system. The WET solution, developed for
use in evaluating the hazardousness of waste materfals, was less effective than
efther defonized water or CaCl,+24,0 solution in extracting PCBs when PCB behavior
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was

adsorption controlled (1.e., low system PCB contents). However, at elevated

system PCB concentrations {solubility controlled) the WET solutton provided a
higher degree of extraction than did either deionized water or CaCl,.24,0. These
findings indicate that under low and high system PCB concentrations, the NET solu-
tion would not provide an adequate assessment of Aroclor 1242 PCBs soludilized by
either ratn water or irrigation water.
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SOLVENT CLEANING OF PCB
CONTAMINATED SOILS

Leo Weitzaan PhD
Acurex Corporstion
Cincinnati, Onio

This paper describes a pilot-scele study of a novel system for cleaning soils that
have been conteminated with PCB. The process uses solvents to extract the PCB from
the soil. The PCB is then concentrated and the solvent reclsimed, Final PCB
concentrations of less than 2 ppm on the 3011, have been achieved.

The systes was designed and built in late 1984. It was opersted using non-PCB
s0ils and shown to perfors to design specifications. A permit to operate the
system with PCB contaminated soil was obtained {n February, 1985, Eight sera of
tests vere conducted end these demonstrated that soil contsining up to 1,983 ppe
PCB were successfully treated to less than 2 ppm. In sddition to demonstrating this
pilot-acale system, these teats provided design data for conatruction of a
full-scale prototype soil washing system. The results of these tests are
summarised in Teble 1.

Figure 1 gives the schematic of the pilot soil washing systea. It consists of a
e0il contactor, dirty and clean solvent storsge tanks, s solvent reclamstion
systes, stean generstor snd ancillary piping equipment. It also includes vent
condensers and sn sctivated carbon adsorption system for air pollution control.
Operation proved very simple. One person had no difficulty operating it. Besed on
the results obtained vith this system, a 7 cubic yard mobile soil washing system
wes designed sand is now under construction. The following sections descride the
sajor components of the aystes

The soil contsctor is a seai-cylinder 4 feet in length with s radiue of 2 feet.
The #oil washer is subdivided into two wash chambers, slong its saxis. The volume
of each wash chember is 11.5 cubic feet. The isolated chasbers sllow operstion of
the #0il washer with two diffecent batches of soil at a time. Accass to esch
chasber for soil loading and removal, or to obtain soil samples for snalyses, 1s
through two hinged lide which comprise the entire flet side of the semt-cylinder.
The 1ids sre sealed vith a Neoprene gasket and sre clamped to the main body for
operation.

MONS 018967
§-27



Each wash chamber is subdivided by filters instslled in presses isolated in slotted
holders at each end of the central soil chamber. The available volume in the soil
chambers is 70 cubic feet, although the chambers were not filled entirely during
operation. Approximately 450 pounds of soil was cleaned during each test.

The washer is mounted to a frame by the shaft slong ite axis. It is rocked sbout
ite axis in order to sgitste the soil/solvent mixture. It has s drive mechaniss for
rocking the washer which swings the contactor 90 degrees in either direction.

The systea vas tested on three types of soil. a (1) 50% mixture of sand and clay,
(2) 702 clay mixture end (3) dark loamy top-soil. The sand/clay mixtures were
obtained from the local Cincinnati ares. These soils were PCB-free snd were
contamineted in the washer to the specified ammount of PCB. The third type of
soil, dark/loamy, was obtained from a contaminated site that was being clesned up.
It contained up to 1923 ppu PCB in it.

The results of the tests were very encouraging. Table 1 shows that all of these
ssmples were cleaned to less than 2ppe in less than 12 washes. The snslytical
results showed excellent closure on the e of PCB r d in all but one
test. In Run #5, the untreated soil was analyzed to be 548 ppm. The PCB removed,
however, corresponded to 1941 ppm. It is asssumed that this soil had s pocket of
very high concentration PCB in it which was removed by the washing scheme but vas
not picked up by the sampling procedure used.

Based on these successful results, s full-scale system is now under construction.
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Table 1

RESULTS OF SOIL CLEANING TESTS

o pem PCR FINAL
BY AMOUNT OF BY BY AMOUNT OF gg c;c:
PCB ADDED ANALYSIS PCB REMOVED VASHES ppm'

1 37 38 38 3 b

2 503 9 436 1o 2

3 . 67 72 6 <2

. - 138 141 6 <2

" " 548 1941 12 <2

Py - 832 910 12 <2

. R 73 678 10 <2

" ~ 18 16 5 <2
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PART 6:
RISK ANALYSIS AND MAMAGEMENT
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THE INSURANCE [NDUSTRY AND THE
PCB EXPOSURE SITUATION

8Y RICHARD G. CLARKE, CPCU
INTRODUCTLON

Dramatic changes are occurring in the insurance industry regarding pollution re-
Tated risks. Insurance industry experience with pollution {toxic chemical,
hazardous waste, environmental) claims and loss has prompted a wave of policy
exclusions for these types of exposures,

PCB is included in the insurance industry category of "pollution” exposure.

The extensive 10ss seen with several notorious PCB incicents clearly indicates
that pollution risks are two-fold. In addition to property damage claims,
tnsurers have been faced with many 1iability claims (bodily injury as a result
of exposure). Due to extensive clean up, EPA involvement, and the uncertainty
of human exposure implications, accurate prediction of loss is nearly impossible.

It is for these reasons that insurers are excludina pollution related risks from
current policies. Lack of insurance leaves PCB owners financially vulnerable, and
requires that PCB managers play a more significant role in corporate risk re-
duction. Understanding risk menagement principles can help the PCB manager to

be most effective.

WHAT PCB MANAGERS SHOULD KNOW ABOUT TODAY'S INSURANCE MARKETPLACE

Never has the axiom "the claim is the mother of the exclusion” had more applica-
bility than to the general pollutfon 1fability exposure. Recent experience with
pollution related claims has revealed that the actual extent of exposure for
pollution related risks is uncertain. This applies to both property and liability
exposure possibilities. Property exposure potential involves direct damage to
insured property, as wel) as potential loss of income due to business interrup-
tion and associated “"extra expenses". With PCB incidents requiring extensive
clean up, and in one case, closure of a building for several years, it's no
wonder that carriers are wary. Liability exposure potential, involving bodily
injury claims, holds equal uncertainty, Widespread contamination possibilities
coupled with the most environmentally conscious and knowledgeable public yet
presents 1iability exposures of tremendous magnitude.

The distinction between property and 1iabilfty exposure must be addressed by the
PCB manager. PCB risk assessment must ask what damage to property is likely
{including business interruption loss), as well as who and how many could be
affected by a PCB incident. As previously stated, the answers are difficult to

come by.
Insurance industry uncertainty regarding these questions {s indicated by two
significant industry developments:
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] The insurance industry capacity to provide high Timits of 1iability
insurance and coverage for other than relatively routine property
exposures is very strained now. The traditional source of rein-
surance (insurance carrier's insurance coverage on the various
coverages which it writes) eminates from London - and there is a
shortage of "investors™ who wish to take risks relating to large
1iability or property losses.

[] The common, traditional source of tnsuring bodily injury for busi-
ness or utility operations is the general liability fnsurance policy.
Effective January 1, this particular insurance contract, considered
one of the most standard, will be undergoing extensive change. Most
carriers will accept the new position of not being responsible
for claims or exposures which are alleged to have occurred rather
than just recently and will create severe restrictions on covering
pollution 1iability exposures. Coverage for pollution risk unless
sudden or accidental (virtually impossible to purchase at this time)
may become unavailable altogether as the words "Sudden” and “acciden-
tal" are redefined. If available at all, such coverage would demand
unrealistic premium charges.

In 1ight of these insurance industry developments, and as PCB exposures become
better known, the inevitable result will be "withdrawal" by those carriers still

providing some measure of coverage.

Many electric utilitfes are “self-insured”, reducing their dependence on carrier
1imitations. Self-insurance, however, does not isolate utilities from PCB expsosure
problems. There is always a 1imit on self-insurance, even if {t is the last
available dollar of corporate assets (an unthinkable situation). Certainly, had
various utility companies anticipated the extent of PCB caused losses. preventive
measures would have been taken.

The fact that major carriers are discontinuing pollution related coverage - a
busfness decision designed to avoid technical insolvency because of the loss
involved - should be a warning signal to those who are self insuring PCB risks.
1f insurers won't sustain PCB losses with their tremendous reinsurance resources,
how can an electric utility or major industrial facility?

THE PCB MANAGER'S ROLE IN RISK REDUCTION

Since insurance or self-insurance cannot be relied upon for total protection from
PC8 losses, the PCB manager becomes a more important influence on prudent pro-
tection of corporate assets. Although insurance cannot provide full coverage,
the risk management principles used in that industry can be useful to the PCB
manager for risk reduction plans.

The science of risk management identifies alternatives for reducing exposure to
determine loss potentials. Risk management principles purport that the best
possible alternative is to avoid or eliminate the loss exposure. If not viable,
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the second best alternative is to control or retain (partially via deductible
amounts, or totally via seif-insurance) loss exposure. If this also is not a
viable option, transferrence of the financial effects is then considered. (In the
case of utilities and large manufacturers, there rarely are parties to whom the
responsibility of loss exposures can be transferred.) Finally, if all else fails,
the last option s to purchase insurance coverage.

This thought process ensures that effort (and money) is most prudently spent,
1.e., when possible, $1,000 is spent once to eliminate the risk rather than
$100,000 over a period of years to insure the risk,

For the PCB manager, whose job has become one of managing risk as well as electri-
cal equipment or environmental affairs, this thought process can be a prudent
guideline that is well understood by management.

The common communication gap that exists between the corporate risk manager and
PCB manager must be closed. Responsibility for protecting and informing manage-
ment from the same perspective is shared by both parties. Effective communication
will accurately {dentify PCB exposures and will facilfitate decisions to avoid,
eliminate, control or retain these exposures.

LOOKING TO THE FUTURE

Although the insurance industry is cyclical, 1t is unlikely that coverage for high
exposyre areas such as pollution will ever be easily available.

As a result, PCB owners must become even more active in eliminating and controlling
PCB risks in order to preserve financial integrity and avoid catastrophic loss
situations. Options do exist for effectively reducing and eliminating PCB risk,
Dyking, vaulting and closure - isolation methods can help control exposure.
Reclassification technologies go even a step further toward risk elimination,

Control s mendatory because of catastrophic loss exposure. PCB elimination
and the prospect of entirely non-P(B systems s the most prudent and reasonable
alternative today, and the PCB manager plays perhaps the greatest role in the
achievement of this corporate goal.
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PREVENTIVE MEASURES FOR REDUCTION OF AIRBORNE
PC8 CONTAMINATION RISK

Brian W. West P.E. - West & Hansen Engineers, Inc.
Warren G. Hansen P.E, - Tetra Tech, Inc.

INTRODUCTION

Electric utilities as well as other askarel equipment owners are implementing
transformer fire prevention measures, either to comply with the July 17, 1985
"PCB Electrical Use Rule,” or voluntarily, In recognition of the need to assist
merber utilities conducting airborne PCB spill risk reduction programs, EPRI sponsored
development of & design manual addressing technical, economic, and envirommental
aspects of preventive engineering. This document (CS-4094, Design Manual for
Reducing Airborne PCB Contamination) is now available through EPRI Research Reports
Center.

The intent of the Design Manual is to describe a variety of cost-effective preventive
measures that can be rapidly implemented. It 1s repeatedly emphasized that only
equipment replacement (i,e., complete removal of all PCBs) will eliminate all
spiN risk. Other preventive measures, though less expensive, perpetuate a residual
spill potential.

MANUAL DESCRIPTION
The Design Manual {s organized into four Sections presented sequentially in the
order of their occurrence in a risk reduction program. These are:

1. Ranking PCB installations on the basis of their potential for widespread
contamination

2. Selecting the most appropriate spill reduction approach
3. Determining design requirements

4, Preparing design plans and specifications.

Each Section 1s self-contained, consequently users can select those elaments applicable
to their particular situation for integration into an overall risk reduction program.

Ranking PCB Installations on the Basis of Their Potential for Widespread Contami-
nation

Utilities that own numerous askarel transformers may require several years to
complete a system-wide risk reduction program. This section describes a methodology
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for prioritizing PCB installations based on contamination potential. The results
provide an objective basis for scheduling corrective action.

The risk ranking methodology utilizes a quantitative scoring format taking into
account both spill probability and consequence. The major parameters affecting
sptll probability are:

[] Equipment condition

[] Electrical system design

[} Operating environment.

The major factors affecting spill consequence are:
. Public safety
. Building value
[] Contamination migration potential
[] Cleanup complexity.

Selecting the Most Appropriate Spill Reduction Approach

Preventive measures addressed in the Design Manual include:
] Replacement
[ Relocation
. Isolation
] Protection (electrical, mechanical, fire alarm, and maintenance).

Presented in this Section 1s a procedure for evaluating the technical, econamic,
environmental, and regulatory factors affecting each alternative and for comparing
those factors to select the most appropriate approach.

Determining Oesign Requirements

Upon selection of a risk reduction approach {(or combinattion of approaches), a
site investigation to {nspect design-related conditions is required. Transformer
replacament and relocation are not addressed in the Design manual, as these activities
are well understood by a)) utilities. Isolation and protective measures are included.

A predesign investigation worksheet, utilizing a checklist type format, was developed
for survey use. Critical design parameters are identified to ensure thorough
data gathering. Technical guidelines for each alternative are presented, principelly
in tabular form, for ready reference.
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Preparing Design Plans and Specifications
This Section is basically technical in content. Its organization is similar to
the predesign Section to facilitate cross-reference.

Those technigues, equipment, devices, and procedures determined applicable to
airborne PCB spill prevention are described in detail. Recommended applications
and engineering specifications are presented. References and a bibliography are
included to facilitate acquisition of additional information. Key excerpts from
the National Electric Code are also inciuded.

SUMMARY

Installation of risk reduction measures can rapidly and inexpensively lower the
probabil ity of extensive airborne PCB contamination. Maximizing the cost-effectiveness
of this approach requires a well-pianned survey program, including on-site investi-
gations. The Design Manual for Reducing Airborne PCB Contamination is availabdle
to assist member utilities and others conducting PCB spill risk reduction activities.
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ENVIRONMENTAL FATE OF PCBS IN MINERAL OIL SPILLS

Stuart M. Brown and Artemis Antipas®

INTRODUCTION

As of 1962, spproximately 21 million pieces of electrical equipment, or 88 percent
of all electrical equipaent, owned by the utility industry contained mineral

oil (1). Some minersl oil equipment has become contaminated with low levels of
PCB during either manufscturing or routine equipment maintensnce. Approximately
93 percent of the mineral oil equipment contains less than 100 ppm of PCH, 70 per-
cent contains less than 10 ppm and 44 percent contains less thsn 1 ppm (1).

This paper examines the environmentel behavior of PCB in a contaminated mineral

oil spill and shows that volatilization snd leaching losses from a minersl oil
spill are significently less than those from an equivalent askarel spill. Thus,
minerel oil spills 'po.o considerably less risk. Existing and pending spill cleanup
guidelines apply uniformly to both types of spills.

CONTAMINATED MINERAL OIL SPILL MODEL
The behavior of a contamineted mineral oil spill was examined by using & simple
model describing the behavior of chemical spills developed by Phyper and

Mackay (2). The model divides a spill event into four separate time periods:

Period A. A relatively ghort time period wherein the chemical penetrates into
the soil.

Period 3. A slightly longer time period wherein penetration continues end the

chemical redistributes in the soil pores until residual saturation
is achieved.

*Groundwater Hydrologist and Senior Chemist, respectively, CH2M HILL, Bellevue,
Weshington.
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Period C. A relstively long time period wherein dissolution of the pure phase

of the chemical occurs as water percolates through the soil.

Pariod D.. A time period of variable duration wherein the remsining chemical

dissipates from the soil column through volatilization, lesching,
and degradation.

The originsl version of the wodel essumes the chemical (e.g., PCB) is present as a
pure liquid. 1In the csse of a contaminated mineral oil spill, the PCB is present
88 8 trace constituent in the oil. At the PCB concentrations typical of most con-
taminated mineral oil spills, it is ressonable to sssume thst the PCB-0il mixture
behaves as an idesl solution. Given this assumption, it is possible to show that

for two sparingly soluble organic compounds in the presence of water

Py ™ *pcp Py’

where

Py " partial pressure of PCD in the presence of
minersl oil

Xocw * PCB mole fraction in minersl oil

p.' = pure phase PCB vapor pressure
C. = PCB solubility in water in the presence of mineral
oil

C.' = pure phase PCB solubility in water

At & PCB concentration #s high #s 500 ppm of Aroclor 1242, the PCB mole fraction
is only 0.0004. Thus, when a minersl oil spill occurs, the oil will substantially
reduce the vapor pressure end solubility in water of the PCB, which in turn leads
to reduced volatilisation and leaching losses. As the spill westhers, the mineral
oil will dissipate through volstilization, leaching and biodegradation producing

an increase in the PCB mole fraction.
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The model developed by Phyper and Mackay was modified to account for the saffect of
the mineral oil on PCP volatility and solubility and to estimate the change in PCB
mole fraction during esch time period.

MODEL RESULTS

The model was used to exsmine the behavior of a 10 gallon minersl oil spill con-
taminated with 200 ppm of either Aroclor 1242 or Arocior 1260. The spill was

assumed to cover & 100 square foot erea composed of a sandy soil.

Figure 1 shows the estimated percentage of the minersl oil and PCB (as either
Aroclor 1242 or 1260) remaining in the soil with time following the spill. During
Pericd A (i.e., penetration) #nd Period B (i.e, redistribution) negligible minersl
oll and PCP are lost from the spill site. As Figure 1 shows, both periods are
relstively short in durstion; combined they tock less than 3 hours. ODuring
Period C (i.e., dissolution), the minersl oil begins to dissipate quite repidly
while relatively little PCB is lost. Once dissolution of the mineral oil is com
plete at the end of Period C, the PCB begins to dissipate. The Aroclor 1260 dis-
sipates more slowly than the Aroclor 1242 becsuse it is composed of more highly
chlorinated PCB congeners that are less volatile, less soluble in water, end less
biodegradable. The delay experisnced by the PCB illustrates the impact of the
mineral oil on reducing volatilization and leaching losses from & spill site.

The effect of the minersl oil is further illustrated in Table 1 which lists esti-
mated volatilization and leaching rates of Aroclor 1242 for the spill conditions
discussed sbove and for an aquivalent spill of pure Aroclor 1242. These results
show that volatilisstion and lesching losses for the contaminated minersl oil spill
are significantly less than those for the pure Aroclor 1242 spill. Losses decresse
by three orders of magnitude in the case of volstilizetion during the first three
time periocds. Once dissolution of the mineral oil is complete, the lose rates for
the twvo spills sre the ssme.

The model results demonstrate that PCS levels in air and groundwater around a8 con-
taminsted minersl oil spill site will be orders of magnitude less than those around
an equivalent askarel spill site. Thus, potential exposure levels and associsted
health risks will be lower.
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Figure 1. Percent remaining with time for a mineral oil spill
containing 200 ppm of either Aroclor 1242 or Aroclor 1260.

Table 1

ESTIMATED VOLATILIZATION AND LEACHING LOSS RATES
POR A 200 PPM CONTAMINATED MINERAL OIL SPILL AND
AN PQUIVALENT PURE AROCLOR 1242 SPILL {(gw/day)

Contaminated Mineral 04l Pure Aroclor 1242
Period Volstiliszation Leaching volatiliszation Leaching
A 71073 - ) -
» 7107} - 7 -
c m0™* sx107> x10”! sx10”3
-1 -4 -1 -4
] 1x10 6x10 1x10 6x10
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MANAGING ECONOMIC RISKS OUE TO ELECTRICAL EQUIPMENT CONTAINING PCBS:
ANALYTICAL TOOLS TO SUPPORT UTILITY DECISIONS

by

Oeborah A, L. Amaral
Oean W. Boyd
Oavid Cohan

Michae) S. Johnson
Oonald S. Wilson

DECISION FOCUS INCORPORATED

The PC8 Economic Risk Management Model (ASK) and the Contaminated 011 Economic
Risk Management Model (COIL) are decision support tools designed to help utility
personnel manage equipment containing or contaminated with PCBs. Based on the
methodology of decision analysis, the models provide techniques for comparing alter-
rative strategies in terms of equipment costs and the costs of potential incidents
such as fires and spiils.

INTROOUCT ION

Electric utilities typically have a variety of equipment containing or contam-
inated with PCBs. Accidents or failures involving such equipment may lead to very
large economic costs for the utility. These costs can include cleanup of the facil-
ity and the surrounding area, repair or replacement of utility and third-party
equipment, and possible legal 11abilities. The possibility of incurring such Josses
may exist even when the PCB contamination is very low. The need to weigh these
highly uncertain but potentially large losses against the costs of various manage-
ment alternatives prompted the development of the two decision support tools dis-
cussed In this paper. The development of ASK was motivated by the need to manage
askarel transformers and PCB capacitors in the face of the potential for large
financial impacts due to incidents such as fires. COIL was developed to help utii-
ities choose management alternatives for contaminated mineral oil equipment. Both
tools focus on economic risks, which include direct equipment and cleanup costs, and
costs that may be incurred due to real or perceived health or environmental effects
from releases of PCBs.

Management Alternatives

Utilities have a variety of options available to manage equipment containing
PCBs, including replacing existing equipment with one or more alternative types of
equipment, isolating the equipment or installing electrical protection devices to
reduce risks, retrofilling to reduce P8 levels, or retaining the existing equipment
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a3 is. Replacement may involve significant costs for a new unit and for installa-
tion, but may improve the operating efficiency and will eliminate the possidility of
a PCB incident. I[ncidents involving substitute equipment may occur with greater
frequency and with greater risk of conventional damage, but probably will not lead
to the larger costs sometimes associated with PCB incidents.

There is often considerable uncertainty regarding the degree of PCB contam-
ination of minera) oil transformers. Testing the equipment can help guide the
choice of a management strategy and may help a utility avoid the costs associated
with an incident involving PCBs. [f the 1ikelthood of severe contamination is low
and incidents are rare, however, the cost of testing may exceed the value of the
information gained.

Balancing Equipment Costs Aqainst Economic Risks

Choosing the best management strategy requires careful weighing of uncertain
losses agatinst known cost and performance considerations. (s an investment in risk
reduction measures or new equipment merited to remove the possidility of a poten-
tia)ly very expensive but relatively unlikely incident? Management questions such
as these are challenging due to the large uncertainties in the 1ikelihood, severity,
and cost of fincidents, as wel)l as the complexity of the cost, performance, and
financial considerations.

For example, consider the case of a utility that has a number of askarel trans-
formers in its generating stations. There is a small chance that a fault in one of
the transformers could lead to a major fire, one in which PCBs and combustion by-
products would be distributed widely through the plant in the form of smoke and
soot. How large would the probability of & mejor fire need to be, and how great
would the likely costs of an incident need to be, befare the company should decide
to remove its askarel transformers and replace them with non-PC8 equipment? The
cost of installing new equipment is relatively easy to determine, but the potential
incident costs are not. Utility personnel may find 1t difficult to estimate the
costs since incidents are unlikely and the costs could be quite large. The
challenges posed by decisions such as this have motivated the developwent of the
risk management models and decision support tools described in this paper.

ASK AND COIL: AIDS TO DECISION MAKING

ASK and COIL are destgned to help utility personnel make the difficult manage-
ment decisions regarding PCB and contaminated minera) oil equipment. Both ASK and
COIL incorporate equipment cost and performance calculations, a financial mode) to
account for costs to ratepayers and shareholders, and explicit representation of
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uncertainties in the occurrence, severity, and cost of incidents. These features
are combined in interactive software packages that impiement the risk management
models. The software implementations have been designed to facilitate and guide
analyses performed by relatively inexperienced computer users, yet remain convenient
and effictent for experienced users. They provide complete capadbilities for the
user to enter, display, edit, save, and retrieve data, to run the models, and to
display and save both summary and detailed results.

Decision Trees

The management decistons and key uncertainties are represented in ASK and COIL
using decision trees. The tree for ASK, shown in Figure 1, can be used to calculate
expected costs and the range of uncertainty over a large number of scenarios. The
tree fn this figure fs a shorthand representation of the complete tree, where
specific decision alternatives and uncertain events are defined, and each node is
connected to every branch of the previcus node. The decision tree for COIL IS
similar, but includes explicit representation of the sample/no sample choice prior
to the equipment management alternative.

[f each of five uncertainty nodes shown in the ASK decision tree had three
possible outcomes, there would be a total of 243 scenarios, represented as distinct
paths through the tree. The 1ikelthood, or probability, of each scenario is simply
the product of each likelihaood assoctated with the branches along its path through
the tree.

Management Incident Incident Cleanup Plant Shuc-  Liabilfty

Alternative Frequency Severity Costs Down Costs Costs

Figure 1. Key Uncertainties Are Represented as a Decision Tree in ASK

Models

For each scenario defined by the tree, the calculations in ASK and COIL are
carried out using the models shown in Figure 2. The equipment mode! calculates all
costs associated with existing and replacement equipment. It can take into account
different operating and majintenance costs and efficiencies for different types of
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equipment. The incident occurrence model calculates the likelihood, potential
timing, and likely severity of an incident using values for the uncertain param-
eters, such as the rate of occurrence of incidents, from the decision tree.

Incident Severity

INCIDENT INCIDENT
OCCURRENCE CosT
HODEL Incident Timing MODEL
Equipment Incidenc Cleanup Shut- [Liabilicy
Character- ITiming Cost down |Cost
istics Cont
Capital Costs
EQUIPMENT Cost to Ratepayer
OPERATION AND Operating Costs
REPLACEMENT FINANCIAL
MODEL Disposal Costs MODEL Cost to Shareholder
Other Costs

Figure 2. A Set of Models Are Used to Calculate Costs in ASK and COIL

The fincident cost mode! calculates all costs of an incident, given that one
occurs, Cost elements can include equipment replacement costs, cleanup and repsir
costs, costs of legal liadilities, and costs due to the shutdown of a generating
plant during the cleanup and repair period. The model incorporates utility cost-of-
service calculations, distinguishes detween capitalized and expensed costs, and
calculates costs to both ratepayers and shareholders.

SUMMARY

ASK and COIL are decision support tools that allow utility personnel to eval-
vate PCB equipment management options for a wide range of situations. Comprehensive
analyses can be carried out quickly and efficiently, comparing different management
options in terms of direct costs and costs due to iIncidents. Uncertainties in
incident occurrence, severity, and cost may be accounted for explicitly, and a wide
variety of "what {f?* questions can be answered rapidly.

In additfon to serving as a useful analytical aid, ASK and COIL can help util-
ity personnel communicate with top management, regulators, and public groups ibout
the complex nature of PCB and contaminated mineral oil problems, as well as provide
key insights from the analyses. The tables produced by ASK and (OiL show both the
assumptions and the results clearly. The implications of alternative viewpoints and
opinfons can be tested and displayed quickly and easily, thus factlitating discus-
sfon and consensus building on difficult PCB management issues.
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THE TRANSFORMER/CAPACITOR RISK MANAGEMENT MODEL: *TRIM®
by

Dean W. Boyd
David Cohan
Donald S. Wilson

DECISION FOCUS INCORPORATED

INTRODUCT ION

This paper describes the Transformer/Capacitor Risk Management (TRIM) mode!.
TRIM has been developed to facilitate analyses of alternative utility actions and
requiatory policies finvolving electric equipment containing PCBs (polychlorinated
biphenyls). Analyses performed using TRIM can provide a basis for 1mproved under-
standing and insight into the costs and benefits of alternative actions. Based on
the methodology of decision analysis, TRIM includes a detailed structural mode) and
a flexible decision tree allowing explicit representation of key uncertainties. The
paper will discuss the methodology of TRIM and review example appiications.

BACKGROUND

PCBs have been used extenstvely as dielectric fluids in transformers, capac-
jtors, ballasts, and other electrical equipment. The use of PCBs was motivated by a
combination of fire-resistant and dielectric properties. Ofelectric flutd composed
largely or solely of PCBs is currently used in over 30,000 large electric utility
transformers and in several million capacitors. In addition, several militon
mineral ofl transformers are potentfally contaminated with smal) amounts of PCBs.

Ouring the 1960s and early 1970s a small number of incidents occurred which,
combined with limited scientific informatton, led to concerns regarding potential
health effects of PCBs. Although evidence is conflicting and still far from com-
plate, these concerns led to the regulation of PCBs by the federal government under
the Toxic Substances Control Act (TSCA). The United States Congress banned the
manufacture of PCBs in 1976, and the Environmental Protection Agency (EPA) has
developed strict regulations concerning the continued use, phase-out, and disposal
of PCB equipment.

Recently, a new set of concerns arose regarding potential by-products of com-
bustion of PCBs that might resylt when equipment containing PCBs 1z irnvolved in @
fire. Possible by-products of PCBs include PCDFs (polychlorinated dibenzofurans),
and PCODs (polychlorinated dlbenzo-p-dioxiné). Some of these substances may be by-

6-16
MONS 018987



products of other components of PCB-based dielectric fluids, such as chlorodenzenes.
Both PCOOs and PCOFs are suspected of causing health effects in humans, although
once again evidence is incomplete; in particular there is little direct information
regarding the effects of PCOFs. As a result of these new concerns and questfons,
the EPA has proposed additionsl regulation of PCB equipment. These proposals, as
well as other potential PCB-related regulatory issues, were the motivation for the
development of TRIM.

METHOOOLOGY ANG MODEL STRUCTURE

The structure of TRIM was designed to represent the critical elements involved
in PCB regulatory issyes, including P8 transformer and capacitor use, releases from
this equipment, human exposure, and human heaith effects. The mode) provides an
integrated quantitative tocl to test a variety of alternative assumptions.

TRIM includes two key components: a decision tree and a deterministic sodel.
The decision tree, outlined tn Figure 1, represents the interaction of the principal
regulatory decision with critical uncertainties that can have a major impact on the
ultimate outcomes. Both near-term decisions and longer-range decisions subsequent
to the development of new information can be included. The model user may define
the alternatives to be considered at each deciston point.

The deterministic model traces the potential impacts of PCBs from their use in
electrical equipment, through release due to accidents or other incidents and poten-
ttal buman and environmental exposure, to any ensuing health or environmental
effects, The deterministic model s composed of six 1s, as shown in Figure
2, representing equipment use and replacement, spills and other incidents, human
exposure, human health effects, envircnmental exposure, and environmental effects.

The equipment use &nd replacement model provides a detatled tnventory of the
PC8 equipment in use at any time given a particular regulatory envirorment. This
mode! tracks PCB equipment in use in various locatfons and accounts for units being
taken out of service and different units being installed. TRIM also caiculates the
costs of phasing out and replacing eguipment, and of any special risk management
activities.

The spill/accident model specifies the amount of PCH material released during
different types of iIncidents defined by the user; the frequency of occurrence of
these incidents; the production of by-products during the incidents, 1f any; and the
residual concentration of the materia! after cleanup. The human exposure and depo-
sition model calculates both the number of people exposed and the average lifetime
deposition for each of one ar more distinct population groups possidble exposed to
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PCBs and by-products, for each of tha saveral types of incidents in various loca-
tions. Exposure is calculated both for the short period during an incident and
clearwp and for multi-year periods after cleanup is complete.
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Figure 2. Outline of the TRIM Deterministic Model

In paralle) with the calculations of human exposure 1is the environmental
exposure model which calculates the total exposure to various ecological groups.
The environmental effects model calculates average deposition as a surrogate measure
for the impacts on exposed ecological groups. The human health effects model
calculates the occurrence of potentially serfous health effects due to exposure to
PCBs and any by-products or contaminants, for each of the user-specified population
groups.
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TRIM has been implemented as an integrated, flexible computer program, incor-
porating both the decision tree and the deterministic model. It includes options
that facilitate sensitivity and decision tree amalysis. The program has been
designed to run on mainframes, minicomputers, and personal computers, and is ava!l)-
able from the Electric Power Research Institute.

APPLICATIONS OF TRIM

The primary uses envisioned for TRIM are to assist in the evaluation of regula-
tory policy cptions at the national, regional, or local levels, and to assess the
possible health risks at an individual utility due to the use of PCB equipment.
TRIM has been used to evaluate national regulatory options being considered by
EPA. TRIM can also be used by utilities, state agencies, and other interested
parties to analyze the PC8 probiem an a smaller scale. While much of the attestion
has been on askarel! transformers, TRIM may be readily applied to any other types of
equipment that contain PCBs or other related chemicals which may present some hea)th
. hazard. Dielectric fluids that may be investigated include askarel, contaminated-
o), mineral oi1, and silicone or other substitutes for PCB fluid.

AN EXAMPLE

TRIM has been used by the Utility Solid Waste Activities Group (USWAG) to carry
out a detailed analysis of potential risks due to fires invalving PCB transformers.
The analysis assessed potentia)l health risks associated with incidents involving
utility-owned askarel transformers, and evaluated a set of alternmative regulatory
policy options designed to mitigate the risks. The options included maintaining a
normal phase-out schedule, implementing risk reduction measures, or carrying out an
accelerated phase-out of the transformers, The USWAG analysis indicated that the
risks posed by fires involving utility-owned askarel transformers are very low, even
with a normal phase-out schedule. Evaluation of the USWAG analysis results suggests
that avoided cases of health effects would have to be valued at almost one billion
dollars each before any regulatory actions beyond the status quo was werited. The
analysts using TRIM served as the basis for comments USWAG submitted to the EPA
regarding proposed additional rules on PCB transformers.
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HUMAN HEALTH RISKS FROM
PCB-CONTAMINATED MINERAL OIL TRANSFORMERS

Alan Q. Escheuroeder and Edward J. Feeder
Addreas correspondence to Dr. Feeder at:

Southera California Edison Company, G.0. #1
Environmental Operations, Room 455
Poat Office Box 800
Rosemead, Califoraia 91770

The objective of this study is the estimation of human health risks due to the
inhalation of combustion products from accidental minersl oll transformer fires
oceurring outdoors. Polychlorinated dibeuvzofurans (PCDFs) are believed to be the
principal toxic products of the pyrolysis of polychlorinated biphemyls (PCBs)
sometises found as contasinants in transformer mineral oil. This preseatation
highlights the different exposure levels in sir risk analysis in contrast with a
unifors exposure level ia driaking water risk analyses. The adverse health
effects addressed here are those attributable to the toxic action of PCDFs ishaled
in the seighborhood of the fire. The findings are interpreted

in 14ght of accepted health guidelines for PCDFs.

A prototype scesario is besed on extreme values of population density, climatology
and transforssr oil capacity selected fros the ranges of these variables within
the service aresas of the Southern Californis Edison Compsay. The analysis follows
three sain steps: (1) Emissions characterization,

(2) atsospheric dispersion eetimates end (3) sszpectations of health haxards

which could arise from downwind ishalstion exposures.

1s order to spacify the emiseicns in detail we define the fire scemario, determine
sass/eoergy balsace and 1 d the PCB to PCDF conversiom

C!fiel@. Based on parsmeters of the prototype system, & subsurface vault
location 1is chosen, and & one meter pool fire is assumed to burn 25 gallous of
d 1 oil inated by PCBs at the level of 9.9 ppa. The burning rate is
derived from a correlaticn of observatiocusl data ou aany oil fires which gives
6 x 10'5 u/s for the average regression rate of the liquid surface for fires one
seter end larger.
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The emission rate of PCDFe is derived from the percemt conversion of PCBs to PCDFs

end the estimated level of PCB contasmingtion in the mineral oil of 9.9 ppm by

wmass. This efficiency, based on a conservative interpretstion of experimental
date, is ot mazisum 1X. In the case of & trensformer fire in Binghamton, NY,

where the fluid was mostly PCB (653) with sose chlorinated

beazenes (351), the estimated conversion efficiency was only 0.1X.

We can now calculate sn appropriate esissions rate to be used ss & worst case
estisate for our human inhalation exposure study. For a mineral ofl specific
gravity of 0.91 (with the derived veluee of pool burning rate, PCB contasisstion
level and PCB to PCDY conversion efficiency), we calculate the PCDF emission rate
from 8 one meter diameter pool fire to be 4.2 x 1o'° g/n. Moreover, the time
tequired to burn ell 25 gallous of mineral oil is calculated frow these

data to be 34 minutes.

The air dispersion calculation uses & GCaussian pluse modsl with the urban
dispersion parametars fros the Industrial Source Complex formulatiocn. An ensemble
of cases for the wind speed/stadility combinationa for the local area were tum in
order to represent sn appropriate range of conditions weighted by their
frequencies. This p dure g 8 freq y dlstridutioa of asbient
concentrations st the surface in the downwind direction. Cosdining these
statistics with the populations associsted with each raceptor point, we derive a
likelihood parsmeter which shows the probability of any person exceediag some
given exposurs lavel. We have mazimized tha factors governing ths exposure of an
{odividual to PCOPs from inhalation of the combustiocn products plume amblent
concentration. Combining an inhalation rats of 22 IJ/dOY with the fire duratiom
and esch locslly cslculated valus of the ambient concentration, we

estimste the snsembls of inhalation exposurs values.

Having defined the statistics of exposura, we luterpret these results in terme of
heslth bagzards. Regulatory agenciss ordinarily use conservative extrapolations of
snimal toxicological data to humsns for effects suspected of having no threshold
like some forms of cancer. This conservatisa is iotended to sllow for
uncertainties im extrapolation from one species to snother, frow small organisms
to large ones aad from high doses to low doses. Each of the three prototype
calculations of safs level we have salected is based on this type of snalysis. We
have deterained the likelihood of exceeding any of the safe lifetime dose levels
of PCDD/PCDP compounds as derived from three regulatory ageacy guidelines: (1) The
Californis persissible level of PCDD/PCDfs 1in the sir in & building; (2) The
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Californis ],0-6 risk level of PCOD/PCDFs and (3) the EPA water quality criterion
level for 2, 3, 7, 8 TCDD.

The ukcuhu;d of anyone in the neighborhood of tha fire receiving even the
conservetive EPA safe lifetime dose level is leas than cue in 7,000,000, and
1ikslihoode still lower sre found for excaedance of the California State
guidelines. Therefore, it would appear as if no significent heslth risk ie posed
by inhalstion exposure to possibla PCDF products from mineral oil transformer
fires under the systes scenario esployed in this acalysis.
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OCCUPATIONAL EXPOSURE OF ELECTRIC UTILITY PERSONNEL TO PCBS
A CASE STUDY

J.D.- Sahl: T.T. Crocker; M.D. Saperstein: and E.J. Faeder
Southern California Edison Company

A research project was developed to determine the occupational
exposure to polychlorinated biphenyls (PCBs) of Southern
California Edison Company (Edison) personnel., Results from this
project are presented and include: identification of potentially
high exposure jobs; measurement of blood PCB concentrations
among Edison personnel; and evaluation of the amount of PCBs on
the Edison system in electrical equipment. The data indicate
that no significant occupational exposures have occurred among
Edison personnel.

Personnel involved in the servicing and repair of distribution
and electrical apparatus have the greatest potential for
contacting dielectric fluids which may contain PCBs. Length of
service in these occupations, work practices, the number of
Askarel units, and the degree of contamination with PCBs in
non-Askarel units will influence the actual levels of exposure
for a particular work force.

To assess this exposure potential we compared levels of PCB in
blood of several exposure categories of Edison personnel and
measured the amount of PCB in electrical apparatus on the Edison
system. This provides an historical view of exposure in a way
that current industrial hygiene monitoring can not.
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To establish a background blood PC8 level for non-occupationally
exposed individuals, blood samples from the pre-employment
medical examinations of 738 new employees were analyzed for

PCB. Blood PCB concentration of this group have a median of 4
pPpd and a mean of S (SD = 4) ppb, These data are comparadle to
previocusly published values for blood PCB concentrations of
non-occupationally exposed groups. Since the demographic
characteristics of this pre-employment sample are similar to
those of the general population, and agree with other published
data, we conclude that these levels result from exposures to
PCBs in the general environment.

Blood PCB levels of 1,058 current personnel have a median of 3
ppb with a mean of 4 (SD = 4 ) ppb. Two hundred and twenty of
this group were in "high exposure potential jobs" between 1979
and 1984. This subgroup of the current personnel is considered
to have the highest current exposure potential and should
reflect the greatest PCB body burden if occupational exposure is
occurring in this work force. Duration of exposure for these
personnel averages 14 years, ranging from 1 - 37 years. Blood
PCB concentrations ranges from 1 to 15 ppb with a median of 3
ppb and a mean of 4 (SD = 3) ppb. There is no significant
difference in blood PCB concentrations between the
pre-employment, current employment, and the the subset of high
exposure potential groups. We conclude that employment at
Edison has not resulted in the accumulation of PCBs different
than that of the general, non-occupationally exposed population,

There is no indication that a blood concentration at thase
levels poses a threat to human health. Investigations of
occupational groups with substantially higher blood PCB
concentrations have not reported significant health or
physiologic effects.
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The amount of PCB on the Edison system was assessed by
quantifying the gallons of PCB in capacitors, transformers, and
other electrical apparatus. Capacitor fluid (entirely PCB) and
Askarel-containing (predominantly PCB) transformers represent
less than 1% of total dielectric fluid in electrical apparatus
on the Edison transmission and distribution system. Mineral oil
is the predominant dielectric used by Edison. PCB contamination
of mineral oil equipment on the distribution system was 6 ppm
(median less than 2 ppm) and in substation equipment the mean
was 12 with a median of 2 ppm.

These data indicate that no significant occupational exposure to
PCBs has occurred among personnel of this utility, and that no
significant health impacts would be expected from PCBs.

6-25 MONS 018996



PCB ENVIRCNMENTAL TRANSPORT AND FATE MODELING

James W. Lingle*

INTRODUCTION

New mathematical modeling tools have recently been developed through research
funded by the Electric Power Research Institute that predict the envivonmen-
tal transport and fate of PCBs from spills of dielectric flutd from electri-
cal equipment such as capacitors and transformers (1). These tools can be
used on mainframe or personal computers in order to examine the consequences
of & particular PCB spill. They can also be used to evaluate "what +f"
questions regarding potential cleanup and restoration actions. The major
function of the models is to predict the movement of PCBs through pathways
such as air, surface water, soil cleanup, and groundwater. A model hes also
been developed to determine the potential exposure and dose of PCB to
receptors in a given spill area. This paper briefly discusses the models
used, the input data required, and the application of the models to several
PCB spills. The examples include a PCB capacitor failure in a substation ang
a spill from a pole-mounted PCE contaminated oi1 filled transformer.
Analytical data were available for both spills.

PREDICTION OF ENVIRONMENTAL TRANSPORT

The PCB Off-Site Spill Model (POSSM) is the main core model used to predict
the partitioning of PCBs into vartous environmentsl pathways. POSSM ts an
adaptation of PRZM, an EPA model used to predict the fate of pesticides. It
has been wmodified to fnclude a pure phase component in the soil and imper-
vious surfaces such as asphalt or concrete. The POSSM model can be used with
other off-site models (shown in Figure 1) to predict the movement of PCBs to
the atmosphere, vivers, lakes, and groundwater. Other models used in this
analysis 1include PTDIS, an EPA air pollution model, and EXPOSE, a 0del
developed to calculate the dose of PCB to receptors based on poteniic
exposure pathways such as inhaiation, dermal contact, or ingestion.

SPILL SCEMARIOS

The POSSM model was used to analyze a PCB capacitor spil) in a substation.
About 1.5 gallons of Aroclor was spilled over an ares of about 150 square
feet. The input data were constructed to include 3 6 inch layer of crushed
stone over a Mismi silt-loam soil, Soi) profile data including bulk density,
% organic cardon, moisture content, and soil horizon thickness were obtained
from reports published by the USDA Sot) Conservation Service. Daily meteoro-
Io?ﬂ:al data including wind speed, temperature, and precipitation were ob-
tained for the ares from Local Climatological Data published by the National
Oceanic and Atmospheric Administration (NOAA). Other information about the
spill 1s supplied on Table 1.

* Principal Environmental Chemist, Wisconsin Zlectric Power Company,
Milwaukee, Wisconsin.
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The model input data were adjusted to include the average PCB concentration
measured in the soil after the first, second, and third cleanup events. The
{nput dats were also modified to account for a new 6 inch crushed stone leyer
on top of the soil after restoration. PCB concentrations in the air 1,200
feet from the substation (distance to the nearest house) are shown in Figure
2. Mode! results for a nine-month period are as follows:

PATHWAY PERCENT
Cleanup 97.96%
Volatilization 2.04%
Runoff .000021%
Leached to Groundwater None

The PQSSM model was also used to andlyze 3 spill of 100 ppm PCB contaminated
mineral oil from a pole-mounted distribution transformer. Approximately 6
;enons were spilled over an area of 312 square feet. The total amount of

8 actually spilled was 2 grams or 0.07 ounces. Other conditions are
provided on Table 1. Modifications discussed elsewhere were necessary to
account for the difference in properties of mineral oil versus pure Aroclor
1254 (2). Soi} cleanup factors were based on measured PCB Jevels in the soil
(3.2) ppm average before cleanup, 1.18 ppm average after cleanup). The PCB
levels predicted in the atr 60 feet from the spill (distance to the nearest
house) are illustrated on Figure 3. The total amount of PCB volatilized
during the four-month modeling period was 2.75%. Volatilization was
negligible after restoration.

EXPOSURE CALCULATIONS

The EXPOSE model was used to calculate the dose of PCB for persons living in
homes near the spills. Input conditions included calculating the airborne
concentration of PCB with PTDIS at distances corresponding to the nearest
homes. Exposure was assumed to occur whenever the wind was blowing from the
spill site to the house {approximately 15% of the time). No adjustments were
nade for differences in outdoor versus indoor concentrations. The potential
health effects were estimated using the PCB dose-response function developed
by the EPA Office of Toxic Substances and discussed elsewhere (3). The
cumulative deposition from !Mulguon {in grams) was wuitiplied by a
dose-response function of 4.0 x 10 ~ to estimate the Vikelihood of an exposed
individual incurring cancer. The results are as follows:

SPILL SCENARIO DEPOSITION (Grams) PROBABILITY OF A HEALTH EFFECT
Substation Spill 483 x 1076 1.9 x 10"
Transformer 011 .033 x 1076 1.3x10°R

In these examples, both exposures are well below the 1 X lt)'6 risk level which
1s sometimes used as a gauge of acceptadility.
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CONCLUSIONS

New mathematical modeling tools allow utility personnel and others to conduct
more mesningful analyses of PCB spill events than in the past. These tools
should help the user determine if PCBs are likely to migrate beyond the ares
of the spill and what the cumulative dose might be to persons exposed. The
models allow the user to examine a variety of cleanup scenarios and the resul-
tant impact on exposure potential. Additional work is necessary to field
test the models to determine the accuracy of the predictions.
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Table 1
PCB SPILL MODELING INPUT DATA

SUBSTATION SPILL TRANSFORMER OIL SPILL

Equipment PCB Capacitor Pole-Mounted Transformer
Fluid Spilled Aroclor 1016 100 ppm 1254 in 0i)
Quantity Spilled 1.5 Gallons 6 Gallons
Spill Ares 150 Square Feet 312 Square Feet
Soil Type Silt Loam S11t Loam
Surface Crushed Stone Grass
Event Dates

SpiN August 3 September 11

1st Cleanup August 4 October 3

2nd Cleanup - August 24

3rd Cleanup October 19

Restoration October 26 October 10
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Measurement of PCOF and PCDO 1n Ut11ity Equiment

Sydney H. Gordon, Michael Miller
[IT Research Institute, Chicago, [11inois

Fred L. DeRoos, Marcus Cooke
Battelle Memorial Institute, Columbus, Ohio

Jacques Guertin, Gi1 Addis
Electric Power Research Institute, Palo Alto, California

Introduction

There is increasing interest in the potential for formation of polychlorinated
dibenzofurans (PCOF) and palychlorinated dibenza-p-dioxing (PCOD) from uncon-
trolled fires tnvoliving polychlorinated biphenyi (PC8)-containing dielectric
fluids. At the temperatures that prevai) in transformer fires, PCB may react to
form PCOF and other toxic oxidation products. Information is sparse, however, on
the distribution of PCOF and PCDD in the PCB-containing insulating fluids used by
the electric utility industry. Even less 1s known about the effect of service
time on the contaminant concentration in PCB-fi1lled electrical equipment. There
is also the possibility that abnormal operation (arcing, overheating) may create
conditions that lead to the formation of PCOF and PCOD. I[n order to address this
issue, the Electric Power Research Institute (EPRI) recent)y initiated a program
to evaluate and develop compound-specific analytical procedures for characterizing
PCOF and PCOD in PCB-containing insulating fluids.

Although the toxicologica) effects of PCOF and PCDD on humans is not wel) under-
stood, tests using laboratory animals suggest that these compounds are much more
toxic than PCB. Moreover, they generally occur at very low ambient concen-
trations, and toxicities can vary over a range of five orders of magnitude
depending on the specific compound (1.e., degree of chlorination and location of
chlorine atoms). Consequently, in order to measure specific compounds at pg/g
(parts-per-trilijon) levels, the EPRI-sponsored research has three basic goals:

[ Improve the chemical analytical methods for individual
compounds of PCDF and PCOD

MONS 019005
7-1



a Oetermine the concentration of PCOF and PCOD tn utility
equipment that has seen varied use

] Oevelop a screening test that determines PCOF and PCOD
concentrations rapidly in order to reduce costs and time delays
before undertaking cleanup activities after PCB fires.

To this end, the program has been divided into the following tasks:
[] Round-robin method evaluation

(] Al'ulysis of spiked sample matrices and in-service dielectric
fluids

[} Oevelopment of a rapid MS/MS screening technique.

This paper susmarizes the chemical analytical methods used and some of the early
results of these studies. Results of the MS/MS investigation will be reported
elsewhere.

lytical

The isomer-specific analysis of trace concentrations of PCDF and PCOD in PCB-
contatning fluids is a challenging prodlem. The analytical difficulty is often
compounded by the presence of interfering substances such as PCB or
polychlorinated diphenyl ethers. Combined capillary column gas
chromatography/mass spectrometry (GC/MS) is the method of choice for the
measurement of PCOF and PCOD in trace amounts. The selectivity of high resolution
GC together with the sensitivity of mass spectrometry yields detection limits of
0.5 to 2 ng/g (parts-per-biliion) for these compounds.

Since GC columns cannot handle PCB-contaminated flutds (sample matrices) directly,
the samples must be extracted first with a suitable solvent to separate the
anslytes of interest (i.e., PCB, PCOF, PCOD) from them. This is followed by an
enrichment step to remove co-extracted interferences and to concentrate the PCOF
and PCOC in the sample extract. Finally, GC/MS analysis of the sample extracts
provides the {dentification and quantitative measure of the PCOF and PCDD of
interest, based on the premise that GC separation of each chlorinated compound
class can be achieved so that a unique set of mass spectral indicator fons can de
monitored for each of the appropriate GC retention time windows. The use of high
resolutton GC/high resolution MS (HRGC/HRMS) improves the isclation of PCOF and
PCO0 from fmpurities and reduces the need for extensive sample cleamup.
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To determine the recovery efficiency and improve quantitation, appropriate
13c-1mm {sotopic analogs of the "dioxins” and "furans” are added to the
semples. (13chontun1nq compounds are not present in significant quantities in
naturally occurring materials and are clearly distinguishable from native
compounds by mass spectrometry. Spiking samples with Tabeled compounds thus
provides unique internal standards for accurate analysis.)

Round-Robin Method Evalustion

The round-robin method evaluation is designed to validate the amalytical procedure
and to determine the relfabiltity with which specific compounds can be fdentified
and quantified. It includes the synthesis of native and isotopically labeled
standards and the analysis of spiked sample matrices using the best available in-
house procedure. Five laboratories are involved in this effort: Battelle Memorial
Institute, 11T Research Institute (IITRI), New York State Department of Health
(NYSON), Radian Corporation, and University of Umea. Radian synthesized the
standards and prepared the spiked matrix samples. These have been analyzed by the
five laboratories.

The laboratories use a variety of extraction-cleanup procedures and analytica?l
GC/MS techniques, the main elements of which are summarized in Tadble 1. Five
baseline samples (Aroclor 1018, Aroclor 1242, Aroclor 1260, tri- and
tetrachlorobenzenes, and aged mineral o11) were spiked with the isotopically
labeled internal standards !3€-2,3,7,8-TCOF, 13¢-2,3,7,8-Tc00,
13(:-1.‘2.3.7.8-l’erI)F. and 13!2-0(:13!) at concentrations of 100 ng/g each. In
addition, the three Arociors and the tri- and tetrachlorobenzene samples were
spiked with the native isomers 1,2,3,4,7,8-HxCOF and 1,2,3,4,6,7,8-HplDF at
concentrations of 100 ng/g each. The aged mineral ol) sample contained several
additional unlabeted isomers as well as 510 ug/g Aroclor 1260 and 530 wg/g tri-
and tetrachlorobenzenes. A summary of the measured average total congener class
concentrations obtained by the reporting laboratories is presented in Table 2.

In general, agreement between the values obtained by the various groups was found
to be within a factor of two. In the case of the tri- and tetrachlorobenzene
sample, fairly good agreement was also obtained between the expected and measured
amounts for the tsomers spiked into the matrix, and virtually no additfonal PCOF
and/or PCDD was detected. By contrast, the Aroclor 1260 sample contained
significant amounts of a large number of PCOF compounds. Lower, but stil}l
significant, amounts were measured for the remaining Aroclors, while the aged
mineral o1l sample had concentrations close to that of the sptked values.
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Analysis of In-Service Dielectric Fluids

A preliminary round-robin study was undertaken by three of the participating
taboratories using four samples of dislectric fluids taken from in-service
transformer and capacitor units. The average total congener class concentrations
found for PCOF are shown fn Table 3. Owing to differences fn analytical
procedures and varfabilities in sample matrices, estimates of detection limit have
not deen included.

Sample ISLIO was a mineral oil contaminated with 100 ng/g PCB from a transformer
that had falled in service by arcing. Sample ISL2A was an Askarel containing
Aroclor 1242, which was removed from a capacitor that had bulged, but not
ruptured, in service, Both samples had PCOF at concentration less than or equal to
the limits of detection. Samples ISLIA and 1SL4A both contained 70% Aroclor 1260
and 30% trichlorobenzene. Semple ISLIA was taken from an Askarel transformer after
20 years of service and contained 0.5 to 2.0 ug/g of PCOF. Sample ISLAA was taken
from a transformer (of a different manufacturer) after 31 years of service. It had
substantially higher concentrations of these partial oxidatfon products for all
congener classes except total TCOF.

Work to date has developed improved measurement methods for compound specific PCOF
and PCDO 1n PCB-contaminated insulating fluids. Thus far, the results do not
suggest a preferred analytical technique. Analysis of the four in-service fluids
indicate measurable quantities of specific PCOF compounds im 20- to 30-year old
insulating fluids, however, there is insufficient information for generalization
to all utility equipment.

Future work will focus on replicate analyses of another three baseline samples as
well as 10 in-service samples.
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Table 1. Summary of Amalytical Protocols for PCDF and PCDD Measurements

Cleanup Analysis

Solvent Column CapiiTary Gas Mass
Laboratory Extraction Chromatography Chromatography* Spectrometry**

Battelle None S10,/A1,0£YA1,0£  08-5, CPS11-38 HRMS, EI

171 None Gel permeation/ $P-2130/CPS11-88  LRMS, EI
A1,09m1,00

NYSOH None A0 £/C/A1,0, $P-2330 HRMS, E1

Radian CHytN/  S10,/M1,0f7A1,000 08-S, SP-2340 Lams, €1

hexane

‘Umaa None C-fiber/reverse sP-2330 LRMS, NCI

elution/Florisit

*fusad-silica capillary columns

**AMS = low resolution MS; HRMS » high resolution MS; €I = electron impact;
NCI = negative jon chemical ionization (methane). (A1l use selected fon
monitoring mode MS).

Table 2. Average Tota) Congener Class Concentrations of PCDF and PCDO
in Spiked Baseline Samples

Sample, uq/g
Congener “Aroclor ArocTor ArocTor Tri-and tetra- Aged
Class 1016 ‘1242 1260 chlorobenzenes Mineral 01)
()] L] L L) ND 0.03£0.0¢
tTCOF 0.0120.01 0.9410.78 0.55t0.39 N 0.10£0.02
IPnCOF 0,0120,02 0.3320.24 1.1520.68 NO 0.2120.04
ZRxCOF 0.1820.12 0.10¢0.03 2.73%2.08 0.3420.44 0.4420.44
tHpCOF 0.08£0.01 0.1210,06 1.8320.71 0.11£0.04 0.07£0.05
OCOF 0.0120.01  0.83t1.12 2.81%1.22 NO 0.2210.15
ND = not detected
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Table 3. Average Total

Congener Class Concentrations of PCOF
in Four In-Service Dielectric Fluids

) Congener In-service Sﬂle! ﬂ(g
Class L

£TCOF 0.1 0.5 o )
£PCOF 2.6 1.6 0.01 ND
THXCOF 7.6 1.6 0.01 »
THpCOF 16.3 2.0 N ND
0CDF 9.8 1.0 ND_ ND
Total PCOF  36.4 6.7 0.02 O
ND = not detected
MONS
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FORMATION OF PCDFs AND PCODs IN ELECTRICAL DISCMARGES

R.E. Koch and T.0. Rouse F. L. DeRoos
General Electric Company Battelle Columbus Division

Mixtures of PCBs and TCBs (chlorinated benzenes), called “askarals®, have been
used as the 1iquid dielectric insulation and heat transfer material in trans-
formers where fire resistance s of particular concern. There also has been an
intermingling of askarels and the mineral oils more commonly used in transform-
ers. PCOFs are products of partial oxidation of PCBs and both PCOFs and PCODS
are products of combustion of TCBs. PCOF and PCDD formation in fires s being
studied widely. Their formation in the dielectric 1iquid tn and near the vicin-
1ty of an electrical breakdown has not been examined. Electrica) breakdown
represents a ma)function in a transformer which is neither readily controlled
nor reproduced and occasionally cannot be contained. Electrical fatlure of
actual transformers then is not an acceptadle approach to examining PCOF and
PCOD formation. This report describes studies of the formation of PCOF and PCOD
in controlled simulations of high energy electrical breakdown - “arcing® - in
transformers. Askarels alone and mineral o3) containing Jow concentrations of
askarels have been examined.

EXPERIMENTAL

Test cells were capped, glass filament wound epoxy fuse tudes (6.8 cm ID x 40 cm
L ) contatning 1.35 ) of liguid, with a wrap of 0.23 mm thick electrical insul-
ating Kraft paper inside the tube; both half saturated with water and fully sat-
urated with air. The air space over the o}l was 17X of the o1l volume. Elec-
trodes were radiused 1.5 cm O aluminum rods with a 1.27 cm gap, initially
bridg“ by a small diameter Yow carbon steel wire to start the arc. Each cel)}
was provided with a connection to & pressure gauge, a pressure transducer and a
gas sampling container. Current, arc voltage, duration and pressure excersions
were recorded; 1°*t products and arc energies were integrated automatically.

Askarels tested were electrical grade trichlorobenzene (Hooker Chemical) and
Aroclors 1254 and 1260 (PCB mixtures made by Monsanto Company). TCB and a 1:1
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mixture of TCB and Aroclor 1254 were each treated twice with 3% of their weight
of activated Fuller's earth, a normal manufacturing practice in removing polar
impurittes prior to f111ing askarel transformers. One component usually added
to askarels was 0.16X of 3,4-epoxycyclohexyl methyl-(3’',4'-epoxycyclohexane)
cardboxylate as a scavenger for chlorine or water. The possibility of tts halo-
genation, dehydrogenation and rearrangement to form PCOFs and PCOOs s remote
and 1t was omitted here to simplify the testing. 011 samples were made from
commercially available, Fuller's earth treated transformer o1) and Aroclor 1254
[S0ppm, 500ppm, Jppt (parts per thousand), 10ppt), Aroclor 1260 (10ppt) or TCB
(10ppt). PCOFs, PCODS and some PCBs were separated from the sample matrixes
using stitca and activated alumina. Analysis was done by capillary column &C/MS
with "’c PCOF and PCOD spikes (1).

RESULTS

Two or more samples of each liquid were subjected to arcing and at least one of
each patr was analyzed for PCOFs and PCODs. Arc currents ranged from 700 to 750
amps rms and durations from 48 to 96 msec. The Intent was to control the arc
energy to less than 10 kJ. The pressure buildup In the cells was propertional
to the arc energy, and in two cases, it pegged the pressure gauge at 60 psig.
The energy dissipated in an actual transformer arc might reach 100 kJ. However,
actual transformer arcs are not confined to volumes as small as that of these
test cells and the test conditions are considered to be more severe. Arcing
parameters are 1isted in Table ).

TABLE 1}
ARCING TESTS - ASKARELS AND OIL CONTAINING ASKARELS
r Final

Tube Dislectric Current Time Charge Energy Pressure
Mumber  _Llewid LAl (m) (O (K)) Apstg)

? 168 745 1] 36 4.3 LH

ICH/1284

4 1 135 90 66 .5 >60

$ 11 125 11 40 3.7 13

6 50 ppm 730 1 53 6.5 29

17 500 ppm ns 80 $7 .4 52

8 3.0 ppt 705 4 3 LN 10

[ ] 10.0 ppt ns 53 45 6.4 30

10 10.0 ppt 748 L} ] 36 3.7 L]

n 10.0 ppt 730 [ ] 65 15.6 >80
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The concentrations of PCOFs and PCODs in the TCB and TCB/1254 mixture before (B)
and sfter (A) arcing are given in Table 2. A good deal of carbonaceous res)-
due was formed in the 1igquids. A portion of this was filtered from a TCB
sample, washed with methanal, extracted with benzene and anslyzed. The results
of these analyses are also given in Table 2.

TABLE 2
PCOF AND PCDD CONTENT OF ASKARELS BEFORE AND AFTER ARCING
Lsomer ntent -
TCS 50:50 TC8/Aroclor 1254
— Tube 2 - Tybe 4 Jube 5
—B/A  Particles A —B/A
Tetra- 280/270 100 367/113 230/96
Penta- 2000/2500 990 185071740 1200/340
Hexs- 1700/2000 1500 1790/1180 1300/310
Hepta- $30/1000 1100 2960/1360 520/29
Octa- 170/150 560 20N 100/8
Total 5020/5920 -- 718474624 3350/783
Tetra- 33/29 40 21724 20/6
Pents- /16 N0 ND/Y2 N
Hexa- 42 L1 ND/2 /M0
Hepta- ND/MO ] ND/ND ND/ND
Octa- NO/ND N ND/ND NO/N0
Total -- 21/38 277

/0
N0 - Mot Detected

The results of snalysis of the oil samples before and after arcing are given
in Table 3 (Note - Analysis of the unarced 10ppt Aroclor 1254 in otl sample
TABLE 3
PCOF CONTENT OF OIL CONTAINING PCBS - BEFORE AND AFTER ARCING

PCOF t -
L1SONER
1254 1260  __3¢B

Orig Tube 8 Tube § Tube 10 Tube 1
1000 3 ppt 10 ppt 10 ppt 10 ppt
oot _B/A VL. _B/A V7. .

Tetra- -- 0.1/n0 --/1} m NO/™
(180) (0.5) (2)

Penta- .- 3/0.5 --/4 /e 0.4/00
(400) (L)} )

Hexa- - n --/2 4/3 /%
(900) (3) (9)

Hepta- .- 6/00 --/n0 67 NO/NO
(Mmo) (0.3) (n0)

Octa- -- NN --/n0 NS NO/ND
(30) (0.1) (no)

Tota) - MW/ -=/1 31729 /80
(1620) (8) (15)

{ ) - calculated values, see text
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was not done. The concentration of PCOF in the Aroclor 1254 was estimated from
the analysis of the TCB/1254 mixture and the TC8 itself. The concentration in
the unarced Jube 9 sample was then calculated from the dilution factor. As a
check, this same procedure was followed for the 3ppt 1254 sample. The calculat-
¢d and measured values are In reasonadle agreement.) PCOF content of the 50 and
S00ppm Aroclor 1254 samples were below the 1imit of detection both before and
after arcing, as was the PCOO concentration in all ot samples.

01SCUSSION

The TCB and Aroclors used here were retained samples from the mi0d-1970's. After
4 laboratory treatment simtlar to that done on a larger scale in the manufacture
of transformers, measuradle PCOF and PCOC remain. It, therefore, seems probadle
that, Vf wnused transformers could be found and askare) samples taken and ana-
lyzed, measurable PCOFs end PCODs could be found. This, in turn, suggests that
the Interpretation of analyses of samples from functioning transformers and
other sources will be complicated by the presence of an unmeasured and variadle
backgrownd.

It also appesrs that arcing TCB and PCBs under the conditions here does not
result in the formation of PCOFs and PCBOs. The reliabiiity of the anslytical
method 1s still under study, but clearly there is no major increase in the
levels found. 1If anything, there appears to have been a reduction in the solu-
tion concentrations. This may, 1in part, be due to adsorption of the pre-
existing furans and dioxins on the carbonaceous material forming in the dis-
charge. No attempt was made to recover al) of this finely divided powder. It
15 a minor, but very visible, amount. Unless the extraction with benzene 1s
very inefficient, the powder 1s not e sink for any ms)or quantity of PCOFs and
PCODs which may have been formed in the discharge.
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SAFETY OF NON-PCB RECLASSIFIED TRANSFORMERS IN FIRE INCIDENTS
A BUILDING SCALE ENGINEERING STUDY

Marcus Cooke, Fred L. DeRoos, and Bruce R!slng“)
Battelle Memorial Institute
Columbus, Ohio 43201 USA

Willtam H, Martin (2)

Unfon Carbide Corporation
Tarrytown Technology Center
Tarrytown, New York 10591 USA

INTRODUCTION

In July 1985 the U.S. Environmental Protection Agency promulgated new regulations
that impact all electrical transformers containing greater than 500 ppm (w/w)
polychlorinated biphenyl (PCB). This regulation, known as the "Fire Rule”, was the
result of scientific evidence that combustion of PCB containing coolants produce
polychlorinated dibenzo-p-dfoxins (PCOD) and polychlorinated dibenzofurans (PCOF).
Secause of the risks posed by a fire incident, the continued use of certain PCB
transformers 1s banned after 1990. An economic alternative to the replacement of
PCB transformers is to remove PCB from the transformer cavity and refill the
transformer (retrofill) with a nonhazardous coolant that does not produce PCOD or
PCOF if an accidenta) building fire were to occur. [deally all of the PCB would de
removed by retrofilling, however due to the difficulty of extracting PCB from
porous constituents of the windings, a residual amount usually remains. Current
regulations consider a transformer to be non-PCB if the residual leve) is less that
50 ppm (w/w), following a period of 90 days normal service.

Humerous publications over the past several years have indicated that PCB can be
converted directly to PCOF by intramolecular condensation reactions and that
chlorinated benzenes can likewise be converted to both PCOD and PCOF by
intermolecular reactions(1). In all cases, the results were odtained through
small, bench-scale experiments, or sealed tube pyrolysis techaiques, which did not
involve combustion, Since neither the scale or the experimenta) conditions of
previous programs simulated true fire conditions, Union Carbide and Battelle felt
that 1t was inappropriate to extrapolate such data to assess the potential for
dfoxin and furan formation from butlding fires, Furthermore, a)l studies were with

% Present address: General Motors, Indianapolis, Indfana

(1
(2) Present address: Unfson, Dublin, Ohio 43017
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neat PCB, or neat chlorobenzenes, and no information existed on the PCDO/PCOF
formation when small quantities of these materials were present, such as might
exist in a transformer which had been serviced and successfully reclassified as
non-PCB, {.e., less than 50 ppm,

EXPERIMENTAL

Battelle's Columbus Laboratories, under contract to Union Carbide, designed and
built a pilot scale combustion apparatus which would simulate the conditions
existing in an accidental building fire (see Figure 1). A panel of international
experts in the area of fire research and PCOD/PCOF analysis was assembled to guide
and direct this program.

PRIMARY
WNJECTION
PORT

IU STACK

|
T0 $TACK

Figure 1. Schematic Diagram of the Combustion Test Apparatus
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Consfdering the difficulty in controlling and measuring the combustion conditions,
and the difficulties {n collecting all by-products formed, poo) fire techniques
were ruled out. Instead, an enclosed furnace was built. The test unit was a
40,000 Btu/hr, vertically fired tube furnace with a combustion zone 131 cm Tong
(4.3 ft), and having a 14 cm fnterna) diameter (5.5 in.). The combustor was fired
using kerosene containing 13 (w/w) silicone coolant. This was done to simulate
organic fuel and soot conditions in a burning building fire and to provide
condensation nuclet that could promote catalytic production of PCDF/PCOD.

The fluids tested in this study were introduced into the combustor at a point where
the temperature profiles were approximately 8000C. The optimum temperature for
PCDF (and PCDD) productfon is believed to 1ie between 450 and 650°C as a functicn
of available oxygen. By fntroducing the coolants into the post flame regfon, the
thermodynamic optimum temperatures were achieved without exposing the test liquids
to flame conditions that would destroy product PCOF/PCDD,

The materials burned in this study were silicone transformer coolants containing
1.5% (w/w) Union Carbide TF-1 transformer fluid (a material used to remove PCB from
inservice transformers). The five l1iquids tested are described in Table 1. A
blank run was performed without a secondary injection 1iquid to test the system
background. A control series was performed with TF-1 in silicone coolant as the
secondary injection 1iquid, Three series were performed each injecting a separate
Aroclor doped at 50 ppm (w/w) in silicone coolant: 1260, 1254, and 1242. Each
test condition was run in triplicate and the results reported in this paper are the
average of three determinations,

Table 1
COOLANT FLUIDS INJECTED INTO THE POST-FLAME REGION

Coolant
Run Fuel (1) Injected Dopant
1 Kerosene Silicone Blank
2 Kerosene Stlicone Control(2)
3 Kerosene St11cone Aroclor 1260(2,3)
4 Kerosene S111cone Aroclor 1254(2.3)
5 Kerosene S11icone Araclor 1242(2,3)

(1) The combustion fuel was kerosene doped with 1% (w/w) silicone.
(2) 7TF-1 at 1.5% (w/w) was doped into the silicone coolant.
(3) A1) Arolors were spiked into the silicone test Viquid at 50 ppm (w/w).
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In a building fire not all the transformer coolant will be exposed to the optimum
conditions for PCDD/PCDF formation. In the center of a fire, temperatures exceed
several thousarid degrees farenheit, and PCODO/PCOF {f formed, are probably destroyed
Just as quickly. At distances away from the fire, temperature profiles decrease
quickly unttl temperatures are insufficient for conversion, Also, a fire tnside an
enclosed area, will not burn evenly, Rather the fire will pulse as it varies
between oxygen lean and oxygen rich conditions. How much transformer coolant will
be exposed to favorable conditions for PCDD/PCOF formation will vary greatly
between fires and cannot be predicted. In a shakedown test, it was noted that when
less than the stoichiometric amount of oxygen was used, no dioxin and lowered PCDF
conversion was observed. I[n setting the parameters for the burn tests, several
volume percent excess oxygen was maintained., Therefore, the experimental
conditfons in this test protocol assumed that all dielectric coolant is exposed to
the flame region in a temperature profile necessary for optimum PCDD/PCOF
formation, and under conditions of excess oxygen. Thus these conditions represent
the worst case scenario.

Stack gas samples were collected from the pilot plant combustor using a U.S. EPA
Modified Method 5 (MMS) sampling train with each train collecting a nominal 2
standard cubic meters (SCM). This sampler was previously validated by Battelle for
collection of PCOD in comdustion sources for the U.S. EPA (2). The MM5 tratn
consists of a primary particulate filter section, followed by a cold water-jacketed
resin trap, The trap contains 22 g of XAD-2 resin,

After combustion sampling, the filters and the XAD-2 resin modules from each train
were spiked with isotopically labelled internal standards and Soxhlet extracted for
18 hours with benzene. The combined extracts were concentrated to approximately 6
ml and divided into three equal portions. These separate aliquots were blind coded
and sent to three laboratories for analyte enrichment and final analysis. The
Battelle analyte enrichment consisted of partitioning the extracts through two
1iquid chromatography columns. The first column was multilayered silica containing
alternate layers of sulfuric acid treated, and sodium hydroxide treated silica gel,
separated by layers of activated silica gel, The second column contained
approximately 3 g of activated basic alumina, The extracts from the alumina column
containing the PCOD/PCOF analytes were concentrated and solvent exchanged into n-
decane.

MONS 019038
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The extracts were analyzed independently using two different gas chromatography/
mass spectrometry methods (GC/MS). Battelle and Oneida Research used capillary
column GC/MS with high resolution mass spectrometry as the selective detection
technique, The University of Umea used capillary GC/MS with negative chemical
fonization mass spectrometry to enhance analyte sensitivity and selectivity. Each
laboratory was provided standard solutfons of labelled PCDD/PCDF reference
compounds which were analyzed to determine response factors for quantification.

RESULTS

In the Unfon Carbide servicing, residual PCB are extracted from transformers with a
specfal coolant, TF-1. When removal is complete, electrical grade silicone ts
placed permanently in the transformer. The 1iquids combusted in this study
simulated the permanent silicone with small amounts of TF-1 residuals from
servicing, and 50 ppm (w/w) PCB. Tri/tetrachlorobenzenes and epoxide acid
scavengers were 3l1so part of Askarel formulations and were included in the stlicone
test Tiquids. Thus the materials tested in this study, duplicated the coolant from
“an Askarel transformer which had been serviced with TF-1 to remove PC8 and
subsequently retrofilled with silicone.

The results of this study revealed no measurable PCOD production and only traces of
PCDF, The PCOD results are given in Table 2. In all experiments PCDD reported as
total tetra and penta congeners, along with the specific concentrations of 2,3,7,8-
tetrachlorodibenzo-p-dioxin{TCOD), revealed concentrations either not detectable
(ND), or below the detection 1imit (BOL).

Furans were found at trace, but measurable levels. Results of the PCOF analyses
are summarized in Table 3. It {s apparent from these data that Arochlor 1260
produces the highest relative levels of PCOF which is expected due to the higher
level of chlorination tn Arochlor 1260 than 1254, Arochlor 1242 which has the
lowest chlorine content also produced the lowest PCOF levels. In all cases the
amounts of PCOF produced are below one ppdb (w/w).

The conversion of Aroclor to PCOF, as measured by the tetrachlorodibenzofuran
(TCOF) and pentachlorodibenzofuran (PnCDF} congeners, were extremely low under
conditions of a simulated building fire. Table 4 gives the conversion factor for
PCOF (tota) TCOF and PnCDF) based on the mass of each Aroclor burned.
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Dietectric

Table 2

DIOXIN (PCOD) RESULTS FROM THE COOLANT FIRE STUDY

{Results in ng/kg (pptr) of Coclant Burned)

Dopant

Silicone

Silicon

Silicone

Silicone

'(1) ND = Mot detectid at the limit of detection. In all cases, the limit of
detection was below 15 pg/KG collant burned.

None

Aractor 1260(8)

Aroclor 1254(4)

Aroclor 1242(4)

Congener
Tetra
Penta
Tetra
Penta
Tetra
Penta
Tetra

Penta

Battelle

no(}%)
b
N
(ND)
NA
ND

(ND)
NA

ND
(ND)
NA

Onetida
ND
(ND)
ND

o (5)
(ND)
ND

NO
(ND)
NO

NO
(NO)
ND

(2) The 2, 3, 7, 8 isomer concentration is given in parenthesis.

(3) NA » Not analyzed,

(4) Aroclor dopants at 50 ppm (w/w) plus 1.5% TF-1.
(5) BOL = Below detection limit,

7-16

Umea

NA
(NA)
NA

N0
(N0}
ND

ND
(ND)
ND

ND
(¥0)
ND
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Table 3

FURAN (PCDF) RESULTS FROM THE COOQLANT FIRE STUDY
(Results in ug/Kg (ppd) of Coalant Burned)

Dielectric Dopant Congener Battelle Oneida Umea
S1licone None Tetra 0.01 no(2) NA(D)
(o.oo?(l) (NO) (NA)
Penta NA(3) ND NA
flicone Aroctor 1260(4) Tetra 0.86 0.39 0.35
$titco rocle (0.24) (0:20)  (0.06)
NA 0.50 06.28
$i11cone Araclor 1254(4) Tetrs 0.54 0.19 0.42
{0.08) (0.10) (0.07)
Penta NA ND 0.27
s1licone Aroclor 1242(4) Tetra 0.13 ND 0.12
(0.01) {ND) {0.02)
Penta NA NO 0.
(1) The 2, 3, 7, 8 isomer concentration is given in parenthesis below TCOF
value,
(2) ND = Mot detected at the 1imit of detection. In all cases, the Vimit of
detection was below 15 pg/Kg collant burned.
(3) NA = Not analyzed.
(4) Aroclor dopants at 50 ppm {w/w) plus 1.5% TF-1,
Table 4
PCB CONVERSION FACTORS TD PCDF TIMES 10-6
Tetra 2,3,7,8 Penta
Araclor 1260 1-22 0.1-6 1-16
Aroclor 1254 §-15 2-6 7
Aroclor 1242 3-4 0.3 -0.4 2
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CONCLUSIONS

. No PCDD or PCOF were produced by combustion of silicon transformer
coolant alone,

. TF-1 (1.5% (w/w)) representing residuals from servicing operations,
produced no detectable quantities of PCOD or PCOF during combustion
tests,

[} Silicone coolant doped with 50 ppm (w/w) Aroclor 1260, 1254, or 1282,
produced no measurable PCDD, and only trace amounts of PCOF during
combustion tests, The amount of PCOF produced in any test was less that
0.001 psln (w/w), or less than 1 ppb {w/w), based on the mass of silicone
injected,

.0 The PCOF concentrations tended to decrease as the degree of chlorination
of the doped PCB decreased; Aroclor 1242<Aroclor 1254<Aroclor 1260.

[} The TCDF concentrations ranged from an average of 0.43 ppb (w/w) for
Arocior 1260, to less than 0.08 ppb (w/w) for Aroclor 1242, Likewise,
PnCDF Yevels ranged from an average of 0.31 ppd (w/w) for Arocior 1260 to
less than 0.04 ppb (w/w) for Aroclor 1242,

° For the case of retrofilled transformers, these data indicate that worst
case conversion of residual PCB to PCOD 1s neglegible, and to PCOF is
below parts-per-billion based on the mass of dielectric consumed. This
indicates that only trace amounts of PCOF would be formed during butiding
fires that involived retrofilied transformers, and most of the PCOF would
be deposited near the fire source.

MONS al9022
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PYROLYSIS AND COMBUSTION OF PCB CONTAMINATED TRANSFORMER FLUIDS

George Eadon, Ph.D.
NYS Department of Health
Wadsworth Center for Laboratories and Research
Division of Environmental Sciences
Empire State Plaza
Albany, New York 12201

Various laboratory-scale experiments have demonstrated that heating PCBs at high
tewperatures can produce substantial concentrations of FCDFs, Real-world
confirmation of this result has been produced in a variety of incidents in which
PCB-containing transformers and capacitors have been irnvolved in fires.

However, much less data is available on the proclivity of dilute solutions of
PCBs to form PCDFs during pyrolysis and/or combustion. Najvely, it might be
predicted that dilution of PCBs would result in a constant percentage conversion
to PCDFs, since the process is plausibly formulated as kinetically first-ocder
in PCB concentration, However, other possibilities exist. The diluting fluid
may itself provide facile pathways for PCP decamposition into non-PCDF products,
or it may be a much xore effective campetitor for the reactive species involved
in PCDF formation, thus minimizing that process. Alternatively, it might be
imsgined that the diluting fluid generates a reactive species that accelerates
PCOF formation, or, through a bulk solvent effort, stabilizes the transition
state leading to PCOF formation. In view of these various possibilities and the
potential economic importance of the question, a study was initiated to assess
the PCOP-forming potential of dilute (5,000-50 ppm) solutions of Aroclor 1254 in
various solvents of potential interest to the utility industry {mineral oil,
tetrachloroethylens, and silicone oil).

Since transfoomer fires are highly complex and variable events, no simple
laboratory simulation will accurately predict their cutcomes. Two rathec
different sets of experimental conditions were investigated hers; nevertheless,
these experiments do not assess all the variable parameters that might influence
the course of a real event. Pyrolysis, defined here as heating in the absence
of a flame, wvas acoamplished dy placing 100 ul of the solution of interest in an
open pyrex glass tube (6mm OD x S0 cm length): the tube was mounted vertically,
and the lower 3 inches inserted into a tight fitting metal block preheated and
thermostatically maintained at a specific temperature (usually 450~650°C) .

24
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Generally, a contact time of 15 minutes was used. The open end of the tube was
packed in dry ice. As an additional precaution to avoid escape of any PCOFs,
the end of the tube was attached to an activated carbon filter. In an effort to
minimize any potential exposures to toxic mixtures ard to simplify analytical
procedures, preliminacy experiments were performed using individual PCB
congeners expected to form biological inert dibenzofurans. Since only one or a
small rumber of dibenzofuran products was expected, it was frequently possible
to approximate the “optimal conditions” (i.e., those resulting in maximm PCDF
formetion) using gas chramatography with electron capture oc flame ionization
detection rather than GC/MS. After these range finding experiments wece

canplete, 5000 ppm Aroclor 1254-containing mixtures were pyrolyzed to confim
optimal conditions.

Finally, six samples at each concentration (5000 ppm, 500 ppm (whers
appropriate] and 50 ppm) were pyrolyzed and randamly combined to form two
cavposite samples at each concentration peior to GC/MS analyses. In addition,
scanning GC/MS analysis was pecfoomed on the pyrolyzed 5000 ppm solutions and on
the "blank® pyrolyzed solution to allow identification of the principsl non-PCDF
products foomed. In consideration of results obtained from these experiments,
it should be that the temp cegimen actually experienced by a
particular congener is not well-defined, since the liquid refluxes up the tube
and out of the heated region.

Canbustion, defined here as heating in the presence of a flame, was conducted in
an apparatus consisting of a blast burner, a cambustion tube, a sample
introduction unit and a sample collection unit. The quartz combustion tube (115
x 2.5 om) has three independently heatable zones. The sample is introduced into
the flame of the blast burner via a syringe drive; residence time can be varied
by the introduction of make-up gas. Samples are collectsd in an spparatus
coneisting of an impinger (connected to the cambustion tube), and an XAD-2
packed absorption tubs. The collection apparatus is, in turn, connected through
an orifice to a vacuum line. Thus, escape of any FCIF from the spparatus is
unlikely. The apparatus pemits detemmination of PCOF foomation as a function

of FCB ration, resid time, wall temperature, oxygen concentration,
etc.
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PCB ACCIDENT IN FRANCE

C. Rappe, L.-0. Kjeller, S. Markiund, M. Nygren
Department of Organic Chemistry
University of Umed, S-901 87 Umed, Sweden

R. Fournie
Directton des Etudes et Recherches d'EDF
1, Avenue General de Gaulle, F-9214) Clamart, France

In the evening of January 14, 1985, an explosion followed by a fire ruptu-
red a transformer in the basement of a residental building in Reims,
France. Due to the low outdoor temperature the transformer was probably
overloaded. The dielectric fluid in the transformer consisted of a mix-
ture of PCB {60%) and trichlorobenzene (TCB) (40%).

Although the power was disconnected after the explosion, a "bal) fire*
apparently had initiated the combustion of flammable materia) contaminated
by PCB and TCB. Soat and smoke was distributed throughout the 6-story buil-
ding.

Soot and wipe samples

Two days after the accident dielectric fluid collected near the transformer
and soot samples were analyzed. The results did not show the presence of
polychlorinated dibenzofurans (PCOFs}) or tetrachloro dioxins (TCDDS). How-
ever, other samples were collected in the building February 21 and April 2
and analyzed by us. Before extraction, the samples were fortified with 13¢
labelled PCOFs. A Supelco fused silica column was used for the HRGC sepa-
ration. The analyses were done on a Finnigan mode! 4500 MS instrument, the
quantitative values were corrected for recovery (60-100%). A series of
PCDFs have been identified with total levels up to ug-mg/m?, see Table 1.

In three of the samples we have also found polychlorinated biphenylenes
(PCBPs) at about the same levels as PCOFs but no or very low amounts of
PCOOs.

Another series of samples were collected on March 15 and nncl{zeo by 8
third laboratory. This laboratory could confirm the high levels of PCDFs
but this laboratory did also report on a series of PCODs at levels close
to the levels of PCOFs. Wowever, three other laboratories analyzing the
same sample could not confirm the high levels of PCDDs, see Table 2.

It seems to be essentfal ta study the chlorine cluster and the M tons
for the PCDDs (m/z 320, 354) to differentiate bgtween this series and the
PCBPs, which have one chlorine more and their M ions at m/z 322, 356,
see Figure 1,
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Blood samples

8lood samples from persons exposed in this fire have been analyzed. A few
C15 and ClB 2,3,7,8-substituted PCOFs have been identified at low ppt

Tevels,

Jable 1. Levels of PCDFs and PCDDs in samples from Reims {Umed) .

1 2 3 4 5 6
ug/mz ug/mZ ug/mz ug/mz ug/mz ug/mz
Tetra-COFs > 30 > 8 ~ 4.5 o.n 0.22 0.3
Penta-CDFs 960 590 37 0.89 1.5 1.40
Hexa-COFs 760 570 36 0.70 1.2 1.90
Hepta-COFs 530 430 27 1.2 1.9 3.3
Octa-COF 290 220 36 NA NA NA
Tetra-CD0s NA NA NA NA NA NA
Penta-CODs < 1 < 1 < 0.005 <0.005 <0.005 < 0.005
Hexa-C0Ds < 1 < 1 < 0.005 <0.005 < 0.005 < 0.005
Hepta-CO0s 35 32 < 0.00% 0.1 0.14 0.33
Octa-C0D 16 14 < 0.005 0.18 3.45 0.33

The samples 1 and 2 were taken on the ceiling of the basement near the
door of the transformer vault (February 21).

The samplie 3 is a wipe sample collected externally on the door of the
transformer vault (Pebruary 21}.

Supl* 4: Wipe sample on the second floor, near the door of 2an apartment
(April 2).

Sample 5: ‘ipe sample is a bathroom, second floor (April 2),
Sample 6: Wipe sample in a kitchen, second floor (April 2).
Samples 4, 5 and 6 are collected after cleaning.

NA = Mot Analyzed.
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Table 2. Results from the analysis of the same sample.

WATERLOO™ CERCHAR RADIAN RHONE-

Corporation POULENC

ng/9 ng/9 ng/g ng/g

Tetra-COFs 35,000 500 490.0 220
Penta-CDFs 58.000 700 820.0 420
Hexa-COF 25.000 2.000 190.0 25
Hepta-CDFs 8.000 700 3.7 1o
Octa-COF 3.000 - 14.0 160
Tetra-CDDs 56.000 « 1.000 ND** a5
Penta-CDDs 81.000 < 300 550.0 150
Hexa-C00s 7.000 < 500 45.0 490
Hepta-CDDs 8.000 - ND 210
Octa-C00 8.000 - ND 350

Taking for the liquid 1.560 g/cna. the results of sample are converted
in ng/g.

"™ 2,3,7,8-TCDD not measured and for other TCDD, the detection limit is
1.0 - 5.0 ng/g.

ND = Not detected.
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FCBe Fires: Praliminary Correlation of Chlorcbenzens and FCB
Contants of the Fluid with RFCOF and PCTD Contants of Soot

desRosiars, P.E.,* westfall, 8. F
Campbell, B. and Les, A. ™"

PCBs, PCDOs, and PCDFs ars subject to new requlations
promulgated undar the Toxic Substances Control Act and the
Rescurce

that PCDOs have bean fourd only in tha Binghamton, NY,
transformer fire incident. Laboratory coambustion studies
further support PCDFs formation fram FCBs and PCIOs from
chl

on July 9, .1985, the United Stat Envi 1 ion Agancy
promulgated its final rule on Polychlorinated Biphenyls in Electrical

£ the Qulmination of a lang fact-finding and rule-meking process
that develicped shortly after the transformar fire at the State Office Building
in Binghamton, NY, an Pebruary 5, 1581. In hrief, this rule:(1)

1) Prohibits the use of highar secondary voltage (480 volts and above)
network FCB Transforsers in or near commercial buildings aftar
October 1, 1990.

2) Requires, by October 1, mo,ﬂumhttmotunruddmial

protection en lower voltage network PCB
voltage radial FCB mminormu
*U.8. Invironmental Protection Agency, Office of and Devel

401 X Strest SW, Weshington, OC 20460,

Fu.s. mvi 1 Protection Agancy, HWERL, 26 W. St. Clair Strest,
Cincirmatd, a8 45268.

**ectniical Rescurces, Inc., 1202 Morzroe Street, Rockville, MD 20852.
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3) Prohibits further installation of PCB Transformers in or near
commercial buildings after October 1, 198S.

4) Recuires the registration, by Decambar 1, 1985, of the extericr of all
PCB Transformars with fire response personnel and building ownars.

5) Requires the merking, by December 1, 1985, of the extarior of all PR
Transformer locations.

6) Requires the removal, by Decambar 1, 1985, of stored combustibles
located near FCB '!hmtcn-ts

This rule doss not spell the end of the issue surrounding PCB fluids in
alectrical equipmeant. Increased media attention to the problem of tede
substances genaration in electrical equipment fires has prompted incressed
public awarsness. In Washington, D.C., recantly, fires or leaks imvolving
transformers in the Smithsonian Institution, the White House, and the
Dapartmant of Health and Hran Services were given front-pege attention in the
Hashington Romt. Additionally, many utilities throughout the country have
hundreds of thousards of gullons of PCBs in storage awaiting proper disposal.
As some utilities have discoverwd, improper disposal can result in heavy
pealties, In Septasber 1985, the Potcmac Electric Fower Company (PERCD) in
Washington, D.C., signed a d with the State of Marylandt to clesn
up FCB contamination at a storage company to wham PEPCD sold 73 transformers
contaminated with PCBs. The cleamyp is expectai to cost FERCO from $1.5 to $3
million. Purthermore, the isswa of PCBe-filled capecitors has not yet surfaced
in the United Statas and it is not coversd by the July 9 rule. However,
capaciter fires in Sweden and Finland have cartainly drawn attantion to this
area as well; , the = tire in Reims, France, has not
dispalled this attantion.

To complicate the issus further, under the Resource Consarvation amd
wm«ms,mmmm-mam:yu. 1983, with
regard to dioxins- i (2)  This rule defines cartain
vaste stresss as dicxins-contaminated wastes ard thus, narrcws waste treatment
options to those approved for dioxins wasts. One part of the proposed rule is
intended to cover a broad variety of dicd inated that are
{dentified ss EPA implemants its Dicxin Strategy. In tha implessntation of
this strategy the Agency has established seven categories or tiers of
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investigation and study. Tier 4 ion suxch as mnicipal

andt wasts inci , FCB transformer/capacitor fires, resctivation
furnaces for spent granular activated carbon, boilers using PCBs and
PCP-treated wood, atc.(3) Thus, this rule eventually may cover residus
materials generated in a PCBs t £ tire if Aloxi inati

is shown, or, in situations whers dioxins are found with "PCBs wasta.” A case
in point is the problem encountered by a waste management company in Alabema.
It acceptad 40,000 gallons of "FCB wasta" from the infamous Hyde Park Landfill
in Nisgara Falls. Since the wasts contained >500 pym PCBs, this wasts wes
legally a PCBs waste. Unfortunataly, Alsbama State authorities were not
| d via the forw ‘s bill of lading that the : phase 1
(NAPL) contained 20.2 ppm 2,3,7,8~1CID alang with hundreds of othar halogensted
crganic and pesticidal residues and substantial quantities (100 to 1000 ppm) of
toic heavy metals. As a result, several of the 41 storage tanks at the wasts
Mragenant CEpany's tank farn becams cantaminatad with dioxdin and 1.2 million
gallons of PCB vastss are now tarmad "diexin westss,® with no short-term
solution in sight.

Requlations in the Unitad Statas to date have focused on the SI0s and
PCBs. No federal regulation has besn promilgated specifically for PCIPs.
fowever, if PCOOs or PCIFs are found in PCBs, disposal options for FCBs could
be further restricted.

Table 1 summarizes the analytical results of some of the major (s
transformar and capecitor fires identified in the United States. This list
Tepresants only fire incidents where an effort vas made to msasure not only
FCBs, but NCT0s and FCIFs as wall. The list of reportad PCB transformar fire
incidents continues to grovw in the United Statss and Burcpa.

PCODs ware clearly identified only with the Binghamton, NY, transformer
gire. The tinding of KDDs at Binghemton, NY, is consistent with laboratory
tindings of KDDs from pyrolysis of chlcrcbenzenss.(13) The Binghamton, Y,
transformer oantained 65% polychlorinatad biphenyls (Aroclor 1254) and 35% tri-
amd tetrachlorinated bangenas. The intense heat of the Binghamton fire may
have also creatad the cptimel coditions for bimolecular resctions of chloro-
banzenss, necessary for the formation of FCDOs.

MONS 019032
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Table 1. Some Major Fires Involving PCB's Transformers and Capacitors in the U.S.

BAC ANALYEES Brs

Binghaaton, NY Soot Sasples Total FCDFS: 763-2160 uy/g
Stats Office 2,3,7,841C00: 12-270 ug/g
auildi

Clncimuti, Of  Wips Sasples WD
Elemsntary .
School

(12-2-80)

(Capacitor)

Boston, M Soot Sasples Total KCDFS: 163 uy/g
oetice Bullding 2,3,7,0-1000: 3 w9

Mianl, 1. Soot Sasplea CDPe: 100-1000 wuy/q
Vau! od

(4-3-82) Fire Residuss

(Transtormar)

Colusbus, 0N Wips Samples Total KCDPs: wp to 10,000 ng
Oftios 2,3,7,81COF: wp to 1000 ng

Soct Sasples Tutal KCDPs: 10.9 uy/g

e
Total KI0m;s 20

flled with (4,9

ug/g Traretormer
2,3,7,8”1XI0: 0.6-2.8 ug/g 1060 gals. of Pyrsnol (658

chloscbensens.
1imit ot ug/g level.)

Chs) (Aroclor 1234) 6 358
tri- and tatrachiorineted
banszanes. Vary hot fire,
-Qlalu & Twpture of trare-
formar with releass of 180
gals. of fluid.

Only 0.088 ml of KCIs ()
{Aroclor 1384) vas Lawolved
in the capscitor but thw
entire basenant ves contam-
inated at 8 lewel of

N U/

Trarsforaer containing m
Aroclor 1254

G|
i
;
i
R
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Analysis of wipe samples from the Columbus, CH, fire also showed a very
swll amount of RCOOs, but the finding could not be quantified in the soot
sazple. No chlorcbenzens wes fourd in the soot sample from Columbus, OH. No
analytical data is yet available cn the capscitor oil itself, although it is
known to contain Aroclor 12425 thus, it is not clear if pyrolysis of chloro~
b was the of tha seall amount of PCIOs found. The transforser
irvolved in the San Prancisco fire was also filled with Aroclor 1242, ut
contained no chlorcbenzenes. No PCOOs wers foud in the scot. In the
San Francisco fire, 30 gallons of the fluid were relesased ard allowed to
sxolder for 8 hours aftar the fire was discoversd.

EPA, through a contract with the Midwest Research Institute, Xansas City,
MO, has d 1 studies to thermel deg: ion p from
dielectric fluid using a bench scale tharmal destruction systam. (14)

The first part of the study wes to determine the optimm temperature,
oxygen, and residence-tims conditions for PCOF formation. The feed into the
systam vas nineral oil spiked with three individual PCB corgenars (2,3,4,6~
tetrachlorcbiphenyl, 3,4,5,3',4',5'-hexachlorcbiphenyl, and 2,4,6,2',4',6'~
hoachlcrabiphanyl), shich form FCIFs by the fouwr reaction mechanisss proposed
by Buser and Ragpe.(13) The results indicate that the cptimm values are a
temperature of 675°C and an oxygen ration of 8%. The residence
time, in the range of 0.3 to 1.5 seconds, did not significantly affect the
yiald, although the cbhserved yields of KDfs were lowar at shortar residence
times.

In the next part of the studly, duplicate test runs wers conducted with
ainaral oll and silicone oil dislectric fluids containirg PCBe (Aroclor 1254)
at conoartrations of 0, S, 50, and 300 ppm. An askarel fluid containing 70%
Aroclor 12%4/30% trichlorchbenzenes, and a non-PCB asiaxrul fluid, containing
mostly trichlorobenzenes with some tetrachlorcbenzenes, wers testad in
dAplicats. IXOfs were found in all sssples. FCOOs wars fowd in the sasples
fros the trichlorcbentens runs and occasionally at low levals in scme of the
other samples. Up to 5,700 ng total PCOFs/ml of spiked feed oil or 4%
conversion efficiency (ICBs to PCIFs) was cbserved for the mineral oil and
silicons oil runs. Up to 19,000,000 ng total PCOFs/ml feed oil (19 my/ml) or
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3t conversion efficiency was cbsarved for the askarel fluid. Statistical
analysis showed a linear relationship for PCDFs formed versus the apount of
PC3s.

FCOFs and, to a lesser extant, FCTOs ware formed fram the trichlorcbenzens
dielectric fluid under the optimm PCB-to-RCDF conversion comditions. Up to
>110,000 ng total PCOFs/ml feed oil (>0.004% yiald) and 1,900 ng total PCDO/Mml
fead 0il (0.0001% yleld) were cbsarved for the trichlorcbenzens runs. Tables 2
and 3 show the yialds of the PCOF and PCID hamologues from the different runs.

The results indicate that the cptimm conditions for POOF formation from
PCBs are near 675°C for 0.8 second or longer, with 8% excess cxygen. Under
these conditions, PCDFs are formed from mineral oil or silicons oil
contaminated with PCBs at >3 pom. PCOOFs wars also formed frow a trichloro-
banzens dielectric fluid that containsd no detsctable FCBs. Thase results
spported earlier laboratory work and anmlytical results of scot matarial from
transformer and capacitor fires, shich detsrmined that chlorobenzenss are
required for PCDOs formation.

Ona problee in evaluating data gunerated from the analysis of eoct o
vipe saxples from a transformer or capacitor fire incident is the lack of data
on the oil itself. EPA has cirtained samples from transformers that weze
involved in fire incidents at Miammi, FL, Binghamton, NY, and Chicago, IX.
Total PCDFs (Table 4) in the used fluids are within the range of the KDFfs
valuss previcusly reported for stock material. It does not appsar that the
normal use in elactrical equipment genarates PCDFs to any extant. RCDDs and
PCOPs appesr to be formed only after FCBs and diluents are released from the
transformer/capacitor housing. The FCBs and diluents subsecuantly react under
tharsally stressful conditions in the pressnce of air or oxygen to form PCODs
and PCOFs a8 evid d by: (a) ion at uy/g levels in soot samples taksn
from vault valls; and (b) the relative absance of FCDDs and IXOUFs from the RCB
fluids themselves.

Further information has been provided from Eurcpean experiences(15)
garding a used to lindans mamutacturing westes (o, 8,0~
hexachl yel HCCH) to predominantly (70-75%8) 1,2,4-trichloro-
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Table 2. PCIF's Formed in Oumbustion Studies !t}

e MonoCOP  DiCOP Teicr octaP KO
(rg) (ng) (L) ng) (ng) ™) rg)
Minesul Of - - 130 [ - -
5 ppm A-1254 - - 43 [] - -
silicans 01)/ - - 26 o - -
5 pem A-1354 - - n ° - -
oily - - 200 .s - -
850 ppm A-3254 - - uo 2.2 - -
8i1icore 011/ - - % [ [} []
50 M12%4 - - 530 [] [} [] 1,300
oly 1,700 ] 2,200 ? 0 [] 4,708
200 ppm A-1254 - - 1,300 13 ° ° 2,100
[T - - 0 [ ° 0 1
841jcone 011/ - - 2,000 4 - - 3,100
500 ppm A-1254 50 1,300 5,000 n [ 0 8,600
[L] 0.4 0 0 0 3 (] 5
700 A-1254/208 00 5,100 440,000 000 39,000 3,600 9,200,000
1,900 7,000 220,000 19,000 1,300 6,700,000
[ 2 1%0 N0 - - 1,000
orcbensere Pluld - - 2,400 - - 9,900
{txd vl:h scme tetra) 2,000 29,000 )u.o: (] [ ] >50,000
lab Blank o ° [ - -
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Table 3. PCD's Pormed in Copbustion Stud.'\exu“

MOroCDO DICOD TriCDD TWraCiD PentatlD HexaClD HeptacDD OctactD KOs

s (ng) m) (ng) (ng) (n9) (ng) (rg) ) (v
s1)icone 011/ } - - ° ° R ° - -
500 ppm Arcclor 1284 ° ° ° ° 1.7 ° ° o 1.7
708 Arcclor 1254/ ° [ 0 0 [} 0 30 » 0
08 Trichiorchensens [] [] (] [ [ 20 s 200
Chlorcbensens Fluids - - 1,100 “o 0 ° - - 1,500
(mostly tri with scme tetra} o o 630 520 [ 72 0 ° 1,200
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Table 4. Analysis of Fluids Involved in Transformer Fire anidmts(n)
Mimai, FLL Binghamton, NY3 Chicago, 103
(May 29, 1964) (February 5, 1981) (Septamber 28, 1983)
(wg/g) (ug/q) (ug/g)
NOA NDA NDA
RCOFs (Total) 6.0 16.2 3.0
Tetra-COF 0.31 0.48 <0.01
Penta—~cOP 0.78 1.1 0.083
Heoa-CDF 2.2 1.0 0.47
Hepta-COF 1.3 3.2 1.4
Octa-oF 1.4 0.41 1.1
Chliorobenzenss (Total) 430,000 350,000 160,000
Trichlarcbenzenes 260, 0000 230, 0000 100, 0000
Tutrachlorchenzenss 140, 0009 110, 6000 51, 000P
Pentachlorcbenzenss 29,0000 13,0000 5, 5000
Heachlorcbanzens so0d asd P
FCBs (Total) 410,000 80,000 110, 000°
Monochlorobiphenyls 320° 230° <100°
Dichlcrchighanyls 1,100° 730° <1%0
1s 2,600° 3, 5004 <200
s 1,000‘;000c 08,000 <400
Pentachlorcbiphenyls i 300,000 11,000
Buachlorchiphenyls 160, 000% 160, 0004 43,000°
Heptachlorobighenyls 170,000 24,000 45,000
Ootachlorcbiphenyls 32,000° <800 7,300
Nonechlorobiphenyls 14,000 <1,200 <1,600
Decachlorcbipheryl <,800¢ 3,500 <4,700
& Detaction limits approct ly 0.0l ug/g for PCOFs/RCIDS.
D Regults of snalysis at a dilution of 0.1 g of oil/ml of hexans.
¢ ts of analysis at a dilution of 2.5 mg of oil/ml of hwane
4 Ragults of analysis at a dilution of 0.25 By of oil/ml of hexane.

1 Askarel Typs A: 60% PCBs with 60t chlorine (Aroclor 1260) with 40%
trichlorcbenzens aixture.

lmmnzvmmmmm-msgmu-(mmm)wam
trichlorobenzens .

3 Mineral OLl with 258 FCBe (Aroclor 1260).

MONS

7-34

019038



benzene (TCB), which, after purificaticn, was transformed to 1,2,4,5-
tatrachlorcbenzene used as the feedstock for 2,4,5-trichlorophancl. The
process involved the low tasparature (200-240°C) pyrolysis of the lindane
wastes with a carbon catalyst using indirect heating of a closed reaction
mantle. The residues from both the mantle and the trichlorcbanzens still were
analyzed by Buser in Switzerland (see Table S). Needless to say, the
extraction procedure required for this residue was excruciatingly

time-conmming and tediocus.

Table 5. Dioxin Isamer Differentiation for Pyrolyzed HOCH Residues
and TCB Stillbottams (15)

Dicedin Iscwer Concentration, my/kg (ppm)
2,),7,8-TC0O 0.3
TCT0s 12
1,2,3,7,86~-C00 7
PClOs 200
1,2,3,4,7,8-KKD 45
1,2,3,6,7,8-HC00 150
1,2,3,7,8,5-8C00 65
H, 0 680
1,2,3,4,6,7,9-HC00 1,400
1,2,3,4,6,7,8-HCT0 3,000

o 7,600

The point hare is that extrems care must be taken when pyrolyzing and/or
distilling chlorinated ics to air (coxygen) from the systam.
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Finally, it should be noted that EPA's Dicxin Disposal Advisory Group has
besn providing quidance upon request to EPA regions reqarding active/inactive
scrap metal reclaining facilities, whers PCB transformer and capacitor uwnits
are processed for their respective coppar values. One such earple in the
Pittsburgh, PA, area is a l/2-acrs site in tha midst of a residential
commnity, with about 1000 parsons within a 1/4-mile radius. On this site is a
comarcial uilding comtaining a small incinerator that was used not only to
ocmbust FCBs, kut also to provide heat to the swrounding area! In August
1982, NIOSH made an inspection and detectad 8 ppm OCID in a sample of soil
tajken at & depth of 1 foot near the PCB liquid storage area. In April 1984,
EPA Region III staff removed and analyzed dust sasples from inside the
building, the results of which are shown in Tabla 6.

Table 6. Dioxin and Furan in Dust

Hamologue concentzation, /g
T 17-59
2,3,7,8-1CI0 0.79-2.8
s 413-1232
2,3,7,8-TCDF 74-241

As a result, an Dmesdiate Removal Action was initiated on May 29, 1984.
An extension survey demonstrated that the dicxin/furan contamination wes
strictad to the intericr of tha incinerator building. Mcre than 5000 tons of
FCP-oontaminated soil, containing >50 prm PCBs, ware excavated, losded, and
transportad for disposal to the CECUS facility in Niagara Falls, NY, befove the
RCRA Dioxin Listing Rile went into effect (on July 15, 1985). Scrape sasples
from intaricr building surfa howved

TCEDs 10-54 nv/g
<or's 38-615 ng/q
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Sixty transformer casings remain on sits today. Estimated cost for the
disposition of the remaining contaminated materials ({.e., PCBs, XIDs, and
PCIFs) and security of the site on a tempozary or intarim basis is $2.805
million — for a 1l/2-acre sital No doubt the responsibls parties will be
identified but, in the irterim, thare resain only two certified/fully permitted
facilities for KID destruction: the EPA Mobile Incineration System, curvently
aployed to destroy dioxins-contaminetsd vaste liquids amt solls st the Dermey
Farm sits near McOowall, MD, and the EPA Office of Research and Development's
Combustion Research Facility in Jeffersen, AR. In the weantime, no new
tachrology to relisve the cepeci h e is exp i until I 1986.
Mearshile, the confusion betwesn the applicability of the TSCA KCB regqulation
or the RCRA Dioxin Listing Rule to a particular site will remain.

In conclusion, the following relevant chesrvations may be made:

1) The Binghamton, XY, fire incident is the only one where prm levels of
PCDOs have been found and quantified:; 2) The formstion of XIDs frem
chlorcbenzenes is supported by varicus laboratory eperiments and by the
Bingt tire incident; and 3) Becauss of their potential for forming PCDOW
and FCDP under thersal conditions, chlorcbenzenss should be used with care and
disposed of properly.
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David Slinn

FORMEL -~ A NEW, SAFER, NON-FLAMMABLE DIELECTRIC AND COOLANT
FOR TRANSFORMERS

ABSTRACT

A test programme is outlined describing the search for a dielectric fluid that
is non-flammable under high energy arcing conditions and which, at the same
time, gives an acceptable toxicity profile in the immediate vicinity of the test
device during arcing. A number of fluids were studied using a combination of
switching, destructive testing and analysis of fluid decomposition products as
s¢reening techniques. These studies, in conjunction with parallel examination
of the fluid for other necessary properties, led to the selection of a blend of
halocarbons as giving the best performance. Destructive testing of a 500 kVA
transformer filled with this {luid showed that it passed the target safety criteria.

The fluid has been shown to exhibit a satisfactory performance across the
spectrum of properties necessary for a transformer fluid. In particular, the
combination of its low viscosity, high density and high coefficient of expansion
leads to outstanding coolant characteristics. Commercialisation has taken place

and the trade name Formel has been allocated.

Each component of Formel has been used widely by industry for many years
and the toxicology has been studied extensively. [t is considered, therefore,
that the safety and environmental profile is acceptable throughout manutacture,
use, maintenance and disposal scenarios.
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Section 1

RESUME

Most of the work described in this report was conducted under the auspices of
the Electricity Council in the U.K. Harwell Laboratories, Didcot, U.K. acted
as independent consultants and 1.5.C. Chemicals collaborated with regard to
tluid supply and relevant technical advice.

Emphasis in the early stages was centred on the need for a non-flammahle
replacement for oil in switchgear. As this objective was not achieved and
competitively priced alternatives, such as SFg equipment, were becoming
available, the phasis was changed to transformer studies and a target
specification was drafted (Table 1). Most of the preliminary screening tests,
under both switching and high energy arcing conditions, were conducted with
typical substation switches containing about sixty litres of the fluid. During
the course of this work, a variety of fluids were tested (Table 2), including
commonly available "less-{lammable” transformer fluids, such as esters, silicones
and high-boiling oils. The latter fluids were found to give as large a contlagration
as standard hydrocarbon oil, which was somewhat surprising in view of the fact
that they are used on the basis of a substantially reduced fire risk. It quickly
hecame apparent that any hydrogen containing fluid constituted a flammability
risk under arcing conditions; for example, trichlorobenzene gave a small tlame
(Table 3). Exceptions to this finding were the cases where a highly volatile
halocarbon, such as |,l,2-trichlorotrifluoroethane mixed with a hydrocarbon
(Table 3), gave a fire suppression effect. However, the vapour pressures of
such mixtures were unacceptable and high concentrations of acid can be formed.

After the {lammable effect of hydrogen (even in small amounts) had been
established, further work centred on fully halogenated materials. Also, because
of increasingly stringent environmental considerations, it was considered that
only those fluids could be used that had long established uses coupled with well
d d and acceptable toxicity profiles. Furthermore, all such {luids shouid
be already commercially available, at acceptabie costs.

When all the foregoing criteria were applied, the available candidate fluids
narrowed to perchloroethylene and chlorofluorocarbons. Of the liguid
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chlorofluorocarbons available, only difluorotetrachloroethane (CFC 112) and
trifluorotrichioroethane (CFC 113) were considered as suitable liquid candidates,
from vapour pressure considerations in standard transformer designs. Both
perchioroethylene and CFC 11} were aiready being marketed as transformer
fluids. High energy arcing tests were thus conducted on those materials,
separately and mixed, using sixty litre capacity switches as test vessels.

In order to establish a satety target for the immediate environment during high
energy arcing, the concept of the emergency exposure limit, EEL, was introduced
(Table & and 5). This was defined as the maximum vapour concentration tenable
by human beings, for a period of 3 minutes, without permanent harm. As
thermal injuries from emerging hot liquid may also be a hazard, simultaneous
measurement of temperature was made (Table 3).

The high energy arcing tests invariably caused violent rupture of the 60 | test
vessel, usually resulting in shearing of the boits on the lid, followed by liquid
being thrown in all directions. The most signilicant factor emerging from tests
on the r ining three did. fluids was that the addition of
chlorofluorocarbons to perchloroethylene markedly reduced the small amounts
of chlorine and phosgene produced by perchloroethylene aione (Table 6) so much
so that phosgene traces were well within the safety limits. However, even in
the case of the optimum mixture, chlorine levels were still marginaily higher
than the EEL.

Having obtained the optimum mixture, and also taking the entire spectrum of
properties into sccount (Table ! and 17), the f{luid was tested in a 3500 kVA
transformer, which resulted in phosgene being undetected and chlorine ievels
being well below the EEL (Table 7). Aithough the same order of energy was
used for the previous switch tests, the transformer test was markedly less
violent resulting in smail bursts on two side weids followed by siow seepage of
liquid during an hour or so. The improvement in the results obtained was
considered to derive from the reduced mixing of fluid with air.

At this s1age, & toxicological and environmental review (1) covering the optimised
mixture (Formel ) was ducted by the independent laboratory. This resulted
in a recommendation that the fluid had an acceptable safety profile, based on
a considersble history of use and extensive toxicological testing. A decision
was then taken to further test the electrical performance in full size
transformers. This required compatibility testing in order to select suitable
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materials, which showed that most conventional types were satisfactocy (Table
8). Physical properties were also measured and colliated (Table |7). Two 3500
kVA transformers were subsequently built and installed in the London Electricity
Board distribution system and two 50 kVA transformers were built to study the
relative properties of Formel and transformer oil {Table 9 to 12). In parallel
with these studies, a standard 500 VA oil-type transformer was fitted with
about forty thermocouples to compare the cooling properties of various
transformer fluids with Formel (Tables 13 and 14), These studies showed
that the liquid had similar dielectric properties to oil and that the cooling
properties were superior to other available fluids. A comparison of Forme!
properties with several other fluids is given in Tables 13 and (9,

After one year in operation, one of the LEB transformers was disconnected and
the core and windings were subjected to close visual examination, which indicated
that no deterioration had occurred. Accelerated laboratory tests were in
agreement with these findings (Table 13)

Following the commercial launch of Formel in February 1988, studies were
made on the behaviour ot Formel , if involved in a building fire, These
indicated that vapours arising from Formel did not add to the smoke hazard
(Table 16). Recently, sttention has been directed on the formation of soots
during the pyroiysis of helocarbons, following the detection of highly toxic
dibenzofurans and dibenzodioxins in building fires involving PCB filled
transformers. Some initial studies on Forme! (2) indicate a tendency to
form fully halogenated ring compounds, including chlorofluorocarbons. These
species have a relatively low toxicity. However, the detection limits were only
about | ppm and {urther investigation is in progress at nano gram levels.

Environmental authorities are concerned about the disposal of halogenated
transformer fluids, especially in view of the problems currently being experienced
with P.C.B.'s. Analysis of product from accelerated aging tests (Table 19),
indicates that following its life in a transformer, the fluid can be reconstituted
a3 Formel or can be separated into separate compounds for conventional
solvent application. Current industrial requirements for the Formel-NF
components are about [.5 million tonnes in total, on a global basis.
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Section 2

EXPERIMENTAL

This section contains only a summary of the work done since a full description
would be bdeyond the scope of this paper.

HIGH ENERGY ARCING TESTS (CATASTROPHIC FAILURE)

These tests were conducted at the Switchgear Testing Company, Tratford Park,
Manchester in the U.K. The majority of initial screening experiments were
carried out in 60 | distribution type switches at energies of about 8 kV, 6.5 kA
for 300ms. After selecting the more promising {iuids, the energy was raised to
a more arduous level of 12 kV, 13 kA for 300 ms.

Each test was monitored visually by high speed cine photography and thermally
by an AGA Thermovision camera. After screening tests were completed, gas
sampling devices were designed (Fig. 1) capable of collecting samples, from the
time of arc inception to any required time afterwards. A typical arrangement
of the test vessel and sampling devices is illustrated schematically in Fig. 2.
Most of the analyses were d d on site, i diately after each test, by
personnel from the Physical Chemical Measuring Unit, Harwell Laboratories,
Didcot, U.X. Environmental and toxicological guidance, including emergency
exposure levels, was also obtained from the same laboratories (Tables 4 and 3).

SWITCHING TRIALS

in parallel with the high energy arcing test programme, switching tests were
conducted both in distribution switches and in circuit breakers. Certain of the
fluids exhibited promising switching properties, however, the work was not
completed following the successiul introduction of sulphur hexalluoride
switchgear.

An overall summary of both switching and high energy arcing trials is given in
Tables 2, 3, 6 and 7.
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MATERIAL COMPATIBILITY WITH FORMEL

Before construction of a transformer, all cellulose and polymeric materials used
were subjected to screening tests. Samples were immersed in Formel at a
temperature of 100°C for a minimum period of 2 days. Assessment involved
measuring dimensional change, weight change and amount of polymer extracted.

Accelerated tests were conducted in the presence of metals, since certain metals
such as aluminium, zinc, magnesium and their alloys have doubtful long term
stability in the presence of halocarbons. Screening was conducted by heating
Formel in sealed glass tubes at a temperature of 175°C for one week. These
tests indicated that copper and steel are satisfactory.

Following the selection of suitable constructional materials, two 300 kVA
transformers were built and installed in the London Electricity Board. After
operating for one year, one of the transformers was removed and the core and
windings were inspected. Close visual examination revealed no corrosion or
other compatibility problem. Chemical analysis of the Forme! revealed no
change. Measurement of the electrical resi e and br ' voltage e
that the fluid was on-grade.

The resuits from two 50 kVA transformers, respectively filled with oil and
Forme! (Tables 9 to 12), are an indication of acceptable compatibility, since
small quantities of dissolved materials in Formel can adversely affect the
electrical properties, particularly tan

ELECTRICAL PROPERTIES

The electrical resistance, tan é and dielectric constant of Formei are
routinely measured on an Olman dielectric test instrument model No C8 78
using the cell specified in BS standard 148, The breakdown strength is measured
using & Foster Oil Test 90 Instrument with an electrode size and gap specified
in BS188. Quality control values are given in Table 17.

Capacitance, tan J ,» impulse voitage and partial discharge measurements were
compared for oil and Formel using two identical 30 kVA transformers (Tabies
9 to 12). The capacitance between the HV winding and the transformer tank
together with the loss angle (tan J ) of the total insulation was measured using
a Hartman and Braun Capacitance / Tan J ing bridge. Impulse voltages
were measured according to British Standard 923 and comprised full and chopped
_ wave impuise voltages at 75 kV followed by a repeat at 95 kV. Negative polarity
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was uysed throughout and the chopped wave terminated on the wave tail, Sp
seconds after inception. Partial discharge were measured with an ERA Discharge
Detector Model 3 fitted with an Input Unit No. 3. Discharge inception voltage
and extinction voltage were measured at 7 kV, chosen as the rounded-up voitage
10% above the nominai phase voltage of the transformer.

COOLING CHARACTERISTICS
The combined low viscosity, high density and high coefficient of expansion of
Formel (Table 17) resuits in outstanding cooling characteristics. Hot-spot,
winding gradient and overload measurements of Formel were compared with
some other common transformer fluids (Tabies 13 and (8). The 500 kVA
transformer used was designed for use with oil and was {itted with about 80
thermocouples. Although 3 30% overload performance is indicated, when Formet
is compared to oil, this figure falls to about 20% in commercial Formel
units, i.e. when the transformer size and number of radiators are reduced.
The excellent cooling properties contridbute significantly to competitively priced
designs of transformers.

FIRE TESTS WITH FORMEL

in these tests Formel was compared with sulphur hexafluride and
trichlorotrifluoroethane (CFC 113) by spraying each tluid into 8 drum containing
a blazing mixture of petrol and diesel fuel. The drum was 81 cms high, 36 cms
in diameter and contained about 5 litres of fuel during each test. Samples
were taken at various points downwind. Concentrations of noxious gases taken
at a point near the flame edge is shown in Tabie 16, It was impossibie for
personnel to stand at this position during the burning period.

019051
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Section 3

EFFECT OF FORMEL ON TRANSFORMER DESIGN

A Formel transformer is very similar to a conventional oil design and a
visual comparison is given in Fig. 3, However, the following differences apply:-

3

3.

The transformer is significantly smaller contsining about half the fluid
volume of an oil-type.

About 40% less radiator surface is required.

The transformer is sealed under a partial vacuum at ambient temperature
(3).

More stringent leak detection techniques are required during manufacture,
hecause of viscosity and vacuum considerations.

Gasketing materials are limited to Viton and PTFE.
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Section 4

ENVIRONMENTAL
Only general remarks are given here, a more detailed report is available (1).

Much is happening in the environmental field and many substances, including
those that have been in use for many years, are coming under increasing scrutiny,
Thus, common household substances such as white spirit, detergents, aerosols
etc. have been found to have more associated toxicological hazards than was
previously thought. However, the envir | disad

ges have to be
balanced against the social inconvenience if such materials were unavailable.
When authorities consider that usefulness prevails, pressure is quite rightly
directed at improving modes of manufacture, handling and use. For example,
products sold to domestic consumers now increasingly have detailed safety
instructions prominently displayed on the package.

The foregoing considerations apply equally to the component liquids of Formel

» which have been used for many years in large tonnages for metal cleaning,
dry cleaning, electronics cleaning and aerospace applications. They have been
used in open top tanks, continuously, in close proximity to human beings. In
the case of the chlorofluorocarbon components, no rim ventilation has been

idered Y, b of their low toxicity. In recent years, for economy
and environmental reasons, there has been a trend towards the use of partially
or totally enclosed cleaning systems, in particular, dry cleaning machines using
perchioroethylene have become totally enclosed and incorporate very efficient
solvent recovery.

Loosely controlied dumping of solvent residues, both from dry cleaning and
industrisl sources, has led to perchloroethylene being found in water tables.
Hence, this solvent is coming under increasing scrutiny and more controls are
likely, However, there is no other non-flammable dry cleaning solvent likely
to become available that can substitute for perchioroethylene and be free from

1 i Simil

restri

.
envir

environmental disadvantages apply to
chlorof luorocarbons, which are very widely used as refrigerants, solvents and
aerosol propellants. Again, it is unlikely that suitable aiternatives will be
discovered.
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Recent studies conducted on behalf of the EPA have confirmed that
perchloroethylene is a hepato carCinogen to the sensitive BIC6F! strain of
mouse. Heowever, there is no present evidence, from a considerable amount
available, that this applies to other animals or to human beings. Current official
thinking, in the U.K., does not consider the evidence as significant with respect
to human beings. To put this tinding in its context, transformer oil can be
carcinogenic to humans, particularly it the oil has been pyrolvsed which resuits
in the formation of polyaromatic compounds.

Work conducted at the Mid West Research Institute, on behalf of the EPA (s),
has Indicated that perchloroethylene forms traces of dioxins and dibenzofurans
when pyrolysed in a laboratory tube furnace in the presence of air + oxygen.
By contrast, unpublished results (2) during an initial study on the behaviour of
Formel pyrolysed in a tube furnace in the presence of air, indicated that
the material behaved in & markedly different manner to perchloroethyiene alone
and, in fact, closely resembled the behaviour of chlocofluorocarbon {13, Minor
concentrations of residues were formed (approx 0.1%) comprising fully
hal d ring pounds of the chloro and chlorofluoro types. These results
paralie) the comparative behaviour observed during high energy arcing tests,
where free radicle reactions, taking place under high temperature conditions,
are modified by the addition of chlorofluorocarbons to perchlorcethylene (Table
6). Further tube pyrolysis studies are in progress using the conditions specified
in the EPA sponsored work.

It one attempts to foresee the future in the light of current knowledge, it is
likely that the long established solvent uses of the Formei components will
become subject to tighter restrictions leading to increased use of semi-enclosed
or {ully-enclosed cleaning sy Solvent reclamation will also hecome of
incressing importance. Formel transformers are hermetically sealed and
therefore already comply with these requirements. The fluid can also de
reclsimed by distillation methods. Pressing consumer needs for the component
fluids, in present applications, will ensure their availability into the foreseeable
future

The safety requirements pertaining to Formel are almost identical to those
required for refrigerants used in air-conditioning systems. Storage, transport
and handling is simple and there are no pr in maintaining an tlent

'S

standard of industrial hygiene during manufacture, use, maintenance and disposal
procedures.
MONS 019054
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Section 5

CONCLUSIONS

It is impossible to discover a transformer fluid with outstanding properties in
all required aspects (Table t). Presently available "reduced tlammability risk"
tluids such as silicones, esters and paraffinic oils showed no reduced flammability
advantage under arcing conditions. Extensive testing of a wide variety of fluids
led to a blend of liquids being selected, (allocated the tradename of Formel

), that passed all of the target criteria and, in addition to being totally non-
1l ble, exhibited vding coolant properties, Electrical characteristics
of Formel are similar to hydrocarbon oil and thermal stability is superior.
The fluid is moderately volatile and account must be taken of this in the design
of transformers, however these are not markedly different from standard oii
designs. Formel is classified as & low-toxicity material and can be safely
used by observing simple rules of industrial hygiene. It is unlikely that severe
cestrictive legislation will be applied to the components ot Formel in the
foreseeable future.
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Table 1
TARGET TRANSFORMER FLUID REQUIREMENTS

Under high energy arcs

. Total non-flammability

. Immediate environment must be tenable by human beings for 3
minutes after arc inception.

Environmental

. Toxicologically acceptable in manufacture, use, maintenance and
disposal scenarios.

. Capable of being recycled.
Commercial
Acceptable cost of finished transformer containing fluid.
. Raw materials must be readily available.
. Preferably adaptable to conventional oil-type designs.
General properties
Effective coolant
Thermally stable
. Acid free
Maximum pour point of - 30°C
. Acceptable compatibility
. Good dielectric properties

. Maximum vapowr press | atmos. at 100°C

MONS 019056
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Table 2

FAILURE MODE OF LIQUIDS TESTED UNDER BOTH SWITCHING
AND HIGH ENERGY ARC CONDITIONS

Candidate Fluid Failure mode

BS148 oil 2,56
HB oil 3, 6, HO
HB ester 3, 6, HO
Silicone 3, 6, HO
Perc 1,3, 6
CFC 113 : [
(due to volatility)
Tc8 8, 6, HO
cP 4, 6, HO
SFg 3 6
Fluorocarbon 7
Perc/BDO 40160 2,34, 6
Pere/CFC 112 70:30 6, HO

Notation .

RB = high boiling

Perc = perchioroethylene

CFC 113 = trichlorotrifluoroethane
CFC 112 = tetrachlorodifiuoroethane
CP = chicrinated paraffin

SPS = sulphur hexafluoride

BDO = brominated diphenyl oxide

Failure mode number

Switchin,
. Poor electrical performance
2, Flammable gases

3. Unacceptable toxic/acidic products

Candidate fluid

Failure _mode

Perc/CFC 112/ None
CFC 113 67:28:5
Perc/CFP 212 80:20 36,7
Perc/CFD 213 80:20 3,67
Perc/CTB 80:20 1, 3, SO
BS148 oil/Perc 50:50 2,356
BS148 oil/CFC 113 3 6
50:30
BS148 e\’lJIHalothm 3, 6
H
B8DO/CTB 60:40 2, )46
BDO/TCB 60130 2,346
BDO/PE 60:40 2,3 4,6
CP/CFC 113 1, 3, SO
CP/CFC (12 1, 3, SO
CP/HB Ester 4, 6, HO

TCB = trichlorobenzene

CFP 212 = hexachlorodi{)uoropropane
CFP 213 = pentachiorotrifluoropropane
CTB = trichlorobenzotrifluoride

PE s phosphate ester

SO = switching tests only conducted
HO = high energy arcing only conducted

High energy arcin;

&, Small flame

5. Large conflagration

6. Unacceptable toxic/acidic products

C%t
. Unacceptable

MONS 019057
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Table 3

FLAMMABILITY AND TEMPERATURE MEASUREMENT OF SOME OF
THE FLUIDS TESTED UNDER HIGH ENERGY ARCING CONDITIONS

% Hy by Temperature and

ELuid Firebai! weight) in duration of

Molecule Vapour or Fireball
Formel No None < 300/0.5s
BS1488: 1972 Insulating Oi! Yes 18.0 > 1000°C/Ss
BS143 oil + 350%

Perchloroethyliene Yes 7.0 > 1000°C/10s
Trichlorobenzene (TCB) Yes 1.6 700°C/1s
BS148 + 50% N 7.0 < 400°C/1s

Trichlorotrifluoroethane °
Complex Ester Yes 3.0 > 1000°C/7s
Phosphate Ester Yes 5.0 > 1000°C/Ss
Dn(c!h)::o;;b;)nzotn tivoride Yes e 700°C/1s
Silicone * Yes 1.0 > 1000°C/6s
Parat{inic Oil * Yeas 14.0 > 1000°C/oy

Ne

(i) High energy arcing conditions - prospective energy 3-phase. (ZkV, 13kA
500ms,

(i)  Test equipment contained 60 litres of fluid under test.
(i) * Energy level 1-phase, 7kV, 6.5kA, 300ms.
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Table 4

RECOMMENDED EMERGENCY EXPOSURE LIMITS (EEL)

FOR SOME OF THE FLUIDS TESTED

Toxicity

Material TLV STEL EEL

opm. gem. (ppm)
Forme! 50 150 1000
Halothane 10 . 50
Trichlorotrifluoroethane (113} 1000 i 3000
Tetrachlorodifluoroethane (112) 300 . 1500
SF6 1000 . .
Perchloroethylene 30 150 1000
Trichlorobenzene 5 . 50
* value not known
ppm is given for w/w values (w = weight)
TLY s Threshold limit vaive
STEL = Short term exposwre limit (15 minutes)

MONS
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Table 5

RECOMMENDED EMERGENCY EXPOSURE LIMITS (EEL) FOR
POTENTIAL DECOMPOSITON PRODUCTS FROM SOME OF THE
- FLUIDS TESTED

Parent g:‘;':;";’mm Toxicity TV STEL  EEL
o poun loxicity
Compound Products pem  ppm  ppm
Sulphur { Sulphur pentafluoride very toxic 0.025  0.075 .
hexaflvoride { Sulphur tetrativoride very toxic 0.1 0.3 10
( Thionyl fluoride . . .
( Sulphury! fluoride moderately s 100 .
( toxic
(Oxygen difluoride very toxic 0.08 0.15 1.0
( Sulphur dioxide toxic 2 . 100
Tetrachloro- {
difluoroethane  (
Sulphur ( Fluorine toxic § 2 50
hexafluoride ( Hydrogen fluoride toxic 3 b 100
Trichlorotri- ( Carbonyl fluoride toxic 2 . 80
{luoroethane
Halothane (
Cereclor ( Chlorine toxic 1 - 30
Tetrachloro- (
diftuoroethane (
Tetrachloro- ( Hydrogen chloride toxic b . 200
ethylene (
Trichlorotri- {
tivoroethane (
Trichlorobenzene (
( Carbonyl chloride very toxic 0.1 - 5
Brominated ( Bromine very toxic 0.1 0.3 10
diphenyi oxide (Hydrogen bromide toxic 3 10 20
Halothane { Carbony! bromide very toxic - - -

* values not available
TLY = Threshold limit value

STEL = Short term exposure limit

MONS 019060
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Table 6
COMPARISON OF VAPOUR CONCENTRATIONS OF PRODUCTS FROM

SEVERAL HALOCARBON FLUIDS TESTED UNDER HIGH ENERGY
ARCING CONDITIONS IN 60 L. VESSELS

FLUIDS TESTED

Decomposition P 13 SFg  Formel EEL (for
Products ppm. ppm ppm. pom 5_mins (ppm
Su:g:\:‘) tetrafluoride N/A N/A 110 N/A 10
Hydrogen tiuoride (HF) N/A ND 1000 ND 100
Fluorine (Fp) N/A ND {as HF) ND 50
C'(E"g';'z', fluoride N/A ND ND ND %0
Py chioride 135 43 N/A 43 200
C‘('C"g'(‘:’,'zf"“"* ) s NIA 2 5
Chlorine (Clj) 15 2.3 N/A 90 3
S e 600  NA  N/A 1300 1000

. "
TESEIEITT™  NA 000 NA % 3000
Tetrachloroditluoroethane

(CZCI.FZ’ {112) N/A ND N/A 430 1500

Notes
. ppm given in ;:lv for instantanecus values
. Tests carried out in switches each holding 60 litres of fluid
Test energy for each event was 3-phase, 12 kV, 13 kA for 300 ms
. N/A = not applicable

. ND = not detected

8-17
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Table 7

VAPOUR CONCENTRATIONS OF DECOMPOSITION PRODUCTS FROM
A 500 kVA TRANSFORMER, FILLED WITH FORMEL, WHEN TESTED UNDER
: HIGH ENERGY ARCING CONDITIONS

Chemical Compound Conceln_n::_ation ai‘n lppr::n w/v l°"E’E!.Pm"
Tetrachloroethylene 1100 270 1000
Tetrachlorodifluoroethane (112) 130 65 1500
Trichlorotrifluorcethane (113) 30 20 3000
Carbontetratluoride (14) 3 5)
Trichloromonofluoromethane (11} 60 35; > 4000
Monochiorotritluoroethane (13) 20 203

Chlorine 2 3 30
Hydrogen chloride 2.5 ND 200
Carbony! chloride * ND ND 5
Carbon monoxide ND ND -

ND = non detected below | ppm wiv
. = non detected below 0.5 ppm w/v

Inst = - at point of emerging fluid

EEL = Emergency exposure limits

MONS

8-18

019062



Table 8

MATERIALS SUITABLE FOR USE WITH FORMEL

Metals Insulation / Adhesive / Paints
Copper Paper
Steels Pressboard
Brass Polyvinylacetate
Bronze Polyester
Solders Nomex
PTFE
SRBP
Epoxy resins

Polyurethane

Adhesive Tapes - Gum arabic or
Hydroxy cellulose

Surtace Coatings - Epoxy or
Urethane, both of two-pot types

Notes

L. Aluminium and Zinc should not be used.

Gasket / Seals

Fluorinated elastomer
gaskets and "O” rings
Polytetrafluoroethylene
(PTFE rope and tape)

All welded
construction

2. Polymeric materials can vary because of formulation compounding techniques

and the degree of polymerisation, etc.

should be undertaken.

COMPARATIVE CAPACITANCE AND TANJ

Table 9

If in doubt, compatibility testing

FOR OIL AND FORMEL IN

IDENTICAL 50 kVA TRANSFORMERS, BEFORE IMPULSE TESTING

Test ‘\‘l'ohugt c.p.g.mc.
2 803
1.0 803
2.0 805
3.0 803
4,0 803
5.0 303
6.0 303
7.0 803
0.2 803

TanJ

0.0026%
0.00268
0.002¢8
0.00264
0.00267
0.0027
0.0027
0.00268
0.00268

8-19

Formel-NF
Capacitance Tan J
PF

886 0.0035
183 0.0053
385 0.0033
385 0.0033
835 0.0053
333 0.0033
383 0.0033
835 0.005)
883 0.0053
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Table 10

COMPARATIVE FULL WAVE AND CHOPPED WAVE IMPULSE VOLTAGE
_TEST RESULTS FOR OIL AND FORMEL IN IDENTICAL
30 kYA TRANSFORMERS

TRANSFORMER
Oil filled Serial No. Formel tilled Serial No.
C33949 Cs3950

73kV_-ve Polarity Pvr;e Pga;e Pr&azse P?r;e Pgn;e Pré:;e
Full-Wave 1 " " nn mn "
Chopped-Wave n i iz mn nm 1
Full-Wave iz n " n 4 "
95kV_-ve Polarity
Full-Wave m " i m " "
Chopped-Wave n n m n n "
Full-Wave " m " m " m

Notation / =  wvoltage withstand

Table 11

COMPARATIVE PARTIAL DISCHARGE VALUES FOR OIL AND FORMEL
IN IDENTICAL 50 kVA TRANSFORMERS BEFORE APPLICATION
OIF IMPULSE VOLTAGE

Voltages : Qil Formel-NF
Vi 4 kY < 5pc 4.8 kY < Spc
Ve 3.0 kv 4.2 kv
Discharge at 7 kv Spc 9pc

i = inception

e = extinction

MONS 019064
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Table 12

COMPARATIVE PARTIAL DISCHARGE VYALUES FOR OIL AND FORMEL
IN IDENTICAL 50 kVA TRANSFORMERS AFTER APPLICATION OF
IMPULSE VOLTAGE AND AC VOLTAGE WITHSTAND TEST
(28 k¥ FOR | MINUTE)

il Formel
7 9 kY < 3pc 8.3 kV <5 pc
\Z 8 kv 7.8 kv
Discharge at 10 kV 7pc 12pc
Table 13

COMPARATIVE TEMPERATURE RISE TEST RESULTS FOR A
: SELECTION OF TRANSFORMER FLUIDS

Winding Estimated
Fluid Winding Rise  Gradients Yiscosity
Tested Tt TAV (TT~ THOT Hv Ly Lv {cst) at
Tay) SPOT {calc'd) (calc'd}  20°C 100°C
Formel-NF 40.7 37.2 3.5 66.4 42.2 807 5.0 3.5 89 38

Bl w2 ms 77 %60 07 w1 12 w3 2 2

COmPIe w3 M2 93 s S04 8 186 23 % 6

Silicone 48.5 330 (0.3 938 513 3599 20.% 7.2 50 15
fink
PRI a7 w05 3 1012 79 60 177 258 30 16

Np
1. All test conditions remained the same for each fluid.

2. The hottest spot for each fluid was at the top of the copper coil of the low
voitage winding

3. Trarwformer used was designed for oil.
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Table 14

OVERLOAD PERFORMANCE OF FORMEL

Non-Ftammability

- S O o
Hot Spot Temp °C 66.6 95.5 115.0
Top Fluid Temp *C 645 93.0 109.0
Fluid Rise °C 815 69.3 83.2
Ambient Mean °C 225 2.0 233
Radiator (T1-Tp) *C 7.3 12,5 15.3
Winding Gradient *C HV 4.9 5.6 12.2
Winding Gradient *C LV 4.3 1.6 3.7
Winding Rise °C HV 42.2 68.3 87.7
Winding Rise °C LV 41.8 64.8 81.2
Pressure psig -3.7 3.3 12.6

Notes

{. Before temperature rise tests were conducted, a partial vacuum of
was obtained within the headspace.

2. Transformer used was designed for oil.

Table 5

125 mm

TYPICAL ANALYSIS OF FORMEL BEFORE AND AFTER TREATMENT
FOR ONE WEEK AT {75°C, IN A SEALED GLASS TUBE, IN THE PRESENCE

OF UNCOATED COPPER AND P.V.A. COATED COPPER

A‘Mlysis. wt % by G.L.C.

Component

Substances Before After
Total chlorofluorocarbons 35.0 348
Perchloroethylene 65.0 65.1
Other compounds - Gl

Notes

l. Repeatabllity of analytical method + 0.1
2. ldentity of other compounds not determined.
’

- MONS
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Table 16

FIRE TESTS WITH FORMEL, CFC 113 AND SULPHUR HEXAFLUORIDE

Gas concentration at 0.5 m. distance from flames

Fluig Feed rate
under 10 burning

ppm

Test {uel Chiorine Carbonyl Hydrogen Hydrogen Perchlioro- Sulphur

g./mm halides chloride fluoride ethylene dioxide
Formel 410 .2 4.3 53 13 0.0 -
Formel 490 0.2 2 » - 0.02 -
CFC 113 390 0.2 2 9 9.3 - -
Sulphue
hexa 250 - <0.5 - 25 - 69
tluoride
Emergency Exposure s 200 100 1000  ND
1oLH
Theeshold 2 2 100 20 500 100
Note : Flow rates above those values given for Formel and CFC 113

tended to extinguish the flames.
MONS 019067
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Table {7
PROPERTIES OF FORMEL FLUIWD
Electrical Steength * kV (2.5 mm gap) r of r 2 kV(s}
Volume Resistivity * L /cm (500 V d.c.)
Dielectric Dissipation Factor * (Tanl ) (2900 V a.c)
Relative Permitivity * N = | (2800 V a.c))
Moisture Content * (p.p.m.)
Total Acidity (p.p.m.)
. Tests carried out at 20°C

Other Properties
Flammability in Air

Flash Point °C

Fice Point °C

Auto-ignition Temperature *C

Explosive Limits in Air per cent by Volume
Toxicity OSHA TLV p.p.m.

Thermal Conductivity mwm-l k-l

Specific Heat kJ kg~!

Coefficient of Thermal Expansion per cent oc-l
Density * kg 1°}

Average Molecular Weight

Boiling Point °C at:-

| Bar
10 Bar
20 Bar

Powr Point °C

Surface Tension * Dynes em-!
Dynamic Viscosity * cP

Latent Heat of Vaporisation: kJ kg~!
Solubility # of Nyt mi |-}

Soludility * of Oy mi I-!

Vapour Pressure Bar at:

20°C
o C
60°C
80°C
100°C

. Values at 20°C

Value
30 kV min
10'3 min
0.01 max

2.36

20 max

| max

Value

Non-tiammable

None
None
None
None
50
828
0.895
0.t07
1.63
178

103

230
-3
26
0.38s
192
162
83

0.0
0.10

0.48
0.90

MONS
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Table I8

HEAT TRANSFER PROPERTIES OF FORMEL COMPARED WITH

OTHER COMMON TRANSFORMER FLUIDS

Property Formel
Dynamic
Viscosity at
20°C -
25°C a3
50°C S48
100°C 47
Density g/mi
25°C 1.64
100°C 1.48
Coetficient of 1.07,
Expansion/*C x10-3
Specific heat
at 25°C 0.21%
Cal/gm °C
Thermal
conductivity 0.10

w/m *K (at 20°C)

Fluids
BS188  Silicone
oil (a) il (a) Qil (a)
23’ 30 350
7 30 85
2 16 16
a8 96 E1]
86 1.0 k3]
x10-3  xi0-3 x10-3
0.503 0.306 0.46
.14 0.10 -
Table 19

Paratfinic Complex PCB

Ester (@) (3)

100 -
- 15
- ]
6 3
93 131
- 1.8
3 s
x10-3  xj0-3
0.5  0.263
0.16  0.10

DIELECTRIC PROPERTIES OF FORMEL COMPARED WITH

OTHER COMMON TRANSFOMRER FLUIDS

Property. Formel

Electrical strength 70
kY/2.5mm (2kV/s.rise)

Yolume restistivity 1013
cm at 23°C.

Relative permitivity 2.36
Tan at 25°C 001

Moisture content ppm 10

Fluids
BS1s8
ol a}) oil(s) Oil(a)
60 35 83
1013 1014 1013
22 27 238
.00005 00002 001
20 s0 35

(a) figures obtained from published data

8-25

Silicone Paratfinic Complex PCB

Ester (a) (a)

50 50
1043 1012
3.2 4.3
.00t .03
20 70
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Figure 1. Schematic Diagraa of Sampling Device Used
During High Energy Arcing Tests
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Figure 2. Typical Orientions of Teat Vessel end Sampling
Devices During High Energy Arcing Tests

MONS 019071
8-27



Figure 3. Two 11/.433 kV, 3-Phase, 500 kVA Hermetically Sesled
Transformers (right) Filled with 240 Litres of Formel-NF
and (left) Filled with 470 Litres of Hydrocarbon Insulating
o1l
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STATE-OF -THE-ART REVIEW OF COMBUSTIOM/PYROLYSIS
BY-PRODUCTS OF PCB SUBSTITUTES

J. RODNEY MARSH
SCS EMGINEERS

Since 1976, the manufacture and commercial use of polychlorinated biphenyls
(PCBS) have been restricted by law. Proposals have been made to remove existing
PCB-containing transformers and capacitors from service. A number of chemicals
have been and are being considered for use as PCB substitutes tn electrical
applications, Although all have been tested for acceptable dielectric, heat
transfer, and flasmability properties, few have been extensively analyzed for
combustion by-products.

PCBs were not restricted for problems with their dielectric properties or heat
transfer capabilities, but rather for suspected toxicological properties that
were not considered when PCBS were first commercially produced. These toxicolog-
jcal properties are attridbuted not only to the PCBs themselves, but also ta the
presence of various toxic chlorinated aromatics in the by-products of PCB/askare}
fires, It is thus necessary to examine the chemical behavior of proposed PCB
substitutes to identify the potential for similar problems. A state-of-the-art
1iterature review was conducted to determine what is known regarding the chemical
and toxicological nature of the combustion by-products of various PCB substi-
tutes.

DATA ASSESSMENT

Until very recently, the major concern in any fire or explosion episode was fire-
fighter nfct'y. A a result, tests have focused almost exclusively on major
gaseous combustion products such as carbon monoxide, hydrogen cyanide, oxides of
nitrogen and sulfur, hydrogen chloride, and so forth. These are the immediate
1§fe-threatening combustion products with which one must deal, and they are gen-
erally the simplest to detect and measure.

However, i1t has become evident in the aftermath of several PCB incidents that the
toxic trace combustion product problem is concerned more about scot deposits than
the vapors formed, Trace PICs are produced in such low levels that vapor emis-
sions dispersing in the atmosphere rapidly reach inconsequential levels. These
same PICs may concentrate in soot, however, and soot provides a reservoir for
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continued emissions or exposure long after a fire has been extinguished and the
gases dispersed.

Furmemore,' analysis of soot or even gas samples for trace PICs at the levels
typically produced requires very sophisticated analytical instrumentation angd
highly trained specialists. Even then, complete identification of PICs in a par-
ticular sample may take years of work, As the level of sensitivity of analytical
instruments increases, even more toxic PICs may become evident. For instance.
continued research on PCB combustion by-products has itdentified not only chlori-
nated dioxins and dibenzofurans, but also polychlorinated chrysenes, pyrenes,
xanthenes, terphenyls, quaterphenyls, and others.

This level of research has been directed at PCB because of its negative publictity
and the perceived crises in regards to several PCB incidents. No Such crises
exist for the proposed PCB substitutes. As a result, with a very few exceptions,
comparable research has not been conducted into their PICs., As noted above,
existing data tend to focus on the macra combustion products present in the vapor
state rather than trace PICs fn the soot. Consequently, there is relatively lit-
tle data on trace PICs comparable to that on dioxins or dibenzofurans. These
types of by-products simply have not been identified and studied in most cases.

PROPOSED PCB SUBSTITUTES: LIQUIDS

Two types of esters, phthalate esters end benzylneocaprate, have been considered
as PCB substitutes. In general, pyrolysis of esters will produce gases similar
to and no more toxic than those obtained from hydrocarbons. One major decomposi-
tion product is phthalic anhydride which can react further to form naphthalene
and biphenyl. In the presence of chlorobenzenes, PCB and chlorinated naphthalene
may be produced.

Polydimethyl siloxane has been widely used as a retrofill fluid. Ouring thermal
decomposition, amorphous silica, several cyclic siloxanes, and a vartety of sim-
ple hydrocarbons are produced. Most of these compounds are not highly toxic, and
antma) inhalation tests on pyrolyzed siloxanes have generailly indicated a low
toxicity.

Chlorobenzenes have generally not been considered PCB substitutes as much as
additives to PCBS and other dielectrics, Decomposition of chliorobenzenes can
produce a variety of highly toxic compounds. Pyrolysis of monochlorobenzene can

8-31
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yield mono- and dichlorobiphenyls, chloronaphthalene, and vinyl chioride. In the
presence of air, chlorobenzenes can produce chlorophenols which can, in turn,
dimerize to PCDFs and PCODs. Many of these combustion/pyrolysts products are
very highly toxic.

Methylated diphenylethane and phenylxylylethane are used as components in dielec-
tric fluld mixtures. Mo information was found on the combustion/pyrolysis prod-
ucts of either compound, but pyrolysis of chemically similar diphenylmethane and
1,2-diphenylethane produces a number of polynuclear aromatic hydrocarbons, Few
of these are considered to be highly toxic, but several are known or suspected
carcinogens,

There 1s no informatfon available on the thermal decomposition products of buty-
lated monochlorodiphenylether, another PCB substitute, However, both the unsub-
stituted diphenylether and polychlorinated diphenylethers have been studied.
Diphenylether can break down into phenol, benzene, and dibenzofuran, Polychlori-
nated diphenylether can produce PCOFs and PCDDs.

There is also no information available on the thermal decomposition products of
the alkyl biphenyls, specifically isopropylbiphenyl and n-propylbiphenyl.

Paraffinic hydrocarbons, such as polyalphaolefin and RTEmp, tend to decompose
into & variety of short-, medium-, and long-chain saturated and unsaturated
hydrocarbons, In the presence of air, organic acids, alcohols, and aldehydes are
formed.

Perchloroethylene is being promoted as a transformer flufd neat, mixed with min-
eral ofl, or mixed with fluorocarbons, Chlorine or hydrogen chloride are the
principal decomposition products to be expected. Under certain conditions, phos-
gene or trichloroacetic acid may be produced.

PROPOSED PCB SUBSTITUTES: DIELECTRIC GASES

Chlorofluorocarbons are used as dielectrics both neat and mixed with perchloro-
ethylene, Although generally thermally stable, at high temperatures or during
arcing, decomposttion is possible. Chlorine, hydragen chloride, hydrogen fluo-
ride, phosgene, and carbony! fluoride are among the by-products which can bde
expected. Phosgene and carbonyl fluoride, in particular, are highly toxic. Sul-
fur hexafluoride can de used alone as a dielectric or in 3 mixture of gases. It
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produces a number of long-lived by-products under fire and arcing conditions. The
principal by-product is thionyl fluoride; other products include sulfuryl fluor-
ide, thionyl tetrafluoride, and sulfur dioxide. Toxicity tests on sparking gases
have y!eldeh a higher toxicity than the above compounds would tndicate. Thus,
there are one or more untdentified trace decomposition products which contribute
stgnificantly to the toxicity of the decomposition gases.

PROPOSED PCB SUBSTITUTES: SOLIDS

Two solids were reviewed: epoxy resins and polyvinyl chloride (PVC). Complicat-
ing an assessment of their decomposition is the fact that neither is a pure com-

“pound or even a mixture of a few discrete compounds. Rather, each 1s a mixture

of resin, hardener, filler, and various other matertals, many of which may have a
variable composition. Thus, the decomposition products of these solids can vary
extensively, depending on the nature of the additives.

Pyrolysts of epoxy resins can produce a variety of organic compounds tncluding
benzene, methyl chloride, ethyl chloride, acetone, propylene, ethane, pentane,
toluene, cresol, phenol, and others. Several of these are known or suspected
carcinogens,

Decomposition of PVC can yield benzene, toluene, xylene, aliphatic hydrocar-
bons, _ -methylnaphthalene, several chlorinated benzenes, and phosgene. Because
of the production of chlorinated benzenes, the formation of PCODs and PCOFs is a
distinct possidility, although none have been identified in PVC pyrolysis gases
to date.
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DIFFUSIONAL MODELING DURING TRANSFORMER RETROFILL
G. R. Atwood, I. R. Moore, P. R. Dillon

INTRODUCTION

The successful operaticn of a retrofill type process, such as UNISON RECLASS
S0%®, for the removal of polychlorinated biphenyls (PCBs) from transformers depends
upon & thorough understanding of the complex mechanisms involved, along with a
recognition of the spectrum of sizes and shapes of the diversity of internal
matarials used. Experimental observations in the field and laboratory have been
necessary for evaluating the basic concepts of the process, but mathematical
modeling has been essential to develop and confirm the details of the mecha-
nisms, as well as provide a tool for process definition and predictive control.
Field data for our modeling were obtained from several Union Carbide transfor-
mers at South Charleston, W. These were supplemented by laboratory diffusion
studies, and modeling has been carried out on both the detailed aspects and the
overall RECLASS 505" process. Two approaches have been used. A discrete ele-
ment type simulation was found valuable for understanding the phenomenclogica)
details, while a model based upon piecewise integration of Fick's second law
(unsteady state diffusion) was found more useful for the overall process
description. The algebraic details are too lengthy for discussion here.

THE LEACHING PROBLEM

A drained and rinsed transformer retains Askarel in a variety of ways. There is
residusl fluid held in gravitationally nondrainable pockets or in crevices by
surface tension. More important, however, is the Askare) absorbed within the
cetlulosic insulation, which consists of creped paper, pressboard, adhesive
Taminates, and even wood. There is a spectrum of depths and tightness of such
structures. No amount of scrubbing with vapor or 1iguid can remove this
absorbed Askarel, although elaborate means have been devised and even marketed
with Timited success. The residual PC8 always subsequently leaches out of the
insuletion and voids any attempt to reclassify the transformer as non-PC8. The

©1985 UNION CARBIDE CORPORATION
A1} rights reserved
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RECLASS 505™ process removes this absorbed Askarel and replaces it with an
acceptable fluid, e.g., dimethylsilicone 041 (1,2).

CIFFUSION

The 1imiting operation in the leaching of Askarel is diffusion. In order to
properly evaluate the results of laboratory and field leaching, it was useful to
develop & discrete elemental analysis mode) based upon Fick's law. The insula-
tion matrix was mathematically treated as a flat plate divided into many layers.
The incremental diffusion across the layer boundaries was simulated in a step~
wise manner for those sequential layers, and repeated over as many time periods
as desired. It was thus possible to determine the concentration profile changes
in the matrix, as well as the rata of PCB elution from the matrix.

Diffusion is time dependent, and in transformer leaching we have no chofce but
to wait until the PCBs diffuse from the core of the transformer. It is essen-
tial that the leaching solvent be an acceptable transformer coolant, for we do
not wish to curtai) electrical operations during this diffusion perfed. It
would seem quite logica) to choose silicone oi! for this purpose, as has been
frequently done, though that is an unfortunate choice. There are many critical
factors here, and we can discuss only a few within the scope of this paper.

Miscibility. This is crucial as was pointed out by Morgan and Osthoff (3) of
General Electric Co. Even if the solubility for PCB s substantial, the lack of
miscibility leads to an Askarel/laachant interface in the cellulosic metrix
itself, and consequently & barrier to diffusion s set up. This barrier signi-
ficantly decreases the rate of diffusion, increasing the time required to
achieve reclassification. Miscibility, on the other hand removes this problem.

Viscosity The diffusion rate is an inverse function of the viscosity of the
medium. The shapes of the PCB/time leaching curves and matrix concentration
gradients depend upon the solute/solvent viscosity ratio. This s illustreted
in Figure 1 for flat plate leaching. Viscosities of the same relative magni-
tude result in convex curves for classica) diffusion (dotted Vines), whereas if
the solute (Askare)) is much more viscous, “S" shaped profiles result (solid
1ines), and the each curve shows a flattened region, - misleading If not
completely understood. The application of classical extraction equations would
Yead to extremely erronecus estimates of residual PCB. We have coined this phe-
nomenon “ablative"” diffusion, since the Askare) is effectively removed layer by
layer, as the steep concentration gradient moves back into the matrix.
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Tempersture. This is significant principally by its effect on viscosities (see
discussion above). The higher the operating temperature during diffusion, the
lower the viscosity of the diffusing medium. The effect of temperature on visco-
sity is very pronounced in the case of Askarels, and suggesting that faster rates
of diffusion occur at highar temperatures. In an operating transformer, tem-
perature will be a function of electrical load although ambient temperatures
e1s0 can be a factor. Lightly loaded transformers can be heated, end the
desirability of doing so will depend upon individual circumstances.

Circulation. Bulk fluid circulation and the bulk PCB concentretion level are
commonly thought to be critical, - hence previous attempts at retrofill have
emphasized these factors. Although relevant, they may not be critical, prin-
cipally beceuse the rate of diffusion is controlled by high concentration gra-
dients deep within the cellylosic matrix, as in Figure I (b), and this rate {s
slow relative to the normal convective mixing of the bulk fluid. Only when the
PCB removal is nearly complete can its concentration in the bulk fluid act to
retard the process by "back diffusion”. At this point one must act
appropriately to maintain the leaching in the kinetic regime.

Silicone 041 as a Leachant. Previous attempts at retrofill have utilized siii-
cone 011 as the leechant materia) throughout the leaching period. We have iden-
tified the problems associated with silicone otl which made this an unfortunate
choice. Silicone oil has a high viscosity and is immiscible with Askarel.
Askare! is slightly soluble in silicone oil, but the oil is virtually insoluble
in Askare! or any chlorinated hydrocarbon. As a consequence, the Askarel must
diffuse very siowly into the oil, while the Askarel/oi) interface is drawn just
as slowly into the cellylosic matrix. while transformer reclassification can be
schieved by this approach, the time required to attatn this ultimate goa} has
proved to be unacceptably long, on the order of $-6 years or more, compared with
a fraction of this time for the RECLASS 50%™ process. Additional studies,
discussed below show why this is the case.

Most Askarels are mixtures of highly viscous PC8's and thinning agents such as
tri- or tetrachlorobenzenes. The latter are more soluble in silicone 01 than
PCBs {about 3/1), and diffuss out preferentially, leaving a highly viscous,
possibly solid (4), PCB residue. Figure 2 is analogous to Figure 1 (b), and
profiles computed from the non-discrete elemental modeling approach show how
preferential leaching leads rapidly to high PCB concentrations at the silicone
of! interface, greater than the 60X initia) concentration for type A Askarel,
and thus much more viscous. (The upper curves are the PCB concentrations in the
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Askare! phase, while the lower curves are the PCB concentrations in the silicone
phase, the vertical lines representing the interfacial positions). After 1200
days, the residua) Askarel §s nearly pure PCB (Aroclor® 1260), and possibly
solid. As a result, diffuston of PCBs into the silicone ofl is greatly
retarded, although the rate is high enough to void any attempt at reclassifica-
tion.

Laboratory Studies. Figures 1 and 2 are mathematical simulations, but Figure 3
shows comparetive leaching studies of Askarel soaked pressboard with L~305 s41i-
cone of) and UNISON's proprietary transformer fluid, TF-1. The silicone leaches
rapidly at first (though slower than TF-1), but soon slows to a crawl, due to
the buildup of the highly viscous PC? layer at the interface. Similar studies
have been carried out for a variety of solvents and insulating materials of dif-
ferent sizes. While such a study cannot disclose the actual PCB profiles as
they exist tn the interior of the matrix, the extraction curves themselves are
consistent with those calculated from the discrete element model. The sharp
reduction in the extraction rate with silicone o}, for example, is consistent

with the formation of the highly concentrated and viscous PCB layer at the
interface.

Figure 4 shows a device designed to study the interfacia) penetration rate in the
absence of the cellulosic matrix. The capillary is loaded part way with Asksre)
(or other fluid) and the vessel filled with stlicone oi1. The interfece gra-
dually falls, and the figure gives plots of the interfacial level vs. time for
type A Askarel and the proprietary TF-1 as the bottom layer. The Askare) curve
not only falls more slowly, but the rate continues to decrease as the con-
centration of residual PCB and the viscosity bullds up. The curve for TF-1 is
steeper, because TF-1 is less viscous and is more soluble in silicone oil.

These curves are even more linear than that in Figure 1 (a). Because of the
sharp concentration gradient at the interface, interfacial diffusion can be con-
sidered an extreme form of the ablative diffusion phenomenon exhibited by
miscidle fluids.

RETROFILL STRATEGY '

The previous data indicate that it 1s impractical to try to leach Askarel with
silicone ot in any reasonable length of time. However, it i3 practical to
Teach with TF-1, and TF-1 can be readily leached with silicone oi). Accordingly,
combined Jeaching by TF-1 and silicone is & preferred strategy. It was first
demonstrated to be successful with our own South Charleston transformers. Four
transformers were reclassified to non-PCB, and a fifth is presently undergoing
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the 90 day test, with reclasification expected in the near future. A sixth
transformer was initially retrofilled with silicone ofl instesd of TF-1, and
accordingly is still leaching, but the data from this, as well as the other
five, has been helpful in the process design, model, and optimization.

PROCESS MODELING

While the discrete element analysis type of model has been useful in elucidating
the phenomena critical to leaching, it is rather unwieldy for field modeling.
For this purpose a model! based upon piecewise integration of Fick's second law
proved useful. This also entailed the conception of the transformer insulation
as a flat plate, with the recognition that there are in reality a spectrum of
depths and matrix tortuosities to be considered. For all practical purpose,
there is a process controlling effective depth, or related time constant, for
the system. This represents the bulk of those structures which contain signifi-
cant Askare) and are difficult to leach. The looser, shallower matrices are not
controlling by virtue of being easily leached, while the very tight structures
do not contain enough PCB to be significant. Fick's second law can be expressed
by:
2

4
where C is PCB concentration, t the time, x the depth in the matrix, and O the
diffusivity. This equation cannot be directly integrated but can be solved in
terms of a Fourier series, to give an extremely complex description, C(x,t), of
the concentration profiles, and allow computation of the bulk fluid composition,
Cp(t), as a function of time. Discussion of these expressions and the tech-
niques used in their derivation cannot be detailed here, but utilizing them in

conjunction with actual transformer leach data has permitted optimization of the
process in terms of total elapsed time and fluids used.

CONCLUSIONS

Transformers differ, and the RECLASS 505® model itself incorporates three
adjustable parameters which can be estimated early in the process and refined as
additiona) data are obtained from specific customer transformers. These parsme-
ters are the fluid holdup of the internal components, the nondrainable, though
free, 1iquid residue, and the time constant for the system (i.e., the trans-
former type), which reflects the effecive diffusivity and critical (i.e., pro-
cess controlling) diffusion depth. From the model one can estimate the residusl
PCB left to leach, and hence the next optimal process step or sampling interval.
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As a result, one can service the transformers in a safe, timely, and cost effec-
tive manner, and can offer in the market place a service which guarantees the
attainment of non-PCB status.
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DECONTAMINATION OF PCB TRANSFORMERS
USING ENSCO, INC.'S RETRO-1 PROCESS

J. Lee Tinney

INTRODUCTION

The electric utility industry {s expected ta function fn an efficient, reliadle,
and cost effective manner. At the same time, they must adhere to federa!
guideltnes and state regulations, face material shortages, hold rates down, and
conform to rigid federal and state environmental laws, one with the greatest impact
being the EPA’s rules and regulations governing PCBs.

PCBs were found harmful to the environment after more than fifty years of
existence, Without delay, environmentalists pushed for an immediate remedy, and
consequently, the Environmenta) Protection Agency published rules and regutations
prohibiting the manufacturing, processing, distribution in commerce, and certain
other uses of PCBs.

Electric utilfties have been saddled with a tremendous economic burden as they
interpret the laws and formulate programs that ensure prompt and complete
compliance, and as s often the case, they are the leaders in recognizing their
responsibilities and developing solutfons. As compliance to the PC3 rules and
regulations are implemented, many questions and problems have to be answered and
solved. In al) instances a basic choice has to be made; that is, to either leave
the PCBs and adapt to the laws or find a method to remove the PCBs and not be
restricted by compliance,

This paper addresses the evaluations of one method to remove PCBs for the purpose
of reclassification of transformers contafning PCBs.

MPRL'S PCB TRANSFORMER CONCERNS

Mississippl Power & Light Company, like other utilities has serfous PCB concerns
and firm management objectives for a successful and economic solution to these PCB
concerns. A primary concern of MPAL is PCBs and PCB-contaminated transformers in
publfc areas that are considered a high risk (or high 1iability) transformer,
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To resolve this PCB concern, MPAL faced three options: 1) Do nothing and continue
to comply with present rules and regulations and any future, more stringent,
regulations that might come along; such as, the new “transformer rules. The
problem with &oinq nothing is that it does not significantly reduce the liabflity
and risk of having a transformer with PC8s. 2) Eliminate the PCB liability and
risk by replacing the PCB transformer with a non-PCB transformer. The PCB-
contaminated transformers would then be relocated but the PCBs would not be
eliminated; consequently, these transformers would require further handling and
attention at a later date as PCB regulations are tightened. 3) Leave the
transformers in place and find a way to remove the PCBs. High risk transformers
1deally need ALL of the PCBs removed to reduce the l{abflity and risks. Anything
less leaves the possibility of some future 1{ability from the remaining PCBs in the
transformer, Thus the analogy--No P(Bs equal little or no risk, and some PCBs
equal high risk,

For MPRL's PCB transformer concerns, Option 3 (Removal of the PCBs from the
Transformers) seemed to be the dest chofce. Our objectives were simple--to find a
system which could declassify a PCB transformer to extremely low PCB levels at an
economical price; and the transformers must not leach back above a 2ppm PCB leve)
to eliminate all 11abilities or risk from the PCBs,

THE ENSCO, INC. RETRO-1 SYSTEM

In the spring of 1984, MP&L began talking with ENSCO, Inc., above its new
transformer flushing system under development at its White Bluff, Tennessee, P(B-
Transformer ODecommissioning Plant. It was suspected that this system might
accomplish our PCB transformer declassification objectives. After several months
of talking and evaluating the development of the ENSCO system, MPAL entered into
an agreement to allow field testing on four (4) PCB-contaminated mineral ofl
transformers, The pilot field project objectives were designed to: 1) Evaluate
ENSCO's ability to accurately estimate their processing time and limits; 2) To
effect changes (as necessary) in the Retro-1 equipment by field testing; 3) To
accomplish MPEL's objectives of declassification of a PCB transformer to below
2ppm with only one processing of the transformer; and &) The processing cost per
transformer must be economically compatible with other options for totally
eliminating PCBs at the transformer location. ENSCO called its system "The
Retro-1 Transformer Recycling Process.” 1t was designed to accomplish a thorough
internal flushing of a drained transformer so that the residual PCBs remaining
would be less than two-tenths of one percent (0.2%) of the original amount of PCBs
in the transformer, )
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The proprietary Retro-1 process utilizes heated florocarbon vapors which bathe the
interior of the drained transformer until the iInternal parts achieve the temperature
of the vapor. Then this process is stopped and a refrigerated, 1iquid florocarbon
bath {s begun and the transformer s cooled down. This completes one “cycle* of
processing with the florocarbon bath. These cycles are repeated for a calculated
number of times according to an ENSCO formula based on the ppm level and size of
transformer. The interior components are alternately heated with hot vapor and
chilled with the 11quid bath, The Retro-1 process permeates and penetrates all
interfor areas of the transformer case, including the windings, insulation, cloth,
mica, bakelite, wood, and Taminations. This repeated "deep cleansing” results in
the maximum amount of residual PCBs being removed from the transformer,

Before beginning this field test, one of MPEL's primary concerns was the public
awareness of the project since it involved PCBs.

Public Involvement:

The transformers chosen for this fleld project were sidewalk vault units located in
a downtown Jackson network distributton system. Any work done on them would
require biocllng street vehicle traffic lanes, parking zones, and portfons of
sidewalks above each unit, The field work would be very obvious to the public and
the local news media, For these reasons 1t was decided to hold an advance press
briefing to announce plans for this project and answer any questions. The advance
press briefing was a good {dea because there were no further press involvements.

The general public seemed curious at times, but no complaints or concerns were ever
expressed. The project was treated no differently than routine transformer
mafntenance work,

RETRO-1'S FIRSY FIELD PROJECT

One Alternative. In January of 1985, MPRL signed an agreement with ENSCO, Inc. for
the purpose of field testing the Retro-1 system on four downtown network, vault
type, transformers. The transformers were high 1fabiifity PCB-contaminated mineral
ofl units., The ppm levels were 1800ppm, 320ppm, 221ppm, and 33ppm, This range of
PCB contamination levels was chosen to help develop data and determine ENSCO's
ability to accurately calculate the number of cycles needed to accomplish a final
declassification level of Zppm. If the Retro-1 system were able to accomplish
MPEL's objectivas, then this method would be the “one alternative" we had been
Tooking for,

8-43 MONS 019087



Field Implementation. ENSCO brought the Retro-]1 system on-site at each location and
set up on the sidewalk above the vault transformer. After MP&L de-energized and
cleared the transformer, the ENSCO crew connected the Retro-1 equipment and began
removal of the existing PCB oils. Next, the cycling process was started and the

hot and cold flushing began cleansing the residual PCB from the interior of the
transformer case, After the calculated number of cycles was completed, the

trans former was vacuum filled with new mineral ofl immediately following the heating
cycle, ENSCO removed all PCB waste from each site as it was generated for proper
disposal per EPA regulations., The transformers remained de-energized for 24 hours
after the processing and then were energized without load for another 24 hours
before being returned to service. In each case, the transformer was successfully
re-gnergized and the on-going testing phase, for eventual declassification, was
begun,

The time required at each site varied from two to five days depending on the ppm
level of PCBs in the transformers since that is what determined the number of cycles
of processing, The whole project took less than three weeks,

Testing Procedures. Each transformer was tested for PCBs before processing,
immediately after processing, at two weeks, and then once a month, The results are
shown below:

Before After

Transformer Process Process 2wks, Imo. 2mo, 3Jmo. 4mo. Smo.
A 33ppm  18ppm  2ppm  3Ipom ,I‘ <ppm <lppm <lppm
] 221ppm <l 3 4 % <1 <1 <l
[+ 320ppm <1 < 3 <1 <l <!
b} 1800ppm <1 19 10 6 19 17 20

Qur test results show that the Retro-l process can effectively remove all PCBs from
PCB and PCB-contaminated mineral oi! transformers in the 2000ppm or less PCB range.

RETRO-1"S SECOND FIELO PROJECT

In May of 1985, MPAL signed a second agreement with ENSCO, Inc., for the purpose of
using the Retro-1 system on two "Askarel” PCB transformers. The transformers were
power plant auxiliary switchgear type, 1500KVA and 285 gallons of askarel fluid.
The PCB levels were 680,000ppm and 900,000ppm.

The objectives of this project were: 1) To determine what level of reclassification
or if declassification could be achieved by using the Retro-1 system on all-askarel
transformers; 2) To determine what time frames were necessary to accomplish
declassification; and 3) To evaluate the processing cost per askarel transformer.
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It was suspected that with a combination of the 1) "Deep cleansing" abilfty of the
Retro-1 system, 2) Refilling with silicone fluid, and 3) Carbon filtration of the
silicone fluid to remove any residual askarel--would accomplish very Tow Tevels of
declassification of an askarel transformer.

Before After Ist
Transformer Process Process*® Filter
Owk Bwks Iwks 14wks 16wks T9wks
A 630000ppm  2274ppm Fllter 305ppm Filter 12wks
8 900000 2037 Filter 512 Filter V7

*Average of 5 tests over 8 weeks

Our tests results show that the objectives, for declassification, were obtained
and 1n 3 relatively short time frame, Both transformers now have resfdual PCB
levels of less than 50ppm and we expect to declassify them as non-PCB, Notice
that in Table 2 there are two 48-hour carbon filtration periods at 9 and 16 weeks.

The savings for askarel transformers using the Retro~1 method versus replacement
and disposal were approximately 40-60%,

ECONOMICS

The ftnal decision to use the Retro-1 process rests with the economic evaluation
of this process. The only other alternative method to accomplish our objective
would be the expensive replacement and disposal (per EPA PCB Transformer Disposal
Regulations) of each transformer, The exact cost for the Retro-1 process is
dependent upon: 1) The PCB concentration level; 2) The size of the transformer;
3) The difficulty of the replacement work; and 4) The cost of the replacement
non=-PCB transformer,

CONCLUSION

The Retro-1 process results indicate that it should be considered as a viable
alternative for declassification of PCB transformers, And depending on the
fndividual unit, 1t 1s a cost effective method which can prevent replacement
and disposal of many transformers.

MPAL plans to begin a systematic evaluation of all downtown network vault
transformers to determine which units qualify for Retro-1 processing. We expect
& savings of approximately 60% cver any other method of removing the PC8s from
these high risk, high 1fability, locations. MPSL also plans to evaluate future
uses of the Retro-1 process for all-askarel type transformers where we expect a
savings of approximately 40%,
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An additional benefit of the processing is that the transformers are completely
cleaned of sludge that has built up from overheating and overloading. This sludge
reduces the efficiency of the transformer and they have to be filtered at least
once every five years in order to remove the sludge and contaminattion butldup, The
Retro-1 process accomplished a more thorough interfor cleaning of the sludge than is
possible in a normal maintenance filtering process and fulfilled a normal routine
miintenance period.

This is not only an economical advantage but it also improved the operating
efficiency of the transformer. We think that the removal of the PCBs, the
thorough cleaning process and the improved efficiency of these transformers have
extended the expected operating 11fe of the transformers, These factors, in
combination with the other economical considerations, help justify the dectsfon to
use the Retro-1 process on high risk, high 1iability, vault-type transformers and
selected askarel transformers.
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WESTINGHOUSE ELECTRIC CORPORATION
MATERIALS & MANUFACTURING TECHNOLOGY DEPARTMENT
SHARON, PENNSYLVANIA 16146

RP-2028-11

PRODUCTS OF PARTIAL COMBUSTION OF PCB ALTEANATIVE
RIELECTRIC FLUIDS

Y
DR. C. CLAIR CLAIBORNE
INIRODUCTION

Alternative dielectric fluids which may be used in place of askarels in alec-
trical transformers ars of relatively recent origin. In 1982, the Envirom-
mental Protsction Agency concluded "that adequate substitutes existed for PCh's
in indoor transformer locations from the perspective of fire ssfety and elac-
trical efficacy” (1).

Subsequent fire incidents involving PCB transformsrs focused attention on sll
types of transformers snd their bahavior in combustion situattions. As a result
of these incidents, EPA revised its planning end issued a request for informas-
tion as a first steap in promulgating a rule concerning transformer fires (2).

Although that rule vas directed at transformers which may contain PCA's, at the
same time, the EPA requested information on the partial and completa combustion
products of ssversl alternative transformer insulating fluids products. Al-
though some {nformation was available on the products of coaplets combustion
(defined as occurring whsn chere i{s an of ), lictle was
svailable on the products of partial combustion (vhnro lmulttc!ont oxygen is

P nt for stoichiometric complecion of the combustion) (3-3). It is gen-
erally sccepted that in confined aress, such as vaults and tunnels, the nature
of many fires is such that partial or incomplete combustion may be the predos-
inant mode of combustion.

This study vas initiated to investigate the pn:hl combustion products of
several of the insulating liquids used {n s. The prog wes res-
tricted to combustion situations only; d position producta produced by an
electric arc were not considered.

The primary objective of this program was to detersine the chemical cospounds
formed during partial or incosplete combustion of liquid dielectric insulating
materials wsed in power transformers. To attain this objective an experimencal
progran was cerried out after an extensive literature search. The literature
search indicated that the information desired vas generally unavailable. The
reforences found in this sesrch were transferred to SCS Engineers and are the
subject of a separate projecc (RP 2028-12) and report by thac organisation.
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EXRERIMENTAL STUDRIES
Thexmodynaaic Equilibrium Calculations

In order to establish some indication of the types and levels of potencial
combustion products from the liquid éfelectric materials, theoretical thermwo-
dynaaic equilibrium calculations wers conducted for various oxygen levels over
a range of reaction tempsratures from room tesperature to 1500 K. Data vas
asseabled from various sources, including the JANAF (Joint Army-Navy-Air
Force) Thermochemical Tables, and input i{nto a mainframe computer utilizing a
progran named “CHEMEQ®, in the Westinghouse R&D laboratories. This propria-
tary program, sisilar to a computer program developed by NASA (6), but with a
larger data base, has been used extensively to calculate:

1) Concentrations of chemical species in multicomponent polyphase mix-
tures at any specified pressure(s) and temperatures(s).

2) Concontnt!om and adiabatic flame temperatures of chemical products

d in the bustion p
3) Th dy ic and tr port propsrties of gas mixtures at equilibrium
for specified pressure(s) and temperatures .
Copbustion Reaccion Evalustions
Two separate sets of b fon experi vere d d for each material.

In one set, a thermogravimetric analyzer (TGA) was modified to conduct the
combustion and reaction products were trapped in cold traps and fed to a gas
chromatograph with an electron capture detector for subsequent analysis. The
samples were placed in a platinum boat and heated from ambient temparatures
vith the oxygen level being controlled by a flow meter into the chamber.

In the other experiment set, a stainless steel reactor vas employed for the
combustion, and the reaction products vers fed to a gas chromatograph/mase
spectrometer for evaluation. The samples were injected with & syrings into the
teactor and the amount of sample vas varied to vary the oxygen level. In an
slternative to this procedure, designed to handle viscous materisls, the sample
was sealed in & small sluminum capsule vhich was inserted inte the chamber by a
gas-tight piston.

In both sets of experiments, an ultimate reaction temperature of 1000° C vas
enployed. This temperature was chosen after consultation with Dr. Richard
Gann of the National Bureau of Standsrds as the most probable temperature for
partial combustion situations (7).

Matecials

One fluid of each of five types of insulating fluid vas selected for this
study: Chlorinated hydrocarbon--tetrachlorosthylens (C,Cl ) WECOSOL®, Vest-
inghouse Electric Corporation, original lupplht Dh-oad amrock Corporation;
Fluorocarbon- -trifluorotrichlorosthans (C,F. ), Freon 113%, supplier: E.I.
DuPont de Nemours; Silicome nuu--polydticlhyiluoum Dow Corming 561 Siif-
cone Transformer Fluid, supplier: Dow Corning Company; Mineral oil.-WEMCO C*,
Westinghouse Electric Corporation, original supplier: Gulf OLl Corporation;
High perature hyd bon--RTEmp*, supplier: RTE Corporation.
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EXPERIMENTAL RESULTS

Istrachloroechylene
Wich :c:nchlotuchyhm in the thermogravimetric chasber, considerable pro-
bless were d vhen the combustion vas carried out at an air level

corresponding to 708 of theoretical total combustion. Detectabls amounts of
chlorine vers generated and in addition, eince the chamber wes heatad from
smbient tempersture upwerd, the presence of wetsr on tha interior walls of the
chamber caused ths production of small amounts of HCl. This in turn caused
corrosion of some of the metal parcts in the TCA measurement systes such as the
sampls rsference thermocouple. Since this component was not essential to the
operstion of the instrument for these experiments, {t was omitted in the next
ron, W r, the ¢ run gh deterioration of some of the other
components of the apparatus, e.g. 0-rings and balance parts, to require over-
haul of the instrument. As e result, the runs st 0% air vere postponed end
indesd were not completed during ths project. Compstible materials are svail-
sble vhich could elleviate these problems in futurs investigations.

Other than the expected chlorine and the neml constituenta of air, only HC1
ves noted in small in the b ts. As was pradicted in the
thermodynanic equilibrium cslculstions, phoqom was not detected in any of the
tuns. Unrescted starting material was recovered in significant quantities.

The stainless stesl combustion resctor vas used to conduct three anslytical runs
vith tetrachlercethylens. Two direct injection runs gave chlorine as the pri-
wary product end & lov lavel (epproximately 0.11) of dichloroacetylene was seen
in one of the direct injection runs. Unreacted tetrachloroethylene wae else
recovered in beth of these runs. An addittonal semple run with the piston/cap-
sule method gave essentially the same results with dichloroacetylene egain
being found. No psrticulates were detected on a glass fiber disk trep located
st the reactor axit. With the sample quantities used in the experimenc, thie
indiceted that <3 ppm of halogenated or polycyclic particulates were formed.

Ixichlorotxifluoreethans

Trichlorotrifluoroethane gave similar resulte to tstrachloroethylene when it vas

ined in the th gravimetric chamber, except that chlorine was not
observed. Again, the presencs of wvater on che interior walle did causs produc-
tion of HF which in turn csused & ainor amount of etching of the chamber.

In this p.rueulu case, however, not ell peaks in the chromstogreph from the
ol could be identified. Certain of these pesks undoubt-
eodly ewld have been assoclated with verious fluorocarbon compounds that were
not resdily available for confirmation of the pesk identities. It wes decided
that the resulta of the other experimental arrangement would be used to quali-
catively idencify thesa other products.

Two runs wers made in the atainlass stasl reactor using the direct tnjection
procedure. The first rum, in which the withdraval of products vaa carried out
eofter 10 seconds, showed chlorotrifluoroethylens snd dichlorotetrafluorcechans.
However, over 99% of recovered gaseous materisl vas unreacted starting mat-
eriel. A second injection was made and the gas sasple vae vithdrawm after 10
sinutes. A little eh*oﬂm was dstected but unrescted material was predom-
inant. (:!‘2 and CFCl™ was also found, vhich may indicate a trace of sctive
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fluorine, although that seems unlikaly. Fluorine was outside the scanning
range of the GC/MS configuration for these experiments. Thie run did not
detect the other two materials sesn in cthe firsct run.

Four runs vetre made en trichlorotrifluoroechans with the piston/cepsule tech-
nique. With this technique, products detected included tetrafluoromethans,
dichlorodifluoroethylens, chlorotrifluorcethylens, trichlorofluoroethylens,
totrafluoroethylane and fluorochloroethylena. Again, no particulates of tnc-
erest were detected, even {n the run with the greatest veriety of products,
with the same detsction limit as with Czclk. 3 ppa.

Many of these products mey well correspond to the results of the combustion i(n
the TCA. Since it was not possible to acquire these materials, confirm-
ation wvas limited to the observetion that some of these materisls were pre-
dicted by the thermodynamic calculations.

silicone

Vith sflicone, & relatively large variety of gaseous products wers detected,
including CO,, H,, CO, methane, ethane, acetylene and other hydrocarbons.
Again in ehid uia, a large amount of unreacted macterial was present in the
chamber and in the combustion boat at the completion of the experiment.

Above all, & significant amount of solid material was found in all tubing
leading from the quarts combustion chamber. This materisl was vhite and fluffy
in appearance and vas most likely silicon dioxide which is knowm to result
from cosbustion of polydimethyleiloxane (4).

In tha experiment set utilizing the stainless stesl reactor, two runs vere made
with the direct injection method. Since no volatiles were detected and becsuse
of the relative difficulcy of transferring this rather viscous substsnce, the
piston method was developed. However, agsin no volatiles were detscted. The
steel reactor tube contained a largs amount of black, fluffy material. When
this material vas removed and heated in a muffle furnace with an 0, excess at
10000 C, the substance left a white ash. This lad to the conclu-tgn that the
maceriel was probably $10, mixed with carbon. No other particulates of inter-
est vers detected on the glass fiber collector. In this case, detectabilicy
would have been on the order of <15 ppm due the different mase of scarting
material.

Minersl 012

Transformer mineral oil generated significant quantities of combustible mac-
erials such as methane and ethane, which possibly resulted from cracking of the
starting material, vhen the amount of air vas limited to 30v. This indicated
that the combustion was quite decidedly not complete. A surprisingly low
amount of cerbon dioxide was found with both the 70% and 0% air levels.

lilsh Teapersturs fivdrocarboo

The quantities of combustible materisls prssent in the products of ths high
temperature hydrocarbon were relatively less than for tha transformer mineral
oil. However, thers were significant quantities of ethylens found. Again, as
in tha case of the silicone fluid, a large amount of unreacted matsrial wvas
present in ths combustion chamber.
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In a run made with this material in the GC/MS setup, only two products were
detected in the gaseous product snalysis by mass spectroscopy: benzens and
toluens. In ralacive terms only a small proportion of the starting sasple, vas
present as these products. No particulate matsrfal was detscted.

RISCUSSION

In sumsation, it is importent to note that nons of the combuations produced
detsctabls chlorinated or polycyclic sromatio hydrocarbon psrticulates. The
production of chlorine (end hydrogen chloride in the presence of atmospheric
humidity) from tetrachloroethylene must not be minimized, but racther should ba
balanced against the non-flammable nature of the materfsl. Much the same state-
sent say be made about trichlorotrifluorosthane and its production of hydrogen
fluori{de and the varfous fluorocarbon macerials. The sbsence of phosgene in
these experiments is also to be noced.

For the other materials. the presence of coabuatible msterisls in the product
stream indicated that even {n events with only partial combustion, a potent-
tally dengerous situation may remain even after ths hest soutce is removed.
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PCB TRANSFORMER DECONTAMINATION RATHER THAN BURIAL

Ted Topolski
ETI of North America

Until this year, PCB transformers required burial at a secure land-
fill. Since the Environmental Protection Agency is encouraging new
technologies rather than burial at landfills, they have permitted

a reclamation and recovery facilities for PCB transformer reclama-
tion in Kansas City. This PCB transformer facility is under EPA
control. Transformers are received, cleaned to less than 500 ppm,
opened, and the internal parts processed through an assembly line
operation for PCB removal and extractions. This paper includes
handling, processing procedures for reclamation, to primary metal
recovery for smelt.
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RETROFILLING ASKAREL TRANSFORMERS - WORDS OF CAUTION

J. P. Kinney
General Electric Co.

Retrof 111ing transformers that were originally constructed for use with askarel
1a an alternative to complete changeout and disposal, In some cases where
space is critical, removal fs very expensive, or the {nstallation is unique,
retrof 111 {5 an approach to consider. This decision needs to be made with some
key points in mind. In 1977 several papers 1+ 2: 3 were published advising the
industry of the potential problems involved when askarel transformers were
retrofilled.  Askarel composition, materials of construction and transformer
designs wvere changed many times in the forty years they were manufactured. No
overall recommendation can be made concerning all of these transformers. In
oach case it would be wise to include an inquiry to the manufacturer before
deciding to procesd with retrofilling,

As pointed out by Morgan and Osthoffl, the leaching out of PCB's from
transformer {nsulation systems 1s a very slow process. Changing selective
adsorbants or making multiple retrofills 1in order to maintatn low PCB
concentrations can become & signiffcant factor in the econamic evalustion of
retrofi111ing.

When General Electric's Medium Transformer plant changed from butlding askarel
filled transformers to the production of silicone filled transformers, 1t was
necessary to make several changes 1in the destgn of the product from that
previously used for askarel. Most of these changes {f made today would requira
teardown of an existing askare) transformer, which fs a violation of federal
rqulltlonv‘. If the cleanup and retrofill process followed dy a minimem of
three months back {n service lowers the PCB content to less than 500 ppm.
federal regulations would then allow teardown and modification, If the
transformer s {tnaccessible for rework of this type, operation after
retrof {111ng should be modified as described in the conciusion of this paper.
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The key differences in properties between askarel and silfcone flufd which
require design changes are impulse crespage strength, heat transfer capability,
thermal coeffictent of expansion, material compatibility and lubricity. Scme
of the differences in properties are shown in Table I. This table campares
silicone fluid, transformer ofl and askarel, The problems and suggested
modified operation are covered in the following paragraphs.

Table 1

PROPERTIES OF SILICONE, MINERAL OIL, AND ASKAREL

Silicone Mineral 011 —Askacel
Viscosity, cs at 25°C 50 10 12.8
at 80°C 20 2.7 4.2
Flash Point, Open Cup, Min 300 145 No true f.p.
Fire Point, Open Cup, Min 340 150 None to b.p.
Oxygen Index 21.4 15.8 37.8
Specific Gravity, 25°C 0.96 0.88 1.5
Coefficient of Expansion, 00106 .0007 .0007
cc/ee/°C
Pour Point, °C =55 =55 -40
Botling Range, °C None 280-370 209~3081
Dielectric Constant, 2.7 2.2 5.3
259C, 60 Wz
Dtslectric Strength, k¥ k13 as 35

Disk Electrode, 0.25 cm gap
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Table II

OIELECTRIC BREAKDOWN STRENGTH FOR VARIOUS CONFIGURATIONS
WITH SILICONE, MINERAL OIL, AND ASKAREL

Mineral
Stlicane

Impulse Braakdown, kY

Uniform Field, 2.54 mn (0.1 in.) gap 136.4 142.0
(ASTM D1816 Electrodes)

Non=uniform Fleld, Rod=-to-Plane
12.7 nm (0.5 in.) gap

Negative Polarity 295.6 107.0
Positive Polarity 99.6 90.9

lespregnated Kraft Paper
Round Edge Electrode,
51 mm (2.0 n.) diameter

0.467 mm thickness 38.4 43.0
2.34 s thickness 134.8 182.9

Impulse Creepage on Kraft Pressboard

(2) Electrodes, 25.4 mm (1.0 in.) dis,

Edge-to-Edge Spacing, 76.2 m (3,0 1n,)

Positive Polsrity 89.6 152.3

60 Hertz Breakdown, kY

Impregnated Krsft Psper

Rounded Edge Electrode

S1 mm (2,0 in.) diameter

0.467 mm thickness 19.5 22.1
2.34 m» thickness 64.3 7.0

8 Based on 1imited test smples.

nONS

153.3

119.0°
114.02

49.0
163.0

130.6

019099



POSITIVE POLARITY IMPULSE CREEP STRENGTH*
The surface fmpulse creepage dielectric strength of high density kraft
pressboard when testad in silicone fluid is just under 708 of that experienced
tn askarel, Scme of the more conprehensive dielectric breakdown properties are
shown in Table II. When GE's then standard askarel transformer design was
f11led with silicone fluid and given positive polarity tmpulse tests, there
were surface creepage breakdowns. An internal redesign to compensate for the
Tower impulse breakdown characteristics of the 1iquic achfeved the full
insulation levels required 1in the new silicone fluid transformer, If an
existing askarel transformer could be satisfactorily cleaned and then
retrof{11ed with silicons fluid, the BIL rating should be reduced and suitadble
surge arrestors should be applied to protect the transformer fram excessive
transtent voltages.

HEAT TRANSFER

Industry standards for 55° or 65° temperature rise liguid filled transformers
specify & guaranteed winding temperature rise over ambient. The guaranteed hot
spot rises over ambient are 6S°C and 80°C respectively. Heat runs conducted on
prototype transformers with thermocouples embedded in the windings indicated
from 5 to 259C greater temperatures when silicone fluid was the cooling 1iquid
as compared to askarel. Approximately 308 more surface area was added to the
cooling package to meet the guaranteed winding rise of silicone fluid
transformers. If an askarel transformer is retrofiiled with silicone fluid,
derating 1s required to prevent serious damage due to overheating.

THERMWAL COEFFICIENT OF EXPANSION

The thermal coefficient of expansion of silicone fluid is some 40% greater than
askarel. This resuits 1n tank designs with a greater gas space above the 25°C
1iquid Jevel and a greater distance fram this 1iquid level down to the highest
conductor. If & retrofilled transformer is located outdoors, low mmbient
temperatures may cause contraction of the 1iquid that would expose the bus
bars, bushings or other conductor, This in turn could cause dielectric and/or
thermal problems. Adding external heaters or possibly an external expansion
tank 1s recommended when a silicone fluid retrofilled transformer is located
outdoors.
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MATERIAL COMPATIBILITY
The gasket materials used for askarel transformers were changed many times over
the years. Silicone rubber and then Viton® were found to be resistant to
askarel, S111cone rubber used for approximately the last 20 years of askarel
transformer manufacture is not suitadle for use in silicone fluld. It is
necessary to replace al1 gaskets when an askarel transformer is retrof 111ed.

Agatin, over the years, each design changs usudlly Introduced several new
materials of construction. Some of the materials used {n askarel transformers
are no longer commercially availadble and no material compatidbility testing has
over been done on them in silicone fluid or 1n any other transformer fluid., If
a silicone depolymerization catalyst is present in any of these materials, the
fire point of the liguid may be affacted. Some other matertals may cause
viscosity {ncreases. Frequent testing of 1iquid samples from retrofilled
transformers should be scheduled and should iInclude fire point and viscosity
tests along with PCB concentration tests.

LUBRICITY

The "no load" (deenergized operatton) tap changer of most tindustrial Joad
center transformers 1s seldom changed fram the position set before tinitfal
energization. The cap of the tap changer can be padlocked to prevent operation
by unauthorized personnel. If an askarel transformer 1s retrofilled with
silicone fluid you should label its tap changer as inoperative due to the
difference tn lubricating properties between the two fluids. There s a
possibility  of the tap changer mechantsm locking up. The drive shaft may dreak
and if the tap changer 1s not in the correct position the transformer may fafl
olectrically on energization. When the manufacture of new silicone filled
transformers was started a complete redesign of the tap changer was necessary
to achieve satisfactory operation,

FLUSHING SOLVENTS

Same retrofil) comtractors have used strong solvents to attampt to remove the
askarel which hasa't dripped from the core and coil after draining. ™is
practice can seriously damage the wire enamel and other resinous metertals in
the transformer. One flushing solvent which shouldn't harmm the {nsuletion
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Jstem in GE {ndustrial load center transformers is a mixture of tri- and
tetrachlorobenzenes. Since this was one of the ingredients of askarel It
should be compatible for a short duration of flushing. This recommendation
applies only to transformers manufactured at General Electric's Medium
Transformer Plant in Rame, Georgia, Informatfon involving other GE products or
products of other manufacturers should be obtained directly fram the
manufacturing site. Again, askarel fimpregnated tnsulation may not give up 1ts
PCB content easily tn this process.

RETROFILLING WITH OTHER FLUIDS

Two other fluids used 1n cool ing and as a dielectric in new transformers today
should definitely ngt be used for retrofilling. Dielectric Grade Freon R-113
1s used as a vaporization cooling fluid and askarel transformers were not
designed for this cooling technigque. Perchlorethylsne is campatible with paper
tnsulation but the wire enamels used in many of GE's askarel transformers will
not resist the solvent action of perchlorosthylense. High molecular weight
hydrocarbons have not been studied fram & compatibility standpoint. You should
check with local building codes and your fire insurance fims before using any
specific retrofill 1iquid.

CONCLUSION

Several years of experience have demonstrated that retrofilling of askarel
transformers 1s still a somewhat controversial topic in the industry. If a
decision is made to retrofill any Rome built G. E. transformer, the following
precautions should be followed:

1. Obtain up to date Federal, State and local regulations concerning
PCB's and follow them,

2. Recognize that PCB will leach out of the core and insulation with
time, possibly requiring addgitional retrofills and more disposal
costs in order to maintain acceptably low concentrations of PCB's
in the fluid.

3 Change out all gaskets using appropriate replacement gaskets.

4. Set the tap changer before retrofiiling, lock it, and ladel as
inoperative.

5. Examine the load and {f at or near full load -~ reduce 1t to
prevent overheating. The nameplate should be modified to reflect
derating and the pressnce of the new fluid.
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6. Derate the BIL of the transformer and apply suitable surge

arrestors in the proper location to protect the transformer fram
transients.

7. If the transformer 13 installed outdoors take precautions such as

heaters for low mmbients so contraction of the fluid won't expose
the bus bar or other conductor.

8. Monitor the thermal behavior of the transformer during the

derated full load operation over an extended period,

9. When monftoring 11quid samples for PCB decontamination progress

ifnclude viscosity and fire point along with other critical
properties, Continue this testing on a yearly basis.

10. Consult with your finsurance carrier on the suitability of any

retrof 111 1iquid from a fire safety standpoint,

1. The manufacturers calculations and judgements on derating and

naterial compatibility made by examining the old design drawings
will be helpful but will also be an additional expense which will
not have the confirmation of factory testing. In other words {f
you retrofill you are on your own.

We hope that the information in this paper will be of value to the cwners of
askarel transformers who are considering retrofiliing or other alternatives
that lower or el iminate PCB's,
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DECONTAMINATION OF AN ASKAREL-FILLED
NETWORK TRANSFORMER

0. T. Orew Dunlop

This paper describes a pilot project undertaken to determine the feasibility ang
economics of decontaminating and retrofilling askarel-filled network transformers
used in B, C, Hydro's underground distribution system in Victoria, B. C.

The Victoria network system consists of multiple 12 k¥ feeders with each feeder
supplying & number of 12 kV to 120/208 V 500 kVA network transformers. The
secondaries of each transformer are bussed together forming a secondary network at
120/208 V from which service leads are run to customers. The network system is
completely underground with the transformers placed in vaults under sidewalks with
open grills covering the vaults. When the original network system was designed in
the mid-1950's, askarel-filled transformers were selected because the use of
askarel-filled transformers fn such locations was the standard industry practice at
the time and because of the serious consequences 3 transforwer fire could have in
such close proximity to the public.

There are a total of 94 transformers in the Victoria network system, Fifty-five of
the transformers are askarel-filled; the balance of the transformers were purchased
subsequent to the ban on PCBs in new transformers and are filled with conventional
hydrocarbon insulating oil. The Victoria network transformers are the only
askarel-filled transformers exposed to the public in the B. C. Hydro system.

The transformer was thoroughly drained prior to beginning the solvent
decontamination. _Approximately 760 of a nominal 865 1itres (87.9%) of askaral were
removed from the transformer by draining.

The decontamination. procedure was modified a number of times in an attempt to
achieve the most efficient method for promoting the release of askarel from within
the transformer components.
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Initially, vapor phase degreasing was used to decontaminate the transformer.
Twenty-seven vapor degreasing cycles were completed over a period of 38 days with
the transformer {in a vapor phase system autoclave. One degreasing cycle was
completed each working day.

Shell Sol LX154, a hydrocarbon mineral spirits, was selected as the degreasing
solvent. Shell Sol has a botling pofnt of approximately 185°C (STP); a typlcal
askarel boils at greater than 200°C (STP). By using a solvent with a Tower botling
point than askarel, the transformer components wers constantly washed with clean
solvent since the dissolved askarel did not volatize at the solvent boiling point.

The vapor degreasing process consisted of introducing hot saolvent vapors into the
transformer; these vapors condensed on the transformer winding, core and supports
resulting in a washing action. The cleaning action continued for approximately five
hours until the transformer components reached the temperature of the solvent
vapors,

With each successive vapor degreasing cycle, the amount of askarel released from the
transformer decreased. The 27 vapor degreasing cycles removed approximately
84.1 litres of askarel from the transformer.

The decontamination process was then changed from vapor phase degreasing to hot
solvent soaks. The transformer was left in the autoclave and was filled with
solvent. DOuring each hot solvent soak, heat was supplied to the solvent filled
transformer by flooding the autoclave with hot solvent vapors for a pertod of three
hours. During the hot solvent soaks, the transformer winding reached an average
temperature of 83°C. The hot solvent soak cycle was repeated 56 times, once each
working day, over a period of 87 days. The transformer was flushed and refilled
with distilled solvent every two weeks.

A decreasing amount of askarel was removed from the transformer with each successive
hot solvent soak. Approximately 109,39 litres of askarel were removed from the
transformer by the hot solvent soak cycles.

The decontamination process was then modified from hot solvent soaks to cold solvent
soaks. Each cold solvent soak conststed of filling the transformer with distilled
solvent and allowing the transformer to soak for a mmber of days in a static
situation at room tewperature. The transformer was then drained and refilled with
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distilled solvent. This procedure was repeated ten times over a period of 57 days,
with each soak lasting from three to eight days.

The cold solvent soaks were found to be tneffective in decontaminating the
transformer. Essentially no askarel was removed from the transformer by the cold
solvent soak method. It was decided, therefore, to terminate the solvent
decontamination and retrofill the transformer,

The vapor degreasing cycles removed 84.1 litres of askarel which corresponds to an
average of 3,1 l1itres of askarel per vapor washing. The hot solvent scaks removed
109.9 litres of askarel which corresponds to an average of 1.95 litres per hot
solvent soak. This is in addition to the 760 litres of askare) removed by draining.
The amount of askarel removed from the transformer may seem inconsistent with the
assumed total quantity of transformer flufd of 865 litres. However, the quantity of
fluid removed by draining is approximate and 1is considered to be accurate only
within £10%. In addition, the 865 litres is a nominal quantity; the exact quantity
of fluid within the transformer fs not known.

It was intended that the transformer be retrofilled with an environmentally
acceptable synthetic insulating fluid with electrical insulating and fire resistance
properties similar to askarel. However, because of the expected release of askarel
into the retrofill fluid and the cost of suitable synthetic fnsulating fluids, it
was decided to first retrofill the transformer with reclaimed conventional
hydrocarbon insulating oil,

Prior to filling the transformer, the reclaimed insulating oil was tested and found
to contain no measurable concentration of PCB. The next of) sample was taken one
day after filling the transformer with insulating oil. The PCB concentration was
found to be 118 ppm. This increased to 169 ppm with the transformer in a static
situation at room temperature for 20 days.

The transformer was then insulated with fiberglass batting and energized from the
Tow voltage side to accelerate the release of askarel into the oil. The transformer
remained energized for a period of 216 days. Over this time, the PCB concentration
increased to 2,063 ppm.

When it became apparent that only a minimal additional amount of askare! would be

released if the transformer remafned insulated and energized, it was decided to
dratn and then fi11 the transformer with a synthetic insulating flufd. The
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transformer was allowed to drain for a period of 14 days in an attempt to remove as
much askarel-contaminated oil as possible.

Based on synthetic insulating fluid characteristics and replacement fluid costs and
avatlability, a decision was made to use Gulf Less Flammable Dielectric Fluid PAQ+
as the retrofill fluid for the decontamination project. Gulf PAO+ s a
polyaiphaolefin based synthetic hydrocarbon, compatible with conventicnal
hydrocarbon insulating oil,

An oil sample was taken one day after filling the transformer with Guif PAO+. The
PCB concentration was found to be 269 ppm. A high initial concentratfon of PCB was
not expected and no suitable explanation for this could be found.

8ecause of the heat transfer characteristics of the Gulf PAC+ dielectric fluid, it
was expected that the transformer would have to be de-rated. To determine the new
transformer rating, temperature rise tests were performed. Based on the results of
these tests and a maximum winding temperature rise of 55°C above ambient, it was
determined the transformer should be de-rated by 20% to 400 kVA,

An insulating fluid sample was taken following completion of the temperature rise
tests., The PCB concentration was found to be 335 ppm. To date the transformer has
not been returned to service and after 18 months in storage the PCB concentration in
the retrofill fluid is 830 ppm. This represents a 99.92% reduction in the amount of
free PC8 originally in the transformer,

The decontamination project was carried out without adverse effects to personpel,
plant or the enviromment. There was no significant increase in blood PCB levels of
employees involved in the decontamination program and no increase in PC8
contamination levels within the shop facility was observed.

The decision to retrofill a transformer versus replacing the transformer involves
several economic trade-offs. The cost of decontaminating and retrofiliing the
transformer and the remaining 11fe of the transformer must be balanced against the
cost and expected 1ife of a new transformer. When consfdering the cost of a new
transformer, the cost of storing and ultimately dfsposing of the askarel-filled
transformer must also be considered.
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PCB REMOVALS - OPTIONS AND IMPLEMENTATION

Francis E. Silvia, Boston Edison Company

INTRODUCTION

In June of 1983 the Boston £dison Company established a voluntary program to elimi-
nate askarel filled secondary network and station equipment from 1ts system by year
end 1988. This program involves the disposal of some 800 pieces of equipment
exclusive of EPA-mandated capacitor removals. Two years into the five-year project,
we are on schedule and underbudget for this projected $32.5M program. The success
of the project to date is due in large part to the research and planning efforts of
project personnel prior to its impliementation.

This presentation is a general description of some issues, decisions and options
that must be addressed by any company considering the method of disposing of its
askare) equipment. It is our intention only to suggest a framework for project
setup, not to evaluate the options contained therein. Evaluation, we believe, is
best left to the individual company, since it is best aware of its own particular
needs.

THE CORPORATE OBJECTIVE

A primary consideration in preparing a project plan is the definition of the corpo-
rate objective. In this case, how does & particular company wish to deal with its
askarel equipment? Does the company wish to be PCB "free", will it maintain some
existing PCB equipment, or is some level of PCB concentration between 0 and 50C ppm
satisfactory?

Estabiishing the objective is essential to providing an overall direction to the
project and to keep 1t on track in its ensuing stages. It should be based not
only on dollar cost, but also on potential future liabilities. Other factors that
may influence the decision include the company's social obligations and responsi-
bilities to the public, the business community and the municipalities in which it
operates.
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The task of establishing the corporate aobjective generally lies with the company's
officers, since it fs they who are specifically Tiable for compliance with existing
regulations. Prerequisite to their decision is an evaluation of the alternatives
available. An in-depth analysis of alternatives must be provided if an opt imum
decision is to be made.

OPTIONS

The project personnel, {.e., managers, coordinators and engineers, are responsible
for evaluating available options and submitting recommendations to company offi-
cers. These analyses are, however, subject to re-evaluation as changes in tech-
nology and regulations come about.

Presently available options include retrofill of existing equipment with substitute
tnsulating fluids, the addition of a filtering system to a retrofilled unit, direct
replacement of askarel equipment with new equipment, and last, the “do nothing*
approach which simply maintains existing equipment in accordance with applicable
regulations.

At first glance the above may look simple enough since there are only four options
from which to choose. But consider also that each of the four carries with it
underlying considerations. For example, what types of alternate insulating media
are avatlable for retrofills or replacements? How do you deal with PCB equipment
carcasses? How effective are PCB filtration systems? More specific quesnons.
include future changes in regulations, avajlability and Yead time for services and
equipment, adaptability of new equipment to existing installatfons, experience and
licensing of hazardous waste disposal contractors, availability of disposal sites,
the fire, dielectric and toxicity ratings of substitute fluids, the age, electric
loss and possible de-rating of existing equipment. There may also be other ways
to deal with askarel removals., For example, it may be possible to retire equipment
and not replace it by shifting load to other installations, reconductoring, etc.
Finally, where do you get accurate and reliable information on the above, and what
about the costs?

It 1s easy to see that the choice of an option may not be as simple a matter as it

first appears. A considerable amount of time must be spent in researching informs-
tion in order to optimize the choice.
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IMPLEMENTATION

After alternatives have been evaluated, the corporate objective established and
options chosen, an implementation plan must be designed and executed. This plan
is essentially a master schedule of when field work will be performed, but it
carries with it the underlying considerations of how, who and where.

For example, there will most likely be priority locations to be dealt with. Should
priorities be based on type of establishment (hospital, school, residential, etc.),
voltage level of the equipment, or some other criteria? Who will perform the work?
Are there sufficient in-house personne) available or should outstide contractors be
used? What about timing and availability of equipment and services? Can the
project be interlaced and coordinated with already planned construction? Are
special procedures or accounting needed to accommodate the project or are normal
channels adequate? As with the evaluation of options, a number of items must be
addressed in order to formulate and optimize a plan.

SUMMARY

Clearly, the execution of an askarel replacement program is not a simple task. The
options are numerous and, in many cases, the time available to accomplish the task

ts short. It is essential that all {ssues be addressed 1f a program is to be tail-
ored to a particular company's needs relative to the use or replacement of askarel

filled equipment.
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PART 9:
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AFTER A PCB FIRE - CLEANUP INSIDE BUILDINGS
CONTAMINATED WITH DIOXINS AND FURANS

Kirk Blackmon

Fire involving PCB transformers at offfce buildings in San Francisco, California,
and Binghamton, New York, resulted in the buildings being closed due to the presence
of dioxing and furans. This paper presents four aspects of the subsequent clean-
up of these buildings: approach, procedures, results, and costs.

My company was directly responsible for much of the decontamination in the San
Franctsco building (One Market Plaza), and the Binghamton State Office Building.
In all these cases, not only were the buildings contaminated with PC8's after
the fires, but also either dioxins or furans, or both. This means that tf one

, of your transformers is involved in a fire, and 1f any of the PCB ofl fs subjected

to high temperatures, you are going to have a serious problem. The most serious
exposure you must consider is your potential 1iability from health related 1itigation.
Do not let people into the building until you have had it adequately tested.

But what about getting the contaminated area back in service quickly and safely.

wWhat can you do?

APPROACH

The two largest PC8-fire decontamination projects to date, One Market Plaza and
Binghamton, show that decontamination can be successful and the buildings reoccupied.
Qur approach to both these projects was basically the same. We did not attempt

to neutralize or destroy the contaminants. Instead, we cleaned all surfaces,
transferring contaminants from the building and its contents to cleaning agents,
cloths ‘and spongeés. The cleaning materials were then disposed of as hazardous
waste. In some of our more recent projects, we have discovered that water-based
clesning agents have proven tn many cases to be the most efficient methods of
removing contaminants. Ustng these methods, a tremendous amount of waste water

is generated. To handle this, we now have transportable water purification systems
that are capable of reducing the contaminant levels to one part per btllion.

MONS 019112
9-1



In most cases, this {s clean enough to be placed in a city sanitary sewer system.

PROCEDURES
In compieting these jobs, many procedures, chemicals, and equipment have been
designed, tested, and improved upon. A few of these procedures are listed below:

Medical Surveillance

Decontamination projects require the medical monitoring of all personne! entering
the butlding unttl it is given a clean bill of health. This {s important for
the following reasons:

[] it insures the exposed people are not becoming contaminated.
. Psychologically, these people feel safer because they are being monitored.
. The medical survefllance will enable you to better defend yourself

1f 1ability suits are filed.

Health and Safety Plans

The Health and Safety Plans related to these types of cleanup projects have been
developed and implemented on all these previously mentioned jobs. These plans
include entry and exit procedures, training procedures, protective equipment
spplications, respirator programs, etc.

Decontamination Facilities

Part of the health and safety plans require that all workers change clothes and
shower whenever they leave a contaminated building. Our transportable decontamt-
nation facilities are equipped with dressing areas, showers, laundry facilities,
and respiratory equipment maintenance areas. All of the water generated from this
facility must be recaptured and processed through the water treatment plant.

Protective Gear

In many of these projects, it was found that certain areas of the buildings were
11ghtly contaminated, some areas were moderately contaminated, and others heavily
contaminated. [t became quite cost effective to isolate these different areas
and prescribe protective equipment specifically for each individual area. The
11ghtly contaminated areas might require only gloves, boots, head protection,

and no respirators, while the heavily contaminated areas might require self-
contained breathing apparatus and fmpervious type suits.
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Exterior Restoration

At One Market Plaza, the contaminated area included portions of the outside of
the building. We had to develop a new piece of equipment specifically for this
exterior c\eining. because none of the cleaning solution could be allowed to
fall on the street below.

Interior Restoration

The insides of these bulldings normally require everything to be cleaned. This
fncludes elevator shafts, walls, ceilings, floors, and the entire heating and
air conditioning systems. Most of the cleaning was very detailed and in many
cases, spectal chemicals were developed to release the binders that held the
contaminants to each item. Some of the most difficult interior decontamination
involved the ductwork that distributes air throughout the building. At first

it appeared that the entire systems at the One Market Plaza Bullding would have
to be replaced, but we developed & new cleaning technique that worked well in
cleaning all sizes of air ducts. The technique is very similar to swabbing a
very large gun barrel. A machine sends a swab through the ductwork emitting
the proper chemicals while mechanical agitation is taking place. After the ducts
are clean, they are sealed with a resin based sealer. This technique was also
used in Binghamton, where it was even more important, because in Binghamton the
ductwork was sandwiched between layers of concrete. Removing the ductwork would
have required extensive demolition.

Contents

In addition to decontaminating the structure elements, many times all contents
must be decontaminated also. Some of the most challenging of these are computers,
word processors, and other electronic equipment. Fortunately, techniques have
already been developed and improved upon for removing the contaminants from such
equipment. Three of the methods used to accomplish this are air brushing, ultra
sound cleaning, and vapor degreasing.

RESULTS

One Market Plaza reopened to employees in March of 1984, ten months after the
fire. Floors two through eighteen of the Binghamton State Office Building were
vented to the outside air for the first time in four years tn February, 1985.

In August, 1985, these same floors were gtven a clean bi11] of health by the expert
panel and released to the construction trade for refurbishing. We expect to
finish the basement floors and the first floor and have it reopened soon.
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COSTS

The first two major PCB decontamination projects generated awesome property damage
costs, twenty-one million dollars for One Market Plaza and thirty-eight million
dollars for Binghamton. Such costs may seem slightly less farbidding when compared
to the cost of abandoning and demolishing the buildings, which is indeed the

only other option following contamination of this type. But the cost of some

of cur more recent decontamination projects is significantly less. Two examples
are Arnold Alr Force Station in Tennessee and the’ State Highway Department 8uilding
in Santa Fe, New Mexico. Both were similarly contaminated but restored at much
less cost. In holding cost down on these type projects, it 1s very important

that those involved not try and reinvent the wheel. All of the preliminary
research, development, testing, and experimentation that made the first two losses
so expensive will help reduce costs for those that follow,

There are also services available now that did not exist at the time of the
8inghemton fire. For example a process has been developed to save contaminated
network protective switches when replacing PCB transformers. Many utilities

are replacing these switches because they are found to be contaminated because
of their proximity to the PCB transformers. The cost of replacing these switches
1s approximately $25,000.00 each, but because of all the research and development
associated with PCB Tosses, it s now possible to have these switches decontami-
nated and restored to like-new condition for about $2,000,00 each.
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PCB SPILL RESPONSE AND CLEANUP RESULTS
Author -~ P. J. Eisele

In mid-1982 the Detroit Edison Company was pursuing an ongoing
program of gradual polychlorinated biphenyl (PCB) capacitor
replacement based on equipment failure. W¥hen one distribution
capacitor unit would fail, the whole bank (3-8 units) would be
replaced with non-PCB equipment. In early 1983 this program was
accelerated to remove some 19,000 PCB capacitors from the 7600
square miles of Company service area to meet a removal deadline of
October 1, 1988 set by Toxic Substances Control Act (TSCA)
regulations. The regional office of the USEPA, concerned that
utilities were not moving quickly enough to beat the TSCA deadline
and cognizant of general public concern about PCB spills in the
Great Lakes area, met with the Company to encourage more expeditious
removal. Although the agency was not aware of the progress made to
date, the Company established a management team to investigate and
improve corporate PCB activities. The Company management team was
established under a group vice president, and included a PCB Program
Manager and individual Departmental PCB Program Directors. In
addition, corporate officials in Legal, Public Affairs and
Environmental Affairs set policy on which response groups acted.
The response program focused on five areas: improved communication
with affected citizens, employes, agencies and the media; revised
written spill cleanup procedures; improved training in spill clean
up; revised equipment removal and replacement schedule; and
escalated sampling and analysis.

The implementation of the complete program, including scheduling of
replacement activities, disposal, procedure revision and training,
took approximately two months. Ten thousand distribution system
capscitors were removed or replaced for 1900 locations from mid-1983
to wid-1984. The program cost about 10 million dollars, including
nev equipment, labor and disposal.
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Company cleanup procedures vere rewritten to automatically include
excavation of soils at least thirty cm deep, one-and-one-half meters
beyond the visible spill area, and to triple-clean all solid
surfaces. Afterwvards, soll and wipe samples were taken using the
predetermined grid found in the 1981 TSCA Inspection Manual to
determine if the PCB cleanup was adequate. Laboratory analysis of
PCB was done within the Company using a twenty-four hour soil drying
period, soil mixing, eighteen hour soxhlet extraction, and electron
capture gas chromatography. Chromatograph peaks were compared to
various arochlor standards by means of linkage to a Nelson Analog to
Digital Computer interface. Split samples were sent to other
laboratories to be analyzed for quality control. The process from
discovery of spill through initial cleanup to soil analysis results
was typically about ten days. During this time period the excavated
site was fenced or roped off. If the sampling results indicated the
site did not meet Company standards, the process was repeated.
Associated with the cleanup activity was removal and replacement of
equipment with non-PCB equipment to eliminate future PCB spills.
Specific line crews were dedicated to both the cleanup and
replacement activities.

A major part of the program was re-inspection of current PCB
capacitor spills as well as past spills dating back to 1976 for
which there were records. This represented more than 200 spill
sites where cleanups had been conducted based on visual extent of
the spill. One of the problems in re-evaluating these sites is the
variable regulatory requirements for spill cleanup over this time
period.

Prior to 1978 there were no federal standards for PCB spill cleanup,
although the State of Michigan required cleanup of visible traces of
polluting substances under its ¥ater Resources Commission
regulations. TSCA regulations could be interpreted as setting a
spill cleanup limit of 500 ppm PCB in 1978, a 50 pps limit in 1979,
and & “prevention of significant exposure” in 1982. The latter has
been interpreted by some to imply any detectable level.

In the Company re-inspection process, 57 percent of the spill sites
met the applicable criteria for the year in which the spill ‘took
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place. This implies that the cleanup of visible traces was
sufficient over half the time. Since the Company had embarked on a
recheck program and the most recent criteria was somewhat nebulous,
all sites were cleaned to a newly defined operational standard.

The Company set the minimum acceptable operating standard that
remaining soil could contain no more than an average of 10 ppm PCB
with the highest single acceptable value of 25 ppm. The goal was to
remove all spilled PCB, but the operating standard would insure
protection of public health. Approximately 13 percent of the sites
met this operational criteria after cleanup of visible traces. The
data are summarized in Table 1. Although the single highest value
of the eleven soil samples taken is used to evaluate acceptability,
this may be inappropriate since many times only one or two of the
samples was elevated much beyond background. These elevated levels
occurred at the base of the pole holding the capacitor bank. For
example, using the spill recheck results for 1981 as representative
for all years and applying the criteria to mean soil PCB
concentrations, all twenty-six sites would meet the 1978 criteria.
Only eight would require a cleanup to achieve average soil
concentrations less than 50 ppm and again this would be primarily
due to one or two locations with elevated levels. This is not
unreasonable recognizing that less than five liters of PCB material
were probably spilled. Spills did occur, however, more than once
at some sites. Documentation of spills indicated that this occurred
ten times thus making the actual number of spills 223.

TABLE 1

Number of Re-Analyzed Spill Sites Meeting Various Criteria
Prior to Recleaning

Spill  Company EPA 1979 EPA 1978 EPA 1977

Year Criteria Criteria Criteria Criteria Total
1984 2 1 4 1 8
1983 8 3 8 9 28
1982 2 4 3 5 14
1981 3 (] 12 5 26
1980 S 7 10 8 30
1979 L) [-] 14 12 35
1978 4 3 7 13 27
1977 3 9 [} 8 28
1976 2 5 5 7 19
Total 213
9-7
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A problem associated with attempting to recheck and reclean over two
hundred spill sites in a rapid fashion is the number of times
recleaning is necessary. Generally two cleanups were sufficient on
old sites, that is, one beyond the original visible trace cleanup
when the spill occurred (Table 2). Almost sixty percent were
adequately cleaned even for eight year old spills. This is not
unexpected as PCB migration is usually slow depending on soil type.
One excavation wag not sufficient in porous soils or industrial
areas where background levels would be elevated due to non-Company
activities. An additional spot excavation and cleanup resulted in
81 percent of the sites meeting the operating standard. In some
cases as much as seven excavations were necessary, for example, in
an industrial site at an old junkyard, the excavation went down
about 3m and extended about 25m in each direction. It was obvious
in that case that other sources of PCB material were also being
removed. Usually soil removals beyond the second excavation
concentrated on one or two small areas or "hot spots”. This
strategy was therefore successful in meeting the goals of being
effective with short term customer disruption. The time period from
initial excavation through completion for 85 percent of the sites
was lass than one month.

TABLE 2

Number of Soil Excavations at PCB Capacitor Spill Sites
Necessary to Meet Company PCB Criteria

Number

Spi1l

Year I W T Y ST | Total
1984 2 s [ 1 [ 8
1983 [] 9 9 1 3 28
1982 2 8 1 3 0 14
1981 3 14 3 [ 0 26
1980 3 18 8 1 2 30
1979 2 18 11 L] 2 3s
1978 2 12 7 3 3 27
1977 3 13 4 L] 1 26
1976 2 8 ] 4 1 19
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Managing a PCB Fire Decontamination
by Chris Kwoka

SOS Environmental Engineering

A successful philosophy for decontaminating a building contaminated by a PCB
transformer fire involves genersl knowiedge of: 1.) the type of incident, 2.) how

the contsminstion spread, 3.) unit operationsl tesks governing the clean-up.

The first two elements are quickly ascertained. The type of transformer inci-
dent, generally either soot producing or pressure venting, can be visibly deter-
mined through & simple inspection. Though it is often difficult to explain how
the contamination vas spresd throughout the building. The source of the contami-
nation is easily identified by locating the transformer vsult. The third element,
unit operations, involves the individual tasks associated with the physical decon-
temination of the building. This presentation focuses on these unit operationsl
tesks specifically, tasks directly associsted with decontaminating & building
interior, their priority, and how they relste to an actual decontamination we

discussed.

The unit operstions involved in decontaminating follow a logical pattern.
It is the reverse of the transmission route of the conteminstion. The individual
tasks according to priority sre:
- Removel of gross contamination
- Control of the building interior air flow patterns
- Demolition snd removal of contents that cannot be decontsminated
- Decontaminstion of the trsnsformer vault

- Decontemination of the HVAC system including ductwork snd sir
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handling units
- Decontamination of structural surfaces, ductwork and piping exterior
surfaces

- Content decontamination and document restoration

There are additionsl support tasks not directly related with the actual decon-
tamination such as supply administration, health and sefety, and sampling and
analysis that play an essentisl role. These support tasks will not be addressed
here, as they will not be addressed in this paper. The first unit operational
task is the removal of gross contamination. Standing oil or heavy soot deposits
not removed during the emergency response phase should be isclated and contained
as quickly as possible. This involves absorbing eny oil spiiled on the vault
or adjacent rooms and placing the saturated absorbent or any heavy soot deposits

into containers for disposal.

The second and most important operation is controlling the air flow patterns
within the building. This is because significant redeposition of airborne conts-
minants can occur when the air within the building is not controlled. It was
observed at the One Market Plaza incident that decontaminated surfaces could only
be cleaned to a platesu level which was sbove the established criteria until the
contaminated air flow patterns were controlled by evacuating sir through an acti-
vated cerbon exheust system. Once the negetive air system was in place, two
noticeable results occurred ~ the levels of contsmination in the air started to
steadily decrease and surfaces could be successfully cleaned below the criteris

without being recontaminated.

This philosophy was applied to the Santa Fe decontaminstion project st the
very start of the decontsmination work. Approximstely 40,000 cfm of sir was eva-
custed from the 700,00 ft2 Santa Fe highway Department builidng through four

sepsrate vapo-phass sctivated carbon trestment systems, this provided approximately
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three air changes per hour through the entire structure. To accomplish this,

the building wes divided into zones with barriers placed in strategic locations
to enhance the control of the air flow pstterns. Once the systems were operational,
the PCB air levels within the building were reduced from 8 to 42 ug/m3 PCBs to

€0.1 to 0.4 ug/m3 within about four weeks. Surface decontsmination was achieved

without redeposition or recontamination.

The third tesk is removal of building contents which cennct be cleaned, for
example, porous surfaces such ss drop ceiling tile sbsorb PCB and Dioxin/Furan
contaminstion. These surfsces must be physically removed and discerded. Items
which sre not cost effective to decontaminate such as, note psds, pencils, stsplers,

pencil holders, desk calendars, etc. should slsoc be removed.

The transformer vault must also be addressed. The surfsces in the transformer
vault sre the most contsminated becsuse they are the closest to the source,
Generslly, the only successful way to decontaminate the vault is to remove the
layer of material from the wall, ceiling snd floor surfaces if they are porous,
metal and non-porous surfaces can then be decontaminated by similar methods as

described in decontsminating ductwork.

Next, the building heating, ventilating and air-conditioning system can be
divided into separate tasks - clesning the ductwork and clesning the air hendling
units. If the ductwark is lsrge enough to physically sllow s technicisn to enter
it, the decontamination process involves initislly vacuuming the ductwork followed
by s detergent vashing and rinsing snd a detsiled final clesning. This final
clesning involves using rags on » one-wipe-throw-away basis for clesning metal

surfaces.

For ductwork with dimensions too smell for s technician to enter, another stra-

tegy for decontsmination must be used. One method is to cut access holes about
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every four feet - close enough together to allow a technician to clean sll of
the ductwork by hand. A second approach is to access the ductwork at strategic
locations such as elbows, turning vanes and slide dampers and running foam plugs
or "pigs" repeatedly through the ductwork until it is clean. The fosm plugs sre

used for both washing and rinsing.

Once the interior of the ductwork is decontsminated, all of the exterior sur-
faces must be cleaned. Decontsmination starts form the ceiling and proceeds
downward with sll surfaces wiped with detergent end thoroughly rinsed using clesn
rags with each rinse.

Contents and personal effects can be inventoried and decontsminsted simulta-
neously with the structural decontsmination. Hard case items such as desks and
-{!ang cabinets sre decontasinated in a manner similar to structural surfaces,
Office equipment, paper, documents, and miscellaneous desk items cen be effectively

deocntaminated using freon besed technology.

The finel unit operstion is decontaminating the floors. Plastic that was ini-

tislly leid is removed and the floors sre cleaned sccording to their surface type.

In summary, past experience has shown that there are s series of unit operattons
involved in decontsminsting the interior of a building. However, one of the most
importsnt sspects of decontsaminsting a bduilidng is the necessity to control eir
flow petterns of contsminated sir within the building. This can be done by
evacuating sir from the building from strategic locations snd exhsusting the sir
through & vapor-phsse activated carbon trestment system. This philosophy has
s twofold benefit. The negative sir trestment system effectively decontsminates
the sir within the building and permits the systematic decontsmination of
surfaces within the building without the fear of recontaminating surfaces that

have alreedy been cleaned.
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Expanded Abstract for PCB Seminar
MANAGING CLEANUP UF MAJOR PCB-CUNTAMINATED SITES

Authors: iicholas A. Speed, venny S. Parker, William t, Clister

Sites contaminated by major discharges of polychlorinated dbiphenyls (PCB) are
usually distinguished by the maynituge of investigation and cleanup etforts
required and the nature of laws, reyulations, and policies applicable to them.
This paper, derived from our draft yuidance manual as developed for EPRI in
Uecember 1984 for remedial action at such sites, provides an overview of PCh
concerns and reyulatory policies applicable to major PUB-contaminated sites, |t
also presents an approach for managing remedial actions necessary for their

cieanuy.

Few classes of chemicals are subject to the deyree of reyulation accorded PCBs.
vecause of the compiexity of these reyulations and the extent and nature of court
review and interpretation, the regulatory policies and standards applicadle to P8
cleanups are uncertain and variable. Establishing acceptadle criteria and cleanup
levels for a spectfic site may involve extensive work with several ayencies
(including the Environmental Protection Agency (EPA)), each with differing
requirenents, Successfully resolviny the critical question of “How clean is clean
enough?" for any given project site invoives detatled consideration of site-

specitic conditions and can be both difficult ana expensive.

Managing the correction activities at a major PCB-contaminated site is discussed

by addressiny remedial activities as three dynamic and interrelated phases:

1. Site Investigation and Problem Definition
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2. Correction Planninyg for Problem Resolution

3. Implementation and Verification of Corrective Work

Site {nvestigation is a dynamic process since new information, yenerated as the
work progresses, often alters the initial assessments which were based on earlier
data. Site investigation begins with problem identification based on existing and
avatlable information and moves proyressively toward prodblem definition. This
work progression should often be stayed to ensure adequacy of the tnformation base

while minimizing overall project costs.

When the site prodlems and site conditions have been adeyuately defined, dectsions
must be made about the specific measures to be applied to problem resolution.
Numerous options can be considered for technical application depending on the
nature of the contamination problems and the objectives and requirements of the
PCy cleanup. Screening of applicable measures occurs as the understanding of the

problem progresses.

The screening and evaluation of alternatives for correction of specific yroblems
and the selection of corrective measures to be implemented on a spectfic site
fnvolve decistfons which are critical to project success. The basic criterion for
selection tn accordance with current EPA and judicial tnterpretations of the Toxic
Substances Control Act (TSCA) 1s the achievement of the lowest level of cleanup
practicably attainable through the normal use of availadble technology. In
accordance with this criterion, the selected plan will represent a balancing of

numerous costs and benefits.
After selection of a plan which the user determines to represent “best-
practicable” correction of his PCB contamination problem, the plan can then be

developed in a format suitable for submission to the regulatory ayency(s) as the
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user's Recommended Plan ot Corrections for the site. This Plan is a proposal

which should effect the following actions:

1. Summarize relevant site information,

2. Define existing PCB problems and site conditions.

3. Evaluate alternatives for resolviny existiny PCB problems.
4. Define recommended corrective actions and their impact.

5. Provide a preliminary plan for implementation.

6. Solicit reyulatory agency acceptance of the Plan,

In yeneral, the user's Plan should not depend on reference to other reports.
Since the main objective of this Plan is obtaining regulatory concurrence with the
user's proposed actions, all tnformatfon critical to decisions by agency personnel

should be included in summary form or appended.

Submission of the user's recommended plan to involved regulatory ayencies can bde
considered the start of the implementation phase. Acceptance of the corrective
action plan by the lead ayency, as well as all other ayencies having significant
regulatory tnvolvement in the project, fs an essential milestone which must be
achieved prior to any planned remedial work on the site. With few exceptions,
regulatary acceptance of the correction plan will be limited to “agreement-in-
principal® and conditioned upon actual achievement of stated cleanup or correction
objectives, which can be demonstrated by verification sampling and monitoring botn
duriny and following site remedial work. Consequently, all) project risks remain
with the user and must be mitigated by careful compietion of implementation

planning, close management of construction work, and verification of results.

Plan finalization in preparation for construction involives completion of several

elements outlined in the Recommended Plan of Corrections:
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1. Confirmation of chosen contracting strategies.
2. Development of contract documents for contracted work,
3. ldentification and prequalification of potential contractors.

4, Obtaining necessary permits and approvals.

Because of the inherent complexity of major site contamination problems and the
usually similar complexity of the corrective measures applied to their resolution,
careful manayement of constructton activities is crucial to successful project
completion. The user retains general authority over the work and must commit
appropriately qualified and destgynated personnel to ensure that the construction

work is completed by the contractor in accordance with contractual requirements.

verification of the effectiveness of implemented corrective actions may represent
the end of major construction activity on a site, but it may also extend lony into
the future. Where long-term monitoring is involved, successful compietion of the
cleanup project may be judged over a period of time in terms of quarterly or more
frequent data with these data being used to interpret the degree of success of the

corrective actions.
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PCB_CAPACITOR FIRE AT IREQ'S
HIGH VOLTAGE LABORATORY AND SUBSEQUENT DECONTAMINATION

D. Train, A. Chamberland, D. Dupont, J. Cestongusy

ANTRODUCTION

On Novesber 20, 1984 & large power transformer was being tested inside the Annex of
IREQ's MNigh Voltsgs Laboratory. Part of the test circuit consisted of a capacitor
bank which was located on an upper floor inside the building. During the tasts, an
exploston occurred in the capacitor bank. This initisl explosion stsrted a fire
and further explosions at fsirly reguisr intervals within the capacitor bank. The
fire burned for asbout eix hours before it wes eventually extinguished, but not
before it had destroyed two thirds of the cspacitor bank and caused some damage to
the laboratory roof and part of the building structure. For the first two hours the
smoks, which was very black and dense, was contsined within the building bdut efter
that 1t escaped to the outside by mesns of s hole which had burned through the
roof.

The capacitor bank comprised both mineral oil and askeral insulated units. The
estimated volumes of oil and askarsl which ware burned were 2560 L and 670 L
respectively.

The day after the fire, sn inspection of the interior of the building showed that a
fine deposit of asocot had settled throughout in s nonunifors fashion. Typtcal
snalyses of soot samples indicated approximately 2500 ug/g of PCB~1242, 0.6 ug/g
of 2,3,7,8 TCDF and 0.1 ug/g of total TCDD. Weter samples from the basement were
slso analysed and the maximum coccentration of PCBs found was 1250 ppb of aroclor
1242, Owing to the levels of PCDFs found, the building, representing a totsl
volume of 500,000 «’, end 1ts contents were considered too contaminated to perait
an immediste return to normal operation. A wmajor clesn-up, repair and
de-contasination program was organized in order to resuse normal sctivities in the
shortest possible time.

CLEAN-UP AND REPAIR ORGANIZATION

Since no previous experience of building contamination on this scale existed
snywhere in Canada, s clesn-up snd repair organixation vas astsblished by drawing
upon the aexpertise which alresdy existed in Hydro-Quédbec in the field of nuclesr
generating station construction. A mandate for the management and execution of the

9-17 MONS 019128



rapair work and decontaminstion of the building end contents was given to the
Engineering snd Construction department of Hydro-Québec. The responsibilities of
this group included: preparation of detailed work schedules and cost estimates;
eng {
costs, time ond waterials; engineering and quality control including the
measurements of contamination levels; establishing and supervising of safety
practices; oversil asupervision and fnspection of all aspects of the work;
and disposal of conteminated materials,

ment and co-ordination of sctivities of the various contrsctors; control of

A Coordinsting Cowmittes was also set up with the following responsibilities:
determination of priorities for the repsir and decontamination work; estadlishment
of suitable acceptance criteris for the contamination levels of surfaces and air;
negotiations with unions, environmental agencias and governmental safety and health
suthorities; communications with the wmedis (press, television, etc.);
establishing of medical examinations and periodic checks for the clean-up crew.This
Committee worked in close liaison with the Engineering and Conetruction team.

An Evaluation Committes was created to follow the progress of decontemination by
means of regular checks and interpretation of the results of the analyses with,
when necassacy, rtacommandations concerming acceptance or rejection., Stringent
ssupling procedures having detection 1limits 10 times lower than the acceptance
criteria were set up. The sampling and subsequent snalyeas were performed by en
independent laboratory, thereby avoiding conflicts with unions, environmental
agencies and governmantal safety and heslth organisations.

Both the Construction group snd the Evaluation Committee reported to the
Coordinating Committee. Thers were regular seetings with the representatives of the
unions involved to inform them of the nature of the contamination, the medical
aspects, the preceutions required, etc. and sll communicstions with the media were
channelled through only one person The human and public relations aspects of the
operation were cousidered to be of prime importance and contributed significaently
to the efficient progress of the entire project.

ACCEFTANCE CRITERIA

The acceptence criteria for re—entry to the building are similar to those developed

by Kim and Hawley (1]). They are based on s maximum daily intake of 2 pg/ kg-day

of 2,3,7,8 ICDD or equivalent and sre 10 n/-’ and 25 u/-z for air and surface
1 {ons pectively. In practice, both air and surface contamination

levels were msasured and evalusted graphicslly. If the points plotted lay within

9-18 MONS 019129



the combined acceptance limits, re-entry without protective clothing was permitted;
otherwise, further decontamination vas required.

The so-called "dioxin equivalent” level was established as follows:

Dioxin equivalent= (CDDs) + (CDPs) + (CPBs)

where: CDDs = (2,3,7,8 = TCDD) + (total PeCDD)/S
CDFs = (total (TCDF + PeCDF + HeCDF)/10
CBPs = (2,3,6,7 - TCBP) + (total PeCBP)/2

During the intermediste cleaning stages the dioxin equivalent level on eurfaces
was evaluated spproximately by measuring the level of PCB 1242 and dividing by the
ratio R defined as

R = PCB 1242 concentration on surfaces
diokIn equivalent concentration

and a value of R = 1000 was determined from the many messurements made on soot

samples.

MEDICAL CONSIDERATIONS

Medical protocols were established to evaluate clinical manifestations of toxicity
to PCBs and furans of personnel who either were exposed to smoke during the fire or
participated in the decontamination safterwards. These protocols consisted of the
determination of any previous exposure to PCBs end the extent of exposure during
the fire, updating of personal clinical history and complece individual medical
examination, including biological tests comprising complete blood count, liver
function, cholesterol, triglycerides, blood, plassa protein electrophoresis sad
PCE plasma tests. No significant health prodleas have been sttriduted to workers
or members of the clesn-up crev exposed to PCBs and/or furans.

METHODS OF CLEANLING AND DECONTAMINATION
Various cleaning -methods wvere employed to decontaminate the building end the
th ds of P and pleces of equipment. Some of the methods were: high-

capacity vacuum clesners for the soot, solvent applied with compressed air nozsle
and rinsed with water, solvent slone on some electric panels, use of Preon TF for
electronic 1instruments and documents, and removal of surface layers of porous
materisle such as fibreglass, gravel, etc. The effectiveness of the different
techniques is indicated in Table I.

MONS 019130
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TARLE I

Contamination levels before and after cleaning
for various decontaminstion techniques

TECKNIQUE PCB 1242 CONTAMINATION LEVEL
i Bafore clesning After cleaning
| Vacuum 4.0 ug/n* 370 ug/w®
I 230.0 7.0 -~
: 160.0 " 68.00 "
i W™ 20
| High-pressure 6.0 -
| water jet 12 x 10,0° ~ 33.00 "
- 108.0 * 0.03__ -
Low-pressure ™ LT/ I
water jet $6.0 .90 -~
plus solvent
““Rand wipe
with cloth 68.0 " 8.70 -~
plus solvent
“~¥raon T¥ 1235.0° ™ 1.5 7
yer temoval T5 8’8 T.80 us/s
(£4dreglass) i5.5 ~ 2.00 -~

Items of protective clothing such es hats, =asks, gloves, boots, etc. were
decontaminated et the end of each shift and re-used. The cyclohexane used for this
work was purifiad by dietillation and re-cycled. All water used for cleaning wvas
filtered and purified prior to disposel. Solvents in the water were recuperated by
dietillatton,

WASTE DISPOSAL

All contamineted vesidues collected from filters snd distillation systems were
stored in sealed drums. Other contasinated materials vere also stored in sesled
drums which were then sent to a special storage site to await eventusl destruction
when such facilities become available in Quiidec.

REPERENCES v

(1) Xim, ¥.X. and Hewley, J. “"Re-entry Guidlines Binghsmpton: Stste Office
Building,” Docusent 0549P, Bureau of Toxic Substance Assesement Diviaion of
Health Riak Control, Haw York State Department of Health, 1984,

[2) Bsellfn, J.3. and Barnes, D. "Health Hasard Asseesment for Chlorinated Dioxins
end Dibengofurane other than 2,3,6,7 TCOD,” EPA Report No. JBO2002, September
1984.
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GUIDELINES AND ALTERNATIVES FOR
PCB SOIL-SAMPLING PROGRAMS

Warren G. Hansen
Thomas L. Johnson
Karen A, Sahatjian

Tetra Tech, Inc., Bellevue, WA

INTRODUCTION

During the past several years, there has been growing concern among utilities
and other PCB users about the quantity of sampling that is necessary for praper
management of spills onto soils. This concern was generated, in part, by closer
scrutiny by regulatory agencies, the tightening of cleanup requirements, and the
high cost of sample collection and testing. For small spills onto soil from single
pteces of equipment, utility representatives have recommended a performance-based
cleanup standard(l). This approach encourages rapid response and eliminates the
need to wait for sample analytical results (sometimes as long as 3 or 4 days}).
- However, for larger, more complex spill episodes, soil sampling, as demonstrated
by industry practice, remains a significant part of the response effort. Examples
of sampling include old storage areas, spills to watercourses, and transformer
salvage sites. Utility concern for these types of sites is focused on the extent
and intensity (and hence cost) of sample coverage, the sampling design (i.e.,
grid versus random grad samples), sampling methods and depth, and pre-cleanup
versus post-cleanup (confirmation) sampling.

The purpose of this paper is to provide guidance to the utility representatives
faced with the more complex cleanup situation. As a consultant to a group of
public and private utilities involved in a voluntary cleanup, Tetra Tech, Inc.,
recently completed a remedfal investigation and feastdility study at a transformer
salvege yard in the Pacific Northwest, as called for by the utility group’s consent
aqrem'ent with the U.S. Environmenta) Protection Agency. This paper is based
on the experience gained during that effort and should be useful to others who
desire to retain technical and budgetary control over the management of larger
spiils.

Why Sample?
The most obvious reason for sampling is to determine the extent of contamination,

thereby defining the general dimensions of the prodblem (area and depth) and permitting
the proper location of barricades, fencas, or other delimiters. Oepending on
the specific situation, discharge into storm sewers, drains, or watercourses may
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need to be determined. For larger spills, sampling is valuable in defining the
volume of sofl that must be ultimately treated or removed. In certain instances,
sampling may also be useful in identifying contaminants that may have been contributed
by other sources or site users.

DEFINING THE PROGRAM'S OBJECTIVES
In addition to defining the extent of contamination, a sampling program may also
include these objectives:

. Detection of related contaminants (dioxins/furans and askarel carrier
solvents) if the case warrants

[} [dentification of “hot spots” (smaller areas of high concentration
in the site's interior) requiring immediate attention or special
renoval/disposal procedures,

DESIGNING THE PROGRAM

The proper design of the sampling program fs critical to its success and usefulness
,of {ts results aver the duration of the cleanup effort. Each plan should be site-
specific, and may also be influenced by regulatory agency concerns. Although
the general objective is to design a program that 1s sufficiently representative
of the site, actual experience has shown that budgetary limitations will often
be a controlling factor. A typical procedure is as follows:

. Estimate the 1imits (area) of the site through fnspection and accounts
of spills and past operations

. Select & samp)ing technique, or combination thereof (i.e., rectangular
grid. triangular grid(2). or grab sample) including sampling at
epth, 1f necessary

] For stations on a grid system, select a “starting point® grid size
and calculate the number of samples for surface soil sampling as

follows:
--rectangular grid: N « Jotal Ares (ftzl
¢ (1t5)
2
--triangular grid: N~ 247 x Total Area éﬂ. )
(ft5)
where: S = Distance between stations for rectangular grid

T = Distance between stations for triangular grid.

A program cost-estimate can then de developed based on a daily “production* rate
and unit costs for labor, supplies, and sample analysis. An additional percentage
may also be calculated for program mansgement costs. For a two-person crew (one
9-22
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sampling, one receiving and recording) surface-soil sampling daily production
rates of 50-70 samples are typical. The cost of supplies should take into account
the rigigd requirements for equipment cleanliness, decontamination, and personnel
protection. -

If there is reason to suspect penetration by PCBs, sampling for PCBS at depth
should be carrted out. Usually, PCBs do not infiltrate any significant distance
into soils, particularly {f the soils have a high organic matter or clay content.
At the case-study site, penetration was caused by regrading of contaminated surface
sofls (for erosion control) and by chronic sptils of PCB fluids directly onto
the soil under a storage tank valve., Air-driven split-spoon samplers proved extremely
effictent for sofl sampling up to a depth of 4-10 ft, A useful technique was
to archive (store) the deeper samples and analyze them only when the shallower
samples showed elevated PCB concentrations.

Swmple Testing
Hand-in-hand with rigid quality contro) requirements for sampling is the need

for careful analysis. When dealing with a commercial laboratory, one must accurately
communicate the desired analytica) technique (total PCBs or specific isomers),
the necessary detection 1imits, and quality assurance measures (duplicate analysis,
blanks, spikes). Guidelines regarding these measures have been developed by Tetra
Tech(3).

Data Evaluation

Upon receiving results from the laboratory, each value should be checked to be
sure 1t was reparted at the specified degree of accuracy. Extranecus or unrealistic
results should be noted and checked against site conditions and visible characteristics
of the sample. Results of analyses for test standards (samples of known PCB concen-
tration used for calidbration), duplicates, blanks, and other quality-assurance
samples should be assessed to determine the overall quality of the analytical
effort.

Program Costs
The preparation of the feasibility study for cleanup of the salvage yard site

highlighted the trade-off between samp)ing program costs and the actual cost of
s0i1 removal. For this large site, a rectangular grid system of surface soil
sanpling and subsur face borings was established with 35-ft spacing bDetween stations.
Because contaminants were discharged throughout the area and further mixed in
by constant regrading, it was assumed that the result of each sample was representative
of the contaminant level within the entire grid. Therefore, the goal was to structure
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a grid system that minimized the required sampling/testing costs, and at the same
time condemned the smallest amount of uncontaminated soil within each grid.

Within practical limits, the soil excavation process may proceed on a grid-by-
grid basis. The lower grid-size l1imit is defined by the width of a bulldozer
blade (approximately 12 ft). Assuming an upper limit of approximately 50 ft,
an snalysis of sampling coverage (and program costs) can be compared to the resulting
amount of soil that must be removed. For the case-study site, one major goal
was to accurately define the edge of contamination. The ability of & grid network
to do this was based on the distance between stations and the entire area involved.
For perimeter stations, this edge may lie immediately beyond the outer station
showing elevated concentrations, or 1t may extend beyond the station's grid.
In the former case, almost half the grid will be uncontaminated, yet still be
condemned, This potential "worst-case” extra soil removal is converted into a
cost and compared ta the costs of alternate grid size programs. The calculation
for an idealized (square) site using a rectangular grid system is as follows:

sampling costs = $/sample x —;
S

versus

perimeter soil excavation and disposal costs = Slyel3 x 0,074 x Sxv/Ax P
where:

A = site ares (ft2)
S = distance between stations (ft)
P = assumed removal depth (ft)

Tetra Tech is continuing to -evaluate these cost relationships for actual sites
as part of its hazardous material management services. Since sampiing at the
case-study site, Tetra Tech has completed a cleanup feasibility study and design
drawings/specifications for site work.

REF ERENCES
1. Memorandum on S5pi11 Cleanup Policy to the USWAG Steering Committee. Wald,
Harkrader & Ross. October 5, 1984.

2. D. F. Parkhurst. 1084. Optima) sampling geametry for hazardous waste sites.
Environ, Sci. Technol., Vol. 18, No. 7.

3. Tetra Tech, Inc. Quality Assurance and Quality Control Guidance for 301(h)
Monitoring Programns (Draft). Prepared for U.S. EPA, Washington, DC. April, 1985.
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VERIFICATION OF PCB SPILL CLEANUP BY
SAMPLING AND ANALYSIS

- Daniel T. Heggem, Richarc A, Levy, and John H. Smith
U.S. Environmental Protection Agency
401 M Street, S.NW.
Washington, DC 20460

Sruce A, Boamer, Mitchell D. Erickson, Stephen E. Swanson,
Gary L. Kelso, and J. Kay Tuman
Midwest Research Instftute
425 Volker Boulevard
Kansas City, Missourt 64110

David C. Cox and Bradley 0. Schuitz
washington Consulting Group
1625 1 Street, N.W.

Sufte 214
Washington, DC 20006

The U.S. Environmental Protection Agency (EPA) under the authority of the Toxic
Substance Control Act (TSCA) Section 6(e) and 40 CFR Section 761.60(d), has
determined that polychlorinated biphenyls (PC8) spills must be controlled and
cleaned up whenever the spill incident poses a substantial risk to human health
or the enviroment, The Office of Toxic Substances (0TS) was requested by the
0ffice of Compltance Monitoring (OCM) to provide written guidelines for & method
to verify the cleanup of PCB sptils. Emphasis was placed on the sawpling design
and sampling and analysis methods to be used for the verification of the spiil
cleanup. Three reports have been prepared. The first consists of & review and
technical evaluation of the avallable documentation on PC8 spil) cleanup.
Contacts were made with EPA reyional offices and industry experts. This first
document Included the preparation of preliminary guidelines for the cleanup of
PCB spillis. The document was atmed at providing guidance in all aspects of spill
cleanup for those organizations which do not already have working PCB spill
cleanup programs.

The second report, intended primarily for EPA enforcement personnel, outlines a
specific smmpling design, It also makes recommendations for sampling and
andlysis methods to be used to determine comp) fance with EPA policy on the
cleanup of PCB spills. The sampling and analysis methods can be used to
determine the residual levels of PCBs at a spil) site following the completion of
cleanup activities. :
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Al though the methodologies outlined in this document are applicable to PCB spills
in general, specific indicents may require special efforts beyond the scope of
this report. Future changes in EPA policy may affect some of the infonmation
presented in this document,

The thirg report is a field manual which provides detailed, step-by-step
instructions on how to complete the fleld sampling for cleanup verification.
This manual addresses field sampling only, and does not provide information on
laboratory procedures. The types of fleld sampling situations covered tn this
manual are those typically found when a PCB spill results from a capacitor or
transformer spill, .

The EPA has established requirements for the spilled PCBs and materials
contaminated by the spill. uUnder TSCA reguiations [40 CFR 761.60d], PCB spills
are viewed as improper disposal of PCBs. Although specific PCB cleanup
requirenents are not yet established in the TSCA regulations, each regional
aministrator is given authority by policy to enforce the adequate cleanup of PCB
spills to protect human health and the environment.

Oue to reyional variations in PCB spill policy and the present lack of a national
PCB cleanup policy, PCB cleanup activities have not been standardized.

Individua) companies oming PCB equipnent and contract cleanup compantes have
developed their own procedures and policies for PCB cleanup activities keyed to
satisfying the requirements of the appropriate EPA Regional Office. In addition,
the EPA Reyional Offices typically have provided suggestions for companies
unfaniliar with PC8 cleanup.

PCB spills are generally viewed as unique situations to be evaluated on a case-
by-case basis by both the PCB equipment owner (or his cleanup contractor) and the
EPA Regional Office. However, a general framework is often used to approach the
prodblem. Most cleanup asctivities involve quick response, ramoval, and cleaning,
of suspected contmminated material, and post-cleanup sampling to document
adequate cleanup. Major considerations involved in the cleanup process include
minimizing environnental dispersion, minimizing any present or future human
exposure to PCBS, protecting the health and safety of the cleanup crew, and
properly disposing contaminated materials.

A sampling desiyn s proposed for use by EPA enforcement staff in detecting
restdual PCB contanination above an allowadle 1imit after cleanup of a spill site
1s completed. The proposed design involves sampling on & hexagonal grid centered
on the cleanup area and extending just beyond its boundaries. Guidance is
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provided in the field Manual for centering the design on the spill site and for
staking out the sampling locations, taking possible obstacles tato account,

Compositing strategies in which several samples are pooled and analyzed together,
are recommended for each of the proposed designs. Since an enforcenent finding
of noncompl fance must be legally defensible, the sampling design amghasizes the
control of the false positive rate, the probability of concluding that PCBs are
present above the allowadble 1imit when, in fact, they are not.

Sampling and analysis techniques are recommended for PCB-contamtinated solids
(soil, sediment, etc.), water, oils, surface wipes, and veyetation. A number of
analytical methods are referenced; appropriate enforcenent methods were selected
based on reliapility. Since GL/ECD is a highly reltable, widely used method,
and is included in many standard methods, 1t is a primary recommended method for
most spill situations. Secondary methods may be useful for confimatory analyses
or for special situations when the primary method 1S not applicable., Quality
assurance (QA) must be applied throughout the entire monitoring program. Quality
control (QC) measures and sample QC should be stipulated in the QA plan. They
may include protocols, certification and perfonnance checks, procedural QC,
sample QC, and sample custody as appropriate.

The work was supported by the U.S. Envirommental Protection Agency under Contract

No. 68-02-3938 (to MRI) and subcontract to Battelle Columbus Laboratories,
Subcontract No. F4138(8149)434, EPA Contract No. 68-01-6721.
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Risk Assessment Cevelopments for PC8/PCOF
Decontamination Projects

Richard L. Wade, Ph.0., M.P.H. Director, Risk Management Services
IT Corporationl8ls Arnold Drive
Martinez, CA 94553

Increased recognition of the spread of PCB's and PCDF's from transformer fatlures
has resulted in industry and government attention to preventive measures as well
as closer attention to decontamination efforts. Two critical questions which
continue to surface after each of these failures which sometimes result in the
spread of PCB's and sometimes PCO0's/PCOF's fs the degree of exposure to
individuals and the degree of contamination necessary to allow the facility to
return to unrestricted use.

Two quantitive methods are now being used to help address these questions:

(1) Risk Assessment: To evaluate the degree of decontamination
necessary for reoccupancy of a butlding or reuse of equipment.
This technique can be used to generate “safe* reentry criteria.
This technigue has been used to set soil, air, water, surface
reoccupancy guidelines by both State and Federal regulatory
agencies as well as by several utilities and manufacturing
corporations whom have developed site specific guideline proposals
for government approval.

(2) Exposure Assessments: To quantatively evaluate potential
exposures and resulting risk from peopie whom had opportunity for
exposure to PCB's/PCOF's at the time of one of these events. This
technique has been used to quantify the risk of individuals with
“exposure" opportunity.

This paper will explore the most recent applications of these techniques and the
state of the art in there use.
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USEPA has tssued generic proposed guidelines on the use of and format for both
risk and exposure assessments (A), (B), (C). These guidelines are generic.
Stgnificant differences exit Ddetween assessments developed by various parties.
for the purposes of discussion this paper will breakdown some of the critical
assumpt ‘ons made in the derivation of acceptable risk related to (PC3-PCOF potency
and exposure). Todady there ts no scientific agreement as to what constitutes an
acceptaole non- efrec! Teve) of exposure. Using the formula:
Pegtx
g = potency
X = exposure
X has been determined to range from 2.0 pg/kg/day to 0.06 pg/kg/day.
(see Table [},

EPA uses the 0.06 pg/kg/day 2,3,7,8- TCOD equivalents although severa) states have
accepted 2.0 pg/kg/day.

(A} Federal Register Friday, November 23, 1984, Proposed Guideline for
Carcinogen Risk Assessment,

(8) Federal Register Wednesday, Jaruary 9, 1985, Proposed Guideline for
Health Risk Assessments of Chemical Mixtures,

(C) Endangerment Assessments for Superfund Enforcement Acttons, Mogan
et al. Support Branch Office of Waste Programs €nforcement, vs €PA
1984, Address request for information to WH-527, 401 M Street, SW,
Washington, 0.C. 20460.

Trere is 2150 no agreement by

regulatory agencies on the acceptance of risk,
although EPA has accepted 1 x 10

5 risk in several risk and exposure assessments,
Toxicity Data: There has been very little change in the last 3 years - most
scientist, do however, agree that 2,3,7,8- TCOD ts most potent as evidenced by
animal carcinogenicty testing, cell keratinization, and a enzyme inhibition
bisassass. As the ring structure becomes increasingly saturated with c1 atoms the
acute toxicity appears to decrease. Likewisc, the ct atom in the 2,3,7,8
positions appears to be a critical determinant in acute toxicities (€), (D). The
exact mechan‘sms of acute 2,3,7,8 toxicity are stil1l largely unknown. The
dibenzcfurany are considered to be significantly less toxic than the dioxins (0.1-
0.33) x 2,3,7.R- TCDO.

The only two isomes of TCDD's that have undergone complete bisassay are 2 3,7,8-
€00 lnd two congeners of hexachlorinated dibenzo dioxins (1,2.3.6.7. and
1,2,3,7,8,9 HxCDD). These hexa isomers were on subsequent analysis found to be
conumlnateo with 0.03% TCDO.
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Inhalation Rates: In evsucting opportunity for exposures most risk and exposure
assessments consider 23 m” of air per 24 hour day on the average. This number can
however vary stgnificantly with changes in

duration of exposure opportunity and with work practices.

Environmenta) Decomposition Factors: Photodegradation of 2,3,7,8- TCDD in areas
of intense sunlight has been demonstrated to be significant (C). However, most

risk assessments done to date place a half 1ife from S-10 years on PCB-PCDD-PCOF's
found inside buildings or in areas on nondirect suniight.

{(C) R. J. Kociha et a) - Qg;gsntive Tox*cit‘ and Biol%%k:u Activity
of Chlorinated Dibenzo-P-Bioxins and orinated benzo Furans

ative to - hemosphere Vol. . PP. - - .

(0) Eve Roberts - The Ah Receptor and Dioxins Toxicity From Rodent to
Human Tissues, Chemosphere Vol. 14, No. 8/7, pp. R!-K"‘. 1585,
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Teble 1
ENVIRONMENTAL LEYVELS OF TOTAL PCOD's/PCOF's

Levels Notes
(1) Air
tnside N0 - 10,000 pg/m3 Inside building 30 days
following PCB transformer
failure,
Outside .09 - 1.3 fg/m3

RN
Water stream 1 ng/m” - 3 ug/m After Stlvex

spraying (35 days).
Incinerator ND - 440 ng/-3

Emissions
(2) water
Groundwater  Most studies report ND
Surface Runoff 0.05-0.06 ppt 42 days lftfr Silvex
apptication® (6)

(3) Soil (N0 (<.1 ppb) - 1800*) ppb

(8) surfaces <.01 ng/u? - > 2000 ng/n?

(5) Oust See incinerator above (Some buildings dust and
others vapor phase
contamination predominate)

(6) ons PC8 of1s ND - 40 ppm (tota} PCDD/PCOF)?

(7) Plants NO - 40 ppbz Most studies shows no

plants uptake from soils
contaminated with

Tow leve's of

2,3,7,8- TC00

(Possible Seveso

exception)

(8) Solid Waste  NO - 440 ng/m3 (totals PCDO/PCOF
{ncinerator Feed

Stock
1. ﬁg!ent Water Qscutz Criteria for 2,3,7,8- TCOO - page C-2,
2. 1810 ¢2

3. Rappe C. et al Formation of Polychlorinated Bioxins and
Dibenzofuran in MunicTpal and Hazardous Waste Incinerators.
Presented at the 103 sn%nar of FGU Serlisa, Dioxine.
4, IT sampling of PCB olls.
6. Kleopher R., 2,3,7,8- TCDO Contamination fn Missouri,
Chemosphere VOl 14, No. 6/7, pp. 739-744, 1985.

7. Tosine H.M., Levels of PCOD/PCOF and Other Chlorintated
grganics in MunTcTpal Refuse, Chemosphere Vo B . §/7, pp.
iﬂm N ,“—L“‘“ -
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Table 2
TISSUE LEVELS PCDD/PCDF's

Levels Nates

Cattle 4-40 ppt fat! Cattle grazing on
contaminated soils.

Sovine M1k <40 ppt to 7.9 ppd Seveso: Normal Silvex
application rates did not
result fn any significant
increase in milk 2,3,7,8-
TCOD levels.

Human Milk ND (<1) to 805 ppt 1

Fisn NO - 695 ppt (Significant variation
depending on
locatton caught).

Human Adipose 5-10 prt Tetra Ofoxing (5) (10

Tissve 600-8C0 ppt Octa Dioxin

17 ppt Penta Furans
17 ppt hexa
13 ppt hepta

Mice Residing on
2,3,7,8 contaminated site

Soi} (Surface TCDO) <20-1929 ppt ) - Sum TCOD <10-5237 ppt(9)
Soil (Sudsurface TCOF) 1413-23,920 ppt) - Sum TCOF ND - 13,809 ppt

1.
2.

5.

10.

Water Qualtty Criteria Document.

appe  C. Source of ldenuﬂcat!on, Especially With Respect to
Dioxins and Dibenzofurans n the Emissions of Tncinerators.
Presented to who Consultltion on Urgnnhliogen Coupounds Tn Human
H;;I; and Related Hazards. Belthaven, Netherlands 9-11, Januray

Ryan J., et al, Chlorinated Dibenzo-P-Dioxins and Chlorinated

Otbenzo Furans in Cmadhn Adipose Tissue Chemosphere Vo) 14,

No. 6/7, pp. 697-708,

Herda H., TCOO and Chlorlnated Dibenzofuran in Top Sot) and

B8iclogical Samples From a Contaminated Refuse Pump, Chemosphere Vol

14, No. 6/7, pp. 919-924, 1985.

Stmilar results have been obtained by Graham et al, Background

Human Exposure to 2,3,7,8- TCDO, Chemosphere Vol 14 No. 6/7, pp.

925-928, 1985, and,

Rym John, et &1, Tissue Distribution of Oioxins and Furans in
ﬁ From the Gene_rﬂ PopuTation, Chromosphere vol 14, No. 677,

pP. -93¢,
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Table 3
NOEL'S USED IN RISK AND EXPOSURE ASSESSMENTS

USEPA .06 pg/kg/day

State of Calif. 2 pg/kg

Health Dept.

State of Calif, .06 pg/kg/day

Atr Resource Department

New York State Z pg/hg

State of New Mexico .06 pg/kg/day
Canada 10 pg/kg/day
Netherlands 4 pg/kg/day

coc .028-1.40 ng/kg/day
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GUIDELINES

Used In Various Environmental Exposure Settings for PCOO/PCOF

Fish
New York Health Dept. 10 ppt
Ontarto 20 ppt
FOA 25 ppt
Soil 1 ppb - COC
Atr 10 pg/m3 NYS Indoors (8 hrs exp.)
10 pg/m® Calif. Indoors (8 hrs exp.
-7 Ambient air (24 hrs exp.)
3-28 ng/m? - Inside Butldings
Water

mch!gun/outfuﬂ to river 10 pp quadriliion
USEPA 2 part per quintrillion
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Decont. Effort

Standard Accepted for

Dose basis of

Oecontamination Standard
Oevelopment Risk
Assessment
Surface Atr
Binghanton  PCOO/PCOF  3.3-28 ng/n? , 10 pg/m® o 2 pg/kg
PCH's 1.0 4g/100 cm 1.0 ug/m
San Francisco PCOD/PCOF 3 ng/m? 10 pg/md 2 pg/kg
(above blclxqrougd) 3
PC8 1.0 w/100 1.0 ug/m
Columbus, OH PCOO/PCOF 20 ng/e? * 10 pg/a3 3 2pe/kg
PCB 1.0 ug/10Ccn 1.0 ug/m
Santa Fe PCDO/PCOF ng/nl . 3 06 pg/kg
PCB 1 O ug/lwcn 1.0 ug/m
Tulsa, 0K PCOD/PCOF  3,3-28 ng/md 2 10 pg/m3 2 pg/kg
PCB 1.0 ug/100cm 1.0 uq‘n
* Migh Contact Surfaces
9-35
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Conclusions:

Development of site speciffc risk and exposure assessments can be expensive but
the cost is decreasing as these technigues become more routine. The commonly made
assumptions for such assessments are becoming more standardized, yet consideradle
variations still occur in the potency factors applied to individua) congeners of
PCOO’ s/PCOF 'S, Likewise, significant vartations exists as to the potency of
2,3,7,8- TCOO (0.06 - 2.0 pg/kg/day) as acceptable intake levels.

Increased reliance is being made of the exiting risk assessment documents and the
resyulting standards that have been developed. Thus, future risk assessment for
PCB's, PCOD's, and PCOF's likely be on hold until further toxicological evidence
1s developed. Advances i{n such risk assessment methods will 1ikely be done as the
result of critiques of the existing risk assessments.

Site specific exposure assessments, however, are powerful tcols to be used to

modify existing guidelines or to document quantatively evaluate risk of persons
efther occupationally or incidentally exposed to PCB's, PCDF, PCOO'S,
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A SYSTRMATIC APPROACH TO PCB CAPACITOR
SPILL CLEANUP COMPLIANCE SAMPLING

Mark J. Knight+
Steven X. Winship®
Bohdan I. Dmyterko®

Thomas B. Hesminger*

As the requirements for the cleanup of PCB fluid releases from pole-mounted
capacitors have become increasingly more stringent, the need for & fleld sampling
protocol accurate encugh to demonstrate compliance with those cleanup requirements
has become apparent. Regardless of the cleanup standards applied, a systematic,
reproducible sampling epproach which characterizes PCB levels across e spill site
10 the Utility's industry’s best defense ageinst possible future civil or
regulatory action.

With st one time over 40,000 PCB capacitors in service, the Commonwealth Rdison
Company has been long familiar with PCB releases and accompanying mitigating
actions. By late 1983, with incressing reguletory attention end public concern
being focused on PCB spill cleanup, the need for s more accurate, reproducible
method to demonstrete Cleanup compliance became apparent. Thus, an effort was
made to determine how to structure e PCB epill site eampling protocol to accomplish
the following goale:

1. Obtain date on PCB dispersal from release events to facllitete
response/cleanup activities.
2. Accurately characterize PCB levels remaining at a clesned spill
sita.
* 1th Béi Company, Envir 1 Affalrs Department, P.O. Box 767,

Chicsgo. IL 60690
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3. Provide evidence to rigorously demonstrate that a spill site
has deen adequately cleaned and is in compliance with
appropriate cleanup standards.

The development of this protocol began with study of s data set of more then 350
s0il samples collected from PCH capacitor spill events. When this deta set wvas
plotted to show PCB concentration in each sample vs. the distance of each sample
collection point from the source of the release, 1t was obvious that PCBs were
being randomly dispersed ferther, and in greeter concentration, than had been
previously thought. Identification of soil PCB levels in excess of 100 ppm at
distances over 75 [eet from the source pole were not uncommon even though lower
levels were measured nearer to the pole. Tha Lnadequacy of our previous low-level
sampling protocol was very apparent, as was the fact that PCB dispersion couid not
be predicted with a high degree of certainty. The only course of action appeared
to be to incresss greatly doth the amount of sampling and the ares sampled at each
spill site. The same data set was then used to develop information predicting the
probability of ring PCB ratlons of a given level at varying
distances from the capacitor pole. It was hoped that such information would allow
us to develop a field sampling program of appropriete intensity to ensure that en
adeguate cleanup would be conducted across the entire site. This probadility
distridbution wes then employed to generate a diagram depicting the distribution of
discreet droplets of PCB fluid (>30 ppm) from 0 to 42 feet away from a utility
pole release point. Orid sampling systems (centered on the utility pole on which
the feiled capacitor hung) with various spacing between sample points were then
super lmposed over the distribution diagram. Using this approsch, it was
determined that a sampling system in which sasples are located 3 ft. apart could
be used to adequately characterize PCB levels in lightly contaminated areas some
distence from the utility pole (le., where the PCB [luld droplets are widely
scattersd) as well as in those more heavily contaminated areas naarer the utility
pole. Pleid trials of this approach have shown it to be effective.

vhen this grid system is deployed at a capacitor spill site, sdditional samples
are collected from obviously-impacted ereas or structures that do not fall onto
the grid system, and from places where PCBs are likely to accumulate, such as
crecks in pavement. Sampling ie conducted such that the grid will encompass all
areas of known contamination (defined by visible traces), and at least five feet
beyond that area on all sides. When samples are being collected to confirm the
effectivensss of a cleaning attempt, samples are collected at five-foot intervals
within the cleaned area and at least five feet Deyond the boundary of this ares.

MONS 019149



At each soil sempling polnt, soll 1s collected over an approximately
12-1nch-by-12-Inch ares to & depth of ebout one-aighth Inch. Vegetation ssmples
are collected at each grid point over a 1 square-foot srea. For hard surfaces.
wipe samples are collected using the same grid system.

An artifact of this sempling approach has been to increase the number of samples
collected per sampling event (there are usually betwesn two and four sampling
events per spill event) to roughly one hundred. To date. the Commonwealth Rdison
Company has collected nearly 20,000 environmental samples using this grid systes
at approximately 75 individual spill incidents.

In susmaty, this sampling approach has as its foundation the concept that PCB
dispersion, particularly at greater distances from the pole, is a non-predictadle
process. Only with multiple sample collection, and the charecterization of the
site through the interpretation of numercus PCB analyses, can the actual PCB
contamination remaining be adequately characterized end appropriate remedial
action steps be determined.

Multiple sample collection increases the probablility that & given aree of residusl
PCE contamination will be detected. It does not guarantee that subsequent
sampling will not €ind additional, previocusly undetected contamination. What it
4oes 40 18 greatly reduce the probebility that additional contamination will bde
found. This, short of actually sampling every square foot of site surface, is an
optimal approsch in terms of being cost-effective, risk-minimizing and
field-practical.
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COMMONWEALTH EDISON COMPANY'S
PCB SPILL CLEANUP PROCEDURES

Bohdan I. Dmyterko*

Mark J. Knighte

Steven K. Winship*

Thomas €. Hemminger®

Commonwealth Edison Company has had experience with the cleanup of over 150 PCs
relesses from slectricel equipment. These range from minor capacitor leaks to
large transformer spills essociated with fira. PFaced with the prospect of having to
take complex remedial actions st PCB relesse events, C 1th gdison C

pany

has developed cleanup procedures to meet the following corporate and environmental
9oals.

1, Prevent the spread of PCB contamination.

2. Wotify affected customers and the public that e spill has
occurred, and restrict their sccess to the affected ares.

. Notify and cooperate with all regulatory agencies in whose
jurisdiction the release occurs.

4. Perform the actual physical PCB removal and site cleanup in as
rapid and as an effective manner as possidle.

5. Contirm the effectiveness of the cleanup through well-plenned
sampling and analysis.

6. Restore the site to its previous condition.

1. Accomplish ths above objectives in a cost-effective manner.

1th uiﬁ Company, Envir el Affairs Department, P.O. Box 767,
Chicago, IL 60690
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While every spill event is a unique experience, adherence to the procedures
discussed here, ond with the above goals firmly in mind, will provide effective
remedie] ection with the least health risk and inconveniencs to the pudblic.

The cleanup procedures described here are applicable to releases from all types of
PCB-contalning electricel equipment, but are principally used for pole-mounted
cepacitor and veult or pad-mounted transformer spllis. These types of spills
range from simple leaks to fault-produced energetic relesses. Bven minor
capacitor leeks, if undiscovered for some length of time. can result in lacrge
aress of contamination because of wind, precipitation and trecking. Energetic
releases, especially when accompanied by high winds. can easily affect aress in
excess of 185 lz (2000 ttz).

The types of materials affected by the spills ranges from soll and pavement to
homes, autos and animels. Depending on the physical condition and the cost of an
item, it may De more expeditious to remove and replace that item rather than to
clean it. Additionally, certain items are better cleaned off-site rather than in
place.

The successful execution of s cleanup is dependent on the sccurate assessment of
the affected area, the contalnment of the contamination to thst ares, the proper

hodology for r 1 of that instion from the area and, of course.
sufficient sampling to determine whether the ares has been adequately cleaned to
ensure compliance with sppropriate cleanup standards. In performing these steps
there ere not only technical constraints. but also non-technical regulstory, legal
and public perception constraints which must be taken into consideration.

For the purposes of discussion, we may divide the cleanup effort into two parallel
parts. One addresses the physical removel of the contamination; the other
addresses the non-technical issues. Physical removal issues include how to secuce
the site, techniques for soil and sod removal, technigues to clean or remove haré
surface materials, how to reduce PCB dispersion during the cleanup, how to package
removed materials for ultimate disposal, personnel hygiene and how to restore the
site. MNon-technical issuss includes dealing with regulatory agency personnel,
with customers and with the public.

Since Commonwealth Bdison's cleanup procedurss have been implewented the number of
cleaning attempts required to adequately clean a site have been reduced by
l"rou'nuly 25N. Purthermore, cCleanup performance at massive PCB spiils (i.e.,
affecting saveral properties) have been particularly improved.
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70 facilitate the training of cleanup crews in our spproach to PCS spill rssponse,
we have produced & videotape presentaetion which shows how all the steps of the
cleanup procedure are executed and which 8lso presents some background es to why

they are nacessary. A similer videotape presantstion for transformer spills is
being prepared.

53
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COMMONWEALTH BDISON COMPANY'S TRANSPORMERR
SPILL RESPONSE PREPAREDNESS

Bohdan I. Dmyterko*
Mark J. Knight®
Steven K. Winship*

Thomas B. Hemminger*®

Because of public sensitivity, even a minor spill from o PC3-filled transformer
can develop into a serious situation if tha fluld contaminatas customer or public
property. Although the Commonwealth Edison Company has procedures which minisize
this potential, relsases may occur which result in the spresd of contamination

. beyond & vault, either through human error or as & result of an uncontrollable
accident. Such a release may not present an imminent danger to life or health,
but, if the response is mismanaged, the time and cost of cleanup will increase.
Prolonged cleanups coupled with existing public concerns regarding PCBs will
increase the anxiety of customers and regulatory agancies.

Q ly, the C 1th Bdison Company has determined that it is necessary
to maintain a trained team of Company personnel to:

1. Respond as quickly as possible once & PCB release has occurred.

2. Provide on-the-scene direction to Company personnel responsible
for spill containment and cleanup.

3. Collect samples to verify cleanup success and compliance with
clm standards.

4. Interface with customers, property owners and regulatory agency
personnel.

*Commonweslth Bdison Company. Envirormental Affairs Department, P.O. Box 767,
Chicago. IL 60690
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S. Provide follow up control and coordination of PCB release
sesponse activities.

6, Restors affected customer or pudblic property to its original
condition and use as rapidly as possible.

Bacauss of the critical nsture of PCB releases, the length of time required for
omArgency response team personnel to resch s spill site is an important concern.
A response time of 1 hour after regular working hours and 20 minutes during
regular hours 1s possible in the Chicago area. Response is initlated by local
Division personnel who use a paging systes to contact a Primary Response Person.
The Primary Response Person will determine, based on svailable informatton,
whether an emergency response 1is required. If it is, he will request to be put in
direct contact with the person in charge at the actual release site and will make
further inquiries. He will also issue preliminary directions over the phone for
con‘ulnlng the release and restricting access to the site. Me will then dispatch
one or more Technical Response Specialists to take on-site control. The Primary

P Person at his phone and acts es a communication center for the

first few hours of the response.

T™he tesponse team is specifically designed to aédnn incidents involving PCR
releases and PCB squipment failures. Because of the specialized nature of these
types of environments]l emergencies, it is possible to train and equip response
tean personnel such that each team member can fully assess a release situation and
sustain response activities until additional support becomes available. Such
ismediate, independent response capabllity eids greatly in achieving an effective,
timely cleanup.

This type of rapid and direct response is possible because of two factors. First,
and most, important, is that the individuals are not only trained and experienced
in response sctivities. but also have been selected for theitr personal qusliities,
skills and attitudes. All personnel selected for emergency response have obtained
considerable experience in PCB spill response by starting as an assistant in the
cleanup and sampling of PCI capacitor spills and have bullt upon thet experience
until they are Judged capable of independently directing an emergency response.

In addition, sppropriats training courses ars provided and drills ars conducted to
improve skill levels and to develop & response team “"spirit”. Proper attitudes
are developed Dy encouraging and testing employee resourcefulness and initiative
in all aspects of tha work. .
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Second, the emergency response equipment, although simple, is selected,
periodically reviewed, and revised for maximum efficiency. Each response tess
member has a set of protective clothing and sampling equipment kept at home.
Mditional pr&ucuvo clothing and sempling equipment is kept packaged in a
central location accessible to all team members. A team of two can bring to sny
spill site sufficient equipment. including sampling supplies and protective
clothing, to sustain emergency response support and sampling efforts for 36 hours
and, if necessary, provide some equipment to cleanup crews. This allows immedlate
response without waliting for the supplies to de delivered from a central storage
locat ion.

Since spill clesnups are conducted in highly visible locations, it is critical
that the work progress in a professional, organized and timely manner. Usually
the customar's, as well as the pudlic's, knowledge of PCBs is limited, and best,
incomplete. Therefore, it 1s necessary to first place the customer's concerns in
proper perspective. This is done by providing clear and complete informstion
about PCBs, explaining the response and cleanup plan and. by conducting indoor atr
sampling for PCBs in any situation where a building mey be involved.

After the initial response to a PCB release, the work of the response team is far
from over. It is at this point that the “attrition” of a protracted clasnup
period, often stretching & weak or more. begins. During this period. the response
team is faced with having to keep the clesnup effort moving along steadily on a 24
hour a day basis, while at the same time facing increasing outside pressures from
the pudlic and regulatory agencies. Communication and control become the dominant
issues in this environment.

If properly handled, particularly during the eacly response stage, PCB transformer
release events can be handled 5o that negative impacts to the affected Utility ere
minimized.
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AN ANALYSIS OF PCB CAPACITOR
SPILL CLEANUP EFFECTIVENESS

Mark J. Knight*
Steven K. Winship*
sohdan 1. Dmyterko*

Thomas E. Hemminger*

In 1984, the Commonweslth Edison Company responded to epproximately 30 small
voluse (le., 1.9 to 11.4 L (0.5 to 3 gal.)) PCB releases from pole-mounted
electricel cepacitors. Over 12,000 samples of materisls (eg., soil, vegetation,
gravel) and wipe samples of hard surfaces (eg., concrete, asphalt, shest metal)
have been collected ot these spill sites to determine doth the outar boundaries of
the sresa affected by the spill and whether an sdequate clasnup had been conducted
within tha affected erea. A detsiled analysis of the date genersted at 30 of
these spill incidents has Deen conducted to evaluate: (1) the efficiency of the
procedures employed to clean various types of affected materisls st individusl
spill sites, (2) the elze of the ares affected by the PCS release (ie., anywhere
detectable levels of PCBs could be measured), (3) average PCB concentrations in
materials and on hard surfaces at various stages of ths cleanup process sand, (4)
the amount of residual PCB remaining on the spill site at the time of site
restoration. In #ddition, estimates of the overall efficiency of the clesnup
progran et each site were slso made.

The results of this analysis ere noteworthy for & number of ressons. Pirst, the
surface-scrubding techniques and soil removal procedures developed by the

*C 1th mdison ¢ ,» BRovir al Affairs Department. P.O. Box 767.
Chicego, IL 60690
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Commonwesith Bdison Company effectively remove PCBs from impacted erees in a
timely manner. Secondly. it appeers thet even the most cursory initiel cleenup of
visidbly impected eress (the visibly impacted eres is typicelly less than 50\, and
often less than 10N, of the affected ares) will remove more than 908\ of the mass
of PCBs released. Sudsequent cleanup efforts usuelly attempt to remove less than
1 kg of residual PCB contamination. To remove ¢ proportion of this residual lerge
encugh to ensure compliance with clesanup standacds of less than 30 ppm, lerge
ereas have to be cleaned. The averege size of the affected eres at the spill
sites considered was I:Ihz: the majority of this eree will have to be clesned to
ensure compliance. Two to four cleaning ettempts ere usually required to meet
cleanup standards over the entirs site.

The effectiveness (le.., the amount of PCBs removed per cleaning) of
individual cleaning ettempts consistently decresases throughout the cleaning
progeam et a given eite. This loss in effectiveness 1s due to the fact that one
is attempting to remove increasingly smeller amounts of residual PCB from the
site. Once compliance with the appropriate cleanup standards hed been achieved,
the estimated totel PCB residual et thess sites ranged between 0.2 and 16.0 g (¥ =
4.9 g). 1f one assumes that e typical capacitor fallure releases 7.8 L (2 gal.)
of PCB fluid weighing 10.5 kg, an overall cleanup efficiency of between 99.84 and
99.990% (X = 99.95%) has been achieved st the sites considered in this analysis.
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IN SITU VITRIFICATION OF PCB~CONTAMINATED SOILS

Craig L. Timmerman
pattelle, Pacific Northwest Laboratories
Richland, Washington 99352

In sttu vitrification (1SV) is a patented process (1) developed at Pacific Northwest
Laboratory for the U.S. Oepartment of Energy as an in-place stabilizatton technique
for radioactive contaminated sofls. Recent large-scale operational tests have dem-
onstrated the vitrification of 300 MT (6600 ft3) per setting. In addition, the
process is deing evaluated for potentia) application to soils contaminated with haz-
ardous wastes, such as polychlorinated biphenyls (PCBs). Building upon this tech-
nology, an engineering-scale in situ vitrification test with PCB-contaminated soi)
has been successfully performed for the Electric Power Research Institute (EPRI) to
determine the fate of PCBs and their by-products when the process is applied.

PROCESS DESCRIPTION

The in situ vitrification process as applied to contaminated soil stabilization
requires the insertion of four electrodes into soi) 1n a square array. A path for
electric current is established by using a small amount of a graphite and glass frit
aixture placed between the electrodes on the soil surface. Ofssipation of power
through the starter material creates temperatures high enough to melt a layer of
soil, which estadlishes a molten, conductive path. This molten zone continues to
grow downward encompassing the contaminated soil. At the high temperatures
(>1700°C) created, organic materials pyrolyze, diffuse to the surface, and combust.
Any off gases from the process are collected, monitored, and treated. Rematning
ash, along with other noncombustible materfals, dissolve or become encapsulated in
tﬁe wolten soil. Natural convective currents within the molten sofl help distribute
the stabilized materials uniformly. The molten soil) cools to a duradble glass and
crystalline form resemdling natural obstdian,

TEST OESCRIPTION

Maintained under vacuum by a process off-gas system, the EPRI engineering-scale test
was performed in & sealed metal container on a 20 cm (8 1n.) diameter by 30 cm
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(1 ft) deep zone of Joamy-clay type soil containing SO0 ppm PCBs (8 g of Arochlor
1260). The test utflized a 23 cm (9 in.) square electrode separation with cylindri-
cal molybdenum electrodes extending to a depth of 61 c¢m (24 in.). The contaminated
sot] was centrally located between the electrodes beginning at the 25 cm (10 fn.}
depth. The test was performed over a 6-hr period, achieved & depth of Bl cm

(32 1n.), and produced a vitrified block of 220 kg and 0.14 ™ (480 1b and 5 ftJ).
N0 operational problems were encountered during the test, and on-)ine grabd sampling
for chlorine and hydrogen chioride revealed less than detectable quantities (<0.33
ppm and <0.2 ppm respectively). For safety and environmental control, a dual-stage
activated carbon filter (see Figure 1) was used to contain any PCBs released to the
off-gas system.

Metering
Vaive

Rotameter Vecoom
Semple Train Pumg
Florisi

Adsorber

Water Air
Impingers  Dryer

Desiccant

= Off Gas

Aclivetsd
Carbon
Filter

Sol Container

Vitrification Zone

Surrounding Soil

Figure 1. Engineering-Scale In Situ Vitrification System and Sample Locations
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TEST RESULTS AND PERFORMANCE ANALYSIS

Samples collected to analyze 1SV processing effects an PCB included: 1) off-gas
emissions, 2)-resfdues in off-gas 1ines and contatnment equipment, 3) migration to
s011 surrounding the block, and 4) residual level in the vitrified block. Data from
off-gas release and soil container smears provided the most quantitative values on
the release from the melt durfng and after processing. Information collected from
the florisil adsorption tubes and the smear sample extracttons (see Figure 1) indi-
cated a 4.2 mg total off-gas emission, 1.1 mg of which was deposited on container
surfaces. These off-gas releases account for 0.05 wtd of the inftial PCB gquantity,
corresponding to & greater than 99.9% thermal destructfon and removal efficiency
(ORE) for the ISV process. Note: this does not include the removal efficfency of
the off-gas system; therefore, a system DRE cannot be calcylated from the avafladle
data. Activated carbon filters (2) can effectively contain any of these off-gas
emissions.

. The analysis of florisi) also indicated a small amount furan (PCOF) and dioxin
(PCOD) generated in total quantities of 0.4 ug and 0.1 ug respectively. The PCOF
was detected only in the tetra and penta isomers, while the PCDD was detected only
in the hepta and octa fsomers. However, these small quantitfes are less than the
reported amounts typically generated from a PCB fire (3) and do not represent a haz-
ardous operational concern.

Sampling of the vitrified mass showed ro detectadle residual level of PCB, which is
to be expected considering the high processing temperatures. Also, no PCB contami-
nation was detected {n the majority of soil surrounding the vitrified dlock, indi-
cating that migration outside the vitrification zone was not a significant problem.
A few semples directly adjacent to the block contained measursble concentrations up
to 0.7 ppm, which 1s 1ower than 40 CFR 761 EPA requirements for cleanup. This ini-
tial test data indicates that the vitrification rate must be higher than the dif-
fusion rate of volatilized PCBs in soil, thus overcoming migration away from the hot
wolten mass.

ECONOMIC ANALYSIS

The cost of using in situ vitrification as an in-place stabilization technique has
been estimated (4). The cost estimate includes expenses from four categories: site
preparstion and closure activities, annual equipment charges, operational costs
(labor}, and consumable supplies including electrical power and molybderwm elec-
trodes. Evaluations (4) established processing economics at between $150 to $330/m°
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(34 to $9/23) depending on electrical power rates and soil moisture content. Sof)
moisture content increases the operating cost of the process by requiring more

energy and time (labor) to vitrify a given volume of contaminated sot)] because the
water tn the soil must be evaporated. :

CONCLUSIONS

The July 1985 in situ vitrification engineering-scale test illustrated the cleanup
capabilities of ISV on sofls contaminated with PCBs to meet current and anticipated
EPA requirements. In addition, the test provided the following conclusions regard-
ing performance of the in sity vitrification process:

. The smal) release of PCBs to the off-gas system (0.05%) can bde
effectively retained by appropriate design of a conventional treat-
ment system, which utilizes a carbon filter or afterburner.

. Limited amounts of PCBs (0 to 0.7 ppm) were detected in the sur.
rounding soil and none were found in the vitrified block, indicating
that the vitrification rate s apparently greater than the PCB dif-
fusion rate in loamy-clay soil and that migration sway from the vit-
rification zone during processing may not be a significant concern.

L4 Processing of PCB-contaminated soi! by in situ vitrification #llus-
trated & processing destruction and removal efficiency of >99.9% for
the process itself, exclusive of off-gas treatment.

Initial testing indicates the potential for in situ vitrification technology trans-
fer from the nuclear to the hazardous waste arena as a potential remedial action
technique. It is not a panaces, but the process holds promise for application at
selected, contaminated soil sites. '
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EPRI's WORK ON PCB MEALTH EFFECTS

Walter W. Weyzen

About two years ago, EPRI contracted with Clements Assocfates to conduct a study of
occupational risks assoctated with exposures to PCBs. It was felt that, in view of
the current uncertainties about the magnitude and nature of the hazards posed by
PCBs, an objective, systematic, and technically sound assessment of occupational
risk, based on availadle toxicological evaluation, should be made.

The study consists of three parts.

i. The collection and evaluation of toxicity information.

2. Characterization of the utility work environment, {dentification of
potentially exposed populations, and maonitude of exposures.

3. Estimation of the health risks associated with exposures.

The first two parts of the study have now been completed. Completion of the third
part is expected later this year.

Technical overview of the study is in the hands of a Scientific Advisory Committee
consisting of experts in epidemiology, occupational health, industria) hygfene,
toxicotogy and statistics, both from utilities and academia, chaired by Dr. Faeder
of SCE. The results of the study will be availadle as a four part EPRI report in
1986.

In reviewing and evaluating the 1iterature on PCBs, and chlorinated dioxins and
dibenzofurans, spproximately 3,000 titles and abstract were screened, and almost
1,600 titles were entered in the dibliography. For these, hard copies were obtained
and the titles were evaluated for their relevance to risk assessment. From these,
82 papers were selected as the basis for 37 critical reviews that will form the
basis for risk assessment. In addition to such factors as experimental design,
significance of outcome, special attention was given to the reviews and assesment of
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methods and materials used for the chemical analysfs of mixtures to which humans
were exposed or the materials used in animal toxicity studies. In addition, a
method for weighing the results of epidemiological studies of human population was
developed.

The second part of the study is an assessment of the extent, freguency, and magni-
tude of occupational exposure to PCBs and related chemicals in the electric utility
industry. It includes a detailed review of the 1{terature, the results of a ques-
tionnatre circulated to about 100 utflities, and site-visits and surveys of four
representative utilities. Included are characterization of the PCB equipment past
and present, streamflow of PCB within the utility, the workforce, and job categories
with potentfal exposure. Sources of exposure, such as the repair and maintenance of
equipment and cleanup of spills and leaks, and explosions and fires, were identi-
fied. Assessment of occupational exposures s based on the chemical composition of
the flutds used, actual measurements of PC8 levels in the workplaces, and measure-
ment of PCB levels 1n blood or tissues of utility workers. A)] this information was
in turn linked to the number of workers potentially exposed in each of the job
categories, the frequence, magnitude and duration of exposure.

Inftia) findings of the study will be highlighted in the presentation.
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HUMAN AND ENVIRONMENTAL BIODEGRADATION OF PCBs

John F. Brown, Jr., Donna L. Bedard, Lawrence H. Bopp, James C. Carnahan,
"Richard W, Lowton, Ronald D. Untermaon, and Robert E. Wagner

General Electric Research and Development Center, Schenectady, NY

PCB PERSISTENCE: THE ETERNAL QUESTION

During the 1970', public concern over the apparent environmental persistence of the PCBs,
heightened by preliminary reports {later revised (1)) thot they had produced severe humon
paisoning in Japon, contributed to a ban on their use in the U.S. ond the initigtion of
remedial action projects designed to stop their further movement into the biosphere. Mow,
however, proposals for the excavation, transport, ond reburial of PCBs are being increas-
ingly questioned, both by local residents and national environmental organizations Q) Ar
issue is the old question of persistence: will PCBs really remain in environmental deposits
forever, or will they, like other orgonic chemicais, eventuatly biodegrade?

THE ASSESSMENT OF PERSISTENCE

Qur procedt (3-5) for ing PCB biodegradation exploit the foct that the commerci-
ally used PCB products {(eq., Aroclors) are mixtures containing most of the 209 theoretically
possible PCB congeners in fixed relative proportions. Eoch individuol PCB congener differs
in mofecular size ond shape from ali the others, oand hence aiso in its susceptibility to
enzymatic ottack. Eoch individual type of biodegradation will therefore alter the congener
distribution, ond hence gas chromatogram, of the Aroctor originally present in a character-
istic manner. Thus, the pattern of chromatographic peck aiteration can characterize the
type of biotransformation thot is occurring, ond the degree of alteration its extent. The
specific microorganism or metabolic enzyme that is responsible for an observed environ-
mental transformation pattern may then be identified via laboratory studies with purified
cultures or enzymes.

Thus for, significont degrees of biodegradation have been observed for PCBs in three very
different components of aquatic ecosystems, nomely, in higher onimaols, including mon; in
oerobic bacteria; ond in ancercobic sediments. The three corresponding types of PCB
biodegrodation will be described in tum.
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BIODEGRADATION AND PERSISTENCE IN MAN

in birds, memmals, cnd perhaps some lower animals as well, PCBs are handled like other fot-
soluble xenobiotics: smoall amounts may be eliminated unchanged via the bile or lactation,
but most elimination depends upon oxidation to more woter-soluble forms. Such oxidations
occur mainly in the liver, ond cre effected by mixed-function oxidase enzymes of the
cytochrome P4S0 fomily. Rates of biodegradation vary considerably from species to
species, as do also the ranges of PCB congeners that moy be thereby eliminated.

Our studies of 1976-1981 clearance of PCBs from a population of heavily exposed capocitor
workers (3) suggest that the individual PCB congeners may be divided into three groups os
regords persistence in man: (a) non-persistent congeners, which did not accumulate; (b)
moderately persistent species, which disappeared with half-times of 2-5 years; ond highly
persistent forms, which genercily showed no significant decline. The non-persistent group
was found to include virtually all congeners lacking 4-substitution on either ring, along with
some of the lower 4,4'-disubstituted congeners. This group constituted 88-90% of Aroclors
1262-1016, The remaining, moderately persistent, components of such Aroclors consisted of
certain 4,4'-disubstituted lower PCBs, such os the 2,4,4'-, 2,4,5,4'-, 2,4,5,2,8'-, 2,4,5. 3%,
ond 2,3,4,3,4'- congeners. The persistent group included oil hexa-, hepta-, and octachioro’s
with &4,4'-substitution; such species constituted somewhat less than half of Aroclor 1254, but
more than half of Aroclor 1260.

BIODEGRADATION AND PERSISTENCE IN AQUATIC ECOSYSTEMS

in aerobic oquatic ecosystems, ond soils as well, most metabolism of orgonic matter is
effected by oerobic bacterio. The complex microbial populations found in such environ-
ments include species capable of metabolizing every one of the many chemical constituents
of the orgonic matter naturally present, and also many PCBs. To date, about two dozen
pure stroins of PCB-degroding bacteria have been isolated from soils ond sediments and
characterized as to type ond ronge of PCB congener-degrading ability. Most of the strains
belong 1o the 2,3-dioxygenase type (4,5); that is, they preferentiaily attack PCB species,
such as the lower 4,4'-disubstituted congeners, which have cdjocent unsubstituted carbon
otoms ot positions 2,3 (or S5,6) on the ring. Within this group, however, there is still o
considerable ronge of activities, with some orgonisms attacking only mono- ond dichlori-
nated PCBs and others otfocking tetrg's and some penta's. A few of the known strains,
however, appear to belong to o J,4-dioxygenase (4) or even monooxygenase fype. These
prefer to attock rings with unsubstituted 3,4- positions, but con aiso slowly ottock 4,4'-
disubstituted species, including 2,4,5,2',4',5'-hexachlorobiphenyl.
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In the upper Hudson, where the reported "Arocior (016" level in fish has been dropping with
a hoif-time of about 2 years, the residuai PCB resembles that of Aroclor 1242 ofter
biodegradation by 2,3-dioxygenase-type bacteria (5), which are readily isoloted from the
sediments. Evidently, this group of cercbes is playing a major role in PCB removal from
thot ecosystem.

BIODEGRADATION AND PERSISTENCE IN ANAEROBIC SEDIMENTS

In anoerobic aquatic ecasystems, metabolism of organic matter requires microbial fermen-
tation rather thon oxidation, and hence clso the concommitant formation of reduction
products, for exomple, nitrogen (from nitrates), sulfur (from sulfates), or methane (from
COz). Recently, we discovered that PCBs could also be reduced (dechlorinated) in some
ancerobic systems, notably the subsurfoce sediments of the upper Hudson River (5) ond
Silver Lake (Pittstield, MA). At least six chromatographically distinguishable dechlorinating
agents, probably corresponding 1o six different strains of locally prominent oncerobic
bacteria, are present in the sediments examined thus far. Those present in the upper Hudson
con remove most or olf of the chiorines present on pora {(4-) positions of the biphenyl rings,
ond many of those in meto (3- or 5-) positions, but not those in ortho (2- or 6-) positions;
their net effect has been fo convert most of the Arocior 1242 in 20-25 year oid deposits to
ortho-substituted mono- ond dichlorobiphenyls. The Silver Lake dechiorination systems
apparently remove ortho, metag, and paro chlorines from the more heavily chlerinated PCB
congeners rather indiscriminontly, with only a modest preference for 4—chlorine removol,
but leave many tri- and tetraochlorobiphenyls unattacked. Their net effect has been to
convert the Arocior 1254 or 1260 deposits present to PCB congener mixtures having the
avercge chlorine contents of Arocior 1242 or 1248, but with very different congener
distributions (eg, the most prominent trichlorobiphenyls ore 2,5,3- ond 2,4,3'-, rather thon
2,54~ and 2,4,4-). 1t is noteworthy that the heavily chloringted PCBs with 4,4-
disubstitution, a group which includes all the congeners found to be either persistent in man
or toxic in experimental animals, are the ones most readily eliminated by dechiorination in
anoerobic sediments. Thus, envi 1tal dechiorination, while not eliminating the PCBs as
legally-defined chlorinated biphenyis, con render them biodegradable in oerobic environ-
ments, and less persistent in birds, mammais, ond mon.

NEW [SSUES

Although PCBs are indeed undergoing both oxidative ond reductive biodegrodation at certain
major spill sites, noture is not cooperating everywhere. A determination of whether the
PCBs ot ony given site are biodegrading or persisting will require coreful chromatographic
onalysis.
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Selection of the oppropriate response to on environmental site found to contain a

biodegrading PCB may also require careful examination of the distribution of congeners
present. Animal studies (6) have shown that only o few of the 209 possible PCB congeners
exhibit significant toxicity. !deally, it shouid be the projected levels of those suspect
congeners, rather than the total level of ol PCBs present, that determines the choice of
response.
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COMPUTER AID FOR COMPLIANCE WITH THE
RECORDKEEPING AND REPORTING REQUIREMENTS
OF THE PCB REGULATIONS

£
Kent D. Hedrick

INTRODUCTION

The body of information presented in this paper is directed to those individuals
who are responsible for compliance with che recordkeeping and reporcing
requirements of the PCB regulations (4O0CR761). Compliance with these regulacorv
requirements has become more manageable for Kentucky Utilities Company since the
in-house development and implementation of a computer-aided syvstem for
recocrdkeeping and reporting. The large volume of data that must be collected and
manipulated necessitated the computerization of the entire recordkeeping asnd
reporting process. This ctype of computer application results in better data
management and reporting while providing more efficient allocation of resoucrces.
The dats handling system used by Kentucky Utilities Company has applicability to

other utility companies who likewise have access to a mainframe compurer.

DATA COLLECTION

An efficient system for data collection is necessary to obrain quality data and to
assure the (ntegrity of the rveports produced. The data collection svstem
established at Kentucky Utilities consists of two forms titled. “Drum Coatent
Report’ and the "Transformer Content Report,' These reports are illustrated in
Figures 1 and 2. All PCB material generated for disposal is placed in drums ac che
site where cthe material is generated. The only exception is transformers. The
Drum Content Report is filled out on every drum and accompanies the drum until it
is cransported to the Company's long-term PCB storage facility. This reporc is
completed by the (ield personnel who generate the PCB waste. When the PCB {tem is

received by the long term storage facilicy, an inventory number is assigned to the

-
Environmencal Engineer, Kemtucky Utilicies Company. Responsible for compliance

with the PCB regulations and  all environmentally relaced permicting.
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DRUM CONTENT REPORT

This report is o accompany every drum brought to the Annex ([l PCB Storage
Facilicy:

Plant or Division Originacing PCB Item Drum No.

District Date

Description of Contents

Weight Fill Material

Gasket Clamping Band

Additional Information if Contencs are Capacitors:

Leaking Dace Placed
Yes/No {n Drum KVAR Serial Number Manufacturer

Hin

[

Date Orum Moved to Annex III PCB Storage Facilicy

Person Responsible

DO NOT WRITE IN THIS SPACE; FOR GENERAL OFFICE USE ONLY.
Drum ldencificacion # assigned when received at Annex III PCB Storage Facility

Remarks

Flgure 1.
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TRANSFORMER CONTENT REPORT

Plant or Division Diserict

Location

Total Quantity of Fluid in Transformec Gallons
Total Weight of Transformer 1s.

Dimensicn of Transformer: Height fe.
Length {3
Wideh fe.

Date Removed from Service

Dace Placed tnto Storage

Tesc Data: Method Used

Daste Tested

Resulcs

DO NOT WRITE IN THIS SPACE; FOR GENERAL OFFICE USE ONLY.
ldencificacion # assigned when received at Annex LI1 Sctorage Facilicy

Remarks

Figure 2.
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drum and recorded on the report. The drum is placed in numeric order with other
drums in storage. The report is then forwarded to the Environmental Section for
entry into the computer data base. All data that is needed to comply with che
regulatory nqu{remen:s of an Annex [Il scorage facility Is collected fram cthis
report. This includes the date removed from service if the material is capacitors
or the date the waste is generated if it is debris or similar macerial. Other
pectinent regulatory informacion collected includes the date received for disposal.
the facilicy (in our case the district) that generated the material, and the weight
of the item. 1f capacitors are contained in the drum, additional information 1s
collected to factlitace other internal uses of the data. This information includes
the KVAR, the serial number and the manufacturer of each capacuor‘in the drum. The
information on serial number and manufacturer is presently not used, however, it
could have future uses such as an aid in identifying and tracking the disposition
of tndividual capacitors. The Transformer Content Report is used any time a PCB
transformer reguires disposal. It is used to collect the same pertinent
tnformation for regulatory compliance in addition to some additional data that is
tequired by the disposal contractor.

In setting up che data collection system, a critical factor in making the program
successful was the cooperation of field personnel. This was necessarv because
field personnel are the source of the data requiring collection and the mosc
resource intensive part of the entire recordkeeping and reporting process turned
out to be data collection. In order to obtain this cooperation, data collection
had to be as simple and scraightforward as possible. Also, it was necessary to
minimize additional manhour requirements. People inherently do not like :to
complecte reports, so any measure that reduced the time necessary to complete the
reports was instituced. These measures included minimal changes to the existing
report that was being used and to require that the reports be completed by the
personne] that generate the PCB waste.

DATA ENTRY

Once the data has been collected in report form, it must be cransferred to che
scorage file in the computer. Because of the voiume of information that needed to
be transferred, che process of data entry had to be efficient and the cime

requirement had to be minimal. Also the system needed to be simple to use.
Manual entry inco che data file {s possible, in fact, {t was used in che old system
of data entry. This ctype of system can be time consuming and result {n an

unacceptable amount of error in the data. A new system was developed to reduce the
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time requirement and to minimize the number of errors co an acceptable level. The
new system consists of a menu driven program that interacts with che user. The
program asks the user to input specific information describing the amount of data
to be entered and if che data (s new (nformacion or updating previous entries.
Once che program has this tnformacion, it displays the appropriate screan for che
user to input che data. 1€ the data {s new, the program will check the data for
completeness once the user indicates che data entry is complete. The required
information for new entries consiscs of all the data concained on che Urum Contenc
Report or the Transformer Content Report. The information pertaining to the actual
shipment for disposal i{s entered after cthe shipment occurs as an update. The
update is performed in a similar fashion. The program will ask the user to supply
the number of i{tems requiring updates, This is indicaced by inputing the starting
item number and the ending item number. The program will updace all item numbers
within che specified block. The data supplied in che update includes the date the
shipment occurred, the manifest number of the shipment, and the disposal facilicv.
Afcer the input is complete, the program then asks the user to check the
informstion entered for accuracy by summarizing the daca on anocher screen that is
displayed to che user. The user must confirm the accuracy by responding whether
the data is correct or not. If the informacion isn't correct, the update is voided
and must be re-encered. 1f the information 1{s correct, the program write:z the
update co the items in the storage file. Although this may sound quite tnvolved,
the program is user friendly because its menu driven and it inceracts with the
user. This helps the user to understand how the program works and to figure out
what tnformation is expected to be input and in what order and form. This system
of data entry forces the user to check the material being entered for accuracy and
complecteness, which would not always be dona with manual entry. The input, update

and check screens are shown in Figures ), & and 5 respeccfully.

DATA STORAGE

The process of storing the data in the computer had to be efficient because of the
volume of deta requiring storage. The previous system of recordkeeping and
reporting kept both a data file snd the actual report in storage. This required an
enormous amount of storage space. The new system incorporaced several means co
reduce the necessary storage space.

One method that was used was to code as much of the data as feastble. All of the

dtstricts within the Company were assigned s numeric code unique to thac district.
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PCB STORAGE [NPUT

ITEM NUMBER: DATES:
TOTAL WEIGHT: lbs. (TEM REMOVED FROM SERVICE: /1
DISTRICT CODE: ITEM RECEIVED:
DESCRIPTION CODE: _ I
KVA/KVAR: S/N: MANUFACTURER CODE:
LF ITEM IS A TRANSFORMER, ENTER INDICATED VALUE ==) GALLONS :
Remarks:
i
“PF13" == INPUT 1S COMPLETE “PF15" == ABORT INPUT SESSION
Figure J.
MONS 019175
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PCB_STORAGE UPDATE

IN ORDER TO IDENTIFY WHICH ITEMS IN STORAGE ARE TO BE UPDATED, YOU MUST
INPUT ITEM NUMBERS. THE UPDATE WILL THEN BE PERFORMED ON ALL ITEMS BI.TWEEN
(AND INCLUDING) THE TWO ITEM NUMBEAS INPUT.

START UPDATE WITH ITEM NUMBER:
CONCLUDE UPDATE WITH 1TEM NUMBER:
DATE TO BE SHIPPED: /1
MANIFEST NUMBER:

DISPOSAL FACILITY CODE:

"F'F13" =x INDICATES YOU ENTERED THE INDICATED INFORMATION
“PF15" a= INDICATES YOU DO NOT WISK TO DO THE UPDATE FUNCTION,

Figure 4.

MONS ©19176
10-17



PCB_STORAGE UPDATE

IN ORDER TO IDENTIFY WHICH ITEMS IN STORAGE ARE TO BE UPDATED, YOU MUST
INPUT TWO ITEM NUMBERS. THE UPDATE WILL THEN BE PERFORMED ON ALL 1TEMS BETWEEN

(AND INCLUDING) THE TWO ITEM NUMBERS INPUT.

START UPDATE WITH ITEM NUMBER:
CONCLUDE UPDA"'E WITH ITEM NUMBER:
DATE TO BE SHIPPED: [,
MANIFEST NUMBER:

DISPOSAL FACILITY CODE:

THE PROPOSED UPDATE WILL INVOLVE TITEMS.
ENTER AN ‘X' IN FRONT OF THE APFROPRIATE RESPONSE TO THE FOLLOWING QUESTION:
1S THE NUMBER OF UPDATES PROPOSED VALID? yes

no

IF YOUR RESPONSE IS 'NO' THEN THIS SESSION MUST BE TERMINATED.

"PF13* == INDICATES YOU ENTERED THE INDICATED INFORMATION.
“PF13" == INDICATES YOU DO NOT WISH TO DO THE UPDATE FUNCTION.

Figure 5.
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All types of PCB waste that could be generated were also coded with a numeric code

as were che equipment manufacturers and the PCB dispossl facilities currently used

by cthe Company.

Another measurs that was incorporated to reduce the amount of storage space was to
only store the data and not the entire report. This was the most elfective measuce
in reducing the required storage space. A report writing program had co be
developed to read the data file, interprec all codes used, and wrire the report all
within the program itself. Once the report is complece, it is sent direccly to the
printer with none of the report stored in the computer. Examples of che report
are shown in Figures 6 and 7. One problem this method creates {s how to reproduce
the report when necessary. This problem was overcome by having the program copy
all the data used to write a particular report and create a sepavace file to
temporerily store the data. Once this file 13 created, it is transferred to tape
for permanent storage. If a specific report needs to ba reproduced, the daca 13
simply transferred back to the computer and the program is directed co write a2
reporc using this daca, This method produces the same report because it uses the
same data used in the infitial report.

MULTIPLE USES OF DATA

One of the most beneficial uses of the new data handling syscem is the use of the
data for inventory control. The information concained in the data file provides
the means to strictly control the PCB {tems currently in storage at the Company's
long-term PCB storage fscility. A separate system was developed to keep track of
the items in storage and to determine the makeup of shipmencs for disposal. The
system can be accessed to determine the current number of items being stored and to
sort tha items inco categories (e.g. number of drums of capacitors, of debris,
etc.). This system is also used to decermine the items to be shipped for disposal,
based on the dates the items are received ({.e. first in, first out). The report
produced by this program also provides i{nformation on the categories of material to
be shipped, the date each item was received by the storage facility, and the
escimated cost of che shipmenc. The report is shown in Figure 8. The report
produced {s used to schedule tha shipment with the disposal conctractor, to prepare
the purchase requisition, and to provide the personnel at the long-term scorage
factlity with informacion on which items are to be shipped so the items can be
labeled with the required ORM-E shipping label.
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PC3 1TEM NUMBER: 1500

DESCRIPTION:  CAPACITORS

TOTAL WEIGHT: ~ 125.65 KCS. (277.00 lbs.)
DATE ITEM RECEIVED: 11/06/84

PCB SOURCE:  CARROLLTON DISTRICT

DATE 1TEM REMOVED FROM STORAGE: 12737786
DISPOSAL FACILITY:  ENSCO

MANIFEST NUMBER:  AR-61805

NOTE: TOTAL WEICHT DOES NOT INCLUDE THE WEIGHT OF THE DRUM.

PCB 1TEM NUMBER: 1301

DESCRIPTION: CAPACITORS

TOTAL WEIGHT: 146.06 KGS. (322.00 LBS.)}
DATE ITEM RECEIVED: 11/05/84

PCB SOURCE: CARROLLTON DISTRICT

DATE (TEM REMOVED FROM STORAGE: 12/11/84

DISPOSAL FACILITY: ENSCO

MANIFEST NUMBER: AR-61805

NOTE: TOTAL WEICHT DOES NOT INCLUDE THE WEIGHT OF THE DRUM.

PCB ITEM NUMBER: 1502

DESCRIPTION: CAPACITORS

TOTAL WEICHT: 166.92 KCS. (368.00 LBS.)

DATE ITEM RECEIVED: 11/09/84

PCH SOURCZ: HARLAN DISTRICT

DATE 1TEM REMOVED FROM STORAGE:  **STILL IN STORAGE - 12/31/84 *w
DISPOSAL FACILITY:

MANIFEST NUMBER:

NOTE: TOTAL WEIGHT DOES NOT INCLUDE THE WEICHT OF THE DRUM.

Figure 6. Annex 111 Annual Reporc on the Disposition of PCB Items. A sample
page showing itemised listing of sll items handled by the PCB scorage facilicy.

10-20 MONS 019179



e

SUMMARY OF PCB STORAGE FACILITY TRANSACTIONS

1. BREAKDOU& OF PCB ITEMS FOR THE CALENDAR YEAR 1984,

A 832 WERE RECEIVED AT THE STORAGE FACILITY.
TOTAL WEIGKT: 1864,770.56 KGS. (407,356.00 LBS.)

1. 399 OF THESE ITEMS CONTAINED CAFACITORS
TOTAL WEIGHT:  68,119.94 KGS. (150,179.00 LBS.)

2. Q OF THESE ITEMS CONTAINED PCB OIL
TOTAL WEIGHT: 0.00 KCS. (0.00 LBS.)

3. 46 OF THESE ITEMS CONTAINED PCB CONTAMINATED OIL
TOTAL WEIGHT:  6,941.40 KGS. (13%,303.00 LBS.)

b. 387 OF THESE CONTAINED DEBRIS
TOTAL WEIGHT: 109,709.25 KGS. (2641,874.00 L8BS,)
3. 377 WERE TRANSFERRED TO DISPOSAL FACILITIES.
TOTAL WEIGHT: 116,538.37 KGS. (256,921.00 LBS.)

1. 344 OF THESE ITEMS CONTAINED CAPACITORS
TOTAL WEIGHT: $7,919.98 KGS. (127,691.00 LBS.)

2. O OF THESE ITEMS CONTAINED PCB OIL
TOTAL WEIGHT: 0.00 KGS. (0.00 LBS.)

3. 46 OF THESE ITEMS CONTAINED PCB CONTAMINATED OIL
TOTAL WEIGHT: 6,941.40 KGS. (13,303.00 LBS.)

4. 187 OF THESE ITEMS CONTAINED DEBRIS
TOTAL WEICHT:  51,677.01 KCS. (113,927.00 LBS.)
c. 172 WERE RETAINED AT THE STORAGE FACILITY.
TOTAL WEIGHT:  88,860.44 KGS. (195,902.00 LBS.)

1. 162 OF THESE ITEMS CONTAINED CAPACITORS
TOTAL WEIGHT: 28,835.47 KGS. (63,613.00 LBS.)

2. O OF THESE ITEMS CONTAINED PCB OIL
. TOTAL WEIGHT: 0.00 KGS. {0.00 LBS.)

3. 0 OF THESE ITEMS CONTAINED PCB CONTAMINATED OIL
TOTAL WEIGHT: 0.00 KGS. (0.00 LBS.)

4. 209 OF THESE ITEMS CONTAINED DEBRIS
TOTAL WEIGHT:  60,005.01 KGS. (132,287.00 LBS.)

Figure 7. Annex 111 Annual Report on the Disposition of PCBs and PCB Izems.
A sample page showing summary information on all items handled by the PCB
storage factlity. Note that subtracting the numbers in A and B do not
yteld the numbers in C. This is bDecause of {tems received in 1983, and
shipped in 1984,

10-21 MONS 019180




—‘

PCD ITEMS AWALTING SHIPMENT FOR DISPOSAL
EROM ANNEX J1! PCB_STORAGE FACILITY

1D# DATE RECEIVED WETICHT{LBS)
—

BAUNS OF FCB OIL

SHIPPED UNDER MANIFEST NO. UNASSIGNED

" R P

2002 02/21/85 300
2365 07/22/85 380
2366 07/22/85 435
2367 07/22/85 435
2368 07/22/85 435
2369 07/22/85 620

TOTAL ITEMS TO BE SHIPPED = & TOTAL WEIGHT = 2405 LBS.
SUBTOTAL =  BASED ON SCHEDULE A

DRUMS OF PCB CONTAMINATED OIL

SHIPPED UNDER MANIFEST NO. UNASSIGNED

1943 01/18/85 450
1944 01/18/85 450
1954 01/24/85 416
2301 07/01/85 460
214 07/03/85 225
231 07/09/8% 350

TOTAL ITEMS TO BE SHIPPED = 6 TOTAL WEIGHT = 2351 LBS.
SUBTOTAL = BASED ON SCHEDULE A

DRUMS OF FILTERS

SHIPPED UNDER MANTFEST NO. UNASSICNED

2312 07/03/85 180
2370 07/15/85 240
2 07/29/85 260
231 07/29/85 218
237 . 07/29/85 220
231 08/08/85 220
24682 08/18/85 225
TOTAL 11EMS TO SE SHIPPED = 7 TOTAL WEIGHT = 1563 LBS.

SUBTOTAL « BASED ON SCHEDULE A

«s) GRAND TOTALS: TOTAL ITEMS TO BE SHIPPED = 168
TOTAL WELIGHT = 91391 128
TOTAL SHIPMENTS REQUIRED = 2.1 TRUCK LOAD(S)
TOTAL KVAR = O KVAR
TOTAL ESTIMATED COST = BASED ON SCHEDULE A

Figure B. Invencory Control fhporz.

This version shows drums awaiting shipment for disposal.
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The data file is also used tc prepare quarterly reports on the disposition of PCB
capacicors that have been removed from service as part of che Company's PCB
capacitor phase-out program. The report is segregated by districe (i.e. facility)
and includes Bo:h the number and che total KVAR of capacitors removed from service.
The report also provides information on the number of capacitors that have been
shipped for disposal and those remaining in storage. This report is illuscrated in
Figures 9 and 10. This report has bean very useful in following the progress of
the phase-out program. The disposal of the capacicors is the final stage of che

phase-out program and this report indicates the degree of process in this
final stage.

PROGRAM STRUCTURE

Several individual programs which interact wich each ocher make up the total
computerized syscem of PCB recordkeeping and reporting. Each program has a
specific function it performs end does so either upon command of the user or
another program. The following details how the system is set up to allow this

{nteraction to occur.

The fundamental logic behind che system is to have a master or execution program
that will control the other support programs. This execution program is accessed
by the user and prompts the user to input the function desired (E.G. input data,
etc.). Once the user has indicated the desired function, the program runs che
appropriste support program. In certain cases, the support program accesses
another program to perform a specific function. This interaction can be carried
out a3 much as needed to ultimately accomplished a desired function such as writing
the annusl report on the disposition of PCB {tems. The execution program in this
system i3 called "Newstor Exec”. Newstor is simply the program name which ts short
for new storage. It was named this because {t is a new storage system. Exec is
the program type. It ie an abbreviacion for execution and {s actually a
programming language just as Fortran is. Its primary function i{s to comerol the
axacution of the support programs as describe earlier. The program is accessed by
the user by typin'. "Newstor” and entering it inco the computer. This procedurs
causes the program to be run. It comtinues to run for the entire session and is
under the control of the user. The user has the ability to enter new data, update
exiating data and iniciate cthe wricting of che annual document for the Company's
Annex 111 PCB Storage Facllicy. VS Fortran is the source code used in the support
programs which perform thesa functions.
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DISTRICT OF PINEVILLE

NUMBER OF CAPACLTORS  TOTAL KVAR DATE RECEIVED  DATE SHIPPED
2‘ CONTAINED IN DRUM CONTAINED IN DRUM FOR DISPOSAL  FOR DISPOSAL
2629 k] 300 08/08/85 IN STORAGE
2630 1 100 08/08/8% IN STORAGE

SUMMARY INFORMATION FOR THE DISTRICT OF PINEVILLE

TOTAL KVAR OF CAPACITORS RECEIVED FOR DISPOSAL = 4LOO KVAR

TOTAL KVAR OF CAPACITORS SHIPPED FOR DISPOSAL = O KVAR

TOTAL KVAR OF CAPACITORS REMAINING IN STORAGE = 4600 KVAR

" PERCENT OF CAPACITORS RECEIVED SHIPPED FOR DISPOSAL = 0% (BASED ON KVAR)

TOTAL NUMBER OF CAPACLTORS RECEIVED FOR DISPOSAL = &

TOTAL NUMBER OF CAPACITORS SHIPPED FOR DISPOSAL = 0O

TOTAL NUMBER OF CAPACITORS REMAINING IN STORAGE = 4

PERCENT OF CAPACITORS RECEIVED SHIPPED FOR DISPOSAL = O% (BASED ON NUMBER)

FIGURE 9. PCB Capscitor Phaseout Quarterly Reporc.

Sample page presenting informacion indicacing the progress of each Discrice

(i.e. "Facility') for the Phaseout Program.
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SUMMARY INFORMATION FOR ALL DISTRICTS

=z) GRAND TOTALS-YEAR TO DATE:

TOTAL KVAR OF CAPACITORS RECEIVED FOR DISPOSAL = 93050 KVAR
TOTAL KVAR OF CAPACITORS SHIPPED FOR DISPOSAL = 82900 KVAR
TOTAL KVAR OF CAPACITORS REMAINING IN STORAGE = 10150 KVAR

PERCENT OF CAPACITORS RECEIVED SHIPPED FOR DISPOSAL = 89% (BASED ON KVAR)

TOTAL NUMBER OF CAPACITORS RECEIVED FOR DISPOSAL = 132§
*%% NOTE:; TWO OF THESE CAPACITORS ARE SECONDARY UNITS *#w

TOTAL NUMBER OF CAPACITORS SHIPPED FOR DISPOSAL = 1189
TOTAL NUMBER OF CAPACITORS REMAINING IN STORAGE = 136

PERCENT OF CAPACITORS RECEIVED SHIPPED FOR DISPOSAL = 90% (BASED ON NUMBER)

==} GRAND TOTALS-TOTAL PROGRAM:

TOTAL KVAR OF CAPACITORS RECEIVED FOR DISPOSAL = 133465 KVAR

TOTAL KVAR OF CAPACITORS SHIPPED FOR DISPOSAL = 125315 KVAR

TOTAL KVAR OF CAPACITORS REMAININC IN STORAGE = 10150 KVAR

PERCENT OF CAPACITORS RECEIVED SHIPPED FOR DISPOSAL = 93% (BASED ON KVAR)

TOTAL NUMBER OF CAPACITORS RECEIVED FOR DISPOSAL = 1863
#k® NOTE: TWO OF THESE CAPACITORS ARE SECONDARY UNITS %¥r

TOTAL NUMBER OF CAPACITORS SHIPPED FOR DISPOSAL = 1727

TOTAL NUMBER OF CAPACITORS REMALINING IN STORAGE = 136

PERCENT OF CAPACITORS RECEIVED FOR DISPOSAL = 93% (BASED ON NUMBER)
FIGURE 10, PCB Capacitor lhas;ont Quarterly Report.

Sample page presenting informstion indicating the progress of all Districts
{t.e. "Facilities') for the Phaseout Program.
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The other program used in chis system are called "“PCBSHIP SAS" and "PHASEOUT Sas".

As before, PCBSHIP and PHASEOUT are simply the program names. SAS is cthe program
type. SAS is a programming sofctware packlge:‘:. and is used extensively throughout
the Company ‘for load forcasting, statistical analysis, and data handling and
reportvriting. The PCBSHIP SAS program (s the inventory control program. [t is
used for tnventory control of the Company's Annex 111 PCB Storage Factilitv. This
program can be used to write a report showing the current number and type of PCB
items in storage or to write a report containing the items to be shipped for
disposal. This program was described in more detail in cthe previous section
entitled Mulctiple Uses of Data. The Phaseout SAS program is used to write the
report on the Company's PCB Capacitor Phaseout Program. This program is aiso
described in the previous section. These two SAS programs are run independancly
from the the other programs. They are not concrolled by the execucion program
discussed earlier, but they do urilize the same data set. A future modification to

the system will allow access to these two programs from the execution program.

An IBM 4381 VM/SP Rel.4 mainframe computer is the system used at Kentucky Utilities
Company. The recordkeeping and reporting programs operate under a CMS environment
and are dependent on the use of CMS EXEC2 and REXX procedures, and XEDIT macros.
The software that is utilized are SAS and XMENU, and VS Fortran is che program

product used.

e
SAS Inscituce Inc., Cary N.C. 27311,
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RADIQACTIVE AND NON-RADIQACTIVE
POLYCHLORINATED BIPHENYL (PCB) MANAGEMENT
AT HANFORD

Nesley W. Leonard*
Robert F. Gretzinger*
Gary R. Cox*

RADIOACTIVE PCB'S

Equipment containing PCB's exists in both radioactive and non-radicactive areas
at Hanford. For this reason, 311 oi} samples to be shipped offsite from Hanford
for PCB evaluation must be monitored for radfoactivity. A scintillation count/
checkup procedure for these 11quid organics has been developed to accomplish
this task and includes the following steps:

1. A one mill{liter sample {from the sample) is collected and placed
in & liguid scintillation vial which contains a standard xylene
cocktail.

2. It fs counted for 10 minutes, and the results are evaluated against

background levels of radfoactivity.

3. 1f the sample 1s above background levels, 0.1 milliliter of the
sample is dissolved in 10 willfliters of iso-octaine which is
then washed fn ample 16 molar sulfuric acid and allowed to phase
separate.

4. The sulfuric acid phase is decanted removing with it the
radionuclides.

5. Repeat Step 3 three times.

6. A one mill{liter sample from the acid washed solution 1s re-analyzed
as outlined in Step 2 above, and released for PCB evaluation when
levels of radicactivity are dbelow background.

RADIONUCLIDE/PCB SEPARATION

A Sulfuric Acid Phase Separation Process has been developed, dy Rockwell Hanford
Operatfons (Rockwell), to remove the radionuclides from the 1iquid organic PCB.
Basically, this process involves the same principles outlined above. Figure 1
11lustrates a possible scaled up version of this laboratory process which might
obtain a definite 1iter per hour throughput.

*Rockwel] International, Rockwell Hanford Operations, P. 0. Box 800. Richland
Waghington, 99352.
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figure 1. Sulfuric Acid Phase Separation Process
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Polychlorinated biphenyl items that are found to be radioactive are sent to
Rockwell's radioactive PCH management facility. Special storage and disposa?
difficulties have resulted decause there is no Environmental Protection Agency
(EPA) approvea disposal site for radicactive PCB solfd waste materfals. Radio-
active PCB fluids may be burned in an EPA approved incinerator at Los Alamos,
and a request was made to the Department of Transportatton (0QT) for permission
to ship these liquids. This option ts on hold awaiting the determination of
the Hanford site's total inventory. When this inventory is known, inctineratfon
and transportation costs will be compared to the Sulfuric Acid Phase Separation
process to determine the most cost effective method of disposal of the radio-
active PCB fluids.

An exemption request has been submitted to the EPA asking for 3 waiver to allow

us to bury the drained, radioactive, PCB carcasses in our solid, low level, radio-
active waste disposal area, which has been modified to allow for a 20-year retriev-
able storage. Rockwell is awaiting EPA's clarification on this request.

TESTING

Rockwell's PCB testing program has grown from a 10 percent sampling of ofl-filled
electrical equipment for disposal, to 100 percent sampling of all existing oil-
f1lled equipment in our electrical, mechanical, hydraulic, and heat transfer
systems on the Hanford Site. Attempts to determine the total extent of PCB
contamination on the site have developed into a major project. It has increased
even further since the State of Washington has decreed that any {tem containing
PCB's up to 50 parts per million {ppm) shall be regulated {f 1t originates from
transformers, capacitors, or the reclamation thereof.

When PCB's were discovered tn the mineral ofl of transformers stored for disposal,
a 10 percent sampling program began of all existing transformers. Twenty-five
percent contained 50 ppm or greater PCE’s. At that time the 100 percent testing
program was inftiated for all ofl-filled electrical equipment.

Other oil-filled equipment in non-electrical systems was sampled, due to the
extant of PCB contamination found in the electrical systems. Polychlorinated
bipheny! contamination was again found, which resulted in the 100 percent testing
program of these systems. [t is from these hydraulic systems which perform non-
contact radfoactive processing that most of the radicactive PCB's were produced.

The Clor-N-011 screen test was used to reduce testing costs until the State of
Washington enacted new regulations.*

"epartmant of Ecology, Hazardous Waste Regulations, Washington Administration
Code (WAC) 173-303
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A1l samples are now being sent to a lab for the determination of PCB concentration.
Some false positive test results were observed in the screen tests, probably

due to chlorine containing inhibitors in some of our oils. Each piece of equip-
ment tested is dated and tagged with the test results, so that the PCB concen-
tration is known to anyone handling it.

STORAGE AND DISPOSAL

Equipment removed from service is dispositioned to the "Storage For Disposal®
facility (212-P). This facility contatns:

1. A 1,500 gallon storage tank for PCB liquid.

2. A 2,000 galion storage tank for PCB contaminated liquids.

3. An area for drum storage.

4. A controlled area for the storage of radioactive PCB liquids.

Past practices, prior to obtaining the storage tanks, inciuded storage and disposal
of equipment with the liquids inside their carcasses. The contracted disposal
company would then drain the carcasses, bury them, and send the liquids to an
approved disposal stte for incineration. A “Certificate Of Destruction" for

the o] was obtained, but ascertaining where the carcasses were buried was
difficult. Presently. we are draining the carcasses, shipping the PCS carcasses
separately, and storing all PCB contaminated carcasses on wooden pallets. The
11quids containing PCB's are shipped to an EPA approved site for incineration.

In the future, 1t may be possible to bury the carcasses on site, and operate

an approved incinerator.

SUMMARY

Conformance to all state and federa) regulations is the goal of Rockwell in the
management of both radfoactive and non-radioactive PCB's at Hanford. A continuing
effort is being made to locate, remove, and properly dispose of all PCB's. As

improved methods of management are developed, consideration will be given to
them for their adaptation into the Hanford Site PCB Management Plan.
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