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1. 0 nrrroDUcrION

The U. S. Environmental Protection Agency recently banned the manufacture of
reN equiprrent containing Polychlorinated Biphenyls (PCBs) and established
stringent requirerrents on the continued use and disposal of existing equiprrent
containing PCBs. These regulations apply to all PCBs in the United States,
Puerto Rico, Virgin Islands, and u.s. Pacific territories. All PCBs are
regulated, including those in use in equiprrent in surface and underground mines.

PCBs have been the basis for fire resistant askarel liquids used in trans­
forrrers and capacitors and have been used in various other applications in the
mining industry. This manual addresses two issues: (1) haN to comply with
the EPA regulations and (2) haN to select replacerrents for equipment that
contains PCBs.

This manual is not complete: It is assurred that you have a copy of the EPA
regulations on PCBs. If not, get a free copy from EPA by calling toll free
(800) 424-9065 (in Washington, D.C., 554-1404) and asking for a reprint of the
PCB Ban Regulation, May 31, 1979 Federal Register and for a list of the
approved PCB Disposal Facilities. If you want rrore background inforrna.tion on
the regulation, ask for a free copy of the EPA Support Document to the PCB
Ban Regulation at the same phone number. (The mail address is: Office of
Industry Assistance, Office of Toxic Substances TS-799, U. S. Enviro:nmental
Protection Agency, 401 M Street, S.W., Washington, D.C. 20460.)

Other available information: This report does not go into much detail about
the health and environmental effects of PCBs or the chemicals naN being used
as substitutes for PCBs. The follaNing reports cover these technical areas;
the NIOSH Criteria Docurrent is particularly reccmnended for its discussion
of health issues if you are going to· service PCB equiprrent or clean up PCB
spills.

"Criteria for a Recomnended Standard•..Occupational
Exposure to Polydllorinated Biphenyls (PCBs)." DREW
(NIOSH) Publication No. 77-225, September J!)77. Order
fram: Superintendent of DOCl..lITeIlts, U. S. Government
Printing Office, Washington, D.C. 20402. Price $4.00
plus postage.

"Assessment of the Use of Selected Replacerrent Fluids
for PCBs in Electrical Equiprrent." Report No. EPA
560/6-77-008, March J!)79. Order from National Technical
Information Service, Springfield, Virginia 22161.
Report No. NTIS-PB-296 377.
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"Polychlorinated Biphenyls and the Environment. II 1972.
Order fran National Technical Information service, Spri...Tlgfield,
Virginia 22161. Report No. N"TIS CCM-72-l0419. This is a
thorough discussion of the properties and uses of PCBs.

"PCBs i...Tl the United States: Industrial Use and Env.J.Ionrne.Tltal
Distribution. " 1976. Order from National Technical Informa­
tion Service, Springfield, Virginia 22161. Report No. N"TIS
PB 252-012.

1.1 Backg-.round

Polychlorinated biphenyls (PCBs) are a class of chemicals that have beaTl used
since 1930 as the basis for non-flamnable dielec-'-lXic liquids in elect...ri.cal
equipment such as transfo:rrners and capacitors and as a c~nent of some heat
resistant heat transfer and hydraulic fluids. PCBs were manufactured in the
United States from 1930 through 1977 primarily by MonsaTlto Industrial Chemicals
Co. which marketed va.ri.ous mixtures of PCBs under the trade name Aroclor.
Hixtures of PCBs and O""Lher chemicals were marketed by Monsanto and by other
carpanies under a variety of trademarks for different applications as described
later in this report. PCBs have also been manufactured in· Europe aTld in
Japan as listed in Table 1.1-1.

TABLE 1.1-1
!1a.nufacturers and Trade Narres of PCBs

!~"11.ufacturer

Bayer
Caffaro
Caffa-"-o
Caffaro
Chernko
C-eneva Industries
Kanega.....-<=uchi
Monsanto
IYlonsanto
lYlOnsanto
Prodelec
Prodelec
Sovel

Country

Genna71.Y
Italy
Italy
Italy
Czechoslovakia
US
Japa"11.
UK and US
UK and Japan
UK and Europe
France
France
USSR

-9-

Trade Narre

Clophen
Fenclor
DK
Inclor

Kennech10r
Aroclor
Sa"11.tothe:.rm FR
Py.coclor
Phenoclor
Py.calene



PCBs were identified as a serious and wide-spread environmental pollutant in
1968, leading Monsanto to voluntarily limit the sales of PCBs to "totally
enclosed" capacitor and transformer applications after 1972. Limitations on
the presence of PCBs in food were established by the U.S. Food and Drug
Administration in 1973. In 1977 t.l1e EPA banned the discharge of PCBs in the
water effluents fran PCB manufacturers, capacitor manufacturers, and trans­
former manufacturers. A review of the uses and environrrental distribution of
PCBs in 1975 indicated that over one half of the 1.5 billion pounds of PCBs
that had ever been manufactured in the U.S. were still in use in electrical
equiprrent and that only about ten percent of the total PCBs had entered the
environm:mt. Even this relatively lav environrrental load of PCBs was
sufficient to cause the PCB concentration in some freshwater fish to exceed
the lirnits set by the FDA. The resulting ban on the sale of contaminated
fish essentially ended canrrercial fishing in the Hudson River, in much of
the Great Lakes, and in a number of other freshwater lakes and rivers.

The environrnental and health problems associated with exposure to PCBs result
fran the sarre properties that make these chemicals useful in industrial and
electrical applications: PCBs are very stable chemically, are soluble in
organic solvents, and are aJrnost insoluble in water. PCBs that are released
to the environrrent do not degrade, but accumulate preferentially in the fat
of micro-organisms and bioaccumulate in the food chain. As a result, the
concentration of PCBs in fish may be one million tiIres higher than in the
water that the fish lives in. Corrpounds such as PCBs that are insoluble in
water are excreted by birds and mamrna.ls by being converted to water-soluble
compounds by ~rful enzymes in the liver. High concentrations of chemicals
in the body will cause the liver to increase the prcrluction of these enzymes.
Unfortunately, PCBs are imnune to attack by the enzymes and so are not
excreted, but build up in the bcrly causing the liver to increase prcrluction
of the enzymes. These enzymes are not specific to PCBs, and increased
enzyme levels will react with various horrrones, causing the horrrones to be
excreted and reducing their concentration. A number of sex horrrones are
particularly sensitive to attack by increased levels of enzymes activated
by PCBs, and the resulting decreased levels of these honnones cause decreased
shell thickness in bird eggs and reprcrluctive proble.l"£'lS in rnarrmals. PCBs do
not appear to be a direct cause of cancer, but the enzyrre changes caused by
exposure to PCBs may make the body rrore susceptible to the effects of lav
levels of direct carcinogens found in cigarette snoke and in other man-made
environrnental pollutants. Ingestion of relatively large quantities of PCBs
(on the order of one gram) can cause liver damage, skin problems, and other
acute health effects.

In 19 76, the U. S. Congress passed the Toxic Substances Control Act which gave
the EnviroI'lllEntal Protection Agency wide authority to control the prcrluction
and use of chemicals in the United States. Section 6 (e) of this act mandated
a canplete ban on the manufacture, processing, distribution in COIIlrOOrce, and
use of PCBs and required the EPA to establish requirerrents for the marking
and disposal of PCBs in use (See Figure 1.1-1). The act also allaved the EPA

-10-



Figure 1.1-1

Section 6 (e) T Toxic Substances Control Act

PUBUC LAW 94-469-0cr. 11, 1976 90 STAT. 2025

(e) POLYCHLORINATED BLPHEXYLS.-(l) 'Within six months after Rules.
the effective date of this Act the .:\.dministrator shall promulgate
rules to--

(A) prescribe methods for the disposal of polychlorinated
biphenyls, and

(B) require polychlorinated biphenyls to be marked with clear
lmd adequate warnings, and instructions with respect to their
processing, distribution in commerce, use, or disposal or with
respect to any combination of such aeti \·ities.

Requirt·ments prescribed by rnles under this paragraph shall be con­
sistlo'llt with the requirements of paragraphs (2) and (;~).

(2) ( .\.) Except as prO\·ided under subparagraph (B), effective one
year after the effecti\'e date of this Aet no person may manufacture,
pt'ocess, or distribute in commerce or use any polychlorinated biphenyl
ill any manner other than in a totally enclosed manner.

(B) The Administrator may by rule authorize the manufacture,
processing, distribution in commerce or use (or any combination of
such activities) of any polychlorinated biphenyl in a manner other than
in a totally enclosed manner if the Administrator finds that such manu­
facture, processing, distribution in commerce, or use (or combination
of such activities) will not present an unreasonable risk of injury to
health or the environment.

(C) For the purposes of this paragraph, the term "totally enclosed "Totallvenclosed
mallner" means any manneL' which will ensure that any exposure of manne;."
human beings or the environment to a polychlorinated biphenyl will
be insignilicant as determined by the Administrator by rule.

(:~) (A) Except as provided in subparagraphs (B) and (e)-
(i) no person may manufacture any polychlorinated biphenyl

after two years after the etl'ecti\'e date ofthis Act,and
(ii) no person iliay process or distribute in commerce any poly­

chlorinated biphenyl after two and one-half years after such date.
(B) Any person may petition the Administrator for an exemption Petition for

from the requirements of subparagraph (A.), and the Administrator exemption.
may grant by rule such an exemption if the Administrator linds
that-

(i) an unreasonable risk of injury to health or em'ironnwut
would not result. and

(ii) good faith etl'orts have been made to de\'elop a chemical
substance which does not present an unreasonable risk of injury
to health or the environment and which may be substituted for
such polychlorinated biphenyl.

.:\.n exemption ~rantl'd under this subparagraph. shall be subject to Terms and
such terms and conditions as the Administrator may prescribe and conditions,
shall be in effect for snch period (but not more than one year from
the date it is granted) as the Administrator may prescribe,

(e) Subparagraph (A) shall not apply to the distribution in COl!l­

merce of any polychlorinatt'd biphenyl if such polychlorinatl'<]
biphenyl \\-as sold for purposes otlll'r than resale before two and one
half veal'S after the date of l'lwdrnent of this .Act.

Cf) .\.ny rule under paragraph (1), (2) (B), or (3) (B) shall bp
pt'oll\ulgated in accordance with partlgraphs (2), (3), and {±) of sub­
section (c),

(;i) This subsection does not limit the authority of the Adminis­
trator, under any other prO\-ision of this A.ct or any other Fedl'ral law.
to take action respecting any polychlorinated biphenyl.
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to authorize the continued use of PCBs after July 1, 1979, if the agency found
that such use did not present an undue risk to hmnan health or the environment.
The EPA promulgated the required Disposal and Marking Regulations for: PCBs
on Februa:ry 17, 1978, and on May 31, 1979, prcmulgated the PCB Ban Regulations
which authorize certain continued uses of PCBs and specify the conditions that
rrn.JSt be rret by those who continue 'to use PCBs.

1. 2 PCBs Used in the U. S. Mining Industry

The EPA regulations on the marking, processing, use, and disposal of PCBs will
affect the follaving equipIt'eIlt and activities in the mining indust:ry:

Askarel transfonners: marking, maintenance, disposal,
spill cleanup, recordkeeping, storage for disposal

Oil filled transfonners: disposal of oil

Capacitors: marking, disposal, spill cleanup, recordkeeping,
storage for disposal

Electric rrotors (PCB filled as used on Joy Manufacturing
built rrodel CU43 and 9CM continuous miners and l4BUlO loaders):
.continued use, maintenance, disposal, spill cleanup

Separator electromagnets (PCB filled): marking, maintenance,
disposal, spill cleanup.

Hydraulic and heat transfer systems (that ever contained a
PCB based fluid): marking, maintenance, use, disposal, spill
cleanup

Waste oil: disposal, use

Transportation of any PCBs or PCB equipment

Storage of any PCBs or PCB equipment

Recordkeeping: required if you have any PCB transfonners,
rrore than 99. 4 1b of PCBs in containers, or more than 49
large PCB capacitors.

The general requirem=nts that apply to all PCB equiprrent and material con­
taminated with PCBs are discussed in Chapter 2. The specific requirerrents
that apply to each of the major types of PCB equipment are discussed in the
following chapters.

-12-



2.0 GENERAL REQJIREMENTS

It was the intent of Congress to ban the use of PCBs and thereby prevent the
entry of PCBs into the envj ronrnent. If you continue to use PCBs in those
applications authorized by the EPA, you will have to meet the requirerrents
specified by the regulations. EPA has the authority to enforce these require­
rrents by perfonning corrpliance inspec""J.ons wherever PCBs are used, includLTlg
in mines. Violations of the regulations can result in fines of up to $25,000
per violation per day. Willful violation of the regulations can result in
additional criminal action against the responsible people, with a possible
penalty of a $25,000 fine and one year in jaiL

EPA is serious about keeping PCBs out of the environment. If you decide to
continue to use or handle PCBs or PCB equipment after July I, 1979, under
the authorizations granted by the EPA, you will be exp:cted to corrply wit.t]. the
follcwing general require.rrents and the specific requirements discussed in
the follcwing chapters that apply to specific kinds of PCB equiprrent.

2.1 Becordkeeping (40CFR 76L45)

Special recordkeeping requirements are specified in Annex VI of the PCB
regulations. You are required to maintain these pa.rpetual PCB inventor.i
records for each facility that has in use or in storage:

45 kilog-.caTIlS (99.4 ]b) of PCBs or PCB contaminated material
in containers.

One or rrore .PCB transfm:mers.

50 or ll'Ore PCB large (3 J..b liquid) capacitors.

In addition, an ar.nual report ImJSt be prepared by July 1 of each year,
surrmarizing the chaTlges in PCB use during the previous year. EPA w-ill use
these records when they perfonn ccrrpliance inspections, and will consider
the lack of records or discrepancies in the records as evidence of lack of
intent to cc:mply with the regulations. The records w-ill have to be kept
until five years after the last PCBs have beo-n rerroved :E-.can the facility.

The EPA regulations are very specific as to the kinds of infoITIJation that must
be kept. Any capacitor that contains three pounds of PCBs must be considered
to be a "large capacitorll for purposes of labeling, disposal, and recordkeeping
To estimate the weight of PCBs in a capacitor, assume that 20% of the volume
of the can is filled with PCBs weighing 11. 4 pounds per gallon:

Capacitor can volume (in3
) X .01 = ]b PCBs

A 1I1arge capacitor" would be any capacitor havi-Ilg a total volume exceeding
300 cubic inches.
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2.2 ~t1Lking (40CFR 761.20)

The EPA requires that special 6" square yellON labels (described in Annex V
of the regulations) be applied to practically everything that has rtore than
50 ppm PCBs except small capacitors (less than 3 lb PCBs) and oil filled
transforrrers (OOlON 500 ppm PCBs). Labels must be applied to equiprrent that
contains PCBs including transformers, large capacitors 0peJrating.above 2000
volts, contaminated hydraulic and heat transfer systems, electranagnets,
electric rrotors, cans and drums used to store PCBs and contaminated material,
storage areas, and trucks carrying PCB transformers or m:>re than 45 kg (99.4
poill'lds) of PCBs or PCB contaminated material. The only exception to applying
the label directly to the item applies to large capacitors llOill'lted on the top
of a pCMer pole or behind a fence at a substation; a single label may be
applied to the pole or fence if records are adequate to identify which of
the capacitors contain PCBs. Large PCB capacitors operating belON 2000 volts
do not have to have a label ill'ltil they are rerroved fran service, but it would
be a good idea to label them nON to identify them as PCB items. It is
advisable to keep ten or twenty extra labels on hand to be applied to drums
used to store used transformer oil, cleaned up spill material, contaminated
rags, etc.

Pressure sensitive labels rreeting EPA requirements may be purchased fran a
number of companies including:*

Label Master
6001 North Clark Street·
Chicago, Illinois 60660

phone: (312) 973-5100

W. H. Brady Co.
727 West Glendale Avenue
Milwaukee, Wisconsin 53209

phone: (414) 332-8100

2.3 Containers for PCBs (40 CPR 761.42)

Containers used to store liquid PCBs rnust carply with one of the fo1lONing
requirements :

1) 49 CPR 178.80 - specification 5 without removable head

2) 49 CPR 178.82 - specification 5B without rerrovable head

3) 49 CPR 178.116 - specification l7E

Any container which rreets the requirerrents described in these specifications
will be marked with ror-5-, oor-5B-, or DOI'-17E-. There may be additional
markings but they do not affect the suitability of the containers.

*This list is for reference only, and does not imply endorsement by the
Bureau of Mines or the Enviro1lI'02Iltal Protection Agency.
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If liquid PCBs are to be stored in containers larger than paYTIri.tted in the
above specifications, the follcwing requirerrents must be met:

1) The containers must be designed, construc"-t..ed, and operated in COIl"pliance
with Occupational Safety and Health Standa...rds, 29 CPR 1910.106. The
specification for flam:nable and corrt>ustible liquids may be obtained -fran
the Gove:..rnrnent Pri..Tlting Office (202-783-3238). It is included in Section
1910 of Title 29 of the Code of Federal Regulations.

2) Either a) the container shall be kept in a storage area that meets t.he
requirerrents described in section 2.4 or b) a Spill Prevention, Control,
and CounteJ::measures Plan (SPeC) as described in 40 CPR 112 must be
prepared and itrplerrented. (A.rrendrrent of SPeC plans by the Regional
Administrator, 40 CPR 112. 4, does not apply.)

Any container used to store rags, contaminated soil, or other non-liquid
PCBs must COIrg?ly w-ith one of the folJ.a.ling:

a) 49 CPR 178.80 - specification 5

b) 49 CPR 178. 82 - specification 5B

c) 49 CPR 178.115 - specification l7C

d) Any container larger than the 55-gallon size given in
the above specifications shall provide as much protec"-don
against leaking and be of the same streng<-J1 and durability
as the containers described.

Containers that meet either a, b, or cabove will be labeled either :oar-5-,
OOT-5B- 1 or DOT-17C.

With the exception of the specification fran the Occupational Safe\..y a..Tld
Health Standards, all of the above specifications are included in Title 49 of
the Code of Federal Regulations - Transpor-~tion (parts 100-199). This
document may be ordered from the u.S. Goile-rrlID2nt Printing Office, Washington,
D.C. 20402 (telephone 202-783-3238). The cost is $8.25 plus postage.

2.4 Storage (40 CPR 761.42)

The basic requirerrent is that PCBs be stored in special storage areas in
buildings that are located above the 100-year flood water elevation and that
the storage areas be diked a..Tld have irrq;:e:..rvious floors with no drains. PCBs
put into storage before Janua...ry 1, 1983, must be removed a..Tld disposed of by
Janua-cy 1, 1984. PCBs put into storage after January 1, 19 83, may not
reroain in storage for rrore than one year. The i terns in storage must be
checked every 30 days to ensure that they are not leaking PCBs.
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Temporary storage outside the special storage areas is allaved for certain
non-leaking equir;rrent and containers for a period of 30 days. Non-leaking
large capacitors and drained askarel transfoJ:JIErs may be stored adjacent to
the special storage area until January 1, 1983. The regulations also specify
the types of drums and tanks that can be used to store PCB liquids and con­
taminated solids.

The storage requirerrents are carplicated and probably expensive. Most of the
problems can be avoided if you dispose of any PCBs within thirty days after
they are rerroved from service. Havever, there are no incinerators presently
approved for PCB liquids, so askarel renoved fran transfor.rrers and other con­
taminated liquids will have to be stored in c:orrpliance with these regulations
until EPA approves an incineration facility.

2.5 Spill Cleanup (40CFR 761.10 (d) )

EPA regulations require that all material contaminated with PCBs in concentra­
tions above 50 parts per million by weight (e. g., one pound of PCBs in ten
tons of dirt or other material) be picked up, drurred, and disposed of in
specially approved facilities. This is potentially the rrost ~ive pro­
vision of the regulations. The cost of cleaning up PCB spills onto dirt or
major machinery can be high. The cost of cleaning up a PCB spill that has
entered the water can be horrendous. The potential cost of spill cleanup
will justify work perfor.rred now to lirnit the extent of PCB spills and may
justify replacing PCB equipment if there is much risk of PCBs entering water
fran failed equip.rent.

Irrmedi.ate response to PCB spills should be based on three major principles:

1) Minimize human exposure to PCBs: disconnect the paver fran electrical
equip.rent to stop the boil-off of PCBs; provide workers with pro­
tective gloves and clothing and, if necessary, breathing apparatus.

2) Prevent PCBs fran entering water: soak up spilled PCBs with straw,
rags, sawdust, dirt, or anything else that is available; thrav up
temporary dikes to minimize the spread of spilled liquid.

3) After the spill is under control, contact experts to decide on clean­
up and disposal procedures. The PCB labels that are required on all
PCB equipment give the toll-free phone number of the U.S. Coast Guard
National Response Center. Personnel at this nurrber will give the
narres and telephone nurrbers of EPA personnel at the appropriate regional
office who in turn will be able to give guidance in the cleanup
procedure. In the event of a major spill into water, the Coast Guard
will send personnel to supervise and aid in assessment and cleanup.

You might want to consider distributing a short emergency response guide
within your avn organization to mine superintendents, maintenance supervisors,
electrical foremen, etc. A suggested outline is included in Appendix A.
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Other· Infonnation:

:Em:::rgency response: U.S. Coast Guard National Response Center: (800) 424-8802.

Supplerrentary information on cleanup.procedures and federal requirerrents:
EPA Control Action Division in Was..hington, D.C. : (202) 755-8033.

InfoJ::lI'lation on foam plastic and concrete errergency dikes: EPA publication EPA­
R2-73-185, "Control of Hazardous Chemical Spills by Physical Ba-rriers." Order
from National Technical Infonnation Service, Springfield, Virginia 22161.
Publication No. N"TIS-PB-221 493/03A.

Protective clothing availability: "A Survey of Person.TJ.el Protec'-live Equiprrent
and Respiratory Apparatus for Use by Coast Guard Personnel in Response to
Discharges of Hazardous Chemicals." Order fram National Technical Info:rmation
Service, Springfield, Virginia 22161. Publication No. N"TIS-ADA-OlO-llO.

Other Regulations: PCB spills into water are also regulated under the Clea.Tl
Water Act. Rules proposed by the EPA under this act in the Februar.r 16, 1979
Federal Register list 299 regulated hazardous materials , including PCBs.
Under these rules, any spill of PCBs in excess of ten pounds constitutes a
"discha-rge'" if the spill threatens to reach n the waters of the United States."
Waters of the United states do not, at this tirre, include g-.co11.TJ.CMa.+-ers, so
spills of PCBs in <Lry areas such as in sane western states do not COTl..stitute
discharges as far as the Clean Water Act is concerned unless there is a chaTJ.C:e
the discharged fluid can find its way to a stream, river, swarrrp, or other body
of surface water. The proposed regulations require that any discharge of
more than ten pounds of PCBs into water must be reported within 24 hou..rs to
the Umted States Gove...r:nrrent in accordance with procedures specified by the
Departrrent of Transportation in 33 CFR 153.203. (The proposed regulations
also specify separate fines for spills of PCBs into the water.)

2.6 Decontamination (40 CPR 761. 43)

The EPA regulations authorize decontamination of containers, such as steel
drums that have be=Jl in contact with PCBs by triple rinsing with clean
solvent. The volurre of solvent used for each rinse must be at least ten
percent of the volume of the container. Movable equipment used in storage
areas may be decontarainated by swabbing ·surfaces that have be=Jl in contact
with PCBs with a suitable solvent. This same procedure could probably be
used to decontarainate other machinery such as drag lines contaminated with PCBs.

The preferred solvaTJ.ts for cleaning up PCBs are kerosene and light fuel
oil. The wor:ke...rs should be issued protective gloves and other necessar.r pro­
tective clothing as may be required by the conditions• Protective breat.h:LTJ.g
apparatus may be necessary in serre instances. Used solvents and other con­
taminated materials must be stored in containers (as described in Section 2.3)
that have bee..TJ. marked as discussed in Section 2.2. This contaminated material
must be stored as specified in Sec'-J.on 2. 4 and disposed of in approved facilities
as discussed in Section 2. 8.
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Contaminated gloves and other protective clothing should be discarded into
the drums with the other PCB contaminated solid material. Any PCBs that
get onto workers' skin should be re.rroved using waterless hand cleaner and
paper tONeIs , the paper tONels then being disposed of as required for PCBs.

2.7 Transportation (40CPR 761.42; 761.20 (b))

PCBs are not considered a hazardous material under the regulations of the U. S.
Depa.rtrrent of Transportation. Therefore, no special type of vehicle or
placarding is required. HONever, EPA is planning to pranulgate a comprehensive
manifesting system for hazardous chemicals under the authority of the Resource
Conservation and Recovery Act. PCBs will be covered under these requirements.

Containers used to hold PCBs and contaminated material Im.lSt rreet the require­
m:nts specified by the EPA and discussed in section 2.3. Vehicles used to
transport PCBs (including carmon carrier trucks and railroad cars) are required
to have a PCB label applied to the outside of the vehicle if they are carrying
PCB containers that contain (1) rrore than 45 kg (99.4 lb) of liquid having
rrore than 50 Parts Per million on PCBs or (2) one or rrore PCB transfonrers.

It is not required that askarel transfonners be drained before they are trans­
ported. HONever, the cooling fins on transformers are fragile, and rrost of
the PCB spills that have resulted in major expensive cleanup efforts have
been caused by damage to askarel transformers during transportation. If an
askarel transfonner is drained before it is rroved, there will be a greater
chance of damaging the coils; on the other hand, the cost of cleaning up a
spill from a transfonner after a truck accident or a loading mishap can be
extrem:ly high.

2.8 Disposal (40 CPR 761.10)

Special disposal re<iuirem:nts apply to all PCB equi}?ITle!lt and to all materials
contaminated with rrore than 50 parts per million PCBs except for small capac-
i tors that contain less than three pounds of PCBs. These small capacitors may
be disposed of in muncipal landfills in which the organic wastes are expected
to adsorb and :i.ntrobilize the PCBs after the capacitor casing rusts through.
Solid spill materials contaminated with rrore than 50 parts per million PCBs
Im.lSt be disposed of in an approved PCB landfill or special PCB incinerator.
Disposal requirerrents for PCB equi}?ITle!lt are discussed in the follONing chapters.

You cannot contract away your responsibility for proper disposal of PCBs. If
there is ever a prc:blem and the PCBs are traced to you, it is still your
responsibility. The EPA regulations establish special and stringent require­
rrents for chemical waste landfills and incinerators used to dispose of PCBs.
A list of approved facilities is available from the EPA Office of IndustIY
Assistance by calling toll free (800) 424-9065 or in Washington, D. C.
554-1404. Contact the disposal facility for prices and special instructions
before sending PCBs.
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The EPA had not approved any incinerators for ccmrercial disposal of PCBs as
of the ti.rre this report was written (August, 1979), so all materials required
to be disposed of by incineration :must be stored in accordaT'lce with the
regulations until EPA approves an incinerator.
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3.0 ASKAREL TRANSFORMERS

'!he ter:m askarel is defined by the 1978 National Electrical Code as "a generic
ter:m for a group of nonflammable synthetic chlorinated hydrocarbons used as
electrical insulating rredia. Askarels of various corrp:>sitional types are used.
Under arcing conditions the gases 'produced, while consisting predaninantly of
noncombustible hydrogen dlloride, can include varying anounts of combustible
gases depending upon the askarel type." In fact, all of the tyPes of askarel
sold prior to 1979 contained fran 60% to 100% PCBs, the balance of the mixture
usually being trichlorobenzene. '!he unique advantages of PCB based askarel
used as a coolant liquid in transformers have been its chemical inertness and
nonflamnability.

Approximately two percent of the pad rrounted transfo:rrt'ers in use in the United
States contain PCB based askarel coolant liquid. Askarel transforrrers have
been used where fires might endanger hUI'lEI1 life and property. PCBs have the
advantage of nonflanmability, in contrast to mineral oil, the other major
liquid coolant used in transfonners. Gaseous coolants are also nonflammable
but gas cooled (dry type) transfonners have certain disadvantages when <X:lITIpared
to liquid cooled transformers. Dry type transfo:rrt'ers are generally rrore
expensive than the liquid cooled units, and they usually have increased oPerating
noise levels and a lONer capacity to withstand temporary overheating caused by
surges of power in the electrical circuit. Alternative liquid coolants are
available but none have all the advantages of PCBs.

3.1 '!he Uses of Askarel Transformers in Mining

'!he advantages of askarel transfo:rrt'ers in mining are the same as in any
application: askarel fluids are nonflammable. Askarel transfonrers are,
of course, no longer being produced" but the ones that are in service will be
r:ennitted to remain in service for their operational life"tiIres, which in many
instances could be 30 to 40 years or maybe longer. As will be pointed out
belON, none of the alternatives to askarels are direct replacerrents for
askarel cooled transfonners. Transformers cooled with gases, for instance,
present very little fire hazard, but they are voltage limited because of the
inherent characteristics of gases, and gases sirrply do not have the heat
capacity of liquids. Liquid cooled transfonners are therefore better where
transformers are likely to be occasionally run at a higher than design
loading. The alternative "high fire-point transfo:rrt'er liquids" are all rrore
expensive than askarel and do not have the same fire resistance. Oil cooled
transforrrers, the mainstay of the transfo:rrt'er industry, are the least costly
of all transfor:mers available, but in applications requiring fire safety,
they must be installed in fire resistant vaults which can cost several times
as rtn.lch as the basic transforrrer.
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Askarel filled transfo:r:rners are used in all phases of mining: underground,
in surface installations, and on-board large nobile surfaCe machinery.
Transformers used in mining range in size from 10 to 8 ,500 kVA and contain
up to 3,415 gallons of askare1.

3.1.1 Machine ~lounted

The major manufacturers of large S1Lrface mining equipment installed askarel
transfonners on a small y;:ortion of their equipment. This was generally doYle
at the request of the aJI'rPany purchasi..Tlg the machinery, though Page Enginee-ring
used askarel transformers on all of their walking draglines.

Bucy-.cus-Erie used to provide askarel transfomers on electrically pcwered
draglines, loading shovels, and blast-hole drills. Usually the customer was
being required by its insurance carrier to use a non-flarrirrEble transformer
fluid. Askarel transformers, when requested, were mounted inside the machinery
in steo.....l rooms that had originally be==>--n designed for oil transformers. These
rooms usually had an opening in the floor that would duct t.he traTlSfomer
fluid to the ground to reduce the fire hazard in the event of a traTlSfo:r:rrer
rupture; the roans also contained openings to provide adequate ventilation.
These transformers were 100-250 kVA single-phase units. It is estimated
that askarel transfonTleIS were installed on 5-6 machines out of roughly 400
that were built by Bucyrus-Erie over the past 15 years. l Bucyrus-E.-rie quit
supplying askarel transformers around the first part of JB77 and cur.ce..Tltly
use only mi..Tleral oil transformers, but they are investigating the use of
silicone filled units.

Marion Power Shovels also supplied askarel transformers in the 100 k'ilA. raTlge
on their shovels and draglines at custorrer request. Askarel filled traTlS­
fomers were rrounted on only a small percentage of the 1,000 electrically
pcwered machines that Marion has built. As in the case of Bucyrus-Erie,
askarel filled transformers were mounted inside the machine in the fire
resistant rooms that had beo--n designed to rreet specifications for oil filled
traTlSformers. Marion quit supplYing askarel filled transformers during
1975.2.

In contrast with the preceding two companies, Page Engi.neo...ring, supy;:or-L.ed by
its insurance aJI'rPany, used askarel filled transformers on all of the walking
draglines they built before JB 77• Each dragline contains a baTJk of three
single-phase transformers in the 100-333 kVA range. 3 These traTlSfo:r:mers are

1 Telephone conversation with Dick Matusak, Bucyrus-Erie, 8/5/77.
2. Telephone conversation with Joseph Ivy, Marion Power Shovels, 8/8/77.
3 Telephone conversation with Frank Oslakovic, Page Enginee-ring Co.,

8/10/77.
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rrounted in cages on steel platfo:rms about 8 feet above the main deck of the
dragline. A I'rlCijor rupture of one of these transform:rs would result in PCBs
leaking onto the ground underneath the dragline. An estirrated 25 of these
machines have been built over the past 10 years.

In addition to the above equipm=nt, an undetenni.ned nurrber of blast-hole drills
built by Rcbbins Drill Division of Joy Manufacturing used three single-phase
askarel filled transfomers.

Equipm=nt that uses askarel transform:rs is used by a relatively small nurrber
of mines. In SClIl:'e cases, the mining company was required by its insurance
carrier to order askarel transfomers; thus rrost or all of the equipment
at these Particular mines will contain askarel transfonners. In addition,
it is not unusual for a conpany to order its large equipment from a single
supplier. If the supplier were Page, all the draglines at that mine would
have askarel transfonners on board.

3. 1. 2 ynderground

According to information cbtained fram Electric Service Co., a transformer
service conpany, fran comments that were made during a telephone survey of
load center manufacturers and fram information obtained during the mine
visits, there are f&il askarel filled transform:rs in use underground in coal
mines. All load centers used dl:y type transfonners that have been designed
to withstand the environment in the mines. When questioned about potential
difficulties with dust or da1Tg?Iless in the mines, manufacturers replied that
these conditions do not cause major problems. The fEM askarel transformers
that are in use in underground coal mines are gradually being taken out and
replaced with dry type transformers.

The relative scarcity of askarel transfonners in underground coal mines is not
duplicated in underground rretal/non-rretal mines, where the use of askarel
transfomers is widespread. During visits to three underground mines, askarel
transfomers were found in numerous locations in the underground distribution
system, covering all applications from main underground substations to small
units on lighting circuits. The rrountings for these transform:rs ranged from
concrete pads level with a damp mine floor to diked, elevated concrete pads.
At two of the mines visited, a major askarel leak would easily find its way
into the mine water. This water \vas being pumped to the surface where it was
being used in ore processing operations and was subsequently irrpounded. A
major askarel leak in these cases could cause widespread contamination and
would be extrerrely costly to clean up.

Failure of an askarel transformer accompanied by an internal electrical arc
can vaporize a considerable quantity of PCBs which will then be released
through the pressure relief valve. The National Electrical Code requires that
askarel transforrrers located in buildings be vented to the outside because of
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the potential health problems that could result from worker exposure to high
concentrations of PCB vapors. No such venting is possible with h1.ose askarel
tronsforrrers used underground, the mines presumably accepting the inc-.ceased
risk of toxicity as a tradeoff for reduced flamrnability•

'Ihe extent of askarel transfonner' use varies from mine to mine. At one mine
only the main underg-.cound substations used askarel transformers, th'7 remain­
ing traTlSformers were either oil filled or dry type. At a second nune all :>f
the underg-.cound traTlSfo::cmers were askarel filled as a matter of cCllIq?any policy.

3.1. 3 Surface

The use of askarel transforrrers at the surface· facilities of underg-.cou.lld mines,
both coal and m:tal/non-m:tal, and at· the ore processing facilities at strip
mines is also comron. Askarel transfo:rrners are .used any place where such
use is required by the National Elec-cical Code, generally any indoor loca-
tion wnere the traTlSforrrer is not rrounted in a fire-resistant enclosure. The
transfomers which were observed ranged in size fran 50 kVA. single-phase units,
which contained roughly 40 gallons of askarel and fed an auxiliary pov;-er cir­
cuit, to 8,500 kVA. three-phase units which contained 3,415 gallons of askarel
and seIVed an elec-w:olytic zinc plant. The only environmental proble.m associat­
ed w'"ith the; present siting of these transfo::cmers is that in rrost cases a
rrajor askarel leak would alrrost cer~nly find its way through nurrerous floor
drains into the water system of the surface facility.

3.1.4 Nurrber of Askarel Transfo:rrners Used in U.S. Mines

'!he inforrration giv-e..1'l in the tables below refers specifically to aska-rel trans­
forrra.rs. Th-roughout this chapter, reference will be rrade to both askarel
transfonners and to PCB transfonners.. '!he tenns are not synonyrrous. "Askarel
transforrra.rs" contain askarel, while "PCB transfonners ll includes askarel traTlS­
fomers plus any other type of transforrrer that for whatever reason (usually
inadver-l..Emt contamination) contai.TlS more than 500 partS per million (0.05
percent) of PCBs. This distinction and the problerrs it irrq;xJses are discussed
in greater det-a i I further on in this chapter.

The 2 percent of all transfoJ::m:rs cooled with askarels amount to between
135,000 and 140,000 transfonners nationwide. The estimate of the nurrber of
askarel transfomers in service in mines was based on data gathered in 20 mine
visits. Table 3.1.4-1 sumnarizes the results of visits in teJ:ms of stationary
tronsfomers, rrachine rrounted transformers I . and surface and underg-.cound trans­
fomers.

Ove-rail estirrates of the nillOber of askarel transfomers in use by the various
portions of the mining industry have beo-n based on these data and other infor­
rration obtained over t.f1e period of this study. 'Ihese uurrbers are shewn in
Table 3.1.4-2. For the coal industry, the estimates were rrade by directly
~lIapOlating the mmber of transforrrers at the mines surveyed, based on the
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Table 3.1. 4-1 Surnrrary of Askarel Transfonner Data Gathered
During Visits to Mines

ent.

Pr~uction Number of Askarel
Mine (10 tons ore/yr) Transfo:r:rrers

Machine M:Junted Total

Surface Metal/
Non-Metal

1 2.8 6 6
2 31.4 0 44
3 20.0 0 65

Urrlerground Metal/
Non-Metal Underground Total

1 NA NA 24
2 1.6 12 15
3 NA (Nearly all) NA

Surface Coal Machine M:Junted Total

1 (2 mines) 7.7 15 15
2 (2 mines) 10.2 0 1
3 3.3 NA NA

Underground Coal Underground Total

1 (29 mines) 8.1 0 3
2 (8 mines) 3.2 0 0
3 (3 mines) 1.7 0 6
4 (3 mines) 1.6 0 0
5 (4 mines) neN 0 12
6 (2 mines) 4.0 0 2
7 (2 mines) 1.9 1 1
8

16} 'll1ese 4 canpanies are still surveying their equipn

11
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tonnage produced at those mines corrpared to the tonnage produced by the entire
industry_ For the metal/non-metal industry, the extrapolation was done ba.....c:ed.
on a corrparison of the eleC'-lXical cons1..1Il'ption of the entire indust-ry. The
estimate of the number of transformers includes all mining, cruslri.ng, grinding
washing, d:l:ying, and beneficiation operations for each segment of the mining

. industry_ It is likely that these estimates constitute an upper bound on the
mmber of askarel transfonners actually in service because visits were rrade
to those mines known to be. using askarel transfo:J::111ers.

Table 3.1. 4-2 Extrapolated Estimates of Numbers of Askarel
Transformers in Va.-rious Mining Segll-e.-rlts

Indust:r:v Segment

Surface Metal;'Non-Metal

Unde.-rg-.round Metal;'Non-Metal

Surface Coal

Number of Askarel Transfo:r::m.a.rs

1,600

1,300

400

Underg-.cound Coal

Total

100

3,400

3.2 How to Identif-y an Askarel Filled Transformer

The following methods can be used to' detennine whether or not a transfonner
is cooled by askarel (PCB):

(a) Narreplate data - Most traTlSfonrers will have intact name­
plates containing details on the size of the unit and the
weig'nt and volum::: (usually in pounds and gallons) of the
coolant. In almost all cases where askarel coolants are used,
the narreplate will contain the manufacturer I s trade name for
askare1. The follo;ving trade names for transformer askarel
are the ones most likely to be encountered:

Manufacturers**

Allis-ch.a.J.m:rs
Arne.--r-ican Corp.
Electro Enginea--ring·Works
Envirotech Buell
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Chlorextol
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Manufaeturers**

ESCO Mfg. Co.
Ferranti-Packard Ltd.
General Electric
H. K. Porter
Helena Corp.
Hevi-Duty Electric
ITE Circuit Breaker Co.
KuhJ.rnan Electric
Maloney Electric
Niagara Transfo::rrrer Corp.
Power Zone Transfo::rrrer
R. C. Uptegraff
Research-Cottrell
Standard Transfo:rmer Corp.
Van Tran Electric
Wagner Electric
Westinghouse
?
?

Trade Name

Askarel*
Askarel*
PYranol

Askarel*
Non-Flamnable Liquid
Saf-T-Kuhl

Askarel*, EEC-18
EEC-18

Askarel*

No-Flarrol
Inerteen
Nepolin
Dykanol

*Generic name used for non-flamnable insulating liquids in transfo:rmers and
capacitors.

**This list is not necessarily ca:rplete. PCBs have been used since 1929, and
many ca:rpanies have gone out of business.

(b) If the nameplate does not show one of the above trade
names for askarel and if it is not plainly written on
the nameplate that the unit is oil cooled, then a deter­
mination can be made on the basis of the fluid density
by dividing the weight of the cooling fluid by the
nurrber of gallons. Fluids weighing less than 8 Th/gal
are definitely oil, and those weighing between 11 and 12.5
lb/gal are definitely askarel. Fluids of inte:rrtEdiate
density should be chemically tested unless the manufacturer
of the unit can identify the coolant.

(c) If no nameplate data are available (saretimes nameplates
become lost or obscured over the years and carmot be read)
then a sample of fluid should be withdrawn and tested to
establish its density. A siIrple test consists of using
a small arrount of water into which a single drop of the
fluid in question can be dropped. The an'Ount of water
needed should be kept very small because if the fluid
does turn out to be askarel, the test water will have to
be disposed of in the approved manner. The test is this:
If the drop of fluid sinks in the water, it is askarel;
if it doesn't, it isn't.
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(d) In many instances where transfo~ are listed as. co~- .
taining oil, they may in fact contain small, but :~gm.f~­

cant, arrounts of PCB. This small content of PCB ~s the
result of the past conm:m practice of topping off oil
filled transforrrers (after saIrq?les have bee..l'l withdrawn
for testing of electrical proper-des) with spare askarel
fluid instead of with transforro::r oil (mineral oil) .
There is no easy way to test such PCB-contaminated oil;
a small saIrq?le must be extracted and prcY"~ly packed
and sent toa testing laboratoJ::y equipped to measure the
PCB content of the fluid. If the oil is found to contain
rrore than 500 ppm PCB, the transformer will have to be
treated as if it is an askarel transfomer in order to
be in full. corrpliance with Federal regulations.

Oil filled transformers may be assumed to be "PCB con­
taminated transfonners lt unless it is known that the oil
contains rrore than 500 ppm PCBs. Bequ:i.rernents for "PCB
contaminated transfo:rrners" are discussed in Chapter 4.

3.3 EPA ReQuirerre..l'lts for PCB (Askarel) Transformers

Definition:' PCB transfonners are those liquid filled transforrne:.rs in which
the liquid contains rrore than 500 ppm PCBs. (Note: PCB transfomers rroU.71ted
on rai1road loconotives and rmlltiple unit electric carmuter cars are covered
by different require.rn:nts.)

Manufacture, ifrfort,· and sale of reN PCB transfonners: Barmed

Use: Continued use of non-leaking PCB transfomers is authorized i..71definitely.

Diking: Not required, but you are responsible for cleani..l'lg up all spilled
PCBs (see Section 3.4.3).

Marking: A large (6" square) label must be applied to each PCB askarel
t-ransforro::r (see Section 2.2).

Recordkeeping: The central PCB records must contain the identity' and location
of each PCB askarel transforrrEr; the weight of PCBs contairJed in each unit;
the date each transformer is re.rnoved fran service, placed into storage, and
shipped for disposal; the storage location and disposal location for each
traI1sfo:rmer remov-ed. from se-rvice; a.n.d b'1e name and address of t.'he purchaser
of each PCB transforrrEr that is resold.

Resale of used non-leaking PCB transfonners by user: Authorized.

Servicing: Authorized provided the coils are not removed and there is no
change in cwnership of any PCBs. *

*Unless the seller of PCBs has applied to the EPA for an exerrption from the ban
on Ifdistri-bution in com:rerce" of PCBs and EPA has g-.canted the exemption. Change
of cwnership for purposes of approved disposal is allowed.
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Rebuilding: Banned (coils may not be rerroved from the tank).

Retrofilling (substitution of other liquid for PCBs): Authorized if there is
no change of cwnership of PCBs. * The transforrrer must still be considered a
PCB transforrrer as long as the concentration of PCBs in the liquid is above
500 parts per million by weight (one pound PCBs in 2000 pounds of liquid). A
retrofilled transformer may no longer meet the definition of an askarel trans­
forrrer established by the National Electrical Code and may therefore have
different code restrictions on its use.

Processing of used PCB askarel for reuse: Authorized provided that there is
no change in avnership of the liquid. *

Sale of new or reclai.:rred PCB askarel: Banned. *

Storage of nEM or reclaimed askarel: Must be in special storage areas
m:eting the EPA requirem=nts (see Section 2. 4) .

Disposal: Drain liquid PCB askarel into approved containers (see Section 2.3).
Fill transfonner with kerosene or fuel oil, allow to stand for at least 18
hours, and drain into approved containers. Seal up drained transfoJ:'IreI" and
dispose of in an approved chemical waste landfill. Dispose of liquids in an
approved chemical waste incinerator (at present, store until an approved
incinerator becorres available). Storage beyond 30 days to be in special
storage area (see Section 2.4).

Scrap recovery of failed PCB transformers: Banned.

Spill cleanup: All material contaminated with more than 50 parts per million
PCBs must be picked up and disposed of in facilities approved by the EPA.

3. 4 Precautions for Continued Use

In section 3.1. 4 it was pointed out that there are about 3400 PCB askarel
transforrrers presently in use in the U.S. mining industry. The EPA regulations
will allow these transforrrers to remain in service until they fail provided
the special PCB label is applied to each unit and the required records are
kept. However, the EPA regulations require special disposal of any material
that is contaminated by PCBs spilled or vented from any transforrrer, whether
caused by accidental damage to the transforrrer or electrical failure of the
unit. The resulting cleanup costs can be very high if large quantities of
soil are contaminated or, particularly, if PCBs enter any sewer, stream, or
other water. In addition to the costs incurred in cleaning up spilled PCBs,
the owner of a failed transfonner may be subject to stiff fines for improper
disposal of PCBs if it is not possible to recover all of the lost fluid.

*Unless the seller of PCBs has applied to the EPA for an exerrption from the ban
on "distribution in comnerce" of PCBs and EPA has granted the exerrption. Change
of ownership for purposes of approved disposal is allowed.
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The ~sk o~ large un<;ontrol~d PCB spills can be rnini.rnized by analyzing the
possible nsks assocl.ated WJ.th each PCB askarel transformer and by taking
steps to contain the uncontrolled spread and loss of PCBs from the unit. This
section describes a nurrber of rrethods that can be used to secure transforrrers
against spills, including:

Dikes
Benns
Curbs
Plugging of water drains
Transformer retrofilling
Transfonne,r relccation
Fences and vehicle barriers
Errergency foam packs
Special problem transfonrers

3. 4. 1 The Significance of Water

When PCBs leak into the enviro:nm:nt from transformers or from aTlY source, the
already widespread PCB pollution preble-TTl beCorres aggravated. Recovery or
cleanup of spilled PCBs is usually expensive, partly because the disposal costs
are high. and partly because special effort must sometimes be expended, as in
cases where PCBs spill into water.

wne..Tl PCBs spill onto land (i.e., onto sailor dirt) the cleanup procedure con­
sists primarily of rerroving the contaminated soil and disposing of it in an
EPA-approved chemical waste landfill. Tl1..is can be ~ive. The arrount of
soil that has beo....n re.rnoved follcwing spills has beo....n tens of thousaTlds of
bar.cels, which, after transport and burial costs, ca71easily run to costs of
IT'ore than $100,000.

Spills into water, however, are vastly rrore complex aTld therefore more expensive.
Even spills into non-flcwing lakes or swamps, as opposed to rivers or strearrs,
result in extreme cleanup costs because of the dredging operations that are
invariably necessary and because of the g-.ceater volurre of waste material
(e.g., earth and sediIrent) that must be handled, packaged, shipped and buried.
In rivers where the IT'oving water can both aggravate the cleanup operation as
well as spread the PCBs that are stirred up frem thebottan sedime..71ts during
the dredging operations, cleanup costs can be high and at the sarre time,
substantial environrrental pollution can still result. In one instance in
Washington State, an askarel transformer containing about 250 gallons of fluid
was accidentally dropped on a dock and leaked into a river. AL.c.rer all the
cleanup operations, it was calculated that only about 70 percent of the askarel
was recovered, and the cost was close to half a million dollars.

Cleanup of spills that occur on land can be especially costly if the spill
threatens to contaminate g-.counc3water that is used for drinking. Vast arrounts
of soil may have to be removed to approved chemical waste landfill facilities,
and costly tests must be perfo:rned to ensure that the contamination has been
contained.
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Thus the presence of water near a leak.ing transfo:rrrer is an important con­
sideration in deciding hew to best manage a PCB askarel transfo:rrrer.

3.4.2 Decision Guide

In general, the objective in the securing of PCB transformers is to ensure
that any large leak. of fluid will be contained within a specified area asNay
fran access to water of any kind (including sewage water and drainage systems
that connect to either sewage systems or to any type of water body including
groundwater). It is expected that in rrost instances (at least 3 out of 4
times) it will be feasible to either build a dike around the transfoI'Irer and
switch gear asserrbly or to effectively dike the entrance ways to the shelter
or rooms that contain the units.

In all instances, the inspector or engineer who makes the decision on hCM to
deal best with a given transfo:rrrer should be on the lookout for all possible
Il'ethods by which fluid can escape into the environment. For outdoor trans­
fo:rrrers, sheltered or unsheltered, the proximity of soil and access to water
by way of floor drains, ditches or whatever method should be noticed and tak.en
into consideration in establishing both the priority and the type of confine­
Il'ent for a given transfo:rrrer. For indoor and underground transfo:rrrers, drains
should be pinpointed and should be plugged and sealed. Othenvise, efforts
should be taken to ensure that spilled fluid will be restricted from access to
the water.

For all transfo:rrrers, spill confinerrent Il'easures should include assurance that
transformer rrounting pads are not cracked or broken, that adjacent walls that
may becare part of a proposed spill-confinenent system (especially walls
made of porous materials such as cindemlock) are well sealed near the floor,
that the interface between the walls and floor (this is called the wall/floor
interface) is sealed, that there are no holes in the floor such as conduit
access holes through which fluid can drain, and that there are sufficient
barriers and/or fences to protect the unit from damage fran vehicles (auto­
rrobiles and lift-type trucks) and from damage by people who may be rroving
or working in the area.

It is not felt that it will be necessary to use the follCMing decision guide
in order to effectively analyze all transformer settings for spill potential
and opt.:i.murn spill confine.'1'eIlt measures. It is likely that whoever uses this
guide will, by doing so , quickly learn to see the points that need to be con­
sidered without having to refer to the guide.
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DECISION GUIDE QJESTIONS AND CONSIDERATIONS

1. If the PCB askarel is located on the surface inside a building or outside,
is there any way that fluid leaked fran the unit could find its way to
either a water drain (such as a SSJ'ler or a gutter leading to a Se",&)
or directly to water (for instance, by running dCM1hill and into a stream
or swamp or river)?

If so, such units should be given priority in spill prevention rreasures.
If not, the unit should still be secured against leaks, though the u..rgency
is not as great as that of units located with access to water.

2. If the transfo:rrner is located belON ground, or even s:i.rrply belcw g-.cade,
in a location fram which groundwater must be continually purt"ped, is the-re
any way that fluid leaked fran the unit could find its wa:;{ into the water?

Since g-.coundvater is usually purt"ped out of mines, PCB contamination could
easily be spread to larger 'volumes of water and soil, and if the water is
used in ore processing, it could also contaminate the ore and processing
plant. Transformers in such situations should be given priority L.11. spill
prevention rreasures.

3. In some instances PCB transfo:rrners are located in roams orin alcoves that
apPear to be secure against the 10ss of fluids to either water or soil i
if this is the case, are there curbs or diking either around the trans­
fonrers or across the entraee ways to the tra71Sformer roams so that t.h.e
units are corrpletely secure against uncontrolled loss of fluid?

4. In cases where traTlSfomers are situated in rccros with porous cinde:l::block
walls, are those walls sealed with either g-.cout type sealers or with a
heavy type of paint that is not soluble in chlorinated hydrocarbon
solve..11.ts such as PCB and trichlorobenzene?

5. If the transfo:rrner is otherwise secured against leaks, is the rrou..11.ting pad
or t.h.e floor of the transformer roam free of cracks? Cracks that leak like
they would not prevent the loss of fluid should be grouted aTld PaL11.ted
with solvent resistant paint which will serve the dual purpose of sealing
smaller cracks not grouted and of sealing the pad against water absorption
which in cold places can cause freeze fracturing of the concrete.

6. Is the transfonner in a location wnere vehicular traffic might be a hazard?
For instance, is it located near to a driveway or next to a parking lot?
If so, a vehicle barrier might be useful, especially if the unit is located
where a bcdy of water might be threatened by a loss of fluid.
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7. Is the transfo:rn:er located near machinery which might thrav projectiles
with sufficient energy to damage the unit? Is the transformer located in
a place where fork-lift vehicles might accidently TIm into it or snag the
heat exchanger or some other part? If so, fences or vehicle barriers
might be necessary to provide protection, 1.lll1ess it is reasonably feasible
to either relocate the transfo:rn:er to a safer place or to replace it with a
non-PCB transfo:rrner.

8. Is the unit rrounted on unwelded steel plates (as might be the case if the
unit is platfonn rrounted), rrounted on a second story, rrounted in a rrobile
machine, or rrounted on san:: other type of surface that might be extremely
difficult to seal against fluid loss? Such a unit should be replaced with
a non-PCB unit of similar fire-resistant characteristics. If replacement
is not feasible, a catchbasin might be installed under the unit or the
unit oould be t.errporarily rerroved while the rrounting surface is sealed.
If the transfonrer does not present an imredi.ate threat to water or to
Persormel and would not pose any great difficulties in a cleanup should a
spill occur, then no securing rreasures need be taken.

9. If the unit is pad rrounted, is there room for installation of a dike on
the edge of the rrounting pad? If not, and if sane kind of spill protection
is needed, either the pad could be extended and a cw:b installed as part
of the 'extension or a benn of asphalt, concrete, or clay could be built
around the unit.

10. If the unit is rrounted near to a wall that will be part of the spill con­
tainrrent barrier, is the wall of non-porous material such as concrete or
sealed cindeJ::block and is the wall/floor interface tight against fluid
loss?

11. If the transfonner is in a special room, alcove, or vault, is this area
used as storage space, for exarrple, for broans and other building main­
tenance materials? If so, and if there is no other better storage place
for the stored materials, it might be best to put a dike around the trans­
fo:rn:er itself rather than to secure the room as a whole to prevent
additional cleanup~e fran contaminating extra material.

12. If the transformer is in a special room, alcove, or vault, are there also
drains in the room that carmot be sealed and rerroved fran service because
they are needed to rerrove water fran other systems sharing the room with
the transfonrer (e.g., an air-a::>nditioning system)? If so, the transformer
rather than the whole room will have to be diked against the possibility
of a fluid leak.

13. If the roc:m is used for non-transfonrer-related activities, is the unit
sufficiently protected against the potential for rrechanical damage?
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14. If the unit is located outside and is already adequately diked against the
possibility of fluid loss, is there an allowance for the-rE:IIDval of rain­
water by a properly designed water~only drainage system? The design of
a water-only drainage syste.m that can be built fran existing plumbing
hardware is included in this section of this· report.

15. Is the u-rUt old or does it appear to be old? If so, this may be a con­
sideration in whether or not to replace the unit. There are corrrre.-rcial
transforrrer service ccrrpanies that are eiq?erienced in the testing of
transfonrers to find out whether or not they are in condition to continue
in service.

16. Is there any evidence of an active leak from the transforrrer? If so, aTld
if it is due to corrosion or a broken or cracked weldrrent, the -unit
should probably be replaced. Othen-lise, ar.cangerrents should be made
to repair the unit, especially if it is located near water or a path to
water and if there are no immediate plans to secure the u-Tlit ag-ainst
fluid loss. (Note: approximately 10% of pad nounted askarel traTlS­
formers shON some evidence of leaking.)

17. If the unit has to be replaced, is its setting suitable for the installa­
tion of aTl oil filled transforrrer? That is, does the setting satis:E-y
the NEe requirements for the installation of oil filled traTlSfo::aners
(indoor or outdoor)? If not, the new transfo:r:mer will either have to
be of a fire-safe design or an oil filled transfo:r:mer will have to be
installed in a different location.
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3.4.3 Dikes

A dike is the rrost effective, esthetically appealing technique for containing
a potential spill. It is also arrong the least costly of spill prevention
rreasures, especially when canpared to the alternatives of retrofilling and
relocation discussed bela-;.

A suggested steel dike system shavn in Figures 3.4.3-1 through 3.4.3-4
consists of steel angles (measuring 3.5" by 6") that are bolted to the
periphery of the rrounting pad. The seal between the dike and the pad consists
of a gasket of 3/8" thick closed cell neoprene foam rubber. The corners of
the dike are bolted together by rreans of 2" by 2" steel angles.

An alternative to this steel dike system is a concrete curb-type dike. However,
the concrete dike may be rrore costly to install and, since it would have to
be at least 5 inches wide to be sufficiently durable, would require rrore room
on the periphery of a transfoI'IIer pad than the steel dike. In cases where
the rrounting pad is small, this can be an important consideration. Also, the
cum-type dike would slightly inhibit the accessibility of the transformer
for maintenance operation, rrore so than the steel dike.

Dikes can be installed in both indoor and outdoor locations. In outdoor
locations,ha-;ever, especially in parts of the country where rainfall is
excessive, provision ItU.lSt be made for water drainage in order to minimize the
corrosion hazard to the transformer-related switch gear and casings. A
water-only drainage valve, along with the parts specifications, is shavn in
Figure 3.4.3-5. It will permit the passage of three gallons of water per
hour (when subm:rged three inches deep), but will close' if the level of
askarel approaches the level of the drain opening.

Curb-type dikes can rrost easily be installed in those instances where the
rrounting pad ItU.lSt be enlarged because of insufficient room even for the
steel dike. Figure 3.4.3-6 sha-;s the typical requirem:mts for the enlarge­
rrent of a rrounting pad and the installation of a cum dike.

3.4.4 Benns

A benn is sirrply a rround of earth or asphalt surrounding an outdoor trans­
fo:r:mer. A benn, especially an earthen one, would take up rmch rrore room than
a steel dike, and if porous enough to alIa-; the drainage of rainwater, would
also be too porous to give maxinn.:IIn protection against high cleanup costs in
the event of a PCB spill. On the other hand, it would be difficult to install
an effective water-only drainage system in a benn if the benn were adequately
waterproofed with a lining of bentonite or sorre other impe:r:meable clay.-

Asphalt benns constructed on asphalt or concrete surfaces that surround a
given transfoI'IIer rrounting might be a low cost alternative to dikes, but they
can restrict accessibility of the transfonrer and are not as esthetically
appealing as a dike.
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HEAT EXCHANGER

•

(A)

(B)

'-

CONCRETE PAD

6" HIGH ANGl.E STEEL WITH 3.5' BASE
AND 5/16"' WALL THICKNESS

CORNER JOINT OF 2"' x 2"' x 114"' ANGLE STEEL

Figure 3. 4. 3-1 - (a) Ty-pica1 Transfonner and Swi tc..'1 C-ear on
Concrete M01J.1'1ting Pad

(b) Same Tra.1'1Sfo:rrrer with Stee1 Dike Installed
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Figure 3. 4. 3-2 - Shop preparation of 6" x 3. 5" angle-steel dike
edge, including mitre-cut and ground ends and
holes to be drilled.
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Figure 3.4.3-3 Corner joints - 211 X 2" steel angle
Cut and drill as shawn
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Figure 3.4.3-4 (a) View of comer joint.
(b) Top view detail of comer joint.
(c) Selection through dike.
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COPPER ADAPTER
(1J2-INCH COPPER PIPE TO
%-INCH STEEL FLANGE)

GUARD· PLATE
DRAIN HOLE IS

LOCATED ABOUT HERE

VALVE FACE-t+-~
~~==;;:rT~

SILICONE RUBBER
FLAPPER VALVE

CLOSED POSITION TRANSFORMER
OPEN POSITION VALVE MOUNTING

REST PAD
STOP

Y.-INCH GALVANIZED
STEEL FLANGE

V2-INCH GALVANIZED
STEEL PIPE FLANGE

HINGE
SUPPORT

GUAllDPlATE

~. Zll THREADED HOLES (4) (FOR HOLOING
FILTER SCFlEEi'lIN PLACE)

Figure 3.4.3-5 - Side view and pictorial view fran top of the
water-only drainage system. Filter screo--n is not
shewn. See Appendix B for details.
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Figure 3.4.3-6 - Scharnatic diagram of basic parts and d.irrensions of an
extended rrounting pad. (a) Excavation and re-bar
location; (b) Cross-section of extended pad.
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In cases where there is a rroderate problem of water accessibility to a
potentially leaking transfonrer, and where the transfo:l:.'mer is in a location
where vehicular damage is a possibility, such as near a parking lot or st-reet
or driveway, a berm could provide both security against leaks and protection
fran vehicles.

3.4.5 Fences and Vehicle Bar.ciers

It is probable that a small nurrber of PCB transformers will be f01.L71d in
locations where the threat of damage from rroving vehicles should be taken into
consideration (for instance, in locations where fork-lift type vehicles CLre
ccmnonly used, either indoors or outdoors, and next to parking lots and close
to <Lrivew-ays) .

In serre cases, chain-link fences will provide adequate protection against
light weight freight vehicles, but usually when vehicle daTfiage to transfo:r:m=rs
is possible .. heavier protection such as that depicted schematically in
Figure 3.4.5-1 is advisable. The simple pipe-type ba.-rriers can be installed
with relatively little effort and cost, and in many instances, one pipe of
sufficie.T'lt diameter will provide adequate protection.

3.4.6 Curbs and Doorway Dikes

Transfo:rmers, PCB or otherwise I are often m:Junted in special transf01:m::r rcaros.
Whether the room is inside a larger building or is a free-standing structure T

the least costly method of securing the transformers against PCB loss is often
to install a dike or concrete carb at the entrances•. The only cases whe.-re an
entraT'lce sill may not provide adequate protection would be where there is a
drain in the room with the transformer that cannot be plugged (say, because
the room is shared with an air-conditioning unit that must be provided a drc:d.n
for the runoff of condensation), or Where the floor or walls will not provide
a tight sealing barrier against fluids. walls of special enclosures are Ofte.71
made of unpainted cinderlJlock built onto concrete rrounting pads. In this
case, both the walls and the interface betwee..71 the wall and floor TI1lJ.St be
sealed with a material that is only mi.nimally soluble in chlorinated hydro­
carbons (PCBs and trichlorobenzene). This can be done by grouting w-ith
cem:mt or other inorganic material and then painting.

3.4.7 Errergency Foam Packs

Possibly the rrost cost effective means of spill control-:--but not of prevention­
is with the use of em=rgenqr foam packs. These are back-mounted units capable
of diSPenSing up to 70 cubic feet of urethane foam that can be used to for::m a
fluid barrier very rapidly. Ho;vever.. there are certain disadvaT'ltages to
these units, including the need to keep at least one man in training and on
call in the event of a spill. Also, the urethane foam will not adhere well
to wet surfaces nor will it provide a good fluid barrier when located on
porous or saT'ldy soil. On concrete or asphalt, urethane should make an
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Figure 3.4.5-1 - Vehicle barrier suitable for protection of an
askarel transfo:rner located in a parking lct
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effec'-dve instant dike. The problems with wet surfaces have beo-n studied, and
som: solutions have beo-n found. The interested reader is referred for additional
infonnation to Control of Chemical Spill by Physical Barriers, an EPA publication
dated March 1973 which has the identification nurrber EPA-R2-73-l85. (Order from
National Technical Information Service, Springfield, Va. 22161. Report No. N"TIS
PB 221 493/0BA).

3.5 Special Problems

Instances will probably arise where no set of pre-established procedures
will apply to a special-problem transfo:mer. For instance, sometimes in
order to conserve floor space, indoor m:mnted transfo:rrners are rn:Junted on
raised platfonns 10 or 12 feet or rn:Jre above the floor, ofte.1"1 on a platfo:rrn
of steel plates that are not welded together to fo:rrn a liquid-tight seal.
This is camron in draglines. In such a case, there is no way to dike and
to seal the platfo:rrn against fluid loss wi.thout terrporarily raising the trans­
fonner and then welding the platfo:rrn plates together. But the effort in
terepJrary rerroval of an askarel transforrrer is not much less than the work
required to relocate the unit either on the floor (on concrete, diked) or
outside of the building. A similar effort could replace the unit with a
differe-1"1t fire-safe transformer or with an oil filled transfor.mer rroll.1"1ted
outside. In other words, the arrount of effort to secure a transfonrer
against flUid loss to adjacent work areas a1"1d to the environrrE..1"1t at large
might be rrore than is justified by the probability of a rrajor leak. It
mig:l'1t be rrore effective in the long run, if water or vast arrounts of porous
soil are not threatened by a possible leak, to leave the PCB unit in se-rvice
wi.thout precautions; if water is a" problem, it might be best to replace the
unit rather than to secure it against leaks.

Most transfonre-rs can be. readily secpred against fluid loss, but protec'-lion
of those that are resista1"1tto easy solutions will have to be decided by
corrparing cost of securing the unit against fluid loss or rerroving it to a
better location versus the potentially high cleanup costs should a leak occur.

3.5.1 Mobile Mining ~1achineYY

Transfo:rrners are used on electrically powered draglines, shovels, and blast­
hole drills to reduce the incoming high voltage to the levels required by the
cLrive rrotors. Inrrost instances, nobile mining machines have been designed
to safely use oil filled transfonrers. However, several mining companies
have asked that roachines be delivered with askarel transformers, and the
manufacturers have compiled.

There appea.rs to be no ge..1"1eral rrethcd for securing onboard askarel transforITers
against loss of fluid. In some instances there is sufficient room to allow
the installation of transformer dikes; in som: cases, however, the sirrple
installation of a dike would not be sufficient; for insta1"1ce, the ITounting
surfaces often consist of a floor rrade of steel plates that are butted up
against each other without being welded or sealed. Welding of rnou..1"1ting
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surfaces under transfonrers would require the temporary rerroval of the trans­
fomer, an undertaking that would be a1mJst as costly and time consuming as
replacement of the units with non-askarel units.

Most rrobile mining machinery that contains PCB transformers is used in surface
applications. The loss of PCB flUid from an onboard transformer might be
difficult to clean up if it runs into the corrplex portions of the machinery,
but the loss of fluid to the ground would probably be unaggravated by the
presence of water in rrost instances. The cleanup procedure would consist
of decontaminating the machine and the containers and of disposal of earth
and soil.

If anything general can be said about the precautions that can be taken with
respect to askarel transformers on mining machines, it is that the individual
mining corrpanies will probably have to use serre subjective maasures to
detennine whether the cost of securing their nobile rrounted askarel transformers
against leaks is likely to be less than the cost of fines, Penalties, and
cleanup costs in the event of a transfo.rrner failure.

3.5. 2 Relocation of Transformars

It has been noted in many transformer surveys, at mines as well as in other
industries and operations, that not all askarel transformars are located in
places where electrical codes or safety considerations require their use.
In such cases, especially where a fluid loss fran an askarel or PCB trans­
former could reach water or othe:rwise cause local or environrrental damage,
the sirrplest and securest solution is to replace the PCB transfonrer with an
oil filled unit and to relocate the original transformer in a site known to
be secure from leaks. It might be feasible in a small nurrber of cases to
sirrply exchange two transformars, loqation for location, and to totally
eliminate any other PCB securing maasures.

3.5.3 Retrofilling

Retrofilling is the replacement of the PCB askarel fluid in a transfonner with
non-PCB fluid. Askarel transformars located in places where fire hazard is a
consideration can be retrofilled with silicone fluid or with the new high-fire­
point hydrocarbon fluids that are available. HONever, retrofilling is expensive
and a single retrofill does not usually reduce the concentration of PCBs to
below 500 ppm.

Typical comrercial costs for field retrofilling of askarel transfo:rmers are
$30 per gallon of capacity of the transformer and this does not include the
mst for storage of the PCB fluid removed or of the solvent fluids used to
flush the transfo:rmer at the time of retrofill. (PCB storage is necessary
until approved PCB incineration facilities becare available; cost of disposal
is expected to be high because it must include the cost of shipment by an
approved rrethod; the actual cost of incineration will probably be on the
order of several dollars per gallon of PCBs.) Retrofilled transformers must
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be marked and handled as PCB transformers tmless the concentration of PCBs
has been reduced to below 500 ppm. A transfonn:r must be retrofilled at
least 3 tiIres to get the concentration of PCBs to less than 500 ppm. Successive
retrofills should be at least 18 m.:mths apart.

The major advantage of retrofi1.l.i.r+g is achieved only if the concentration of
PCBs is reduced to below 500 ppm by repeated replacerrent of the liquid. Once
the concentration of PCBs has been reduced to this level, the transforrrer
may be considered a PCB contaminated transforrrer, and may therefore be rebuilt
if it fails (see Chapter 4). If a PCB askarel transformer is in a critical
application and the t:irr.e savings achieved by rebuilding rather than replacing
the unit when it fails offset the cost of multiple ret-"!'"Qfilling, this pro­
cedure might be justified. However, once the unit is filled with oil, silicone,
or high fire point transfonn:r liquid, the risk of fire is increased, and
although the total amount of PCBs in the unit is decreased, the same· clea71Dp
requirerre..71ts exist as for PCB filled units if the conca71tration of PCBs is
above 50 ppm.

The technology for reducing residual PCB levels in retrofilled tra71Sfomers is
rapidly being developed, and the supplier of the liquid should be contacted
to detennine the cost and feasibilitj' of achieving the 50 ppm level of PCBs in
retrofilled tra71Sfonre:...rs. The <::c::lITq?anies lTOSt active in this field are:

For hydroca1:bon fluids: RrE Co:rporation
Fluids Division
1900 East Nor-t-h Street

.Waukesha, Wisconsin 53186

Phone (414) 547-1251

For silicone fluids: DoN Corning Co:rporation
Midland, Michigan 48640

Phone (517) 496-4000

3.6 Non-PCB Replacement Transfo:rrners

New PCB askarel transfonners have not beo--n manufactured in the U. S. since 1978,
and t.~e EPA regulatioI"l..s prohibit the manufacture·of additional neil PCB units
or the rebuilding of existing units. Therefore , it will be necessa-ry to
replace everj' existing PCB askarel transformer, either when it fails or because
there is too great a risk of uncontrolled PCB spills and no adequate v.iaY to
dike or protect the transforrrer.

There are a nurrber of alternatives to the use of PCB askarel trw..sformers,
but each type is characterized by. differenttradeoffs of fire safety, overload
capacity, and initial price. Nost existing large non-PCB transformers are
filled with transfomer oil, which is a refined petroleum oil with viscosity
and flarrmability characteristics comparable to SAE 10 motor oil. Oil cooled
t:.raI1..sfonrers are the least costly units available for installations where the
potential fire hazard presented by the oil is nota prcblem. Askarel filled
transfonners have a.L.-rost all the advantages of oil cooled transforrrers, plus
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they are the rrost fire safe of any kind of liquid filled transformer. (The
disadvantages of askarel compared t.o oil, aside from the obvious ones of the
recently recognized toxic and environmental hazard, are such minor considera­
tions as the higher solvency strength of askarel on the insulation carponents
of transfo.rmer windings, plus slightly lower dielectric strength than oil, and
a tendency for the askarel to form corrosive HCl under conditions of internal
arcing or even during corona discharge; the latter effect results in a rrore
stringent maintenance program for askarel transfomers than for oil trans­
fomers. )

The altenlatives to askarel transformers are listed, described, and corrpared
beleM'. No one of the altenlatives has- all of the advantages of askarel trans­
fomers, all cost slightly to significantly rrore than askarel transfo:rrrers,
but none present the environmental hazard associated with PCBs. Some
alten1atives have special advantages possessed by neither oil nor askarel
transfo:rrrers. The attributes of the different types of non-PCB alten'latives
are given below; they are carpared on an installed cost basis, and a simple
decision guide is supplied at the end of this section.

3.6.1 Characteristics of Non-PCB Replacerrent Transfo:rrrers

3.6.1.1 Oil Filled Transformers

The major disadvantage to mineral oil is its flamnability. Transforrrer
mineral oil has a flash point of 145°C, and if an arc occurs within the
transfomer, the breakd.o.om products will be hydrogen and rrethane which are
also flamnable. Detailed records of such failures are maintained by the
electrical industry. Fire undeJ:writers do not approve of the use of oils
and other flammable liquids for indoor applications; where oil filled trans­
fonners are not specifically prohibited as on-site replacem:mts for askarel
filled units, the National ElectricaJ,. Code imposes certain restrictions upon
their rrode of installation.

If safety were not a consideration, there would be no reason why oil filled
transfonners could not be used in all applications. Askarel filled trans­
fonners cost about 1. 3 tiIres as much as oil filled units of the same capacity,
and thus mst users prefer the oil type where possible. The oil filled trans­
fonners are the same size as the askarel units, and they are considerably
lighter in weight. In addition, mineral oil has sanewhat better heat transfer
characteristics than does askarel, and an electrical arc in mineral oil results
in breakdCMl products that are non-corrosive.

Oil filled transfonners can be used in these applications only if they are
suitably isolated from flanID3ble structures or if these structures are suit­
ably safeguarded against fires. When transfonners are located outside of
the building or mine they seIVice, however, the low-voltage pCM'er must be
brought into the building via cables or insulated buses, incurring adclitional
energy losses due to Joule heating in the additional leM' voltage transmission
lines.
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The National Electric Code specifies the vault requirements for oil filled
transforme::..rs in indoor locations. Building a fire resistant vault caT'l double
the installed cost of the transfonrer.

There are apparently no federal regulations that prohJ..bit the use of oil
filled transfo:rmers in underg-.cound mines. Oil filled units are not used under­
g-.cound in Colorado, but this is appare..T'ltly in response to a state require..rre...T'lt.
Although some mines have rerroved all oil filled transfo:rmers fram underground
installations because of the fire hazard associated with the possible loss
of hundreds of gallons of hot oil, other mines have used oil filled units
underground for yea..rs with no problems. Adequate safety underground can be
achieved by installing an oil filled transformer in a vault that is equipped
with automatic ~rs on the ventilation openings and autanatic fire
supression systems that would flood the vault with ca.rbon dioxide or Halon 1301
gas in the event of a fire. An extensive discussion of the fire protection
recommended. for use with underground oil· filled transformers is included in
the report, t,IrIproved Fire Protection for Stationary Underg-.round Equipment, If

dated May 1976, which was prepared for the Bureau of Mines by Factoq Mutual
Research. This report is available frem the National Technical Infonnation
Service, Springfield, Virginia, 22161, as report Ill.JITJber NTIS PB 280 136jLI.C.

3.6.1. 2 Silicone TraT'lSfonrer Liquid

All liquid filled transfonners have better sustained overload capacity and
short term, high overload capacity than do dry type transformers. The greater
heat capacity of liquids corrpared to air and other coolant gases used in
transfo:rmers is the reason for this g-.ceater overload capability. The fire
resistant alternatives to askarels are mainly silicones and high-fire-point
hydrocaJ::bons of the pa.r-cffinic variety. High-fire-point hydrocaJ:.:bons are
discussed in the next sed-Jon.

Silicone filled t:.ra.1'1Sfonners are filled with low viscosity polydi.rnethyl siloxare
liquid. Silicone fluids can also be used. to retrofill askarel traT'lSfonra.rs.
Silicone fluids are nan-toxic, have low f1a:rrnJability (though not quite as lew
as PCBs), andlav solvency strength (which rreans that transfomers filled
with silicone can be exped-L.€:d to have very lav service lives). The dis­
advantages of silicones are: Ca) even though the material is refe:.rred to as
n lew viscosity, If silicoI"l..e is rrore viscous thaT'l either oil or as..1<arel, which
rreans that silicone filled transfo:r:rne:..rs rrnJSt be slightly larger than trans­
fomers of equivalent power. capacity filled. with askarel or oil; (b) on a
volurre basis, silicone fluids cost about twice as much as askarel; ec) when
silicone does burn, it releases clouds of arrorphous silica which may create
visibility problerrs; and (d) wTIen used. as a retrofill fluid, the poorer
heat transfer cha.::..ra.cteristics of silicone relative to askarel require the
derating of the transfomer by about 15 percent .if the unit is likely to be
run continuously at close to its original rated ~ratore.
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Silicone filled transformers are not recomnended for use in underground coal
mines because silicone vapors will gradually deactivate methane detectors.
Silicone liquids are also pcMerful defoamers, so large spills of transformer
silicone liquid onto ore that will be treated by floatation or into the water
of a floatation plant may disrupt the operation of the process.

3.6.1.3 High-Fire-Point Transformer Liquids

High-fire-point fluids for transformers are essentially of two varieties:
(1) natural, Le., derived frcrn natural hydrocarbon fluids by refining out
everything but certain rrolecular species, usually the long-chain paraffinic
rrolecules and (2) synthetic, that is, built up out of simpler rrolecular species
into long chain paraffinic rrolecules. The products are roughly the sane, just
derived by different processes.

The 1978 edition of the National Electrical Code has a new specification for
high-fire-point liquid insulated transformers which reads: "Transformers,
insulated with a non-propagating liquid approved for the purpose, having a
fire point not less than 300°C shall be pennitted to be installed indoors or
outdoors. Such transfonrers installed indoors and rated over 35,000 volts
shall be installed in a vault."

The fire pOint of the synthetic hydrocarbon high-fire-point fluid is about 310°C;
for the refined high-fire-point hydrocarbon it is about 312°C; and for silicone
it is 360°C. Factory Mutual has not formally approved any liquids as high-fire­
point transformer liquids. However, they have given tentative acceptance to
a nurrber of liquids of the classes of silicones, synthetic hydrocarbons, and
Paraffinic hydrocarbons. Aa:eptance means that Factory Mutual reccmrends that
insurance companies insure facilities where high-fire-point liquid filled trans­
formers containing accepted liquids are installed in accordance with the
requirements of the National Electrical Code. HCMever, the insurance company
reserves the right to require additional fire protection at a later tine if
such a need is derronstrated by ~rience.

The Factory Mutual eritetia for transformers filled with high-fire-point
liquids will probably require (a) that transformers filled with approved
less flarrmable liquids be installed in a diked area where the dikes' volume
is sufficient to contain all the liquid and (b) that the diked area be drained
to a safe location if this is feasible. In addition, any approved liquid with
a fire point above 300°C could be used in transformers in flarrmable buildings
with sprinkler systems. In buildings of non-combustible construction (non­
sprinklered), the minimum allavable ceiling height over a high-fire-point
transformer would be a specified function of the heat release rate of the
particular liquid used in the transformer. The heat release rate used in
this calculation would be measured for each liquid in a test involving a
burning quiescent pool of standard size, temperature, and ignition source.

The liquids presently accepted by Factory Mutual are silicone and RI'Emp paraf­
finic hydrocaJ:bon (manufactured by RI'E Corporation). The silicone is rrore
costly, but it has a laver heat of combustion than RI'Emp.
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There are a number of questions not yet satisfactorily answered concerning the
use of the high fire point transfomer liquids. The rrost ~rtant question
concerns the realism of the test conditionS. It has beo....n suggested that
catast.-rophic arcing followed by case rupture is a relatively unusual m::Jde of
transfonrer failure and that a rrore r.cequent problem is prolonged minor arcing
wmch ge-l1erates flamnable gases from the breakdc:wn of transfomer fluid. The
flamnability of unused liquids may not be a reliable indication of their
relative safety under actual transfoJ::IrEr operating conditions.

The high fire point of the paraffinic hydrocarbon fluids is a result of the
relatively high rrolecular weight of the hydrocarbon material. The inherent
disadvantage of the high rrolecular weight is higher viscosity al1d thus lcwer
heat transfer capability than either ordinary mineral oil or askare1. The
major advantages of the high-fire-point fluids are their low price relative to
silicone and askarel and their inherent biodegradability.

3.6.1. 4 OEeIl Air Cooled Transfonners

Tra11Sforrners can be built without the use of a liquid cooling rre:lium. One
type of CLry transfomer which is quite successful under limited conditions is
the open air cooled transfo:rmer. In this design, the required cooling is
provided by air which passes through the transfo1:.'TI'ler due either to the.rrna.l
convection or forced fan circulation. In those sizes where air cooled trans­
fonterS are available, they are about equal in price to askarel filled tra11S­
formers of the sarnekv"A rating. Hc:m'ever, the following limitations gove.-rn
the successful use of open air cooled transfomers, and prevent them fran
being considered for many applications using askarel filled transfo:rrrers.

Heat Capacity: The power drawn from a transfo:r:mer usually varies
over a fairly wide range. The rating of a traI1..sfo:rmer is basically
governed by the power which it can handle continuously without
overheating. If a liquid filled transformer is operated at over­
load conditions for a short period of time, the liquid will act as
a heat sink, absorbing the excess heat produced in the trans­
fo:r:mer without a rapid increase in temperature. The result of
this thennal inertia is that liquid filled tra11Sfo:r:mers can oPerate
at outputs of up to 200 perce-11.t of rated capacity for a period of
one to two hours without being damaged.

An air cooled, dry type transformer does not have this heat sink
available and is limited to operating at a maxi.:rmJm service rating
near its continuous rating. Where the cur.cent drawn on the trans­
fomer does not vary g-.ceatly during the day, this limitation is
no problem. However, in most cases the variation in load w-ould
require that a dry tra11Sfo:rrrer be sized 20 Percent to 30 percent
g-.ceater in capacity than a liquid-filled transfo:rmer for the same
application.
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Dielectric Strength: The liquid coolant in a liquid-filled trans­
fonner also provides a significant level of electrical insulation
between the various current-carrying ccmponents within the trans­
fonner. Air has a much lower dielectric strength, and open air
cooled transforrrers are limited to a maxirrn.:nn voltage of 25 to 40
kv. The problem of electrical insulation is even rrore severe if
the open air cooled transforrrer only oPerates intermittently.
When the transfo:rrner is operating, the heat generated within the
windings keeps their insulation d:r:y and maintains a high dielectric
strength. However, when the transfonner is not operating, the coils
cool to arrbient terrperatures and the insulation can absorb
rroisture from the air which reduces its dielectric strength. Therefore,
an open air cooled transforrrer must be carefully dried before being put
into service after each tirre it has been allowed to cool.

One final problem with dry air cooled transformers is due to the tendency of
dust to be attracted from the air to the coils by electrostatic attraction.
This dust can build up in the coils which blocks the flo.v of air and causes
overlleating, or the dust can fonn conductive paths which short circuit the
transfo:rmer.

Dry OPen air cooled transfonners are generally limited to dry, clean locations
where the load requirements are fairly even and constant, and where the
ma.xinu.:nn voltage does not exceed 30 kV.

3.6.1.5 Sealed Gas-Filled Transformers

A d:r:y transfonner can be provided canplete protection from environmental
effects by sealing it in a pressure tight container and using an inert gas
as the coolant. Gas filled sealed transforrrers have the same overload
limitations as d:r:y air cooled units,' but better control of the insulating
rreclia raises the maxi.rm:Im achievable voltage to levels available with liquid
filled units.

Several different gases have been used as the coolant in sealed gas filled
transformers. The camonly used gas in the United States is hexafluoroethane
(C2Fs). Although chlorofluorocarbons are regulated by the EPA, the use of
this gas in transforrrers will probably not be affected by the regulations.
Nitrogen and sulfur hexafluoride have also been used successfully as trans­
fonner coolants in certain applications.

Because the inert gas increases in pressure when heated, a gas filled trans­
fonner must be enclosed in a heavy pressure vessel housing. The pressure
vessel increases both the size and weight of the gas filled transfonner
compared to OPen air cooled units. The price of the sealed gas filled units
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is also considerably higher than open air cooled units. Because of the
pcorer heat transfer characteristics of the gas compared to liquids, the
gas filled transfo:rm:=rs are designed to operate at l50°C coil temperature
rise and have insulation systems limited to 220°C. Hot spots in the coils
can approach 220°C; accordingly, there is no allCMance for even short-tenn
oPeration at loads higher than ra~ capacity. Therefore, the gas filled
transfonrers must often be sFecified in a larger size than the liquid filled
transfomers to allow for the expected heavy load peaks of paver consl.:lITption.

3. 6.1. 6 Cast Coil Transfo:rroers

The btUrd class of dry transfomer is the cast coil type. Cast coil trans­
fomers have had their priroa:r:y windings or both their prima::..ry windings a11.d
their seconda1:y windings totally encapsulated in vacuum degassed epoxy resin.
This type of construction decreases the noise level in comparison to other
dry type transforrrers, and because of the thermal capacity of the encapsu­
lating epoxy, the overload capacity approaches that of liquid transfonrers while
the fire safety advantage is about the sam: as that of other dry transfonrers.

Cast coil t:..ra.nsfomers are generally rrore canpact, lighter, and rrore shock
resistant than either liquid cooled or the other dry type units. The excep­
tional the:rma.l perforrraTlce (COIl"q?arable to that of liquid transformers in
tenns of running t:e.rrperatlLres and overload capability) is achieved by reducing
resistance losses in the coil conductors. This significantly increases
ItEIlufacturing costs and initial price, but it results in decreased elec""w:ical
0pe.-rating costs and is a factor in the probable longer life of these units.

This technology is better develoPed in Europe than in the U. s. Although the
cast coil transfu:rroers are arrong the rrost expensive in te.r:ms of initial cost,
they are gaining increased usage where reliability-, small size, and fj re
safety are irrq;:;ortant consideratioI1J3.·

3.6.2 Mining Machine.r:y Transfonners

Draglines, shovels, and blasthole drills that are electrically pcwered use
transfm:rners to reduce the incoming high voltage to the levels used by the
drive rrotors. In sore instances, the machinery was originally designed for
oil filled transformers. When askarel transfo:r:rrers were specified by the
buyer, they were installed in the fire-resistant vaults that had beo...n designed
for oil filled transfonners. In some cases where these custarer-ordered
aska-rel units fail, they can be directly replaced with oil cooled trans­
fonners with little, if any, increase in fire hazard. In the event t.l1at aTl
insurance car.cier requires fire safety in addition to an on-board vault, there
is likely to be no great difficulty in installing a silicone or high-fire­
point hydrocarbon cooled transform=r.

In those instances where an item of mobile machinery was actually designed with
askarel transfomers in mind, the installation of oil filled transfoJ::TIErs
might not be possible because of the lack of fire safety precautions, such as
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fire proof vaults. Gas cooled transformers might be adequate replacerrents for
askarel transfonners, except that gas cooled units are generally slightly
larger in physical dirrensions then cx:xnparable kVA liquid cooled units.
Silicone and high-fire-point hydrocamon transfo:rmers might satisfy m:::>st
safety requirerrents at slightly higher cost than the original askarel units.

Several other alternatives to the use of askarel transfonners on nobile
machine:ry were observed during the mine visits. On one dragline, there were
several oil filled transformers, each in a steel roan with appropriate vents.
Each roan was equipped with a fire detection system that would set off an
ala.r:m in the oPerator's cabin if a fire occurred and would also activate a
Halon l30JA fire suppression system. A second dragline, still under con­
struction, had two large three-phase oil filled transfo:r:mers m:::>unted on
platfo:r:ms on the exterior of the rrachine, thereby minimizing the damage that
a transfonner fire could cause. A third possible alternative was under con­
sideration for a transfonner on a bIasthole drill. This transformer was
m:::>unted on the rear of the machine and, in the event of a fire, could have
posed a considerable threat to the operator. Mine personnel were planning
to rem:::>ve the transfonner from the drill and m:::>unt it nearby on skids so
that the transfo.rrner posed less of a hazard but could still be moved as
required. Though this particular trans~onnerwas oil filled, this same
procedure could be done any -tim: an askarel transfonner needed to be replaced
on any type of machine:ry with a slight increase in electrical resistance
losses.

3.6. 3 Relative Costs of Non-PCB Replacerrent Transfo:rI'llP..rs•

The National Electrical Code alla.vs only the smallest of oil cooled trans­
fonners to be used indoors without a vault. The cost of a vault can increase
the installation cost of an oil filled transformer in place of an askarel
unit by 90 to 133 percent of the base cost of the transforrrEr, thereby
eliminating the use of oil filled transformers for askarel units where no
vault already exists. At voltages in excess of 35,000, the code requires
that all types of transformers be installed in vaults if they are located
in buildings. However, as far as the mining indust:ry is concerned, it is
unlikely that many transforrrErs will be installed in indoor locations handling
rrore than 35,000 volts. Therefore, the cost of vault construction will be
considered here in connection with oil cooled transfo.rrners only.

Table 3.6. 3-1 sumnarizes the relative basic costs and installed costs of
various types of transformers. Askarel transfonners are included for the
sake of comparison.

3.6.4 Summary - Considerations in Choosing an Alternative to PCB Transfonners

The follCMing considerations apply to all situations in which transformers
are used in mining, Le., above ground, underground, indoor, or on mobile
rrachines.
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Table 3.6.3-1

Cost Catparisons of Oil Filled Versus Other Transformers
Designs Intended for Hazardous Locations*

(1000 rolA, 15 IN Transfonner)

Catch Total
Type First Cost Vault Basin Vent Installed Cost

Oil 100% 90-133% 190-233%

Askarel (1976) 140% 10% 2% 150%

High fire point
hydrocarbon liquid 120% 10%"** 120-130%

High fire point
silicone liquid 140% 10%** 150%

DIY open coil
air coolE;d 150-170% 150-170%

D:ry gas filled 200% 200%

Dr.f cast coil 150-200% 150-200%

*Adapted fran: Westinghouse, "Is There Another Way," Sharon, PA., p. 18,
undated; and Deake..TJ., R.F.J., and P.D. Smith (Polygon Industries Ltd.,)
"Epoxy Insulation - A Nell Generation of Dr.f Type TraTJ.Sfor:rne:..rs, It Paper
presented at the 64th Annual Meeting of the canadian Pulp aTJ.d Paper
Association, Montreal, Quebec, Janua-ry 31, 1978.

**Catch basin is not required by law or regulation but is required as a
condition for insurance coverage by certain industrial· insurers.
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Oil COOled TransfoI.'IrerS - There are surprisingly large numbers of transfonner
installations, in mining and in other industries, where askarel transfonners
have been installed in places where the prevailing electrical code as well as
ccmron sense would have allaved the installation of oil filled transfonners.
If such an askarel transforner must be replaced, either because it has failed
or because in its present location it is too costly or virtually inpossible
to secure against fluid loss (and ,therefore presents a potential extreme
cleanup threat), the first choice to be considered is an oil filled unit.
If the use of an oil filled transformer presents no particular fire hazard,
and if no additional fire precautions are needed such as a vault, then the
oil filled unit will be the m::>st cost effective and the easiest replacerrent.

Silicone and High-Fire-Point Transfonners - Because the coolant fluids in
silicone and high-fire-point type transfonners are of a higher viscosity than
either askarel or ordinary transformer mineral oil, their heat transfer
characteristics are not quite as good. Thus replacerrent transforrrers of these
types are likely to be slightly larger than the askarel units they replace.
They will probably not be as heavy as the equivalent askarel units, hCMever,
because of the extrem=ly high density of the askarel coolant. Silicone and
high-fire-point hydrocamon cooled transformers find their best applications
as replacem=nts for askarel transfonners in places where fire vaults for
oil filled units would either be too expensive to install, or would be
:i.rrpractical to install because of space limitation. Being liquid filled,
they have the advantage of having high sustained overload capacity, the sarre
as askarel and oil filled transfonners.

DIY Type Transformers - D:ry oPen air type transformers are usually larger than
liquid cooled units because of theallCMance that must be made for air m::>ve­
rrent. And assuming that the unit is used in an environm:mt where dust is
not a consideration, open air cooled transformers can operate with less main­
tenance than any of the liquid type transfomers. OPen air cooled trans­
fomers have two drawbacks as far as 'mining is concerned: they have only
short-term overload capability because they contain no liquid to act as a
heat sink, and they tend to generate much m::>re noise than liquid filled
transfomers, which can be irritating to people who have to work nearby.

Sealed gas cooled transfonners have all the sarre characteristics of OPen
transformers, except they are totally sealed against the hazards of environ­
rrental dust and corrosive gases and furres. Since they are sealed, their
cases have to be of heavy guage construction to contain the pressure of the
gas inside when the unit is operating at high temperatures. Thus they tend
to be heavy as well as large in comparison to liquid units of equivalent
rating. Their chief advantage is their alm::>st total freedan fran maintenance,
which ItEkes them suitable for applications where maintenance is :i.rrpractical.
Their disadvantages include high initial cost, high operating noise, and
poor sustained overload capacity.

Cast coil transformers have advantages of both liquid and dry transformers.
They require virtually no maintenance, they produce noise levels that are
intenrediate between liquid and other dry units, and because of their
designed-in high efficiency plus the arrount of material used to encase the
windings, they can sustain high overloads alrrost as well as liquid filled
transfomers. Their main disadvantage is high initial cost.
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4. a PCB CONTAMINA-'T'ED TRANSFORMERS

P<.bout 98% of the liquid filled transfonrers in use in the United States
(probably including. the majority of those used in rrdning applications) are
filled with transfonner oil. Analysis of oil taken frem several hundred
t...ransfor:rre-.rs 0Nned by electrical utilities has indicated that as ma.TIY as
38% of all of .the oil filled transfonrers may be contarninated with PCBs in.
concentrations exceeding 50 parts fer million (i.e., one tenth pound PCBs
per ton of oil). The contamination of transfonner oil with PCBs may have
occur.ced either in transformer manufacturing plants where both PCBs and
oil were used to fill transformers 1 or in routine field se..rvicing that
involved filtering the liquid by use of equiprrent that was used for both
oil and askarel filled units. In a few cases, PCBs may have beo....n used to top
off oil filled trw.Bformers.

PCBs are cOITq?letely soluble in transfonrer oil, and there is no easy way to
detennine whether lew levels of PCBs are prese...7lt in any particular lot of oil
at concentrations above 50 p<Lrts per million. The only feasible method for
analyzing for low levels of PCBs in oil involves the use of a gas chrorna.to­
g-.caph with an electron capture detector. A number of qualified analy'-J-ical
laboratories will perform this analysis for prices ranging frem $60 to $100
per sarrple .depending on the nurrber of sarrples subrnitted at one tirre.

The EPA regulations on PCBs define "PCB amtarninated transfo:r:mers" as arry oil
filled t-ransformer in wmch the oil is contaminated with PCBs in concentratiort.B
above 50 ppm, or as any oil filled, transfo:r:mer in which the oil has not been
tested a7ld found to contain less than 50 ppm PCBs. In other words, all oil
filled transfonners !IU1St be considered to be contam:Lrrated with PCBs 1l.7lleSS
tests have bec....n perfonred and the oil found to not contain PCBs.

4.1 EPA Requirements for PCB Contaminated Oil Filled Transformers

Trarrsformer oil k.nam to be contaminated with nore than 500 parts per million
PCBs is classified as a PCB askareli both the oil a7ld the transformer that
it is in are considered to be PCB askarel items and are covered by the
regulations discussed in Section 3.3 of this report. Transfo:rrrer oil that
contains 50 to 499 ppm PCBs or that has not bec....n tested is considered to be
PCB contaminated. EPA regulatiort.B apply to the disposal or reuse of con­
taminated oil, but there are no regulations on the continued use, rnaintena7lce,
rebuilding, or disposal of the transfonners.

Transfo::r:mer oil that is knOtm by test to contain less than 50 ppm PCBs is not
covered by the EPA PCB regulations.
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!?isposal of transfo:rrner oil fran PCB contaminated transfo:rmers: by incinera­
tion in an approved PCB incinerator; by burial in an approved PCB chemical
waste landfill; by burning as an auxiliary fuel in a large p<:Mer boiler that
rreets specific operational requirerrents (see regulation for details).

Reuse of oil fram PCB contaminated transforrrers: reclamation and reuse of
oil is allaved by the CMner of the oil.

Resale of used or reclairred oil from PCB contaminated transforrrers: banned.

Storage of out-of-service PCB contaminated transfonners or oil from such
units: I'rnJSt be in a facility rreeting the requirerrents of SPCC plan.

Spill cleanup: all rmterial contaminated with rrore than 50 ppm PCBs I'rnJSt be
picked up and disposed of as PCBs. In general, the oil spill regulations
will apply and will be rrore stringent for lav level contamination of land
and water by oil.
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5.0 PCB CAPACI'IORS

Most ac power capacitors manufactured in the u.s. between 1935 aDd 1977 used
PCBs as a dielectric liquid. The EPA regulations banned the sale of PCB
capacitors after July 1, 1979, unless the seller has obtained an exerrption
from the regulations from the EPA.' Hcwever, non-PCB capacitors have bee.71
developed for a1m:Jst all of the applications where PCB units were previously
used. The liquids used to replace the PCBs in these new designs are rrore
flarrnnable than PCBs, but the manufacturers have developed various pressure
sensitive and heat sensitive circuit breakers that prevent the capacitor fran
rupturing if it fails electrically.

The EPA regulations will allew existing capacitors to remain in service, but
impose certain marking, recordkeeping, storage, disposal, aDd spill clean up
requirerrents•

5.1 Uses of PCB Capacitors in the Mi..Tling Industry

Electronics: small PCB capacitors were used in the power circuits of serre
microwave ovens and television sets.

Motor Sta...rt Capacitors: used in series with the secondary Windings of larger
single phaSe rrotors such as those used in room air conditioners and sub­
:rrersible well pu:rrps.

Ballast Capacitors: used in the ballasts of fluorescent lights and high intensit.y
m:rcury arc and sodium arc lights. '

Surge Capacitors: used with circuit breakers on large electric rrotors and on
load centers.

Pewer Factor Capacitors: usually located in substations, although often found
on distribution poles.

5.2 Hew to Identify PCB Capacitors

Liquid dielectric type ac capacitors are sealed metal cans with two or rrore
terminals. The non-PCB capacitors that have been built since July 1, 1978,
have all been marked "No PCBs". All other capacitors of this type must be
assurred to contain PCBS unless you knew, based on manufacturer I s lite-rature
or label infonnation, that a specific capacitor does not contain PCBs.

The follcwing is a list of the manufacturers k.mJwn to have produc....od PCB capac­
itors since 1971. PCB capacitors manufactured prior to 1971 may not appear
on t..l-ris list if the manufacturer stopped using PCBs or went out of business.
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Manufacturers

Aerovox
Axel Electronics
Capacitor Specialists
Cornell Dubilier
Electrical Utilities C01:p.
Electromagnetic Filter Co.
General Electric
Jard C01:p.
McGraw Edison
P. R. Mallory & Co.
R. F. Interonics
Sangarro Electric Co.
Sprague Electric Co.
Tobe Deutschmann Labs.
Universal Manufacturing Corp.
Westinghouse
York Electronics

5.3 Requirerrents for PCB Capacitors

Trade Name of Liquid

Hyvol

Dykanol
Eucarel

Pyranol
Clo1:phen
Elemex
Aroclor B

Diaclor
Clorinol

Askarel
Inerteen

PCB capacitors may continue in use indefinitely, with no special diking pro­
visions required. The PCB regulations define three types of PCB capacitors,
and different requirerrents apply to each. type:

'r¥PE?s of PCB Capacitors:

Small: contain less than three pounds PCBs (exenpted from all
requirem:nts) .

Large High Voltage: Contain rrore than three pounds PCBs and
operate at voltages above 2000 volts (basically distri­
bution system pcwer factor capacitors)

Large I.1::M Voltage: Contain rrore than three pounds PCBs and
oPerate at voltages below 2000 volts.

Note: In general "large" capacitors are those having
a can volurre greater than 300 cubic inches.

Use: No restrictions on continued use of existing PCB capacitors.
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Marking:

Large High Voltage: A PCB label rrnJSt be applied to each capacitor
in use and in storage (see Section 2.2).

Large Lav Voltage: A PCB label rrnJSt be applied to each capacitor
when it is removed from service. It would probably sirrplify
the job of keeping track of the large PCB capacitors if the
large 1c:Nl voltage capacitors in service had the label applied,
but this is not required.

Small: No marking requirements.

Recordkeeping: Required, except for those facilities havi-Ilg fe;.;er than 50
large capacitors and no other PCB transformers. The records for capacitors
rrnJSt include the following information: the total number of PCB large high
voltage and lOti voltage capacitors in the facility; the date each large PCB
capacitor is removed from service, is placed into storage for disposal, and
is placed into transport for disposal; for large capacitors rerroved from
service, the location of the initial disposal or storage facility and t"l1e
narre of the Otmer or operator of the facility; for PCB capacitors in storage
i..11. containers, the total· weight of capacitors in each container. An aTL7'lual
reportrrnJSt be prepared summarizing this information as of July 1 of each.
year. All records must be retained for five years after the facility ceases
using or storing PCBs.

Storage for Disposal: Re.quirerrents apply to storage of large PCB capacitors
only. In ge..11.eral, capacitors must be placed in drums (see section 2.3) and
stored in special PCB storage areas (see Section 2.4}. HcweVer, non-leaking
large capacitors may be stored on pallets next to a11. approved storage area
until January 1, 19 83, provided that (1) the storage area has im:rediately
available unfilled storage space that could acccm::rlate at least ten percent
of the capacitors stored outside the area (in case a capacitor should STart
to leak, it could be imrediately rroved into the storage area) and (2) the
capacitors on pallets are inspected weo...kly.

Disposal:

Large PCB Capacitors: In an approved PCB landfill tmtil January
1, 1980; in an approved PCB incinerator thereafter.

Small PCB Capacitors: No special disposal requirements. May
be disposed of as any other trash.

Spill Cleanup: It is unCOITiI'lPn, but not Unknown, for a capacitor to leak when
it fails. Because of the high terrq;:eratures and pressures caused by an
electrical arc oceur-.ci..11.g inside a capacitOr, PCB V'a".DOrs may be vented under
pressure and spray over a considerable area. The regulations require that
all material contaminated with over 50 pa-rts per million PCBs be picked up
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and disposed of in an approved PCB landfill, and that contaminated surfaces
of equipm=nt be decontaminated. Rupture of a capacitor in an tll1derground
or indoors application could result in high concentrations of PCBs in the air
which would present a serious health hazard to any workers in the area.

5.4 Precautions for Continued Use

Capacitors seldom rupture when they fail, and there is little likelihood that
a major PCB spill will result from the failure of any PCB capacitor presently
in service. Even a large pa.ver factor capacitor rated at 200 KVAR will con­
tain only about 40 pounds of PCBs, and rrost of this is adsoIbed in the paper
or other solid dielectric rra.terial. . Therefore, the rnaxi.rm.ml arrDtll1t that
could leak out would probably not exceed eight pounds of PCBs. In the in­
frequent occasion of a rupture of a capacitor, PCBs will probably be sprayed
out as a fine mist. This will contaminate nearby objects and rra.terials, and
the contaminated material will have to be picked up and disposed of as PCBs.

The only significant risk that could result from continued use of PCB capac­
i tors would be human exposure to PCB vapors if a capacitor failed in a
building or tll1dergrotll1d installation. Most capacitors used in these environ­
rrents are used as surge protection on distribution transforrrer prirra.ry
terminals and on rrotor contactors. In rrost cases, system electrical safety
can be irrproved by rerroving the capacitors and installing properly sized
surge arrestors. This system rrodification is discussed in rrore detail in the
folla..ving section.

5.5 Substitutes for PCB Capacitors

PCBs are no longer being used in capacitors, and the EPA regulations ban the
sale of PCB capacitors after July 1, 1979 tll1less the seller has applied
for and been granted an exemption from these ban requirements. Capacitors
using non-PCB dielectric liquids are available for rrost applications.
Although the replacem=nt liquids do not have the fire resistance of PCBs, the
manufacturers are irrproving the rupture resistance of non-PCB ballast capac­
itors by building thennal and pressure sensitive circuit breakers into the
capacitors. Most large high voltage pa.ver factor capacitors are located out
doors at substations, and there is little risk of rra.jor fire damage even if
a leak should occur and the liquid burn.

The capacitors used in buildings and in tll1dergrotll1d mines on the primary
tenninals of distribution transfo:r:mers and associated with rrotor contactors
can present a potential fire prcblem if non-PCB capacitors are used. These
capacitors are used to limit the rate of voltage rise, and to protect the
circuit breaker from flash over resulting from chopping when a motor is dis­
connected. Ha..vever, recent research has shown that capacitors used in these
applications rra.y actually degrade the electrical system perfonnance.
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The presence of too Imlch load side capacitance can result in prest-rike whe.Tl
a motor contactor is closed; the capacitor should be- installed on the motor
tenninals rather than adjacent to the contactor as is usual practice - the
inductance of the cable will help reduce the tendenc.Y of prestrike. In
addition, the charging requirem=nts of excess capacitance can trip out b."1.e
g-.cound fault detector in some cases. In most cases·, i:rrproved system safety
can be achieved by rerroving the capacitors and installing lew sparkover
distribution class su.-rge ar.cestors that are coordinated with insulation
characteristics of the associated motor and transfonner. The factors that
ImlSt be considered in making this system change are discussed in detail in
the report "Evaluation of Mine Electrical System Safety" that is presently
being prepared at Pennsylvania State Unive-rsity under Bureau of Mines
Contract GO 155-003. This report should be COITq'?leted in September, 1979,
and will subsequently be made available through the National Technical
Inforrration Service, Springfield, Va. 22161.
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6.0 UNDERGRJUND MmING MACHINERY

6.1 Use

In the late 1960' s and early 1970' s, PCBs were used in sore electric rrotors
manufactured by Reliance Electric .for Joy Manufacturing Co. Joy used these
rotors in the following applications:

CU43 continuous miners - cutting-head rrotors, pump motor

9CM continuous miners - cutting-head rrotors, pump rrotor

140010 loaders - traction rrotors

Liquid-filled rrotors were used because they were smaller and lighter than air
cooled rrotors. A PCB mixture was chosen as the liquid because it was non­
flamnable, provided adequate lubrication, and possessed the best overall
canbination of electrical properties, chemical stability, and cost. The
arrount of PCBs used in each of the various kinds of rrotors is swmarized in
Table 6.1-1.

Table 6.1-1. Quantity of PCBs in Mining Machinery

Machine Weight of Fluid Weight of Fluid
per Motor per Machine

(kg) (lb) (kg) (lb)

CU43 continuous Miners 20.9 46.0 62.7 138.0

9CM Continuous Miners 26.1 57.5 78.3 172.5

14BUIO Loaders 20.9 46.0 41. 8 92.0

6.2 Identification

All of the CU43's, 9CM's, and 14OOIO's originally sold by Joy used PCB filled
rotors. Sore of the traction rotors on the loaders have been converted to
air cooling and are no longer affected by the PCB regulations. If one of the
loaders was purchased used, and there is serre doubt about whether the motors
still contain PCBs, the air cooled rotors can easily be identified because
they have no fill-plug or pressure-relief valve.
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Sorre of the continuous miner rrotors have beo...n converted to silicone cooling.
'TIle shop that perfonred the conversion should be contacted for infonnation
about t.~e possibility of the rrotors being contaminated with small amounts of
PCBs. If the repair shop does not have any infonnation, the following guides
should be follooed:

1) If the rrotor was disasse.rrbled, degreased, and retlou..rld, there is little or
no chance that any PCBs remain; thus the rrotor would not be covered by EPA
regulations.

2) If the rrotor was not rewound but was only drained, flushed, and refilled
with silicone, there were probably still enough PCBs trapped in the rrotor
windings to contaminate the silicone. In this case, the rrotor is covered
by the regulations and should still be treated as though it were filled with
PCBs. The procedures and recorrmendations in this chapter should be follcwed.

6.3 EPA Requiren:ents

All three types of equipment may be used until January I, 1982, under the
following conditions:

1) PCBs may be added to any of the rrotors until January I, 1982.

2) PCB filled rrotors on the loaders must be rebuilt as non-PCB motors the
next tirre the motor is rebuilt.

3) PCB filled rrotors on the continuous miners may not be rebuilt after
January I, 1980.

4) Any PCBs that will be used to service PCB filled motors must be stored in
accordance with the requ:i.rerrents-described in Section 2.4.

5) PCB rrotors must be disposed of in an approved che..rnical waste landfill.
Disposal must take placebefure January 1,1984. T11.e regulatiorls penrd.t
used machinery to be bought and sold.

'TIle EPA regulations require that labels be applied to anYthing t.~at contains
PCBs. A description of the labels and addresses of label manufactu:ce.-rs are in
Section 2.2. In connection with the PCB filled rrotors, the following things
must be labeled .inmediately:

1) Each PCB filled rrotor.

2) Each mining machine that still has a PCB filled motor.

3) Each can of PCBs that is on hand for servicing or being stored for
disposal.

4) Each area· that is being used to store PCBs or PCB-filled rrotors.

'TIle labels should be placed where they can be easily seen.
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Recordkeeping: None required by the regulation.

Servicing

PCBs may be added to mining machinery motors until January 1, 1982. After this
date, further use of the machinery' is prohibited and any PCBs in stock ITn.1St
be disposed of properly.

The motors on the continuous miners may be rebuilt until January 1, 1980. After
that date the machinery may still be used (until January 1, 1982); if a motor
fails and no spare rrotor is available, the machine ITn.1St be retired and the
rrotors ITn.1St be disposed of properly.

Disposal

The regulations require that the rrotors be drained of as Imlch liquid as possible,
and the liquid ITn.1St be shipped to an incinerator that has been approved by the
EPA for disposal of PCBs. The drained rrotor ITn.1St be disposed of by burial in
an approved chemical waste landfill. Infonnation on the location of approved
incinerators and landfills can be obtained fran the EPA I S IndustJ::y
Assistance Office (800-424-9065).

The rrotor and the liquid ITn.1St be disposed of before January 1, 1984. If the
rrotor or the liquid will be kept for rrore than 30 days after the rrotor is
rerroved from service, storage ITn.1St be in an area which meets the requirements
described in Section 2.4.

6. 4 Recorcm:nded Precautions for Continued Use

The follONing precautions should be taken when using PCB fluids in mining
machinery rrotors:

1) A pan filled with floor-dry, sawdust, or sane other absorbent material
should be placed under a rrotor before it is topped off.

2) Drips and spills should be avoided or prarrptly cleaned up when topping
off a rrotor.

3) Motors should not be overfilled as this has, in sane instances, resulted
in leaks.

4) Any leaking rrotor or any rrotor which is using a greater than nonnal
arrount of fluid should be irrmediately rerroved fran service until the
cause of the loss of fluid is located and eliminated.

5) If a continuous miner is going to be used much past January 1, 1980,
Joy Manufacturing Company should be contacted as soon as possible to make
arrangem:nts to have the rotor rebuilt before the January 1, 1980
deadline on rebuilding.
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6.5 Errergency Spill Response

If PCBs leak or spray out of a mining machineJ::y rrotor, the procedure described
in ApPendix A should be follcwed. In addition, if the spill happens under­
g-.cound the following precautions should be taken:

1) If water is being sprayed on the mine face near the rnachiIle, the
water should be shut off irmnediately.

2) If mLl1e dewatering is being perfo:rmed in the area of the spill, it should,
if possible be stopped irmnediately. (If the dewatering system beca:rres
contaminated with PCBs, it will have to be thoroughly cleaned or
possibly sent to a chemical waste landfill.)

6.6 Non-PCB Replacerrent Equiprrent

Loaders

'Ihe tra~t-ion motors on the loaders can be rebuilt as air cooled motors. Joy
Manufacturing will do this for approximately $3,100 per rrotor. This is
roughly what it w-ould cost for rebuilding the motor for continued PCB cooled
operation. The EPA regulations do not penni.t the motors to·be used fu..-'=ter
JanuaIy I, 1982 and also do not penni.t Joy to perfonn the conversion to air­
cooling after JanuaIy I, 1982. For further infonnation on having the conver­
sion perfo:rmed, contact the nearest Joy sales representative or service
facility.

continuous Mi...l1ers

There is no suitable replacerrent for the PCB filled rrotors on "h"le continuous
mina.rs. The rrotors cannot be rebuilt for air cooled operation because tflere
is not enough room in the rnachineJ::y frame. Some of these rrotors have 1Jea....n
refilled with a silicone fluid. The use of silicone fluid has not bec...n
approved by MSHA because silicone vapors will deactivate methane detectors"
and is not recorrmended by Joy because the silicones will burn. Therefore,
silicone fluid cannot be considered an acceptable replace.rnent for PCBs in
these rrotors. 'Ihe only acceptable alternative is to purchase another mLl1er
before the JanuaIy I, 1982 deadline.
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7. 0 ELECTROMAGNETS

7.1 Use

~bst separator electromagnets are filled with mineral oil, but PCBs have been
used in magnets mounted in locations where there is an increased danger of
fire. These PCB filled magnets have been used primarily indoors near coal
crushers and over conveyors at the head of a mine, though they may be found
in other locations.

7.2 Identification

There are no markings on a magnet that tell whether it is filled with
mineral oil or PCBs i PCBs were simply substituted for mineral oil at the
request of the purchaser. The simplest r,vay to detennine what a magnet is
filled with is to check company records. If there are no records available,
the serial number of the magnet should be obtained fran the narreplate and
the manufacturer should be contacted. There were three manufacturers who
used PCBs in some of their magnets. Their addresses and telephone numbers
are:

Dings Corrpany
4780 West Electric Avenue
Hilwaukee, Wisconsin 53246
(414) 672-7830

Eriez Magnets
95 Magnet Drive
Erie, Pennsylvania 16512
(814) 833-9881

Stearns Magnetics, Inc.
6001 South General Avenue
Cudahy, Wisconsin 53110
(414) 769-8000

7.3 EPA Requirements

PCB filled electromagnets are oonsidered to be totally enclosed uses of PCBs,
and are subject to the sane requirerrents as PCB transfOJ:.1'[~rs except for the
reoordkeeping requirerrent.

Marking

Any electromagnet that oontains PCBs or liquid contaminated with over
50 ppm PCBs must be labeled (See Section 2.2).
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Recordkeeping: None required by the regulation.

Se-rvicing

Minor servicing of PCB filled electranagnets is permitted until July 1, 1984,
but rebuilding or any other type. of servicing that requires rernoiling the coil
is prohibited. The follcwing requirements must be followed whe..Tl servicing a
PCB filled electranagnet:

1) PCBs removed fran the magnet must be eit.~ returned to the magnet, used
in some other permitted application, or disposed of properly. The PCB
material may not be sold.

2) Any PCBs that may be used to service or repair a PCB electromagnet must
be stored in an area which meets the requirerne..Tlts described in Sec'-tion 2.4.

Disr::osal

The regulations require t."I1at the PCB magnet be drained of as much liquid as
r::ossible, and the liquid must be sent to an incinerator that has beo--n
approved by the EPA for disposal of PCBs. The drained magnet must be
buried in an approved chemical waste landfill. Infor:mation on approved
incinerators and landfills can be obtained from the EPA Indus-Lry Assistance
Office (800-424-9065).

Before the liquid is drained fran the magnet, the g-.cound or floor unde-71leat."I1
should be covered wit."I1 a sheet of' plastic and a layer of floor-dry, sawdust,
or other absorbent material. If the magnet does not have a drain plug, a
hole should be drilled or cut in one corner of the top of t'f1e rnagnet aTld the
fluid should be siphoned i..D.to a ~el or drum t.rm.t meets the requirements
described. in Section 2.3 and that is acceptable to the incineration
facility that will be receiving t."I1e fluid. Some incinerator operators may
require that small drums of liquid be packed inside of larger bar.cels of
sawuust to provide more protection against spills, so t."I1e incinerator
facility should be contacted to determine its requirerrents. After the
rragnet has been thoroughly drained t."I1e siphoning hose should be placed
inside the magnet case and the hole should be plugged to prevent any small
arrounts of PCBs that remain in the macmet from leakinq out when t.he macmet
is sent to the landfill. If any PCBs -dripped onto th~ layer of floor-dD.l,
the cont.arclJ.nated material and, if necessary, the plastic must also be sent
to the landfill.

For additional info:r:mation on transportation of PCBs, see Section 2.7.

7.4 Recarmended Precautions for Continued Use

Precautions should be taken to reduce the possibility of spills a.nd leaks
when using a PCB filled electranagnet. These steps i..Tlclude:
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1. Inspecting the magnet at least once a month for minor leaks, with
particular attention being paid to the welds, where cracks may develop if
the magnet is frequently turned on and off.

2. If the magnet is being moved, extra care should be taken to ensure that
the casing is not damaged.

The EPA regulations allow continued use of PCB filled separator nagnets over
coal conveyors because it is assumed that any PCBs that leak out of the
magnet will be destroyed when the coal is burned. However, the use of PCB
magnets over coal that will be washed or otherwise subjected to "vater based
physical cleaning processes risks a major PCB contamination incident.
Washing coal that has been contaminated with spilled PCBs will result in
PCB contamination of the wash water, exposure of workers to PCBs vaporized
from the recycled water, and stream pollution when the water is discharged
from the plant. A major spill of PCBs into the water of a coal cleaning
plant, whether directly or due to contamination of the feed coal, would have
to be considered an environmental disaster that would be extremely expensive,
if not impossible, to clean up. The consequences of a possible PCB spill
should be carefully considered \vhen deciding whether to allow a PCB separator
nagnet to remain in service.

7.5 Emergency Spill Response

If a PCB filled magnet develops a leak, the spill response plan in Appendix
A should be followed. In addition, the following steps should be taken:

1. The conveyor should be stopped immediately to limit the amount of coal
t..'1at becomes contaminated.

2. The magnet should be rerroved frc.m over tJ.~e conveyor, and a pan of
sawdust or floor-dry should be placed under the leak. If the maanet can
not be moved I a pan should be placed on the conveyor under the l~ak.

3. Any visibly contaminated coal should be removed from the conveyor and
placed in a drun for disposal. (See Section 2.3).

4. See Section 2.6 for decontamination procedures.

7.6 Non-PCB Electromaanets
"'

Several alternatives to the use of PCB filled electromagnets are available.
Oil filled magnets can be used if there is a location where the increased
fire risk would not pose a significant t..~eat.
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The magnet manufacturers also sell silicone filled magnets for use when a
fluid with fire-resistant properties is required. A silicone filled
electromagnet costs 40% to 50% more than a conparable oil filled unit. The
use of silicone fluids undergr01.md is not recorrmended because silicone vapors
will deactivate methane detectors. Although the silicone fluid is non­
toxic, major spills onto coal (or ore) prior to ,;vet floatation processing
may disrupt the process because silicone is a powerful a11ti-foaming aga11t.

Ot..l1er high fire point hydrocarbon transforrrer liquids might also be con­
sidered. These have about the same fire point characteristics as silicone,
but they release more heat than silicone if they do ignite. See Section
3.6.1. 3 for additional discussion of these liquids.

Repeated refilling of existing PCB separator magnets with transfo:r::mer oil,
silicone, or high fire point transformer liquid will gradually reduce the
residual levels of PCBs. If the concentration of PCBs is reduced to below
50 Parts per million, t..~e magnet ,;vould be allowed to be rebuilt or sold
for scrap when it fails. (The regulations allow these alte-rnatives for
transfonrers continuing less than 500 ppn PCBs. Rebuilding or scrapping a
nagnet having PCBs present in the fluid 1-11 concentrations betwe""'Jl 50 and
500 ppm would require the ovm.er to apply to the EPA for an exemption based
on the precedent established for transfo:rmers.)

Dry t.y};:e separator magnets are also available. Eriez sells an air cooled
nagnet which has been approved by Underwriter! s La!:xJratory for use in
dirty, dusty environments. This type of magnet costs 20 to 25% more tha.11
a conparable oil filled unit. '
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8.0 HEAT TRANSFER FLUIDS

8.1 Use

Because of their fire resistance' and stability, PCBs were used as the major
canponent of several high terrperature heat transfer fluids. These fluids
were manufactured fran 1930 through 1972 by Monsanto. From 1972 through
1974 Geneva Industries of Houston, Texas, manufactured one type of PCB
based heat transfer fluid. Monsanto quit selling PCB based heat transfer
fluids during 1971-1972, but it was several years before all the fluid was
in the hands of the final consumer. Most purchasers of heat transfer fluids
were advised by Monsanto to drain their systems and refill the.m with a
different fluid. Recent tests on a number of heat transfer syste.ms have
found PCBs present at levels high enough to be regulated by the EPA even in
systems that have been drained and flushed.

PCB based heat transfer fluids were apparently not widely used in the mining
industry. Versar identified only one system that ever used a PCB based heat
transfer fluid. This system was used as a part of several concentrate dryers
at an ore beneficiation plant.

8.2 Identification

The trade names for the various PCB based heat transfer fluids manufactured
by !".onsanto are shown below. The trade name for the proouct sold by Geneva
Industries is not known but it was sold as being equivalent to Thenninol FR-l.

Trade Names for PCB Based Heat Transfer Fluids Banufactured by Monsanto

Heat'Transfer Fluids

Thenninol FR-O
Therrninol FR-LO
Therrninol FR-l
Thenninol FR-2
Thenninol FR-3

8.3 EPA Requirements

Use: Heat transfer systems containing fluid contaminated with more than 50
parts per million PCBs may be used until July 1, 1984, provided that:

1. Every heat transfer system that ever contained PCB based fluid must be
tested by OCtober 1, 1979, to detennine the concentration of PCBs remaining
in the fluid.
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2. If the concentration of PCBs exceeds 50 parts per million;

• The system must be drained and refilled with .fluid free of PCBs wit.hin.
six rronths. The PCB contarni..Tlated fluid must be properly stored and disposed
of in an approved PCB incinerator (See Section 2).

• The testing and refilling procedure must be repeated aTlnually illltil the
concentration of PCBs is fOillld to be less than 50 par-L.S per million at
least three rronths after the rrost recent replacement of fluid.

• Records of the testi.Tlg and refilling must be maintained for at least
five years after the concentration of PCBs is reduced to 50 ppm.

Harking

Any heat transfer system that contains a fluid 1i'ri.th over 50 ppm of PCBs must
be marked .irrmediately. The label should be placed where it canbe easily
se'='...n. Names and addresses of latel printers are in Sec-Jon 2.2.

Recordkeeping

All records resulting fran any test conducted to determine the PCB content
of the fluid in a heat transfer system must be kept for at least five yea:.rs
after the system is detennined to have a concentration of PCBs in the fluid
of less than 50 parts per million.

Servicing

Any type of servicing may be done on contaminated heat transfer systems. The
only restriction is that fluid containing 50 ppm or more of PCBs rray not
be used to refill or top-off a system. This includes fluid that has bee..Tl
re.rooved from a system during servicing.

Fluid containing over 50 ppm of PCBsrray be processed in som: marmer to
reduce the level below 50 ppm, and then the fluid may be used in a heat
transfer system. This processing may be done by the owner of the system
or bv someone who has received authorization from the EPA to perform this
type-of servicing.

Any fluid re.rooved from a system that contains any level of PCBs must
either be processed or disposed of in an approved incinerator. Some land­
fills may accept liquids with less than 50 ppm PCBs for disposal. Fluid
contaminated 1i'ri.th any detectable arrDilllts of PCBs may not be used for road
oiling I as an herlJicide car.cier I or in any other similar application.
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Disposal

When a PCB contaminated (al::.ove 50 ppm PCBs in the fluid) heat transfer
system is taken out of service and will no longer be used, the fluid and
the system must be disposed of separately. The fluid must be sent to an
approved PCB incinerator. The drained heat transfer system must then be
disposed of by burial in an approved chemical vvaste landfill.

Once the system is drained, it must be carefully disassembled for shipnent
(unless it is possible to ship the system whole). Plastic and floor-dry
should be placed under each joint before it is taken aPart. The landfill
and the shipping canpany should be contacted for instructions on packaging
portions of the system that are too large to fit in 55 or 110 gallon drums.
All containers that hold contaminated liquids and Parts of the system must
be labeled. If any of the material is going to be stored for more than 30
days before it is shipped to the disposal site , it must be stored in an
area that meets the requirements described in Section 2. 4.

Disposal of scrapPed PCB heat transfer systems in a chemical waste landfill
will be expensive. Present costs are al::.out $8 per cubic foot plus trans­
portation, and the owner of t.~e machine also loses the scrap value of t.~e

metal. It may be cheaper to decontaminate the system using a solvent such
as fuel oil, even t...~ough the contaminated solvent would require disposal in
an approved incinerator.

8.4 Recommended Precautions for Continued Use

The following precautions are recarrnended when using a heat transfer system
that is contaminated with PCBs:

1. If a major leak in the system could reach the ground or any water drain,
the system should be diked.

2. Any drains or cracks in the floor near the system should be plugged or
patched.

3. If there are minor leaks in the system and it is impractical or impos­
sible to repair them, a Pan of floor-dry or sa~ust should be used to catch
the leakage. The pans should be emptied periodically. Contaminated floor­
dry and sav-.dust should be accumulated in a drum that meets the requirements
described in Section 2.3. This drum must be marked, stored in an area that
rreets the requirements described in Section 2. 4, and disposed of in an
approved chemical waste landfill.

4. The system should be checked at least once a month for leaks.

5. When servicing is necessary, pans of floor-dry or a layer of plastic
ar;d then a layer of floor-dry should be placed under all joints that will be
dlsassembled or that could leak as a result of being stressed while \vorking
on a different part of the system.
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6. When a pump, pipLD.g, or other COIllp::me.D.t of a system is removed, the ends
or other openings should be plugged with rags, or the component should be
supported on a rack, pallet, wooden slats, or in same ot.'I1er :manner such
that plastic or pans and floor-dry can be placed under all openings that may
leak PCBs.

If the system is located in an area where it could be accidentally damaged
by a forklift or because heavy equip:nent or items are being rraved nearby,
either the activity should be moved or a sturdy fence or other barrier should
be erected to protect the system.

8.5 Emergenc.f Spill Response

In tL~e event of a leak fran a heat transfer system, the spill response plaD.
in Appendix A should be followed. In addition, the following steps should
be taken:

1. The heat should be shut off.

2. Any pumps in the system should be shut off.

3. If t.T-J.e leak is in a high pressure portion of the system, the pressure
should be' relieved as rapidly as possible.

4. The system should be drained below the level of the leak as rapidly as
possible.

8.6 Non-PCB Heat Transfer Fluids

limen M:msanto discontinued the sale of PCB based heat transfer fluids in
1972, they made available a number 'of substitute fluids for high tenp=rature,
low pressure heat transfer .systems. SUita,ble fluj.d:;; are also available fran
a number of other manufacturers. These fluids are mostly of the chemical
type of alkylated aromatics and aranatic ethers.

The non-PCB fluids have two disadvantages compared to t.T-J.e PCB based
materials: (1) The non-PCB fluids are flammable, and (2) they will
oxidize upon prolonged exposure to air at high temperatures. 11..s a result,
conversion to non-PCB fluids requires that the expansion reservoir be
sealed and blanketed with an inert gas such as nitrogen to protect the
fluid fran oxidation. Direct fired systems must be protected agaLD.St a
major fire resultLD.g from a break LD. the fired tubes by LD.Stalling a remotely
controlled steam, Halon, or carron dioxide quench system LD. the combustion
chamber. Infornation required to design specific applications is available
from your insurance underw.citer and fran the National Fire Protection
Association in Boston, JYT..assachusetts 02210.
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9.0 HYDRAULIC FLUIDS

9.1 Use:

PCBS were used as the basis of a'mJrr'ber of fire resist:·.nt hydraulic fluids
sold prior to 1972. These fluids were used primarily in die casting
machines and in various hot metal equipment in steel mills. This study did
not identify any use of PCB based hydraulic fluid in mining machinery or in
mine-related operations. Ha..vever, it is possible that PCB based fluid may
have been used to sane extent in the mining industry, and the EPA regulations
apply to all systems that ever used PCB based fluid, including miI1e
applications.

9.2 Identification:

The only knONn supplier of PCB based hydraulic fluid was Monsanto, which
marketed a number of different types prior to 1972 under the folla..ving
trade names:

Pydraul A-200
Pydraul AC
Pydraul AC-28
Pydraul F-9
Pydraul 135
Pydraul 150
Pydraul 230
Pydraul 280
Pydraul 312
Pydraul 540
Pydraul 540-A
Pydraul 625

9.3 EPA Requirements:

Any system that ever contained a PCB based hydraulic fluid must be tested
by OCtober 1, 1979, to detennine the concentration of PCBs remaining in the
system. Requirements for recordkeeping, marking, flushing and periodic
testing of contaminated hydraulic systems are the sane as for contaminated
heat transfer systems (see Section 8.3). Disposal of drained hydraulic
systems is not regulated if the liquid contains less than 1000 ppm PCBs;
flushing prior to disposal is required if the fluid contains over 1000 ppm
PCBs. Disposal of fluid contaminated with over 50 ppm PCBs must be in an
approved PCB incinerator.

9.4 Non-PCB Hydraulic Fluids

Host systems that used PCB based fluids have been converted to fluids based
on phosphate esters or to water/glycol mixtures. Performance has been

-74-



satisfactory, although neither of these substitute materials has the fire
resistaTlce or oxidation resistance of PCBs.

Analysis of phosphate ester based hydraulic fluids for residual PCBs ~vi.ll

cost rrore than will similar tests on hydrocarbon based fluids because the
phosphate interferes ~vit."l the equipment that is usually used to Perform this
analysis. There should:be no SPeCial problems if you tell the analYtical
lab what tyPe fluid is presE:-Tltly in the system•
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10 . 0 ~'W3TE OIL

Over one billion gallons of used oil per year is collected for use as road
oil or is reclaimed for use as lubricating oil. The used oil that is
re-refined for use as lubricating oil often contains industrial oil such as
used transfo.rrner oil and hydraulic fluid that is contaminated with low
levels of PCBs. As a result, much of the re-refined motor oil contains
low levels of PCBs, and dissipative uses of even segregated motor oil can
release PCBs into the environrrent.

10.1 EPA Reauirernents:.

The use of waste oil containing any detectible levels of PCBs as road oil,
insecticide carrier, or other dissipative use is forbidden. The regulations
do not define the analytical methcd. to be used to check for PCBs, but the
corrmonly used gas chromatograph can easily detect PCBs at concentrations of
one to two parts per million in used oil.

10.2 Recommendations:

The major :impact of this ban on t.~e use of PCB contaminated waste oil will
be on the oiling of mining roads. A1ternatives to discontinuing road oiling
include the use of carefully segregated used virgin motor oil, testing each
batch of oil for the presence of PCBs (at a cost of $50 to $70 per batch) ,
the use of synthetic soil stabilization chemicals, or the use of water for
dust control. A synthetic material that may perform satisfactorily is
Coherex, which is manufactured by Witco Chemical Corporation. The manufac­
turer should be contacted for additional infonnation and recorrmendations.

Proper disposal of used oil will be required to prevent the release of low
levels of PCBs into the environment. Used oil may be used as a fuel or
re-refined without special handling provided that the oil contains less than
50 ppn PCBs.
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APPENDIX A

Outline of PCB Spill Response Guide

-77-



What are PCBs:

Hazards:

First Aid:

SPILL RESPONSE

APPENDIX A

EMERGENCY SPILL RESPONSE GUIDE FOR

Polychlorinated Biphenyls

(PCBs, Askarel, Pyranol, Inerteen, etc.)

PCBs are a non-flammable oil used as a coolant and
electrical insulating fluid in some transformers,
capacitors, and separator magnets and in electric
motors on certain Joy continuous miners and loaders.

PCBs are a toxic environmental pollutant. Do not
breath vapors or get on skin. Do not allow spilled
PCBs to get into drains, sewers, or other water.

Skin contact: wash off with waterless hand cleaner
using paper towels. Store contaminated towels for
special disposal.

Eye exposure: Flush ~tJ'ith water.

Vapor exposure:' Get medical aid.

Spill fran live electrical equipnent: disconnect power, call chief
electrician. (Phone No. )
Then try to plug leaks with rags, stick, or other material.

All spills:

call (environmental engineer, mine superintendent, etc.)
(Phone No. )
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Protective clot.~ing:

Control spill:

Final cleani.T'lg:

Disposal of PCB
Contaminated
Material and
Equipment:

APPENDIX A (Continued)

Use plastic gloves to preve.T'lt contact with skin.
Contaminated gloves, clothing, shoes, etc., should
be put into 55 gallon drum for disposal as PCBs.
Tools nay be decontaminated by washing with solve.T'lt;
dispose of solvent, rags, etc. T as PCBs.

Dike major spills TJ'lith dirt or other material. Soak
up spilled PCBs wit.~ rags, straw, or other naterial.
Do not let PCBs run into drains or water.

Check with (mine environmental engineo...r) at
(Phone No. )
for detailed instructions.

Solids - load into 55 gallon drums; label with PCB
label; ship to EPA approved PCB chemical waste land­
fill.

Liquids -drain into 55 gallon drums; flush equip­
ment wit.~ solvent such as kerose.T'le or fuel oil to
rerrove as much residual PCB as fOssible; drain
solvent into drums; apply PCB label and store in
secure roofed area meeting EPA requirements until an
approved incineration facility becomes available for
the disposal of PCBs.
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APPENDIX B

WATER-CNLY DRAINAGE SYSTEM*

'!he drainage system descriJ:ed l:::elow is designed so that water can freely

flow out of the diked area, while askarel (PCB) fluid which is denser than water will

cause a silicone rubber "flapper valve" to float up into a fOsition covering the drajn

hole. Figure 8 sr.ows the canplete water-only drainage system in side and top

views, but without the filter screen system that rovers the valve and keep leaves

and other particulate matter from clogging the valve.

'!he fabrication and installation sequences of the valve are as fOllews:

1. Cut a 4-inch-long, straight, undented section of ~-inch (ID) copper
plumbing pipe.

2. Place a copper cap on one end and a copper fitting having a ~-inch

male pipe thread on the other end and then braze (do not solder) the
tbiee pieces tcgether to thoroughly seal the joints.

( BRAZE "\

[Y 50
Brazing is necessary to allow for the additional high-temp-~rat.ure

brazing precesses that are necessary for adequate strength of the
finished \lalve.

3. Fran a piece of 1/8-inch-thick copper flat stock, cut a strip that is
2 5/8 inches long and 5/8 inches wide. 'Ibis will l:::e the "valve face."
Braze it onto the part amve in this manner:

AE--, VIEW A-A'

O IRffiII r9 FILL WITH BRONZE FOR
C============~?i~~ ;------,V ENTIRE LENGTH, BOTH SIDES

~f--2-5-/8-,,---4, 1--_-VALVE FACE ------l 5/8"

A'~

This Appendix is reprinted with pennission from the report "Guide for the
Managerrent of Askarel Transfonners" that was prepared by Versar for the
Naval Facilities Engineering Command under contract no. NOOO-25-78-c-0020.
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4. Drill a 3/16-inch hole as shown, and the.'l'l cut away excess mera] a..1VUIJd t.~

hole and gently grind the E.'l'ltire surface of the valve face on fine erery
paper backed by a flat surface to rerove any unevE..71Iless of the face.

I

DRILL 3/16"

8/16"
I-::::::?~T""

1/4"
BOTTOM VIEW OF VALVE FACE

5. Fran 1/8-inch-thick copper flat steck, cut C1MJ pieces measuring 3/8 inch
by 5/8 inch and braze :then onto the valve face in tl1e positions SJ.~n.

VIEW A-A'

8RAZE

8RAZE~O,~
SIS"
~

3/S"--i!--:;

A·.~

--,,\

/90"

~ / GRIND OFF EXCESS METAL AT
"-- THE ENOS. TO THE DIMENSIONS

SHOWN

i
i
I

21/4"

r
~

2"

25/16"

Fran liS-inch, flat copper steck, cut a rectangular piece rrte=tsuring 2
inches by 6 3/S inches. Bend it to tms shape to make the "qua.7"C1 plate."

~8END LINE ~ k 4" ;;

~

l- .L....- ---'~

6.

7. Br-c.Ze the "guard plate" to the main l:cdy of the valve:

DRILL AND TAP
1,4-20(2)

3/8"

-f 3/8"

SIDEVIEW

o

3/8"

3/8"

(DRILLAND TAP 1/4-20(2) // BRAZE

~i\:~~t1--~.QjI
"",,- BRAZE

FRONT VIEW

3/8"

BOTTOM VIEW

I !.r-
~ .-<-­

3/8"
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8. Fran l/8-inch flat copper stock, cut a rectangular piece - the "valve
rest" - measuring 5/8 inches by 3 3/8 inches, and braze it onto the valve
in this position (see Note #1 in the diagram below):

THE "GUARD
PLATE" CAN
BE BENT
SLIGHTLY TO
MEET THE
VALVE REST
FOR BRAZING

VALVE REST
1/8"+- 1/8" BRAZE (NOTE #1: USE A COARSE WIRE

BRUSH TO ROUGHEN THE
(NOTE #2: THE REASON THE "VALVE REST" SHOULD UPPER SURFACE OF THE VALVE

BE ROUGHENED IS TO LESSEN THE REST BEFORE BRAZING INTO
CHANCES THAT THE SILICONE "FLAPPER PLACE.)
VALVE" WILL STICK TO THIS SURFACE.
BECAUSE THEN THE FLAPPER WILL NOT
FLOAT PROPERLY IF IT SHOULD EVER
COME TO BE SURROUNDED WITH PCBs
FROM THE TRANSFORMER.)

9. Drill a 1/8-inch hole through each of the ~ (bearing supports) in the
lccation shown below. (It might be useful to make an alignment jig to
facilitate the finding of the center for this hole; a schematic of the
type of jig that might be useful is shown.)

VALVE FACE-7

0.1900" +0.025'·..;....,,''---~~'~
VALVE REST~

HOLE-LOCATING JIG:

DRILL 1/8"

+ 3/16" + 1/16"

3/8"0
+ 0.050"
-0.00"

-82-

m---



10. After all the braZing processes are finished, the copper will have a
coating copper oxide scale. Herr-eve the scale with a ro+-ary wj"'-e brush,
but be cara.-ful not to mar the srrooth valve face. Use fine emery pap:r
aT'ld light finger pressure to remove scale fran t.l1.e v-alve face. If t.l1.ere
are large irregularities on the valve face, remove then wit.h. a fine flat
file or use fine ema.ry pap:r backed with a solid flat surface.

11. '!he "flapper valve" is made of tvio-cc:rr@Onent silicone rubber. The best
silicone rubber fonnulation to use is C-e.T'leral Electric RTV 11, whic..11
has a specific gravity of 1.18. 'lWo other RTVs, 41 and 77, could also
be used, but since their specific gravities are respectively 1.31 w..d 1.33,
they won I t have the bouyaT'lCY and sealing power of the less de.l'1.Se RTV 11.

'!he flapper valve must have these dimensions:

T'
l/S"

3"
1/ t

I ~) 5116"

5132"~ 'F- l'

-~-,-------"""'L4~

5/S"

~l--------------J:=:5~1'~
1116"

NO. 14 TEFLON TUBE
(WALL THICKNESS = 0.016"
10=0.054" TO O.lJ74")

There are several ways to make these flapper valves, the tw"O easiest prob-

ably being:

a. Q1. a srneath flat surface, PJur out a 5/S-inch-wide, or wider, strip
of the uncured silicone rubber; make it at least 5/16 LT'lch t.hick.
Locate b.~ teflon t:L11:e so that it is perpendicular to t.h.e strip
and 5/32 inch (+ 0.020 inch) off of the flat surface. w11en b.~e

rubber has cured, use a razor blade to cut the flapper valve into
the required cU.mensions. '!he critical dimensions and characteristics
are:

(1) One surface of the flapper must be very srncoth in order to
seal the drain hole tightly when PCBs are present in the diked
area.
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(2) 'Ihe location of the teflon tube must be accurate in both
alignmept with the rest of the flapper and at height fran
the faces of the flapper

~ 5/32" ±O.020"
--::r:::rt1/32" ± 1~/32"

If these two conditions are not met, the flapper may bind during
operation when it is SuPfOsed to float in PCBs , and/or it may not
properly cover the drain hole.

b. The second methcd is to make a metal or plastic pattern of the
flapper valve. The pattern can be used to make a reusable rrold
out of plastic or metal. Since the flapper valve is symnetric,
the two mold halves can be identical in shape. (However, one
of the rrold halves should have a roughened face so that one
side of the flapper valve will also be rough; the roughness
will be on the side of the flapper valve that is away fran the
drain hole, and the purpose of the roughness is to minimize
sticking of the flapper valve to the "valve rest" during the
period of years that it may lay in the open position.)

Each mold half will look like this:

I
~I A LENGTH OF #14 TEFLON TUBE

I
~ CAN BE LAID ACROSS THIS TROUGH

. . ~ BEFORE THE MOLD HALVES AREL::===========:::::JI... CLOSED; IN ORDER TO MAKE SURE
!

THE TUBE REMAINS STRAIGHT, CAST
THE SILICONE RUBBER AROUND IT
WHILE THE 1/16-INCH BRASS HINGE
SCREW IS INSIDE THE TUBE.
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Use patting canpound on the mold halves and do so sparingly
on the face that is to 1:e smcx:rt.h.

After casting, cut away t..he excess rubber (the flash) and
(after renoving the brass hinge screw) cut the teflon tube
to the proper len~d1 - Le., approxiroately 1/32 inch or 0.030
inch excess tubi..,Tlg on each side of the flapper val\-"e.

12. '!he flapper is attached to the valve l:cdy by means of a brass hinge
SC-.cal and four teflon washers measuring 0 . 020 inches LTl thickness and
with an inside diameter of 1/16 LTlch and an outside diameter of 1/4 to 3/8
inch. '!he hinge scr6'l must have the dirnensions shown in the diagram
1:elow, and the teflon washers must 1:e placed as shown. The nut should
l:e ron down tight against the end of the threaded par-Jon of the hinge
screw to provide adequate tightness of the nut and screw. The final
assembly should allow the flapper valve lots of free play.

R

/ __ FLAPPER VALVE

/
~~/-r ,1/4" /1/16" 0 BRASS

~1illi"hi,r k ~ .

~1"~

(UNTHREADED)
,

~,~ HINGE SUPPORT

13. '!he filter screen is not to 1:e attached until after the e.Tltire valve
assenbly is in place in the dike. Installation of the valve assembly
on the dike should follow this seque.'1ce:

a. A 1rinch galvanized pipe flange should 1:e cut in the manner shown
l:elow so that it can be fitted low on the inside of the steel dike.

, /, /

" '"'" ./
.................. ...,.;--_..-."
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b. The drain valve is screwed into the flange tightly, and the.T1 the
canbination of flange and valve is fitted put into position on the
inside of the dike in this manner,

IF THERE IS INTEFERENCE AT
THIS POINT, DO NOT BEND THE
VALVE REST; EITHER MAKE THE

VALVE LONGER, OR GRIND rr=;::==;;;;;;;;;;ror(
METAL OFF THE DIKE.

GUARD PLATE SHOULD
REST ON MOUNTING PAD

FLANGE MUST BE
FLUSH WITH DIKE

c. Ranove the flange frcm the valve and then, after the t:olt holes are
drilled in the dike, locate and drill the center drain hole in the
dike, using the flange to locate the position of the center hole.
(Drill a hole of about 3/4 inch diameter, or at least drill a smaller
hole that will be positioned so as to allow all water to drain fran
the valve.)

d. Screw the valve back into the flange tightly and, sealing the face of
the flange with silicone rubber caulking ccmpound or sane other
weather-:-proof sealant, screw the flange and valve assembly tightly
into place on the dike.

e. Additional sealant on the tops of the flange screws and around the
edge of the flange will help assure a liquid-tight seal.

f. Using brass or stainless steel screen with holes not larger than
1/16 inch on an edge, fabricate the filter screen so that it is
bolted into place by the screws that mount into the "guardplate", and
so that it carrpletely covers the valve systen all the way down to
the concrete and to the t:ottan and side of the dike. The arrange­
ment for the screen should appear sanething on the order of:

Crimp the SCreen
down tightly along all
surfaces of the dike
and mounting pad.
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The hold-down scre-,vs, should i:e ~-20 , hex-head copp:r, brass, or
stainless steel. Washers of the same material should be used under
the scre-JlS and on top of the screo-n in order to keep the screo-n fran
binding and wrappi..l1g up on the scre-,vs when they are tightened. Bolt
holes can i:e made in the screen by either a punch or by piercing with
an ice-pick-like tool having a shank diameter of a!:out !:£ inch or
slightly larger. It is imperative that all sides of the valve system
J:e protected by thescreo-n, because the movement of leaves and other
particulate matter into the valve area can keep the valve fran runc­
tioning prop:rly.
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