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Section 1 Bummary

1.1 Intreduction

Askarels, the princlipal constituents of which are polychlorinated
biphenyls (PCBs), have been used for over forty years as insulating
fluids in powver capacitor and flame proof transformer applications.
However, recently they have come under close acrutiny and criticiem
because of suspected toxicity and long persistence in the environment.
Large scale use of PCBs has nov been restricted to electrical equipment
applications under stringent controls to prevent accidental spills.

. As & result of these concerns and the poasibility of further
restrictiona being placed on the use of PCBs, alternative fluids are
being considered; however, so far none has galned general acceptance,

. Among the factors impeding the acceptance of nev fluids are the cost
considerations i the excellent electrical properties of PCBs. Besldes
theae major fac: rs, it was felt that lack of adequate test procedures
and test-related performance standards for the evaluation of nev fluids
did present an lmpediment to their acceptance. For example, the question
was asked: Are the existing flammability performance requirements and
the assoclated tests realistic in termp of fire risks? Of equal concern
were teste and requirements regarding toxicity and degradadility of the
material in the environment. Could one arrive at concisely defined yet
meaningful requirements for these properties coupled with a comprehensive
set of tests and measuremente?

In the early part of 197, the Rational Bureau of Standards vas
approached by the Energy Research and Development Administration concerning
standards for testing nev nonflammable insulating fluids for transformers
and capacitors. The objective was to detail in a report or position paper
the teat methods and standards and the test-related research and development
required to facilitate the evaluation and qualifications of new ipsulsting
fluids for distribvution transformers and power capacitors. In the study
leading to this report the authors attempted to find ansvers to the type of
questions mentioned above and to identify test-related roadblocks to the
acceptance of new insulpting fluide.

The material for this report was gathered in literature reviews

and interviews with representatives of the electric utility industry,
manufacturers of insulating fluids and electrical apparstus, Government
regulatory agencles, organizations preparing standards and codes, trade
associations, and independent testing labdoratories. The rescurces and the
time frame of the project were such that not every test for the properties
of insulating fluids could be examined in detail--American Soclety for
Testing and Materials (ASTM) standards (see Appendix A.3.2) list about

- L0 properties--nor 40 we believe that such an examination would have
been desirable and cost effective. Inatead vwe took the position of
responding to problem areas as brought to cur attention by numerous
personal contacts.

The status portions, Section 2 and the Appendix, review the
existing test procedures and standards for insulating fluids. They also
describe the askarel-type transformers and capacitors and stress the
interdependence between the insulating fluid and the rest of the device.
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To {llustrete the properties of ineulating flulds and trends in the
fluid development, several existing and proposed insulating fluids

are described., Finally, since a nev material introduced in commerce
must meet the requirements of numercus codes and Covernment regulations,
an outline of these is provided at the end of Section 2, with details

in the Appendix.

The appraisal and recommendations are the authors' considered
opinions. In Section 3 we comment on the entire field of tests and
standards vithout firm suggestions for a division of the recommended
future work among the industrial, trade organization, or public sectors.
In 1.2, ve emphasize those areas vhich would benefit from public
support. Admittedly, the public and industrial responsibilities cannot
be alvays clearly delineated.

During this investigation ve ware frequently close to the PCB
controversy. However, our scope and objectives did not include the
evaluation of merits and deficiencies of PCBs; ve do not pass jJudgment
in this area. Similarly, although several potential replacement fluids
are mentioned in the report, we offer no firm conclusions regarding the
availability and suitability of replacements. The identification of
commercial materials and their sources In this report is made for
illustrative purposes only. In no case does this identification imply
recommendation by the National Bureau of Standards, nor does it imply that
the materials are the best available. ’

1.2 Appraisal and Recommendations

In this part of the report ve summarize our most important
conclusions, our appraisal, and our recommendations for future action.
Not sll our findings are abstracted here; for a complete appraisal
the reader is referred to Bection 3 of the report. The flavor of some
of the complex aspects of the problem, such as toxicity and Government
regulations, can only be obtained by reading the pertinent parts of the
entire report including the appendix. The summarized recommendations here
are mostly those vhich wa feel warrant the consideration of public support;
they are emphasized for the convenicnce of the sponsor of this etudy.

We are nowv convinced that the problea of impediments to the
acceptance of nev flulds is, with only minor exceptions, not associated
with formalized test procedures as prescribed by standards documents
and the assoclated measurement technology. The U.8. system of voluntary
standards ls sufficlently flexible to provide for sd hoc exceptions if
such exceptions ars varranted. On the other hand, compulsory codes
and regulations based on the characteristics of specific existing
products rather than on required performance present serlous handicaps
to progress.

While simple laboratory tests on the insulating fluids themseives
can be performed using standard procedures, these alone do not suffice
for evaluation of the fluid. Essential tests on models and prototypes
in advanced stages of development are not readily standardised.
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The latter, however, are eseential since ultimately the fluid must be
qualified in the enviromsent imposed by the equipment. Adverse inter-
actions among various components of the equipment, rather than an

isolated fluid property, may be the real barrier to the acceptance of
a fluid. The problems vith such system tests mre threefold: (1) the
test technology and procedures may not be available; (2) the tests may

have to be tallored to individual insulation systems; and (3) the
tests are very costly.

Finally in certain areas such as toxicity, uniform test protocols
may not be desirable because of the complexity of the system and

reguired responses. One must accept a lengthy set of experiments in
o the process of evaluation.

Because of the above concerns, ve did not restrict the
investigation t- standardized tests and the related measurements,
but considered ©broader spectrum of experimental procedures and
regulatory cons.raints assoclated with the introduction of new
fluids.

At its conclusion we see this stydy as having confirmed the
existence of a need for the development of additional tests and
standards. While for meeting some of these needs the course of
action appears clear, for others it does not.

Within the scope of our investigation the most significent roadblocke
appear to be in the flasmability area. The problem lies with the
building codes and fire regulations and the lack of & simple procedure
for evaluating the risk in actual fire situations.

Current codes and regulations dealing with the flammability
specifications for insulating fluids refer only to specific chemical
femilies==-mineral oils and askarels and thus tend to exclude new
developments. Furthermore, it appears that in some cases flammability
performance evaluations are being made with greater consideration given
to the properties of ths liquids currently in use then to established
criteria of operating and environmental conditions and the fire
risks involved. It is highly probable that replacements, dictated
by environmental considerations, will have poorer fire resistance
properties than the askarels. The problem is to determine how much
relaxation of the flammability requirements may be possible without
introducing undue risk.

1£ 18 necommended that reseanch be conducted {in an attempt Lo
develop {lammability perfoamance criteria for naw fluids. This work
should consider the analysis of past accldents, the environment in which
the equipment operates and the faillure modes. This research activity
must have & strong input from the insurance industry, Undervriters
Laboratories, and personnel from the National Electrical Code
Committee. The results, if to be of benefit, must be usable in
preparation of code revisions.
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The laboratory tests for initial screening of materials--flash
and fire point and autoignition tests--appear generally satisfactory.
However, they are tests of relative flammability and not true indicators
of fire safety involving large scale equipment failures. In the past,
the definitive tests for fire safety have been the arc testes involving
actual prototypes. This is not a satisfactory state for the intreduction
of new fluids since the entire fluid and equipsent development procedure
must be carried out before the test can be conducted. Besides the
development costs, the test itself is very expensive. It would be
highly desirable to arrive at a realiatic fire-safety test procedure
using small models of the insulation systeme, not necessarily scaled
down actual devices. Since actual failures follow electrical arcs and
energy releases, arc tests appear promising. They are little explored, )
+ but whatever little has been done in this ares has attracted wvide
interest.

Thus our second recommendation in the area of {lammabitity Lesting
43 fon the development of a tesl which would be a realistic indicator

0§ fire hazard. The test involving an arc in a simulated insulation
systenm appears promising. 6Since any new test has to be implemented in
practice through code revisions, interaction with the previously mentioned
groups is essential.

Quest ions have been raised about the lack of a quantifiable definition
of flammability; indeed the term is largely used in a qualitative and
relative sense. We believe any improved definition of flammability of
insulating materials, although still relative, must follow the development
of an improved test procedure, Whether or not the insulating fluid passes
the test will qualify it as nonflummable or flammable.

Potential toxicity is of great concern in the introduction of new
fluids. The underlying characteristic of this area revealed in our study
is its extreme complexity. Relatively short tests with wvell defined
measurements such as those employed to determine physical properties do
not apply here. Instead, lengthy and numerous experiments must be
performed on animals. As“examples of the complexity of the subject, a
reference vork, cited in this report, mentions 27 different organs in
which responses can be specifically identified; 22 different routes of
administration; and finally 23 levels of animal preference.

There are several definitions of toxicity but relatively few
standard experimental procedures for determining the toxicity of a new
chemical. The attempt to develop a standard set of protocols for routine
essessment of the toxicological hezard of a new inswlating fluid or any

chemicul has several dangers that must be recognized: (1) it may lead
to unneceseary tests for certain substances; (2) it may fail to ask
guestions which are of overriding significance; (3) in view of the
multiplicity of possible biological systems, it may be wasteful; (L) in
view of the multiplicity of responses, scme of which may require a long
time before the effect can be observed, such testing cannot guarantee
the complete safety of a new chemical.
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Two types of tests, Ames test and chronic studies, are suggested
in this nepont jon aoutine early screening of materdials. Ve believe
the early toxicological sereening belongs with the development of the
ingulating fluid. The fluid wanufacturers are either aware of or are
studying toxicity of their materials. As the development of the fluid
approaches the time when there is reasonable probability of actual use,
it would be desirable to ¢onduct impartial, critical and inedepth
appraisale of the manufacturer's toxicity data. We recommend that
independent appraisald o4 the toxicity data be sponsored. We favor them
since such appraisals will minimize the chances of discovering adverse

. effects years after the insulating fluid has been established in
commercial use,

The degradebility of insulating materials in the environment is
also a complics 1 but even a less explored sudbject than toxicity. The
process by whic i substance degrades to naturally occurring compounds
may be biologicai, chemical, or physical. The subjects of toxicity and
degradability are often interdependent; for example, rapid degradability
implies that the substance is highly reactive and therefore perhaps
toxie. In dealing with the question of degradability, the following
aspects are important: the rate of degradation, toxicity of the
degradation products, and accumulation of the original substance and
interzediate degrasdation products in living organisms.

There are no standard degradability tests for the electrical
insulating fluids, although individual manufacturers have performed
experiments on their products. Ome industry group vhich has been successful
in developing a standardized test for blodegradability, including a
definition of what is meant by bicdegradable, is the Scap and Detergent
Association,. Their succees has lead us to believe that an attempt to
develop & similar procedure for insulating fluids would be a worthy .
endeavor, Thus, we recommend research to explone the development of
standardized degradability evaluation procedunes.

In the electrical and other areas we see no major deficiencies in
the laboratory type of wasts on insulating fluids. There are several
pinor problems mentioned in SBection 3. These concern the typee of cells
used for breakdown tests; possibly inadequate tests for moisture content
of new flulds; specifications and significance of corona inception and
extinction levels.

We feel the situation is different for the tests in the more advanced
stages of equipment development during which insulation models and proto-
types are evaluated. - Of concern is the stability of the insulation systeam,
and hovw it is affected by interactions among various components. BSuch
interactiaone may degrade the insulating properties of the fluid and reduce
the 1ife expectancy of the apparatus. An important cause of failure ig
corona, but there are other factors contributing to insulation deterioration.

It could be argued that tests at this stage are the sole responsibility
of the developer of a particular apparatus. We believe, however, that
guidelines to uniform system testing would accelerate the introduction
of nev fiuids. Having well developed and verified guidelines would
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reduce the cost of insulstion system evaluation and would facilitate
the comparison of results of competitive systems, and the availability
of carefully-performed and well-documented results of a validated test
vill mitigete user reluctance in accepting a nev product. Tests in
accordance with such guidelines would be expected to uncover possible
deficiencies which could cause expensive, unexpected failures at a
future date and possible withdrawval of the product. Comsequently, we
necommend nesearch leading Lo the development of foamal guddelines gor
trans fjoamen and capaciton insulation system £¢s£4. The long-term
performance of an insulation system is often determined through
accelerated aging procedures. To arrive at a valid accelerated test,
the basic mechanisms of failures must be understood. A study in the
basics of insulation failures, as they affect tests, would be desirable.

Finally, ve consider the effect of published voluntary performance
standarde, compulsory bullding codes, and Government agency regulations.
These do slovw down the process of introduction of new products, if for
no other reason than because of multiplicity of requirements vhich must
be considered. Sometimes these requirements are ambiguous and conflicting.
The impediment is very severe if the codes and regulations recognize only
certain specific products.

The process of preparing voluntary standards could be accelerated
by encoureging greater user and third party participation in committees.
This objective could be partly achieved through allocation of a special
fund for these purposes.

A close liaison should be maintained between the Energy Research and
Development Administration and Federal and State regulatory agencies through
flow of information in both directions, participation in meetings, and assis-
tance in project reviews and steering. We necommend increased {ntexdepartmental
roondination of regulatory activity. A task force consisting of members of
concerned sgencies charged with a minimum duty of keeping each other informed
would alleviate problems in this aresa. If the task force could then become
the focal point for coordinating the specific actions of the agencies which
impinge on the electrical power industry, and thus become a center to which
the industry could look for guidance, it would be of even greater value.
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Section 2 Status of Test Techniques and Standards for New
Insulating Fluids == A Susmary

"Askarel” is a generic term for a class of fire-resistant,
synthetic, chlorinated hydrocarbon fluids used by the electric
industry for insulation in capacitors and a certain class of
transformers. Their "fire resistance,” good heat-transfer and non-
sludging characteristics and their high dielectric constants make these
fluids particularly attractive for these applications. The industry
has grown accustomed to the particular features of the askarels over
the 40~0dd years they have been available and many standards and
operating guidelines have been developed in the light of their specific -
characteristics.

It is the purpose of Section 2 to reviev in & summary form the
status of existing standards and test procedures for insulating fluids
a8 they relate to the new fluids being proposed as replacements for the
askarels (the Appendix contains detailed background material).

In reviewing the available procedures, the reader should keep in
mind not only the applicability of given procedures to new fluids, dbut
also the adequacy in the face of today's much more complex and stringent
requirements on electriceal materials and apparstus. Reliability, fire-
resistance, nontoxicity and mipimum environmental impact demand far more in
the way of materials and apparatus testing than vas required vhen askarels
vere introduced. It is an appropriate time, therefore, that the adequacy
of insulating fluids test techniques and standards be reviewed.

In this section, background ¢n the requirements of askarel-insulated
transformers and capacitors is surveyed in order to identify the
operational requirements vhich new fluids must fulfill within the
apparatus environment. Fluids characteristics themselves are then
investigated. Finally, existing constraints due to governmental
regulation and fire codes are explored to reveal possible additions and
changes vhich might be required in this area to accommodate nev fluids.

)

2.1 "Askarel-class" Transformers

Specifications for transformer saskarels (proprietary blends of
poly~hlorinated biphenyls (PCBs) and other ingredients) are given in
ASTM Standard D 2283-73. The fluid is enclosed in a metal tank, and
the transformer windings are completely immersed in the fluld. Askarels
are used as the insulants in transformers vhere the fire resistant |,
characteristic is particularly important., These uses include utility
and industrial distribution service, vhere the transformer serves &
heavily concentrated load in an urban, commercial or industriel area and
where the transformer must be in close proximity to populated bduildings.
Flectric railroads and many electrostatic precipitators also use fire-
resistant transformers.

MONS 047149



The fire resistant quelity of the askarels is due, in part, to
the nonflammable gas, mostly hydrogen chloride, which is produced when
the fluid ie subjected to arcing or high temperature. This gas 1i»
also corrosive, and scavengers muet be ueed to absord smell amounts of
hydrogen chloride produced in normal operation, Transforwmer rooms or
vaults must be adequately vented to prevent build up of RCl wapor, and
any leaking or spilled askarel must be contained because of its toxic
and environmentel problems.

The trensformer fluid could be epilled during manufacture, transport,
processing, filling, normal operation, service failure, repair or disposal
of thf transformer, Guidelines have been issued for proper handling
(ANSI' €107.1-19Th; IEEE® T6-197h).

Spilling during service most often results from an interael arc
causing the transformer tank to rupture. The arc generslly starts as
8 &mall discharge, and pressure builds up slovly; a pressure relief device,
if present, prevents failure from this type of malfunction. Small
discharges, however, may grov rapidly to high current arcs, The resulting
pressure vave then builds tco fast for a pressure relief device to operata.
Although a current-limiting fuse can be used to reduce the magnitude of
the pressure vave, the tank mpust be made exceptionally rugged to wvithstand
this condition. Because of intensive ‘preventive programes, users report
very lov (0.0l to 0.02%) yearly tenk rupturing failures. In spite of the
lov failure rate, indoor mineral-cil insulated transformers are installed
in fire-proof vaults in sccordance with Nationsal Electricel Code
recommendat ions. Vault requirements apply to all mineral-oil insulated
transformers and to askarel-insulated transformers rated over 35,000 volts.

The fire«resistance of & transformer fluid must ultimately be
determined by testing s complete transformer. The askarels vere originally
qualified by such tests conducted by Underwriters Laboratory. More
recently, RTE Corporation has run & set of demonstration tests comparing
mineral oil, askarel, silicone fluid, and an RTE proprietary materisl
"RTemp." In this test, the three never materials were shown to be less
flammable than mineral oil; this test could form the foundation for &
more rigorously controlled and instrumented standard test of transformer
insulating fluids. -

When considering alternatives to mineral oils or askarels in
transformers, in addition to the obvicus electricel and thermal properties
the following special characteribtics will have to be considered before
& new fluid can be considared to qualify: material compatibility, avility
to impregnate the =0lid insulation used, hydrolytic stability, fire
safety, toxicity and environmentel impact. = = "

Standards for external protection of tranaformers with new fluids
should alsc be considered; this includes fusing, circuit dreakers, and
vault requirements.

A large number of standards exist which guide the selection and
handling of mineral oil and asksrel in transformers. These are listed in A.1.5;
presumably similar standards for nev fluids would eventually be required.

lA.mericn.n National Btandards Institute
21natitute of Electrical and Electronics Engineers
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2.2 "Askarel-class” Capacitors

A large percentage of liquid-filled electrical capacitors use askarels
as the dielectric fluids, primarily because of their relatively high dielectric
constants and the fact that they are approximately equal to the dielectric
constant of readily avallable paper insulation. Their good electricel
insulating and stability qualities also make them attractive for capacitors.
Although not a prime requirement for large power capacitors, the fire-
resistant feature of askarels is also a significant advantage. The fire
resistance appears to be important in certain types of smaller ("industrial”)
capacitors, such as those used in conjunction with fluorescemt lights and
appliance motors. There is an interdependence of the transformer and
capacitor askarel manufacture which should not be overlooked in considering
the eccnomics of substitutes.

Capacitors generally fail by an internal arc destroying the
electrical insulation. The arc will also often rupture the capacitor
tank, Capacitor reliability is generally quite good, with yearly
failure rates being less than one-percent.

In addition to the special characteristics noted as important in
the case of candidate replacement fluids for the askarels used in
transformers, the fluids for use in capacitors muat possess high
dielectric constants. The ease with vhich the solid insulation can
be fully impregnated with the liquid is even more important in the
capacitor application.

Existing standards for capacitors are descrided in A.2.5. These
deal with the fluids themselves (specifications, scceptance, handling,
d¢isposal) and with the requirements of the total capacitor,

2.3 Available Insulating Fluids
2.3.1 Fluid Characteristics

We have described several available nev fluids in A.3.1 of the
Appendix. For the sake of completeness, descriptions of mineral oils
and mskarels are also ilgcluded. A listing of these substances including
their principal properties follow.

The askarels are mixtures of polychlorobiphenyls and chlorobenzenes
with additives. These 1iquids have excellent electrical properties and
are highly stable,but evidence of their toxicity has developed. Their
excellent stability has given them high reliability on the one hand, but
also given them the disadvantage of poor degradability in environment.

Silicone liquids {mixtures of dimethyl siloxane polymers) have good
electrical properties (although the dielectric constant is not as high
as in the case of the askarels). They are useful over a wide temperature
range, but are less fire resistant than the askarels and form sclida
during electrical discharge. They are high molecular weight liguids which
appear to be relatively nontoxie.

Mineral oils are mixtures of paraffinic (or naphenic) and aromatic
compounds of petroleum origin with arcmatic additives to prevent oxidation and

10
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sludging. ‘The electrical propertiss are satisfactory and the cost is
lowv. These nmsterials are flammadle (see tadle p. 72). “Their toxicity
is lov and results largely from the toxicity of additives. However,
the additives are satisfectorily degredable.

Hydrogenated paraffin oile exhibit characteristics similar to those
of mineral oils except for higher flash points and consequently lover
flammablility.

Mixtures containing diaryl sulfones, particularly formulated for
capacitors, possees high ‘dielectric constants. The liqQuids are somevhat
flammable (see table p. 72), Their toxicity and electrical properties
are nov being thoroughly investigated. They appear to be ssatisfactorily
biodegradable.

The phthelate esters are readily available in large quantities since
they are nov used extensively in the pisstics industry. Their high
dielectric constants {about 5) and othar electrical properties make them
more attractive for capacitor than for transformer applications. They
exhibit lowv toxicity and satisfactory degradability although their
flammabil ity characteristics {see table p. 72) represent some disadvantage,

Butylated monochlorodiphenyl oxides have good slectrical properties
{dielectric constant sbout 5), and are being considered for capacitor
use. They are flammable {see table p.T2). The slight toxicity reswiting
from a minor component has been investigated. The fect that the offending

component is biodegradable and that its degree of bloaccumulation is also
lov permits these to remain as candidate liguids.

2.3.2 Test Techniques snd Standards

The standards relating to testing of insulating fluids are summarized
in A.3.2. These refer to procedures for specific fluids (askarels,
silicone fluids, insulating oils) and to specific test techniques
independent of the particular fluid being tested.

2.3.3 - Tlammability

Fire and explosion are potentisl harards in the operation of transformers
and to a lesser degree capacitors and since one ocutstanding feature of the
askarels s their low flammability, the flammability or "fire resistance”
of potential replacement fluids must be evaluated. Flash and fire points
are defined as the temperatures at which an ignition source will cause
a trarsient and a contipuing flame in the vapors of the fluid. These are
the most widely used measures of flammability. Closed and open cup
pethods for measurement of these parameters are described and discussed
more thoroughly in A.3.bL.

11
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In the Bection A.3.h4 on flammability testing, several other tests
are also described. The Oxygen Index (0.I.) Test is & frequently used
technique in which the lovest combustion-supporting percent of oxygen
in an oxygen-nitrogen mixture is determined. EBome limitetions on the
use of the 0.1, test are discussed., A heated atomized mist of the
substance 1s sprayed into an open flamwe io the Spray Flammability Test;
this is s very severe test and has not been applied to any extent in
evaluating the flammadility of insulaeting fluids. Another flammability
test 18 the Auto Ignition (A.1.) Test, in which the temperature for
spontaneous ignition {s determined. This has been used for insulating
fluids; the A.I. temperaturws are generally quite high, well above
normsel operating temperatures.

The energy release during combustion of an insulating fluid is a
very pertinent parameter eince physical damage tc the apparatus and its
surroundings is the thing which one hopes to eliminate if combustion
occurs. Energy release measurements have not been applied to insulating
fluids, but in A.3.4 suggestions are made toward this end.

A basic problem related to the flammability issue is the general
lack of & rigoroue, quantized definition of "flemmability."” We have
used this term, and also such terms as "fire resistant™ without really
having an operationally useful meaning for them. Standardiged,
interpretable tests such as described above will provide the data on
which quantitatively meaningful definitions can be based,

Tables in A.3.1 and A.3.% sumnarize existing flemmability data for
some of the available insulating fluids.

2.3.4 Toxieity

The toxicity of the askarels has recently become a significant
issue, leading to severs restrictions on their present day use, and
creating the inteneified search for substitute fluids. The toxicity
of each candidate replacgment must therefore be an important parsmeter
to evaluate before the 1iquid is put into videspread use in electrical
equipment. Some reference is given to the toxicity of the various
insulating fluids in A.3.1. In A.3.5, toxicity determination techniques
are explored. Perhaps the most important conclusion is that the toxicity-
issue is extremely complex,

A variety of definitione of toxicity are presented in A.3.5,
emphasizing that a fluid cannot merely be labeled "toxic™ but that its
specific toxic actions must be identified. GQuestions raised include:
At what dose level does any toxic response occur, and vhat is the
lethal dose? Is the chronic responae to long-term, continuous exposure
di{ferent from the acute response to a single large dose?

A large variety of responses occur. Table C p. BB indicates the variety
of organs and systems in which reeponses can be specifically identified,

12
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including such things as skin, dlood, nervous system and liver.
Likewise, the response can depend on the route of administration,
e.g., orally or by inhalation; 22 different routes are identified in
Table B p. 86 . Finally, the toxicity of a given substance may 4iffer
from one species to ancther; 23 levels of specie praference are listed
in Table A p. B5.

The importance of continually improving chemical analysis technigues
must be recognized in any attempt to estadblish definitione or protocols
for toxicity. Gas chromatography and mass spectroscopy have, for
instance, greatly sdvanced analysis, both qualitatively and quantitatively,
in recent years.

The Registry of Toxie Effects of Chemical Substances, pudlished
by the Nationa)l Institute of Occupational Safety and Health, is identified
in A.3.5 as listing all chemicals vhich are documented as having showmn
any toxic effect in any species. The effect, dose, sdministration route,
species and reference source are also given. A.3.5 also contains further
governmental legislative and regulatory enactments which give operational
definitions of toxicity. These include: The Federal Hasardous Substance
Act, Department of Transportation Regulations, Occupational Safety and
Health Administration Regulations, Food and Drug Administration
Regulations, and Environmental Protection Agency Regulations.

2.3.5 Degradadbility

Because of the highly stable nature of the polychlorobiphenyl
molecule, the askarels vwhich accidently or upon disposal reach the
environment persist for long times; they are not biologically degraded
in the manner or at the rate of most organic compounds. This persistence
has amplified the toxicity problem and has drought out the need to
investigate the degradability as well as the toxicity of replacement
fluids,

Degradation to more simple, harmless, environmentally compatible
compounds may occur due to natural physical procecses or, as in the
case of wost organics, by biological processes. New compounds require
testing for both types of processes. Silicones, for instance, 4o not
biodegrade, bdut are shown to decompose to bdasic silica and water in the
presence of soler (ultraviolet) radiation, air and water.

Tests for biodegradability of potential pollutants include the
River-Die Away Test, continuous activated sludge tests and datch activated
sludge tests. The Subcommittee on Biodegradation Test Methods of the
Soap and Detergent Association have promulgated a standard sulfobpate
biodegradability test. The Biochemical Oxygen Demand (BOD) and the
Oxygen Electrode tests wre identified as useful biodegradation tests
in the EPA Manua)l of Methods for Chemica) Analysis. All of the above
tests are described and referenced in A.3.6.
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2.4 The Scope and Influence of Government Regulations

In 2.3 above, Federal legislation and regulations were identified
as one source for definitions of toxicity. We return to these sources
now to examine the authority and procedures %y vhich governmental
bodies will influence the acceptance of nev insulating fluids. More
detalled examinations and referencing of these various laws and
regulatione will be found in A.L,

The Environmental Protection Agency (EPA) has the following
authorities from the Fedsral Water Pollution Control Act:

1. Prepare a list of toxic pollutants; criteria for selsction,
standards for alloved levels.

2. Assign oil and hatardous substance liability; regulations
for reporting and clean-up of spills.

3. Establish pretreatment standards; standards for pretreatment of
pollutants which could enter public tresatment works.

L. Establish effluent standards; standards for allowed levels
of discharge of each identified pollutant.

5. Issue pollution discharge permits; EPA msy issue permits
limiting the amount of discharge of specific pollutants from
identified sources into navigable waters.

Various versions of a Toxic Bubstance Control Act are also deing con-
sidered in Congress. If this Act is passed it is expected that EPA will de
given direct control of the use, as well as the discharge, of toxic substances.

The Federal Food, Drug and Cosmetic Act empowvers the Food and Drug
Adninistration (FDA) to maintain safe levels of food quality in the
United States. Under this authority, the FDA can regulate the use of
poisonous ingredients in sgricultural and food processing industries.
In the specific case of the PCBs, the FDA bas issued regulations vhere
PCB-containing materials can and cannot be used. Thus, new insulating
fluids may fall under FDA jurisdiction if used vhen food contamination
is possidle. Currently, PCBs are allowed in sealed electrical transformers
and capacitors; presumably these regulations could be stiffened if and
when replmcement fluids come into generally accepted, commercial use.

The Occupational Safety and Health Act directs the Occupational
Safety and Health Administration {(OSHA) to assure working persons safe
and healthful vorking conditions. Nev insulating fluids could fall
wvithin the jurisdiction of this Act both during manufacture (of the
fluid or the spparatus) and during use of the fluid-filled apparatus in
a vorking area. The Becretary of Labor (through OBHA) is directed to
iesue standards for toxic substances and to inspect working places in
order to enforce these standards. The Secretary of Health, Education
and Welfare (through the National Institute of Occupational Bafety and
Health, NIOSH) is to carry out research and develop the criteria for
establishing etandards.
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NIOSH regularly updates its "Registry of Toxic Effects of Chemical
Substances™ (see Ref. U5 of A.3), This list, for instance, specifically
cites several "Aroclors" (s manufactursr's tradename for mixtures of PCBs),
The 1ist should be consulted for toxicity information on other candidate
fluids.

OSHA regulations have incorporated the whole of the National
Electrical Code, making this code, and speeifically its provisions on
traneformers and capacitor fluids, part of Federal lav. OSHA has also
nov issued draft technical standarde on chlorobiphenyls.

Department of Transportation (DOT) regulations would have an impact
on new insulating fluids in two ways:

1. Control of the insulating fluid in transformers of electric
railroad cars; the availability of a sufficiently nonflammable
fluid must be recognized vhen considering a restriction on
askarels in this application.

2. Control of the transportation of fluids; the transportation of
hazardous materials falls within DOT's authority. Class B
poisons are defined in L9CFR 173.343.

Finally, we mention that the Department of Health, Bducation and
Welfare (HEW) has regulatory control of solid vaste disposal through
provisions of the S0lid Waste Disposal Act. HEW is, for instance, to
publish guidelines on solid wvaste recovery, collection, separation and
disposal. Federally controlled disposal facilities are obligated to
follow these guidelines.

2.5 The Bcope and Influence of Insurance and Fire Code Regulations

The National Electrical Code (NEC) is a guide to the safe
installation of electrieal equipment. It has been adopted, as is, or
vith modifications, as & pert of the legal building code by many state
and local authorities. It has also been incorporated into the Federal
Occupational Safety and Health Regulations. The current edition of the
REC mentions only mineral oils and askarels for use as insulation fluids
in transformers and capacitors.

Independent testing laboratories such as Underwriters Laboratories (UL)
and Factory Mutual Engineering and Research (FM) will carry out testing
of apparatus and issue an approval, indicating that the item meets NEC
standards. UL has also published flammability ratings of materials.
FM will issue an "acceptance"” rating, indicating that a particuler
installation meets safety standards. These ratings are important in
alding the insurance companies to decide whether a given installation
should be insured.

15
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Fire safety has alvays been a major concern associated with
electrical apparatus, and it will be particularly important in equipment
using nev fluids in place of the "fire-resistant” askarels, Por
building code and fire insurance protection, thersfore, nev fluids must
be acceptable by fire code standards.

Further details regarding insurancs and fire code regulations will be
found in the Appendix (A.5).

MONS 047157
16




Section 3 Appraisal and Recommendations

3.1 Electrical Tests on Fiulds

It appears that existing specifications, standards and test procedures
are adequate for dealing with the mineral oils and askarels currently in
use. While it does not seem feasible to propose a single specification
which could be applied to 01d as well as nev candidate fluids for all
applications, it does seem quite feasibls to use at least most of the
same electrical test procedures for all.

So far as ve have bedn able to determine none of the current standard
electrical test procsdures called out for insulating fluids actually act
to impede the mcceptance of nev fluids except perhaps indirectly. An
example of this indirect impact is the situation with respect to dielectric
breskdown tests dealt with in two ABTM Standards: D 877 "Standerd Method
of Test for Dielectric Breakdown Voltage of Insulating Liguids Using
Disk Electrodes” and D 1816 "Standard Method of Test for Dielectric
Breakdown of Insulating Oils of Petroleum Origin Using VDE Electrodes.”

These standards differ in that D 877 calls for = test cell having
a small volume and an slectrode gecmetry vhich provides a near-uniform
field, vhereas D 1516 requires a substantially larger cell with electrodes
which establish a uniformly decreasing’ field about & maximum field point.
The 1iquid in this larger cell is maintained in gentle forced flovw betwveen
the electrodes. The D 1816 procedure provides & test which is more
senpitive to the presence of moisture in the liquid being tested and is
less influenced by the contaminating by-products of previous breakdowns;
hovever, it requires a significantly larger volume of the test liguid.

Either method can be used for testing the candidate silicone fluids;
because of breakdown by-products, hovever, the specified alternative D 87T
procedure vhich calls for refilling the test cell with new fluid prior te
each breakdovn test must be folloved in order to cbtain consistent results.
The eirculation of the liquid avoids this problem if D 1816 is used. Thus
with ejther procedure the volume of liquid required for the test is several
times that required in a mineral oll or askarel test and the higher cost
of the silicone fluid then appears as an indirect deterrent to its use.

It should be noted thaf poor repeat breakdown strength of a fluid alone
does not necessarily mean poor repeat breakdown strength of the composite
system vhen the fluid is used as the impregnant of a porous sclid.

ASTM Standard D 2h413 applies to such composite systems.

Ancther indirect deterrent is the obvious regquirement that the test
fluid not be contaminated by chemical interaction with the materials used
in construction of the test cells. The commercially available cells which
are inert to the minersl oils and askarels (and not all are inert to both)
are not inert to all nev candidate liquids.

6till another indirect deterrent may be the fact that current standard
test procedures for moisture content are not as satisfactory for silicone
fluids or perhaps for other liquids as for mineral oils and askarels.

These can only be considered as texmporary impediments to the adoption
of new fluids since prospective widespread use of any nev fluid would soon
lead to the development of test procedures suitably tajlored to its
peculiarities.
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A characteristic of askarels wvhich adds to their attractiveness as
electrical insulating fluids is the behavior vhen partial discharges
(corona) cccur. With mineral oil and some other insulating fluids, the
partial discharge inception voltage is significantly higher than the
extinetion voltage. Thus a temporary voltage excursion which initiates
the partial discharge may lead to a prolonged discharge period with a
resultant degradaticon in the properties of the fluid. With askarels,
the inception and extinction voltages differ very little so that
temporary voltage excursions which lead to partial discharges are
inconsequential. This characteristic of an askarel tends to encourage
its being specified as the insulating liquid.

Recopmended test procedures relating to this characteristic exist.!
liovever, eince acceptable limits may vary fros one application to ancther
and from liquid to liquid, no universally accepted basis for judging
the relative merits of nev versus old candidate liquids in this respect
is available. The lack of such a standard may be considered another
"{indirect” deterent to the adoption of new fluids.

The stabllity of an insulating fluid describes the permanence of
its important physical and electrical characteristics in the operating
transformer or capacitor. This is an extremely important characteristic
since these fluids are expected to operate reliably and essentially
unattended in long-service-life apparatus. Although bench tests on
the fluids themselves to screen out obviously uhsatisfactory candidates
are essential, fluid must finally be qualified in the apparatus
environment. Such tests are described in Sections 3.5 and 3.6. Within
these tests are also included suggestions for developing cleaning and
maintenance procedures for fluids in service.

Finally, guidelines and standards must be developed for proper
disposal of new fluids as they come into use. ANSI C107.1, guidelines
for proper handling of sskarels, would serve as a useful example. These
guidelines would have to avajt quantitative determination of the toxicity
and degradability of each nev fluid, and they would have to be cognizant
of changing federal and local waste disposal regulations.

-~

IInatitute of Electrical & Electronics Engineers (IEEE) Standard
#454-19T73 "Recommended Practice for the Detection and Measurement of
Partial Discharges (Corona) During Dielectric Tests"

Natfonal Electrical Manufacturers Association (NEMA) Standard '
#CP-P2-19T73 Official Standards Proposal "Test Procedure for Msasure-
ment of Internal Partiel Discharges in Capacitors”

American Boclety for Testing and Materials (ASTM) Standard D 1868-73
"hetection and Measurement of Discharge (Corona) Pulses in Evalustion
of Insulation Systems”
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3,2 Flammability Tests for New Fluids

Fire safety tests have been classified in a variety of ways [1.2}.1
For our purpose, it is convenlent to classify them as:

(a) properties of materials tests
(b} system tests
(c) apparatus prototype tests.

-

Tests of the first class are small scale ladboratory tests designed to
measure an intrinsic property of a material which is related toc its

fire performance, e.g., flash point or heat of combustion. Such tests
are useful in developing a qualitative picture of the hazards associated
with the use of a material and for purposes of specification and quality
control. They are relatively inexpensive and would be the first tests
to be run on new candidate fluids. They do not necessarily predict the
hazard potential of a material under actual usse conditions.

System tests involve the interaction of the material with the
environment and with other elements of the system in which it is intended
to be used. An example is the RTE Arc Tests (A.1.3). Bystem tests attempt
to simulate essential features of the device, and thus are less susceptible
to standardization than property tests. They are usually larger in scale,
require more careful planning and are relatively more costly than tests
of component materials., Thus, they would find use in the latter stages
of the development and qualification of nev insulating fluids.

Prototype tests involve the testing of the complete device under
conditions simulating actual use, for example, the Underwriters Laboratories
Tests (A.1.3). Such tests can be very expensive, not only becsuse of the
cost of the test units and test operation but because most of the
development costs of the device will have been incurred before the first
unjt is ready for testing. They should be undertaken only after a careful
eanalysis of the conditions under which the device is intended to function,
the possible failure modes, and the type of information that is to be
sought in the test. -

The purpose of flammability tests and standards for insulating fluids
is to reduce the probabiiity of loss from fire incident to the use of
these materials. In order to set realistic performance standerds and
select appropriste test methods, it is necessary to know the properties
of the environments in which these fluids will be used, the failure modes
that occur, and the consequences of these fajlures. We have been unable
to find any systemstic compilation of such hazard Iinformation in the
course of the present study. Consequently, the establishment of suitable
flammability criteria for new candidate insulsting fluids will at this
time be based on inadequate knowledge of the nature of the hazards which
may be encountered.

1References shown in brackets, are found in 3.8.
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Recommendation: It is recommended that a systematic survey and
analysis be made of the environmental conditions in which insulating
Tluids may be used and incidents involving the use of such fluids which
result in fires or related loss.

Current flammability specifications for insulating fluids :ppl} to
specific chemical families of fluids and vary from one type to another.
This presents a barrier to the introduction of nev chemical types since
they do not fit under existing specifications and there are no clear
guidelines for acceptability. It appears that some pregent performance
specifications have been established with greater consideration given
to performance levels which the fluid in question can readily meet than
to the actual requirements of the application. Betting too high e
requirement may result in the elimination of promising candidate fluids
vhose properties are entirely adequate for the intended application.

The excellent flammability performance of the askarels has led to a
very low incidence of fires involving these materials. It is highly
probable that replacements for these materials, dictated by environmental
considerations, will have poorer fire resistance properties than the
sskarels. The problem is to dstermine howv much relazation of flammability
requirements may be possible vithout introducing undue risk. This question
cannot be ansvered by reference to the historical record of the performance
of devices using askarels.

Recommendation: It is recommended thet flammability performance
requirements for new candidate insulating liquids be based on & consideration
of the environment in which they will be used and on analysis of likely
failure modes, rather than on the properties of the fluids they are
designed to replace,

3.2.1 Flash and Fire Points

The measurement of flash and fire points gives important information
on the flammability hazerd characteristics of a liquid. The Cleveland
Open Cup method (ASTM D 92) is used for this purpose, A number of other
methods are available for the measurement of flash points. Closed cup
methods generally give somewhat lovwer values for the flash point than the
open cyup method, but the latter has the advantage of permitting the
concurrent determination of the fire point. Since the flash point is a
relstive rather than absolute measure of {iammability hazard, the small
differences in results between the two methods are of little significance
in the present case.

An ASTM ed hoc Committee on Flash Point Methodology and Government
Response is currently considering new test methods with the major
objective of resolving conflicting flash point definitione and test
methods used in different government regulations (3}). The committee
appears to favor s closed cup, equilibrium temperature metheod.

0
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Recommendation: The measurement of flash and fire points using the
Clsveland Open Cup method (ASTM D 92) should be retained, at least for the
pressnt, Specifications should be set to provide an adequate margin of
safety above the highest anticipated operating temperature for the planned
application. If a nev flash point test is adopted for regulatory purposes its
use for determining the flash point of insulating fluids should be considered,
but the determination of the fire point should be retained. )

3.2.2 Oxygen Index

Ko standard method for determining the oxygen index of liquids is
available. The oxygen index is related to the fire point [h,5]. Since
insulating fluids vill have high fire points, heat loss to the apparatus
is an important factor and the messurements are extremely apparatus
sensitive. No meaningful interpretation of the oxygen index of liquids
in terms of fire hasard charecteristics is available at the preeent time.

Recommendation: Since oxygen index measurements, as presently made
and interpreted, do not provide useful information on the fire hazard
characteristics of insulating fluids, they should not be incorporated
into electrical insulating fluid specifications.

3.2,3 Autoignition Tests

Recommendation: The autoignition test, ASTM D 2155 and similar tests
do not simulate any hatard mode identified with the use of devices
incorporating insulmting fluids and thus are not appropriate as fire safety
testa, They do provide useful information, in conjunction with other
material property tests, on the general performance properties of
materials, and thus may be useful in the preliminary characterization
of nev candidate insulating fluids.

3.2.4 Spray Flammability Testa

Recommendation: Inasmuch as our limited survey of the uses and misuses
of insulating fluids has revealed no circumstances wvhich would be cdlosely
simulated by these droplet combustion tests, there is no reason why they
should be included in the specifications for candidate replacement fluids.

A further survey of accidents and potential accident circumstances may
provide grounds for the further consideraticn of this type of test in
the future.
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3.2.3 Arcing Tests

Arcing appears, at this time, to be the most common failure mode
of devices incorporating insulating fluids. PFailure may result from a
gradual growth of lov level discharges during normal operation or from
sudden overvoltage conditions, Tests which simulate such failures
provide essential information on the fire safety properties of insulating
fluids, Buch tests have been conducted on an ad hoc btasis [6]. There
is need for a standard procedure to permit evaiuation and comparison of
" the fire safaty properties of nev fluids under simulated use failure
conditions. Separate procedures for transformers and capacitors may be
needed. Both gradual and catastrophic failures should be simulated.
The energy release characteristics of the faillure should be measured.

Recommendation: A standard test method or methods should be developed
to simulate the arcing feilure of devices incorporating insulating fluids
under application conditions. The test method should be based on a
careful analysis of the observed or plausible failure modes of such
devices. Further recommendations regarding such a test will be found
in 3.5 and 3.6.

3.3 Toxicity Tests on Fluids
3.3.1 Appraisal

The determination of the toxicological hazard or risk of a cheamical
in the environment, vhether insulating fluid or otherwise, depends on a
large number of factors. The exposure to chemical toxicants can be
divided into two rather broed categories: (1) direct exposure of humans
during the manufacture and handling of fluids including accidental
exposure due to spills, and (2) contamination of the environment that
may ultimately lead to exposure of animals and humans. These two
categories include both the acute (accidental spill) and the chronic
exposures. Both categories, the work environmsent and environmental
contamination, usually prtvduce chronic exposure situations, that is, low
level pub-lethal exposures that may continue for periocds of months and
years. This is particularly true in the industrial environment,
Therefore this type of study should be emphasitzed.

Both categories require an assessment of the effects of the fluid
on & complex biological system thet may respond in a multitude of ways.
A partial list of the biologic responses that the toxicologist must
observe in studies to determine the toxicity of a chemical is given in
Table C, page 88. For example the production of tumors (neoplastigenesis),
benign or malignant (carcinogenesis); the production of changes in the
offspring, whether transmissible (mutagenesis) or not (teratogenesis};
and the production of death are just a few of the observations that are
used as qualifying toxic effects.
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The observed or measured toxicity will depend on a number of
parsmeters such as mode of edministration (see Table B, page 86},
length of exposure, the animal species used for testing, the period
of observation, etc., Many of these factors have been reviewed for
PCBs by Kimbrough (see A.3.7, Ref. 11} and further illustrate the
diversity of responses to a chemical using a variety of animal species.
This reviev illustrates the difficulty if not the impossibility of
specifying & comprehensive set of test methods.

Exposure of humans (industrial toxicology): While & number of
agencies have defined toxicity (see A.3.5), there are relatively few
standard tests for determining the toxicity of a nevw chemical. In the
first category above, protection of the wvork environment is generally
achieved through the uee of a “threshold” limit value (TLV) formerly
known as maximum allowable concentration (MAC). In the United States
the threshold 1limit values are set by the American Conference of
Governmental Industrial Eygienists and published annuslly. The TLY may or
may not have been arrived at through animal testing to determine "safe"
levels. The levels are constantly undergoing revisions as nev information
and experience becomes available, Perhaps the most recent example of this
is the lowering of the threshold limit value for vinyl chloride monomer
due to the finding of liver carcinoma (angiosarcoma) in industrial
vorkers who were exposed to low sub-lethal levels of vinyl chloride over
a period of 20 to 30 years,. .

While there is no "one" test method used for determining the toxicity
of a cherical to humans, the most frequently used chronic and acute tests
are: (1) orsl LDS50; (2) dermal toxicity {skin ebsorption); (3) irritation
to determine the effect ot skin, eyes Or mucous membranes; (4) inhalation;
(5) chronic or ingestion studies. Theae determinations are generally
made on animals and the relationship between human and animal data
continues to raise numerous questions that cannot be resolved here.
Details on performance of most of these tests are given in the text
of the Federal Hazardous Bubstances Labeling Act (Public Lawv 86-613,
see A.3.5). It should be emphasized that these tests are recommendations
and pot meant to be all-inclusive, ’

Protection of the environment: The sscond category referred to
earlier as the hazard to the environment is certainly more complex and
generally repressnts a chronic exposure. The hazard that a particular
chemical poaes to the environment not only depends on its inherent
toxicity but also the chemical and physical properties of the chemical.
For example, the chemical stability, water and 1ipid solubility,
biodegradability, vapor pressure, etc., vill determine the extent to which
the chemical will survive and be distribvuted throughout the environment.
These factors wil) determine to a large degree the ability of the chemical
to be involved in bioconcentration as it proceeds along the food chain,

Biodegradation or biotransformation, may itself produce s more toxic
product, more eaelly assimilated into blological systems than the original
chemical.

\ Biological accumuiation requires bhigh lipid solubility versues water
i solubility, high persistence in the blological system, and a low
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tendency for complex formation with organic ligands. The degree to
vhich a chemical affects the environment may lead to chronic exposure
of man by the way of ths food chain., Thus the foregoing discussions
regarding the contamination of the environment may ultimately lead
back to human exposure. These factors must be considered in the
evaluation of a new insulating fluid.

3.3.2 Recommendations

1. Avold rigid protocels: Any attempt to develop s standard set
of protocols for routine assessment of the toxicological hazard of an
insulating fluild, or any chemical, has several dangers that must be
recognized. Such a course of action may lead to the use of testes that
are unnecessary. In addition, such standard protocols may fail to ask
questions that may be of overriding significance. Given the multiplicity
of the possible blological systems, an all inclusive standardizing test
protocol, which considers all possible reactions, would be vasteful of
resources 1f not ilmpossidble. Furthermore, such testing would not
guarantee the "coxmplete" safety of a new chemical. :

2. Multidiseciplin assessment of toxicity requirements: The extent
and nature of tests should reflect (1) the poseible level of exposure and
route of administration to be expected in usage, (2} the consequences that can
be expected, and (3) s margin of safety between expscted environmental
levela and the dose that produces some adverse effect. In terms of
insulating fluida it is important to examine the pattern of usage and
disposal, the chemical and physical properties and the biological effects
of the compound. An understanding of these factors demands that chronic
toxicity evaluations be assessed by s sophisticated multidisciplinary
group vhich involves chemists, toxicologists, microbiologists, and
biochemists, etc., working together. Anything short of this approach
is likely to lead to a repetition of the present PCB situation.

3. Ames test: It is recommended that al)l nev fluids be screened
for mutageneslis In the Salmonella/microsome test otherwise knowm as
the Ames test [7]. The mutagenicity of the combustion products of new
fluide should also be screened ueing thie procedure. Since this test
is relatively simple and a high correlation has been obtained between
carcinogenicity and mutagenicity with large number of chemicals, it
should be run prior to any other toxicological studies to determine the
wutagenic potency of a new fluid. With data available on the mutagenic
potency of a new fluid, a decision to do more extensive testing or to
terminate the effort can be made at a relatively early stage.

b, Chronic tests for initial screening: While no set of routine
animal investigations will be universally applicable for the definition
of the toxicological properties of all insulating fluids, a screening
procedure is valusble. 8ince the problem is mainiy one of low level
chronic exposure, this type of study should be emphasized but acute
exposure should not be neglected., In fact many toxicological studies
start with acute work even though the exposure is chronic. Since chronic
exposure in the work environment is likely to eccur through the respiratory
tract, this wode of administration should be emphasized. Due to the fact
that environmental problems frequently occur by way of water contamination,
avian and fish studies are extremsly valuable and should be used.
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Acute toxicity studies are frequently used to: (1) determine relative
toxicity in order to determine what type of further studies should be
made (chronic and acute), and (2) delineate the specific toxic effect
and mechanism of action. Buch studies &id in identifying target organ
effects which are valuable in the design of chronic exposure studies
vhich 1s the primary concern in the evaluation of insulating fiuids.

In addition to LD50 data, acute toxicity tests provide information on
species variability, sex differences, and signs of intoxication which

include the relationship of the response of primary interest and the
dose response curve.

-

While & specific protocol is inappropriate, general but detailed
guidelines, as suggested by the National Academy of Science in "Principles
for Evaluating Chemicals in the Environment" (A.3.7, Ref, LL) are appropriate.
It is highly recommended that appendix B and D of that document be followea
closely in evaluating the toxicological effects of a nev insulating fluid
prior to its introduction into commerce.

5. Combustion product toxicology: The toxicological hazards
associated with the combustion products of an insulating fluid are 1likely

to represent an acute exposure situation with a single bigh concentration
of products for & relatively short period of time. The major route of

exposure is by inhalation. The assessment of this hazard is complicated
by the large number of products that are likely to result during accidental
fire. On the other hand, the situation is simplified by the fact that
environmental contamination with toxic combustion products is not likely
to create a problem since accidental fires are expected to be relatively
infrequent.

At the present time there is no accepted or standardized procedure
for this type of hazard assessment. However, & recommended protocol for
determining the relative toxicological hazard of combustion products
for various synthetic materials is under active development in & number
of laboratories in the world. Thie is one of the major objectives of
the Program for Toxicology of Combustion Products at the National Bureau
of Standards. The protocol under development would appear to be applicable
with minor modifications to insulating rluids.

3.4 Recommendation on Degradability and Biodegradsbility Tests

Our knowledge of the degradability of the materials of interest as
PCB replacements comes mainly from several experiments which were dictated
by the immediate needes of individual organizations. There has been no
coordinated, industry-vide effort to study the degradability of the
electrical insulating fluide currently used or proposed for use in
transformers and capacitore.

A standard degradability test, developed by the Soap and Detergent

Association, has been successfully employed in that industry’s self-
policing program. The same test procedure has also proven significant
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in evaluating the biodegradability of the phthalate esters by that
industry. A need exists for a similar standard test procedure, or set
ol procedures, for evaluating the degradability--biological, chemical,
or physical=-=of electrical insulating fluids.

In view of the urgency and of the almost universal impaet of tha
decisions to be made it seaems appropriate to recommend involvement of
governmental agencies--by initial sponsorship and subsidy--in fostering
the development of such standard test procedures. Initial emphasis should
be on tests applicable to those ligquids vhich appear on other grounds to
be the most promising candidate replacements for the askarels.

Much stress has been placed upon the toxicity of askarele and oOther
widely used fluids, It is clear, hovever, that the toxicity of the
intermediate substances in the breakdown processes of the proposed askarel
replacement fluids as well as the fluids themselves should be scrutinized.

The ideal solution may be elusive. Since an increase in degradability
means an increase in reactivity, as newv insulating materials for use in
pover transformers and capacitors are sought, rspeated confromtation with
dilemmas such as the following must be expacted:

1. Incressed degradabllitvy may bring with it intensified
toxicity.

2. 1Increase in degradability may incresse fire riask.

3. Increased degradability may cause & 1o§ering of reliability
of performance of the insulating liquid.

A consideration of all these points will necessitate a comprehensive
examination of all properties of a fluid along with an examination of
all properties of its breakdown products, sn immense task. It is
evident that until knovledge sccumulstes cars vwill have to be exercised
and judgment rendered and compromises accepted for esach new cless of
inswlating liquids.

3.5 Recommended Insulation System Tests and Standards -- Transformers

3.5.1 1Insulation System Tests

Tests of the separate properties of new transformer fluids, as
described in 3.1, 3.2, 3.3, and 3.k, are adequate for screening the
potential usefulness of the fluids, but they must ultimately be
qualified in the true transformer environmepnt. The influences of
wvinding, tank, and core geometries, and of possible reactions betveen
the fluids and core, tank and solid insulating materisls cannot be
evaluated outside the actual transformer configuration or its realistic
model .
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. BEach transformer manufacturer will, of course, test new fluids
in nis own designs, but it would be additionally helpful to have a
standard test configuration developed 80 that different fluids and
different fluid/solid combinations can be put on a comparative basis.
This would be useful to fluid and transforter manufacturers, transformer
users, and to fire insurance, code and regulatory personnel. BEach of
these interests should therefore be represented in planning ani guiding
the detailed design, initial testing, and preparation nr descriptions
and instructions for this standard transformer test.

As an example, ve recommend for consideration the test guidelines
described in the remaining portion of this subsection. We must caution
that this is only our initisl concept of such a test based on a limited
exposure to the problem. Firm guidelines for testing can only de
established and validated after considerable experimentation. We recommend
research vhich could lead to such guidelines.

The following features should be considered for a transformer test:

1. Tank: fixed size, shape (tank material might be considered
to be a variable)

2. Bushings: fixed

3. Sealing and filling techniques: fixed. A provision should
be made for regular sampling of the fluid.

k. Winding; vinding insulation; core size, shape, and materials:
fixed

5. Internal supporting structure and electrical connections: fixed

6. The size of the standard model should be large encugh for
realistic instrumentation, but not so large that cost and
laboratory size are excessive. A unit in the range of a fevw
kVA and a few kV might be the right size.

Three types of testing should be carried out for an evaluation

of a new transformer fluid: stability, corona, and arcing testing.
Instrumentation and measurements vhich might be considered are described
belov.

1. Stability tests: The objective of these tests is to
measure the permanence of the fluid, and the degree
of deterforation of solid surfaces in contact with the
fluid. Temperature cycling should occur. The fluid
should be sampled at regular intervals and tested
for changes in electrical {(dielectric constant,
dielectric strength, resistivity, loes factor) and
physical (density, viscosity, specific heat, flammabdbility)
properties. Chemical analysis should be carried on to identify
contaminants. The tank walls, core and wire insulation surfaces
should be inepected regularly for detection of surface reaction.
Standardized procedures should be employed wherever available.
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2. Corona tests: A standard corona source should be designed
into the standard model trensformer, possidly assogiated with
one of the windings. Corons inception and extinction levels
should be measured, using standard procedures. Corona
should persist st a prescribed level for a specified duretion.
The fluid should be regularly sanpled during this time to
measure changes in electrical and physical properties, and to
detect contaminants. Tank walls, core and conductor insulation
should be regularly inspected for surface reactione. An
attempt should de nade to detect and identify any tendency
to convert from corona to & higher current arc. Procedures for
removing contaminants should be considered.

3. Arcing tests: A standard method should be developed for
igniting an arc within the model transformer. Possibly the
standard test could include different arc modes, between
adjacent layers of a winding, between windings and from one
winding to the tamk. The following parameters should de
controllsble variables: source voltage and impedance or arc
current, arc duration and initial temperature. The following
phenomens might be measured or observed:

a. QOrowth of arc current and arc length and position.

b. Preseure vave vithin the tank and on the tank wall.

c. Conditions to cause tank rupture.

d. Energy relesse from the fluild,

e. BExternal fire; fire threst to neighboring structures.

f. External blest veve and damage to neighboring structures.
g. Escaping combustion/explosion products.

After an acceptable insulation model has been developed and thoroughly
tested, the design and testing procedures should be documented for
consideration by standards, codes, insurance groups and regulstory
agencies.

~

3.5.2 Standards -- Transformers

Beveral of the ANSI C 57 series of standards dealing vith
transformers make reference in the title or elsevhere to the liquid
filling, i.e., "mineral-oil igmersed," "mineral-oil filled,” etc. These
are probably only intended as restrictions to eliminate dry-type
transformers since ANSI C 57.80 (Terminology) states "the term oil includes
synthetic liquids as vell as mineral transformer oil." However it would
seen appropriate that the whole series be studied and necessary modifications
made in future revisions to remove the restrictions vhere they are not
essential. In those cases vhere the restrictions are necessary,
corresponding documents which apply to transformers vith other insulating
liquids should be prepared.

1ASTM D 1866-73 "Detection and Measurement of Discharge (Corona) Pulses
in Evaluation of Insulation Systems"
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Some standerds and formal guldelines which might be needed for
transformers with nev fluids are:

Standard sizes and ratings.

Guidelines for acceptance testing.

Installation and operation codes.

Guidelines for maintenance aof nev fluids in trnhlfornerl.
. Guidelines for storage and disposal.l

Guidelines for fusing.

N WV W -

The insulation system tests on transformer models described above
should be designed to provide the information needed for these new
standards and guidelines, While fusing is strictly outside the scope
of thie study, more flammable fluids could be used if higher levels
of fusing were present; the model system tests could place gquantitative
requirements for fuse protection of new, more flammable fluids.

3.6 Recommended Inswlation System Tests and Standards -- Capacitors

3.6.1 Insulation System Tests

Tests of the separate properties of nev capacitor fluids, as
descridbed in 3.1, 3.2, 3.3, and 3.4, are adequate for screening the
potential usefuiness of the fluids, but they must ultimately be qualified
in the true capacitor environment. The influence of electrode and solid
dielectric geometry and possible reactions with these surfaces are
esgentially impossible to evaluate outside the actual capacitor
configuration.

Each manufacturer will, of course, test new fluids in his own
capacitor designs, but It would be additionally helpful to have a
standard test configuration so that different fluids and different
fluid/solid combinations can be put on s comparative basis. This
would be useful to flulds and capacitor manufacturers, to capacitor
users, and to fire insurance, code and regulatory personnel. All of
these interests should, therefore, participate in guiding the detailed
design and use of such a standard capacitor test.

The suggested model tests on capacitor insulation syetems are
identical in approach to those recommended for transformers in 3.5.1.
Many factors responsible for insuiation failures in transformers are
present alsc in capacitors. There are several obvious practical differences
in the compenents of transformers and capacitors. Because there are

1A contributor has suggested that guidelines and standards will also be
‘ needed for the proper substitution of new fluids for askarel in
existing transformers.
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differences, the entire suggested guideline for capacitor model tests is
deecribed. As for transformers, we again emphasite that the followving
guidelines are our initial recommendations for a model test; they point oul
a8 number of details which should be investigated in any model test.
However, they are not firm and verified test procedures. These can only
be established after considerable experimentation.

The following features should be considered for a standard capacitor
model test:

J. Container: fixed éize, shape, material,
2. Bushings: Tixed.

3. Sealing and filling techniques: fixed; provision should be made
for regular sampling of the fluid, possibly by dismantling one
out of a group of test units at regular intervals.

L, Electrode foll; insulation film size, thicknesses and roll
configuration: fixed.

5. Foil and film materials: variable, so that the reaction of the
test fluid with different foil and film materials can be
mecasured.

6. Foil/film roll supporting structure and electrical connections:
fixed. .

Three types of tests should be carried out for a complete evaluation
of a given fluid/film/foil combination: for stability, for corona effects,
and for arcing effects. Instrumentation and measurements vhich might
be made in each test are described bdelow,

1, Stability tests: The objective of these tests is to
measure the permanence of the fluid, and the degree
of deterioration of solid surfaces in contact with
the fluid., Temperature cycling should occur, The
fluid should be sampled at regular intervals and
tested for changes in electrical {(dielectric constant,
dielectric stremgth, resistivity, loss factor) and physical
{density, viscosity, specific heat, flammability) properties.
Chemical analysis should be carried on to identify contaminants.
The container walls, foil and film should be inspected
regularly for detection of surface reaction. Standardized
procedures should be employed wherever available.

2. Corona tests: A standard corona source should be designed into
the standard capacitor configuration. This might be the foil
itself, or an auxiliary electrode. Corona inception fnd extinction
levels should be measured, using standard procedures. Corona

1ASTM D 1868-73 "Detection and Measurement of Discharge (Corona) Pulses
in Evaluation of Insulation Systems"
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should persist at a prescrived level for a specified duration.
The fluid should bde regularly sampled during this time to
measure changes in electrieal and physical properties and to
detect contaminants., Foil, film and contalner walls should be
regularly inspected for surface reactions. An sttempt shouwld
be made to detect and identify any tendency to convert from a
corona to a higher current are. Procedures for removing
contaminants should be considered.

3, Arcing tests: A standard method should be developed for
igniting an arc within the container. The source voltage and
impedance or arc current, arc duration and initial temperature
should be controllable variables. The following parameters
might be measured or observed:

a, Arc voltage.

b. Pressure wave {{ntensity and time parameter) within
the container.

c. Pressure on the contaliner wvall.

d. Energy relesase from the fluid.

e. Conditions to cause contsiner rupture.

f+ External fire; fire threat to -d;ncent capacitors.

g. External blast wave and damage to neighboring capacitors
and structures.

h. Escaping arc products.

After a suitable model has been developed and thoroughly tesated,
the design and testing procedures should be documented for consideration
by standards, codes, insurance and regulatory sgencies.

3.6.2 Standards -= Capacitors

Several guidelines and standards will eventually have to be
developed for capacitors vith nev fluids; these can be grouped in
several categories:

1., Standard sizes and retings.

2. Guidelines for acceptance testing.

3. Installation and operation codes.

i, Guidelines for maintenance of new fluids in capacitors.

5, Guidelines for storage and disposal.

6. Guidelines for fusing.
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These would serve capacitors with new fluids much as ANSI (55.2,
NEMA CPl and EIA RS-392 now serve askarel-filled units. The model system
tests described above should be designed to provide the information needed
for these new standards and guideljines. We should note that EIA is moving
in this direction already with its RS-392-1 standard (also ANSI C83.679)
but that the combination of nonaskarel fluid and nonpaper dielectric has
not yet been covered by EIA standards.

Some brief explanation of the above fusing recommendation is in order.
While fusing is strictly outside the purview of this study, it does
possess & close relationship to the flammability issue and therefore deserves
some mention. A more highly flammable fluid can possibly be tolerated in
a capacitor if the fusing protection is sufficiently good. The system
model tests described above should be designed to guantize this trade off
between flammability and fusing.

3.7 Standards, Regulations, Codes

In previous sections of this report, frequent references have been
made to standards, regulations, and codes, but mostly i{n the context of
specific test techniques or specific nev fluids. 1In this present section
we will briefly reviev this same material, not in terms of the techniques
themselves but rather to investigate mechanisms for formal sdoption of
the techniques.

It 18 true that existing codes and standards are such that locations
can be found for initial service testing of capacitors and transformers
with new fluids; bowever, new or revised standards vill be required as
new fluids, and new test procedures for thess fluids are "proved out" in
field testing and as they approach full-scale commercial use,

Because of the long time required in the preparation of such
standards, the existing standardizing committees in IEEE, ASTM, NEMA,
and EIA should be encouraged to accelerate current efforts and to initiate
new programs vhere necespary to permit the development of standards to
proceed as nearly as possible {in parallel with the field testing phase.

Of concern in a discussion of the need for new, or the revision of
existing, standards documents is the problem of achieving mdequate “user"
participation in the technical society committees which prepare them.

It has been called to our attention, for example, that of the near 100
members of the ASTM D 27 committes which is responsible for insulating
fluids standards, only the order of 10% are from utilities, and
participation of Federal Government agencies is at & very much lower level
although the Government through GSA, DoD, Dol, stc., is perbaps the
largest single purchaser of power transformers. It seems evident that
greater participation by the "user" group might significantly expedite
the preparation of needed standards. }
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Concern with the costs of staff perticipation in standardizing
activities probably is the principal deterrent to greater involvement
both of this "user™ group and of the academic community. This concern
no doubt alsoc sets a limit to the level of effort in these activities
by the manufacturing community which currently appears to be making
the greatest contributions.

Recommendation: Establish a fund to pay travel costs incident
to staff participation in the preparation of the most urgently
needed standards, in order to broaden the base of industry and
academic participation and greatly reduce the time required in the
preparation and adoption of new and revised standards.

The National Electrical Code (NEC) plays a key role in commercial
acceptance and usage of new fluids, as has already been pointed out in
earlier sections. It is used by fire insurance companies in judging the
acceptability of installations for insurance coverage, it forms the baasis
of many local building codes and ordinances, and it has been incorporated
into federal regulations. It is important, therefore, that the Electrical
Coordinating Committee of NEC be cognizant of, and give counsel on
development of new flammability tests such as discussed in Sections 3.2,
3.5, and 3.6, Independent testing laboratories such as Underwriters
Laboratory and Factory Mutual Engineering and Research must slso be given
the opportunity to contribute to formulation of these new flammability
test procedures.

Each of the pertinent Government regulatory agencies has its own
particular area of concern regarding new insulating fluids, and can
contribute from its own special strength in developing nev tests, and in
interpreting regulations as they apply to new fluids. In particular,
the folloving specific comments can be made:

1. OBHA: Consideration should be given to modifying regulations
to allow insulating fluids not yet recognized by the National
Electrical Code. OBHA might also encourage development of airborne
toxicity teasts and flammability tests which are particularly
adapted to the vork place.

2. FDA and State Departments of Public Health: Early evaluation
of the new candidate fluids is needed, regarding not only
toxicity but also likely avenues of entry into food production
and distribution.

3. DPOT: The hazards of new fluids particularly associated with
-t_r:nlportation should be explored; alsc a determination should
be made whether any new candidate fluids fall within DOT's
existing hazardous or toxic substance clasaifications.

L. HEW: Teat procedures will need to be developed for determining
toxicity and degradability of new fluids.
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5. EPA, State Departments of Naturul Resources and Public Health:
Analytic procedures vill be nseded for messuring presence,
toxicity and degradability of newv fluids in the natural
environment; present background levels of the substances should
also be determined for future comparison. An evaluation should
be made of the impact of proposed toxic substance legislation
on the industry if it turns to the new candidate fluids.

Recommendation: Form an interagency task force with representation
Irom each of the federal (qnd perhaps from a few of the more active and
involved state) agencies, charged with the task of developing & consistent
governmental approach to solution of the problems imposed by the safety
-oncern with electrical insulating fluids. If such a task assignment
.8 not feasible, even the minimal assigned responsibility for keeping
agch other and the electrical power industry at large vell informed as
o planned actions would well Justify its formation. The task force
could become the focal point for the industry's contacts with the
Covernment in this area of concern.
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APPENDIX

Status

A.1 "Askarel-class" Transformers
A.1.1 Description of the "askarel class” of transformers

Electrical transformers are used to change voltage, current and
impedance levels in a wide.variety of applications in electrical
appuratus. These transformers range from the very smallest types in
gsolid-gtate electronic circuitry to very large 60-Hz pover transformers.
This study is concerned with the following restricted but importani set
of transformers:

1. Wility and i{ndustrisl distribution transformers; these include
a wide variety of applications: uses in utility "network" systems, in
secondary unit substations and factory load centers; they may be under=
ground, within buildings or adjacent to buildings or other occupied
areas. This group is therefore {dentified by industrial and commercial
use in areas vhere the load and population densities are high. Typical
ratings are 500-2500 kVA, L-3L k¥,

2. High voltage transformers, for electrostatic precipitators which
remove particulate pollutants from furnace exhaust gases.

3. Transformers for multiple.unit type electric railroad cars;
ithese are located under the flat-bed of the car.

While many precipitator and most railroad transformers are askarel-
filled, only 10-15% of utility and industrial distribut.ion transformers
identified above are the askarel-type.

Most powver transformers use a liquid insulant which serves two
purposes: electrical insulation and cooling. Compared with air insulation,
the 1liquid allows much closer spacing (smaller size) for a given voltage,
and compared with air or.polid insulation (as used in "dry-type"
transformers), the circulating liquid coolant lesds to a much smaller
size for a given power rating. Mineral oil was traditionally used for
this purpose and is still used for mcst applications. Estimates are
that as much ss 99% of all liquid-cooled power transformpers use mineral
oil, on an MVA or gallon=-of=-coolant basis.

However, the particular set of applications described above have
¢ritical nonflammability requirements since they are generally located
in heavily populated areas or are used in high-temperature or high fire-
risk conditions. "Askarel™ trsnsformer liquid was developed, using
blends of the polychlorinated biphenyls (PCBs), in the early 1930's to
replace mineral oil in applications where nonflammability vas an
important requirement. The PCBs for these transformer askarels are
manufactured by Monsanto Industrial Chemicals Company and are sold by
Monsanto under the trade name “"Aroclor." Two grades are presently used
(showing percent chlorination and 197k domestic sales in thousands of pounds):

Aroclor 12L2 (L2%) 6207
Aroclor 125k {5L%) 6185
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Ten to twenty percent of thts‘productlgn goes into electrostatic
precipitator and railroad transformers ; most of the remainder is used
in the utility and industrial transformers. Approximately 5000 sskarel-
filled transformers are manufactured per year in the U.B8., st a valye

of about $L45 million. . ‘

The term "askarel" vhich describes s broad class of fire-resistant (1],
synthetic, chlorinated, hydrocarbon insulating liquide is defined more
rigorously in the following standards and guidelines.

IEEE Std. 76-1974; IEEE Cuide for Acceptance and Maintenance
of Transformer Askarel in Equipment

ASTM D-2283-73; Chiorivated Aromatirc Hydrocarbons {Askarels) for
Transformers (o xu see [-2233-70)

National Electrical Code, 1975; Art. 100 ("Definitions"), 450
(Transformers and Trunsformer Vaults), 460 (Capecitors).

In addition to the fire-reristant characteristics of the askarels,
their high dielectric strength, low electrical loss, sdequate viscosity,
specific heat, and thermal stability, and their nonsludging qualities
have combined to make them increasingly attractive transformer insulants
since their introduction in 1932 [2]. Their high cost relative to mineral
0il has, however, restricted their use to transformers for the above=-
described fairly well defined set of applications--the "askarel-class"
of tranlformers.2 It is for this set of uses, then, that alternative
transformer fluids are being offered, and test methods and standards for
these alternative fluids should therefore be responsive to these
specific applications.

The askarels provide fire-resistance by generating inert hydrogen
chloride upon decomposition. Their flash and fire points are also very
high, making them difficult to ignite. Hydrogen chlioride is a highly
corrosive material, and so extensive special designing and installation
pust be observed. Only particular, corrosicn-resistant wvinding and tank
coating materials can be used, "scavenger" materials must be present in
the fluid to take up any small amounts of hydrogen chloride which are
generated in normal operation, and in wddition the transformer room or
vault must be adequately ventilated to prevent buildup of HC1l vapor.

It should also be noted that askarels are very efficient solvents and that
consequently all solid insulating materials, including gaskets and paints,
must be carefully selected,

lThene two special uses are groving as mass transportation and air

pollution control programs expand.

2Aakare1 transformers are specifically identified in the National
Electrical Code and in many local fire codes and ordinances.
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Because of the toxicity and environmental problems of the PCBs,
drainage from askarel transformer installations must also be adequately
collected so that smell or large scale spilling of fluid, during filling,
testing, operation or catastrophic rupture, will be contained and not
reach the ground wvater or navigable water systems.

These special requirements of existing askarel-transformer designs
and installations are being identified in order to have a clearer
picture of the processes vhich will be involved in replacing the PCB
fluid with an alternative. Either the nev fluid vill have to be
compatible with all of the characteristics of the existing askarel
installation, or new installations will have to be designed to
accommodate the new fluid. These constraints will shape the requirements
of testing procedures to evaluate and qualify new fluids and transformers
filled with new fluids,

A.1.2 Sources and consequences of transformer tunk ruypture

In the construction of "askarel-class” transformers, the vindings
are compietely immersed in the fluid, inside a tank vhich is sealed to
prevent the fluid frowm euctpin;.l The tank must be heavy walled to with-
stand the sudden pressure of & high-current electrical fault within the
tank, The tank is generally finned for convective heat transfer to the
surrounding air, and it often has a pressure relief device to bleed off
any small but steady rise of gas pressure within the tank (as from
occasional low-level arcipg or corons).

If mineral oill or & nevw liquid insulant such as a silicone fluid
is to be used as a replacement for askarel in transformers, one can be
sure that containment of this fluid will be a prime objective, for
safety, environmental and econoaic reasons. In anticipation of require-
ments for containment tests and standards, it will be the purpose of
this section to reviev tRE present state of standards, tests and
understanding in the area of transformer fluid containment.

Although the fluid is held in substantial drums or in the sealed
transformer tank, loss of the fluid can still occasionally oceur under
several different circumstances:

a. during transport of the fluid or of the filled transformer,

b. during processing and handling of the fluid by the manufacturer
or user,

IThe amount of mskarel fluid in such a transformer ranges from 40 to
150C gallons, depending on the size and rating of the transformer.
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¢. Jduring in-service operation of the transformer, and

4. upon disposal at the end of the unit's ljfe.

Instructions for proper transport of the fluid and of the transformer
are included within the general procedures of the Department of
Transportation [3], (eee also Section A.L). In addition, the following
are cited as examples of the types of guidelines and standards which
could be developed to prevent leakage during acceptance, maintenance,
handling and disposal of transformers and fluids:

a. "GCuidelines for handling and disposal of capacitor and
transformer grade askarels containing polychlorinated
biphenyls,” ANSI C107.1 - 19Th; American Nationa] Standards
Institute, 1430 Broadvay, New York, N.Y. 10018.

b, “IEBEE guide for acceptance and maintenance of transformer
askarel in equipment,” IEEE Std. 76 - 197k, Institute of
Electrical and Electronics Engineers, 345 E. 47 Street,
New York, N.Y. 10017.

These standards are discussed more fuily in Bection A.1.5.

The oil spill regulations developed and enforced by the Environmental
Protection Agency (i) also can serve as a model for judging the
restrictions on other fluids leaking into the environment. These are
discussed in Section A.k.

A very rugged design is used for transformer tanks in order to
maintain containment under most external or internal stresses likely to be
encountered in service., These tank designs are specified by industry
standards published by ANSI {5). Tank dimensions, static pressure withstand
capability and corrosion resistance are specified. These standards should
be reviewed for applicability with new fluids.

Rupture of a tranaformer tank while in service is most often due to
arcing within the tank. This is a very complicated phenomenon which has
been studied for many years. The following paragraphs describe the
phenomenon, its effects, and possible controls as presented in recent
articles by Barkan et. al. (6], Goodman and Zupon [7], Nettleton [8],
and Ristuccia and Benton [9).

a. The arc most often starts as a low-current, high-impedance
insulation breakdown between adjacent turns somewhere within
the transformer windings.

lRevision of this document is currently under way.
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b. A "high proportion” [T] of transformer failures result from
the gradual buildup of pressure in the tank due to the gas
evolved by the low current arc. The pressure-relief valve
present on most network transformers could avoid this as a
cause of rupture in this important application of "askarel-
class" transformers. Some users claim, however, that the
pressure relief valve is more trouble than asset, and therefore
avoid its use. A fuse could also be used to clear these low-
level faults, slthough network transformers are generally
operated without primary fusing.

c¢. The high-impedance arc will grow with time to a high-current
fault as the arc attacks the insulation on more turns.
Becauge the use of pressure relief valves generally prevents
the type of tank rupture described in part b. avove, the high
current arc may be the most prevalent cause of tank failure
in the network transformers. We presume that the final growth
of current is rapid, creating a bubble of high pressure gas
within the fluid. According to Barkan [6]), this bubble,
as it expands, drives a “piston” of oil against the tank
wall, momentarily overloading the wall and causing rupture.

d. Techniques for calculating the peak tank wall pressure under
arcing faults are presented in both the Nettleton [8) and the
Barkan [6] articles, but both alsc point out the difficulty of
this for actual tank geometries. The static pressure relief
valve is of no use here because of the rapid rate of pressure
rise (9], and gas-flame venting techniques are also generally
inapplicable for the seme reason [8). There is apparently a
proposed revision to the ANSI transformer standard (CS5T7.12.20-
1971) for a standard transformer arc test to determine the
necegsary tank arc pressure withstand capability [9].

e. Further complicating the pressure calculation are the effects
of energy releage by burning of the fluid and of fluid products.
This energy will build up the pressure, and the pressure wvave
will have characteristics due to being flame- as well as arc-
driven [8].

f. One should not rely purely on tank withstand strength to prevent
tank rupture under arcing, but rather this shouid be coordinated
with a properly specified current-limiting fuse (6, 9]. The .
peculiar impedance characteristics of the arc prevent use of the
familiar It type of fuse specifications; rather, the fuse
manufacturers should recommend the proper fuse, based on the
user's known voltage and fault-current levels.l

lOne user points out that network transformers are often in subways
and must therefore be submersible, and fuses are therefore avoided.
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Protection against the high current arc is of great importance,
not only because it may be the most prevalent source of "askarel-class”
transformer failures, but also because the arc is a high-temperature
source vhich can ignite the fluid or the decomposition products due to
the arc. Thus, protective tests and standards must coordinate the
available temperature and energy (as for instance determined by a current
limiting fuse) with the ignitiuon tempernture and energy of the fluld snd
of flammable components created by the arc. The "transformer system
testing" discussed in A.1.3 will explore this type of testing in
depth. i

It is worth noting at this point that an arc in an insulation fluid
can cause a wide range of decomposition products, depending on the
chemical nature of the fluid, the availability of reactant gases such
as oxygen, and the intensity (temperature) of the arc. Products can be
flammable, explosive, corrosive and toxic. As examples, arcs (or low
level discharges such as corona) can decompose mineral oil into hydrogen
and hydrocarbon gases {(and probably water if air is present), while
askarels are known to break down to hydrogen chloride, and some hydro-
carbon gases. Nitrogen, carbon monoxide and carbon dioxide are also
said to result [10) but again probably only in the presence of air.l

; Not only can these products be directly harmful, but they can also
weaken the dielectric strength of the insulating fluid and thereby set
the stage for subsequent high current flashover and tank rupture. One
should, therefore, seek standard procedures by which the fluid can be
cleaned up at regular intervals, or after known arcing, in order to avoid
future equipment failure, As guides in preparing such standards, ve
should pote the following procedures vwhich are now regularly employed.

a. "Scavenger" substances are mixed with askarels to take up the
corrosive hydrogen chloride vhich is produced by occasional
low level electrical discharges within the fluid.

b. In spite of the presence of scavenger material, users are
instructed to bubble nitrogen through the fluid immediately
after known arcing in order to piek up hydrogen chloride
before it cam~do corrosion damage.

¢. The I1EEE Standard T6-1974 suggests that moisture content and
dielectric strength of askarel be regularly checked if
electrical diacharge is known to be occurring.

Bacause of the combination of preventive measures outlined above,
manufacturers and users report that present transformers of the network
type experience about a 0.0l to 0.02% yearly rate of tank rupturing

1A recent report {National Conference on PCBs, Chicago, Nov. 1975)
indicates that chlorinated dibenzofurans are formed in PCB heat
exchanger fluids.
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failures. Tests, standards, and guidelines must be prepared for pew
fluide in order that lov fallure rates vill also be obtained for new
transformer fluids.

Even though a lovw rupture rate is experienced with transformers,
it is st1ll industry practice, generally backed by fire or environmental
code enforcements, in indoor installations to place fluid«insulated
transformers in vaults or special rooms. Mineral oil units must be in
fire-proof vaults [11]. Lowevoltage askarel transformers need not be
in fire-proof vaults but must be installed so that ventilation is adequate
to prevent accumulation of toxle vapors [12). Drainage facilities should
be such that spilled fluid . contaired

A.1.3 Transformer system testing

In the early days of askarel usage a short-circuit test and an
arcing test were performed by Underwvriters' Ladoratories, Inc., on
actua)l transformers filled with an askarel (General Electric "Pyranol”).
Details of these tests are reported in the ULMH No. 2581 Report, dated
September 29, 193L. More recently, catastrophic explosion (arc) tests
with several insulating fluids were performed by RTE Corporation {13].

1. Underwriters' Laboratories Tests

The transformers vere rated 60 Hz, 5 kVA, 2200-110 volts. Ome of
these wvas short-circuited externally. The other vas subjected to an
arcing test by being connected to a 12,000 kVA generator so as to apply
7,500 volts between the ungrounded 122-volt lead and ground. In both
cases, pressure-tight covers were provided with preasure-relief diaphragms
designed to rupture at not less than 10-12 psig (69-83 kPa gauge).

The results of the two tests vere rather similar: no appreciable
change in pressure vas noted for approximately 2 minutes after current
was supplied to the tramsformer. Thereafter, the pressure increased
rather rapidly until the diaphragms ruptured. Large volumes of gases
were libverated during the tests, but the gases did not ignite upon
application of a test flame.

2. RTE Arc Tests

Four insulating fluids were tested: mineral oil, DC-200 Silicone
fluid {Dow Corning), hydrogenated paraffin oil "RTemp" (RTE Corporation),
and an askarel (Westinghouse Inerteen 70-30). Approximately four gallons
of each fluid were used, preheated to 150 °C.

The ¢onteiners were covered before the test, but the rupture pressure
(presumably roughly the same in all four cases) vas not specified. In
each test the liguids were subjected to a massive arc discharge: UL660
to 4B20 A, the arc being initisted with 4B0O volt open eirecult. Each

of the four samples showed a violent flash initially and vide spraying
of the liquid as the cover was blown free, but only mineral oil econtinued
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to burn. It is important to note that mineru) cvils used in trunsformers
have flssh points in the vicinity of 150 °C and fire points about 15 °C
higher. The highly-chlorinated askarels, on the other band, have no fire
point up to the boiling point. They have no true flash peints but so-
called pseudo flash points may be observed under conditione of the test.
Silicone fluids have very high flash points at about 300 °C (see the
cection on flammabjlity tests). RTemp, being a high hvdrocarhan fract i,
presumsbly alsc has a high flash point. Thus the tests were conducted
with {nitial fluid temperature nedr the flush and fire points of mineral
0il, but substantislly Vbelow the t'iash points of the other rluids.

3. Reaction from Industry

The consensus appears to be that both sets of tests (UL and RTE) show
askarels to have very low flammablility. The UL rating of 2-3 on the scale
of 100 for flammable fluids reflects this consensus. Furthermore, the
Factory Mutusl representatjves appear satisfied that the RTE tests show
aleo the silicone fluids and RTemp to have flarmmabilities in the same,
generally acceptable, range as askarels. UL representatives have not
comuented on the RTE tests,

On the other hand, the nature of the initial flash in RTE tests and
of the observed pseudo flashes in flasl point testing of askarels does
not appear to be understood; some concern therefore remains. Intense
heating of the decompeosition products by the arc may lead to some reaction
of these products with air. Contributors have slso suggested that in arc
explosion tests of askarels the fluid is electrically heated to decomposition
temperatures, and that decomposition itself is exothermic. As a result,
severs] representatives from industry and insurance business have commented
that a carefully standardized arcing test should be developed.
Manufacturers, users, and testing laboratory personnel have indicated
8 wvillingness toc cooperate in developing such a test.

A.1.4 Alternatives to askarels in "askarel-class" transformers;
influence on total transformer tests and standards

We pust emphasize again that the purpose of this study is not to
evaluate alternatives to askarels bu. rather to survey the status of
tests and standards by which such alternatives mey be judged. The
characteristics of the available alternatives must be explored, however,
to the extent that unique characteristics will influence the definitions
of tests and standards. This section will emphasize the effect of
alternatives on the total unit, while the Section A.Y% will look at the
fluids themselves. Many concepts originally brought up in A.1.2
("Sources and consequences of transformer tank rupture")} will be
revisited in terms of the goals of this section.

The characteristics of available alternative fluids are pregented

in detsil in Section A.3 and therefore need not be repeated here. It is
important to note, hovever, that these represent s wide range of density,
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viscosity, operating temperature, corrosiveness, volatility, hydrolytiec
stability, flammability, etc. Because of the diversity of these values,
we will see that universal fluid performance specifications will be
difficult to write without taking into account the unique characteristics
of each particular insulant. This will be equally true in establishing
performance standards for the total transformer assembly. The important
fluid characteristics which must be accounted for in any future transformer
standards and specifications are listed below:

il

b.

Material compatibility. The chemical activitiesg of the
available insulation fluids differ in kind and degree. Tests
must, therefore, be devised to measure adequacy of the materials
used for protective coating on inside of the tank walls, for
insulation on the wire used for the transformer wvindings, and
for miscellaneous other components such as disconnects and

fuses which might be in contact with the fluid.

Temperature. If the particular insulating fluid requires an
urusually high operating temperature, all materials used to
construct the transformer must be compatible with this
temperature, and in addition the location of the operating
transformer must be selected to be acceptable to this higher
operating temperature. Existimg standards such as: "General
Principles for Temperature Limits in the Rating of Electric
Equipment ," IEER 5td. 1-1969, are probably adequate for this
purpose. Standard sampling techniques may also be desired
to insure the stabllity of the fluids at high operating
temperatures.

Cooling. The fluid in a transformer is used as both an
insulating and cooling medium. An economically competitive
trans former must have its cooling system design closely matched
to the characteristics of the coclant fluid; new fluids will
undoubtedly require some redesign of the transformer. This
may necessitate new standards on transformer tanks, cooling
surfaces, circulating equipment, etc., and the user may demand
more thorough cocling specifications on transformers with new
coolant fluidsw.

Hydrolytic stability. Water is generally a problem in transformer
fluid, but the degree of difficulty will probably change from

one fluid to another. Sealing against moisture entry, and
processes for removal of water should, therefore, be specified
for each new insulant.

Containment. The different fluids will have different densities
and required volumes for any given transformer power and voltage
ratings, and space and supporting structure specifications must
be made up for each new fluid. The types of seals will also
have to be correlated with each fluid, since different fluids
have different leakage characteristics. Since rigorous contain-
ment of any fluid may be the goal of future regulations,
standards and tests for evaluating containment of each tank/fluid
combination will be of increasing importance,
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Standards for external protection should be coordinated with the
particular clmss of transformers, the fluid and the level of tank
contsinment security. By external protectlon, ve mean secondary
protection provisions, beyond the tank itself. This includes both
vaults, for extra contalnment in case of tank failure and protective
circult elements (such as circuit breakers and fuses} to prevent tank
rupturing arcs from ocecurring. Much as an electrical system has its
various power and protective elements coordinated with one another, so
also might the industry consider more quantitative coordination of the
levels of transformer containment. COne might, for instance, consider
that incremased speed and redundancy of circuit breaker and fuse
protections could allow a less cumberscme and expensive vault structure.
Extensive probability analyses of actual operating experlence would be
required before such a coordination plan could be acceptable for fire
codes and insurance purposes.

Although no new standards or tests may be required, we include, for
completeness, a mention of two other available slternatives, namely dry-
type and gas-cooled transformers. These transformers depend on amblent
air or special gas insulation. The dry types are available now and are
being used extensively in place of askarel transformers. Relative
rel fability and overload capability have been questioned by some users
but are gquite acceptable to others, vhich may mean that standardized
tests on these characteristics should be available to resolve such
disagreements.

Gas cooled transformers are not yet as readily available for
substitution. Tests may be required to establish the harmlessness or the
need for containing products of arcing within the insulation gas.
Development of these tests should be guided by the extensive existing
work on entirs gas-insulated substations.

A.1,5 Test techniques and standards used by manufacturers and users
to evaluate fluid-.filled transformers

The transformer n:hufacturer and user have the following standards
documents availabdle for guidance in selecting and handling the insulating
fluid.

1. ASTM' D 2283-T4 "Standard Specification for Chlorinsted Aromati-
Hydrocarbons (Askarels) for Transformers.”

This document gives detailed specifications of the physical, chemical
and electrical properties of mix askarels which have been, or are being
used in transformers and identifies specific test methods.

2. ASTM D 3146-75 "Standard Specification for Oxidation - Inhibited
Mineral Insulating 011 for Use in Transformers and Clrcuit
; Breakers."

1 pmerican Society for Testing and Materials, 1916 Race St.,
Philedelphia, Pa. 19103.
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This document gives detailed specifications of the physical, chemical
and electrical properties of the oil together with approved test methods.

3. ASTM D 10L0-73 "Standard Specification for Uninhibited Mineral

Insulating 0i]1 for Use in Transformers and in 011 Circuit
Breakers."

This document gives detailed specifications of the physical, chemical
and electrical properties of the oil together with approved test methods.

k. ans1* ¢ 59.131-19T71 "Guide for Acceptance and Maintenance of
Insulating 0il in Equipment™ [Alsc issued as IEEE2 B8td. 64-1969].

The purpose of this guide is to assist in evaluating the serviceability
of oil received in equipment; oll as received from the refiner for filling
nev equipment at the installation site, and as processed into such
equipment. It alsc is intended to assist the operator in maintaining
his cil in serviceable condition. The guide recommends standard oil
tests and evaluation procedures, methods of reconditioning and reclaiming,
the levels at which these become necessary, and the routines for restoring
oxidaticn resistance vwhere required by the addition of inhibitors.

5. 1EEE Btd. T6-19TL "Gulde fur Acceptance and Maintenance of
Trans former Askarel in Equipment."

This guide assists in evaluating askarels as received in transformers,
reactors, and accessory equipment operated at power frequencies and §n
efforts to maintain askarels in serviceable condition. It reccamends
standardized tests and evaiuation procedures. Methods are outlined for
reconditioning and reclaiming askarels wvhenever necessary.

6. ANSI C 107.1-19Th. "Guidelines for Handling and Disposal of
Cepacitor- and Tranaformer-Grade Askarels Containing Polychlorinated
Biphenyls."

Thie document gives }ypical physical, chemical and electrical
properties of askarels used in insulating fluids in transformer and
capacitor construection, standard methods by which these properties are
measured, details methods of shipping and handling, spells cut necessary
safety precautions, recommends labeling practices and details approved
disposal techniques. It also lists organizations having facilities for
analysis and for disposal and it describes analytical procedures for
the determinaticon of PCBs in air, water and sediment.

lpmerican National Standards Institute, 1930 Brosdway, Kew York, N.Y. 10018

©Institute of Electrical and Electronics Engineers, 345 E, LT Street,

New York, N.Y. 10017,
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7. 1EEE Draft "Specification for Nev, Unused Transformer~-type
Askarels.”

This specification covers bulk shipment in tank cars and drums of
new, synthetic, nonflarmable electrical insulating liguids of the
chlorinated aromatic type Xknown as askarels which sre uaed as
insulating and cooling media in liquidefilled transformers. While this
specification i3 intended to cover the composition and characteristics
of askarels for purchase only and does not apply to liquids in apparatus,

& number of discontinued types are included for purposes of identification
and historical significance,.

8. IEEE std, 263-1968 "Guide for Installation of 0il-Immersed
Transformers."

This document suggests procedures to be followed ., in filling with oil
those large transformers vhich are customarily shipped to the point of
installation without the oll.

9. A NEMA! Standerds Document titled "Proposal for American
National Standard on Mineral Insulating 0Oil for Use in
Electrical Apparatus” is in the finel stages of preparation.
It 48 intended “to provide & functional industry standard that
will assure a continuing supply of a single minersl insulating
oil that adeguately meets the needs of equipment manufacturers
and o1l refiners.”

It sets functional limits for the essential physical, electrical,
and chemical properties and specifies the ASTM test methods to be used.
Presumably it will ultimately replace items 2 and 3 above.

10. FSS-GSA2 Federal Specification VV-1-530a "Insulating 0il,
Electrical {For Transformers, Switches and Circuit Breakers).”

This standard specifies the physical properties required, establishes
quality assurance provisions, and gives instructions for testing. It
jdentifies several ASTM documents as forming a part of the specification.

11, TF8S-GSA Féairnl Specification VV-1-1219 "Insulating Fluid,
Electrical {Noncombustible}.,"

This standard applies to "liquid of the chlorinated aromatic
hydrocarbon type {asharels}" with coverage similar to that of VV-1-530a.

lNational Electrical Manufacturers Association, 155 E. Lk Street,

New York, New York 10017.

Zrederal Supply Service, General Services Administration, Washington, D.C. 20L05
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The following standards relate to the specifications and
performance of the transformer itself:

1. ANSI C 57.12.00-1973 {also IEEE #L62) "General Requirements for
Distribution, Power, and Regulating Transformers."

This standard specifies (1} service conditions; (2} preferred
ratings; {3) insulation classes and dielectric tests; {i) tolerances
on losses, impedance, ratio, regulation and temperature rise; (5) tests;
{6} such construction details as bushing class, marking of terminals,
nameplate data, etc.; and (T) short circult characteristics.

2. ANSI € 57.12.90 (also IEEE #262) "Test Code for Distribution,
Power, and Regulating Transformers."

This stande:. prescribes methods for performing the tests specified
in C 57.12.00-1973 (above) and in the separate transformer standards
of the € 57.12 series. The test methods covered are: (1) resistance
measurements; (2) electrical insulation; (3) losses and impedance;
(L) ratio and regulation; (5) temperature rise; (6) insulation powver
factor; (7) polarity and phase relation; and (8) short circuit
calculations. C 57.98, an Appendix to C 57.12.90, covers impulse tests.

3. C 57.12.90a-19Th (also IEEE #262A) (Draft Standard) "Distribution
and Powver Transformer Bhort-Circuit Test Code."

This code defines a procedure by which the mechanical capability of
a transformer to withstand short-circuit stresses may be demonstrated.

Other standards and guides in the ARSI C 57 series (there are about
30) include such documents as:

€ 57.12.20-197T4 "Requirements for Overhead-Type Distribution
Transformers 67,000 Volts and Below"

C 57.12.21~1969 "Requirements for Pad-mounted Compartmental-Type
Single-Phase Distribution Transformers"

Q

57.12.40-1967 "Secondary Network Transformers, Subvay and Vault
Type (Liquid Immersed)"

C 5T.100-197L "Thermal Evaluation of Oil-Immersed Distribution
Trans formers”

€ 57.93 (also NEMA TR~5-1956) "Guide for the Installation and
Maintenance of Oil-Immersed Transformers'

C 57.92 "Guide for Losding Oil-Immersed Distribution and Power
Trans formers”

L. NEMA TR1-19T74 "Transformers, Regulators and Reactors"

This document identifies the ANSI transformer standards which have
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been approved ar NEMA standards and includes more detailed specifications
regarding such characteristics as audible sound levels, external
¢clearances between live parts, accessories, and some test procedures.

5. KEMA TR11-1967 "Small Pover Transformers with 65C Average
Winding Rise and Distribution Characteristics.”.

This covers electrical characteristics and mechanical features of
this class of transformers.

The above are representative of about ten NEMA standards dealing
. with various classes of transformers.

6. UL (Underwriters Laboratories) 506 "Specialty Transformers"

This standard covers requirements for air-cocled transformers and
reactors for general use but does not cover oil-filled units.

7. AAR {Association of American Railroads) SM262 "Specifications
for Impulse Transformer for Coded Systems Control."

8. AAR SM16S "Specifications for Transformer, Oil-Immersed, Self-
Cooled,”

9. FM (Factory Mutual) 5-27 "Fire Prevention Transformers."
10. M 5-275 "Arec-Furnace Transformers.”
11. FM 14-8 "Inspection and Maintenance of Transforwers."

(Note: Items 7-11 above are not in hand and thus no further description
i available).

Section A.3.2 should be consulted for designation of the standards
and techniques used for specifying and measuring the various fluid
material properties idemtified in the above transformer standards.

A.1.6 References, Section A.l

Much of the material in this section was obteined through personal
conversations wvith the manufacturers and users cited in the introduction.
In addition to these personal communications, the following sources were
found to be helpful:

i. In Re: Proposed Toxic Pollutant Effluent Standards, {(EPA)
FRl Dec. 27, 1973; testimony on behalf of:

lFedera.l Register
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a. (enernl Electric Co., Mr. George B. Fernsworth,
March 1k, 197

b. Westinghouse Electric Corp., Dr. James H. Hrigﬁt.
March 15, 197k.

i1. "The Role of Polychlorinated Biphenyls in Electrical Equipment,”
Ceneral Electric Co., Schenectady, N.Y., Feb. h, 1972, {internai
publication). .

i4i. "Study of the Potential Impacts of the Proposed Toxic Substances
Control Act, as Illustrated by Senate Bill &. T76,™ for
Manufacturing Chemists Association, Washington, D.C., by
Foster D. Snell, Inc., June 26, 1975.

iv. National Tonference on Polychlorinated Biphenyls, sponscred by
Environmental Protection Agency, Chicago, Illinois, Nov. 19-21, 1975.

The frl)l wing specific references have been cited in the text:

i. "Trun.former Askarel Inspection and Maintenance Guide,"
Monsanto Company Bulletin Wo. IC/FF-38R, revised March 1975.

2. R. N. Sillars, Electrical Insulating Materials, IEB Monograph 1b,
1973; Section 10.2.1.

3. LGCFR} 100-199, revised October 1, 197k.

L, "p41 Pollution Prevention," Environmental Protection Agency,
38 FR 3416k, December 11, 1973.

5. € 57.12.40; American National Standards Institute.

€. P. Barkan, et. al., "Overpressure Phenonena in Distribution
Transformers with Low Impedance Faults: BExperiment and Theory,"
F 75 46L-8, IFEE PES Summer Meeting, San Francisco, Calif.,
July 1975.

7. E. A. Goodman, L. Zupon, discussion to Barkan paper (F T5 464-8).

B. M, A. Nettleton, "Explosions Due to Faults in Electrical Equipment,”
Electrical Review, July 25, 1975, pp. 116-119.

9. D. J. Ristuccia, R. E. Benton, "Ten Most-Asked Questions on Violent
Transformer Failure," Transmission and Distribution, January 1975,
pp. 30-31.

lCode of Federal Regulations
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30. A. E, Knoviton, editor-in-chief, Standard Handbook for Electrical
Engineers, Ninth Edition, McGrawv-Hill Book Co., New York, 1957,
k=561, ¥=-570. ’

11. National Electrical Code, 1975; Sec. 450-24, "0il-Insulated
Transformers Installed Indoors,” NFPA, Boston, (also ses
Ref. 10, Bections 15-102, k~572, 14-300).

12. National Electrical Code, 1975; Sec. 450-23, "Askarel-Insulateqd
Transformers Installed Indoors,” NFPA, Boston.

13. D. A. Duckett, "Catastrophic Explosion Tests in Insulating
Fluids," RTE Corporation, Waukesha, Wisconsin 53186,
November 9, 19Tk,
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A.2 "Askarel-class" Capacltore
A.2.1 Description of the "askarel class" of capacitors

As in the case of transformers, there is also a wide range in types
and slzes of capacitors wvhich are used in electrical apparatus. These are
used in electronic circuits, for electric energy storage, and for pover
factor correction purposes., Their ratings can range from a fev picofarads

to many microfarads, with voltages from a few volts to over one-hundred
kilovolts.

Although some high~frequency capscitors use air insulation, most
cepacitors are made up of multiple, thin layers of metal and solid
insulation. To eliminate any weakening by the presence of air, these
layer assemblies are then totally immersed in a liquid dielectriclz
often paper is used ap one part of the solid insulator, and this paper
is impregnated by the liquid., In addition to being a good electrical
insulator, the l1iquid should have a high relative permittivity (high dielectric
constant, c/co). The PCBs possess both of these features, and so grades of
capacitor askarels have been used in capacitors since the introduction of
the askarels in the 1530's. Whereas only a small percentage of transformers
contain asxarels, nearly one-hundred percent of pover and industrial liquid-
filled capacitors use this type of liquid insulant.

Because of the widespread use of PCBs in capacitors, Monsanto in
1971 introduced a more environmentally compatible formulation, Aroclor 1016,
especially for capscitors. In 1974, Monsanto sold 21,955 thousand pounds
of this fluid; the capacitor market for PCBs is considerably greater
than the transformer PCB demand. The market value for PCB-insulated
capacitors is in excess of $100 million per year.

Askarel capacitors are often divided into two categories, "power"
and "industrial.” The power capacitors are high voltage units which
generally contain several gallons of fluid. They are used for powver
factor correction to increase the efficiency of the electric pover system.
Additional uses in the "pover" category include dc filters, energy storage,
and induction heating capacitors.

"Industrial”™ capacitors are generally smaller units which serve a
large number of purposes including motor start and run, and fluorescent
1ight starting. They are also used in arc wvelders and power supply
filters. The industrial class of capacitors is estimated to use one-half
to two-thirds of the demand for capacitor asharels.

lExcept for a few capacitor types, e.g., mica capacitors, which use only
solid insulation.
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Capacitors «!' both categories are .znerulily constructed by winding
alternate sheets cf metal foil and paper and/or film dielectric in round or
flattened rolls. These rolls are connected together inside a closed metm)
housing which is filled with an askarel. The paper dielectric materisl has
& high permittivity, but it is dried before assembly into the capacitor, and
it contains & large volume percentage of open air space. The askarel
impregnates the paper, filling the air-space voids. Askarels are syperior
to mineral oll for this dielectric application because the high permittivity
(e % 6e ) reasonably matches the paper, and there‘ore causes leas non-
uniformity in electrical stress. The net high permittivity and the high
dielectric strength of the askarels alsoc allow for a smaller capacitor for a
glven power or energy rating.

This combination of high permittivity and high dielectric strength alone
would suffice to make askarels favorable impregnants for capacitors. Our
survey of manufacturers and users indicates that they generally have alsc come
to depend on the stability and sonflammablility performance of askarel capacitor
fluids. Since power capacitors are often out-of-doors or in vaults, however,
it appears that more flammable fluids may ip the future be more readily
accepted. This may not be true with the industrial capacitors which are often
installed in potentially flammable environments, for exmmple, fluorescent
light fixtures and appliance motors in builldings. This {lammability issue
is further discussed in A.2.3.

In considering test techniques for alternate capacitor fluids, then,
wve can at this time identify the following factorg as significant:
dielectric constant (relative permittivity, c/co). dielectric strength,
impregnability, flammability, and stability. Toxicity, environmental
degradability and compatibility with other capacitor materials are
added to the list in subsequent sectioms.

There is an important economic interdependence between the capacitor
and transformer fluids markets which should not be overloocked in deciding
cn alternatives to PCBs. The capacitor and transformer askarels have
different percentage contents of various PCBs, but they are both formulated
from the same basic stock. They, therefore, aid each other in achieving
the cost advantages of large scale production. Any shift of either
market avay froe askared would influence the price of the askarels for the
other use. This facter should be considered in evaluating the relative
cost advantages of substitutes for PCBs.

A.2.2 Probablility and consequences cf rupture

The rate at vhich the small industrial capacitors experience a
tank-rupturing failure is very low; and when one of these small capacitors
fails, there i3 little loss of fluid.l The total amount of fluid in all
small industrial capacitors is, however, large, as vas mentioned previously.

lIn & capacitor containing paper insulation, 80% of the fluid is absorbed
and so will not spill out even if the can does rupture.
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In the case of the larger, power-type capacitor, the fallure
rate has been historically low. Generally, a capacitor will fail
by an internal arc short-circuiting the unit. Each pover crpncitor
should be individually protected by a currente-limiting fuse® which
will blow when the capacitor fails, leaving the capacitor-fuse unit
open~-circuited, If the industrial capacitors contain more than
3 gallons of "flammable" 1liquid, the National Electrical Code also
directs that these be enclosed in a vault if ipdoors or within a
fenced enclosure if outdoors (NEC-1975, Art. 460-2).

Often, pover capacitors are used in parallel-series connected
groups, or banks, and upon failure of one capacitor in the bank, all
paralliel cepacitors will try to discharge through the failed unit. A
current-limiting fuse on each unit limits this "in rush” current in
order to protect he other capacitors in the bank.2

NEMA stnndards3 exist for identifying the proper fuse to use to
protect any given cepacitor. These are somevhat out of date, however,
50 a manufacturer will generally provide the necessary information for
his cepacitors. There is need, therefore, for a newly created set of
industry-wide standards for protection of new capacitor designs with
nev types of impregnant dielectric fluids.

A.2.3 Full cepacitor arc testing

We have established in Section A.1l thet nonflammability is an important
characteristic of "mskarel-class" transformers and that the insulating
Tluid has been in the past and should continue to be qualified by full
transformer arc testing. We have also recognized the importance of
nonflammability of capacitors, but it must be reported that there ie
little documented experience or interest in arc or flame testing of
capacitors.

The apparent Justifications for this lack of testing are the low rate
of capacitor fallure and the small amount of fluid in any one capacitor,
Fuse protection as described in A.2.2 also reduces concern for rupture
and fire,

1The National Electrical Code calls for "overcurrent protection" on any

capacitor operating at potentials greater than 600 V {NEC-1975; Art., L60-25).

2Pouer capacitors on distribution feeders are often group fused.

3cp 1-1971, “Shunt Capacitors,” National Electrical Manufacturers

Association, New York, See also ANSI €55.1-1968 (IEEE No. 18), "Shunt
Power Capacitors.”
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In evaluating the need for full unit flammability testing of
capacitors, one should alsc keep in mind the folloving factors:

a. Nev candidate capacitor dielectric fluids generaily are
more {lamwable than askarels.

b. The paper and film, vhich make up a large percentage of the
bulk material within a capacitor, are generally flammable.

¢. Power factor correction capacitore are generally used not
eingly but rather in large multiple-unit banks. A study
should therefore be made of the probability of fire spreading
from one faulted unit to other capacitors in the bank.

d. Use of many capacitors in large, closely spaced banks aleo has
another risk. Unless each capacitor is properly fused, all
parallel branches of a bank can discharge through a single
unit wvhich develops an internal, short-circuit fault. Fusing
requirements of capacitors with new fluids should therefore
not be overlooked.

Manufacturers of fluids and capacitors have privately run occasional
drc tests on capacitors to study flammability effects after a tank-
rupturing fault. No definitely recommended format for such testing has
been brought to our attention, hovever, and the indication is that
considerable design and testing would be required before a quantitatively
interpretable and repeatable test could be devised. Several parties
involved in the manufacture and use of capacitors did, howvever, feel
rather etrongly that such a test should be developed, particularly in
light of the increased flammability of the new fluids.

A.2.4 Effect of alternative fluids on design and testing of the
full capacitor unit

The dielectric fluid must be compatible with all other materials
with which the fluid makes contact inside the capmcitor caeing. As in
the transformer situation, the inside coating of the metal cspacitor
tank muet be nonresctive with the fluid. Bince the fluid permeates
directly to the metal foil slectrodes, either the metal and fluid must
be compatible or the metal sust be treated with a protective coating.

In capacitors, the most serious materisl coordination prodlem is
between the fluid and the insulating sheets which separate the foil
electrodes. If this is & paper, then the fluid must be adle to
completely impregnate the paper, leaving no voids in vhich coroma
discharges can be initiatsd. Although certain fluld characteristics such
as molecular veight and viscosity will help to screen out obviously
improper flulds, adequacy of impregnation is bdest evaluated finally by
testing the imprsgnant fluid in'a true film-electrode capacitor gecmetry.

5%

MONS 047196



R

One should be on the vatch not only for immediate corona from
inadequate impregnation, but also for veakening of the dielectric
strength of the fluid, which can result from the fluid dissolving
impurities out of the solid insulation material.

Incompatibility of & nev fluid with the existing film and paper
may be solved by selecting nev paper and film rather than by rejecting
the new fluid. Thus, tests must be devised so that combinations of
fluid and solid rllnl can be evaluated on s controllable and comparative
basis, and criteria for 1nterpret1n¢ these tests must be devised in
order that nev fluids are not rejected merely because of inadequacies
in the paper or film. The best practical combinaticns of fluid and
80114 must be compared.

In the previous paragraph, wve sought the bdest comdination of
impregnant and paper from s materials compatidility standpoint. It is
important, hovever, to also coordinate dielectric characteristics.
Severely mismatched dielectric constants will cause very uneven electric
stresa which can lead to corons and flashover in the more highly stressed
member. Thus, askarel is a good fluid to use with paper since both have
relatively high dielectric constants. The plastic films which are now
in use in capacitors, such as polypropylene, have lover dielsctric
constants, and are therefore more compatible with lower dielectric
constant fluids.

Using lover dielectric constant materials means that the capacitance
per unit area of electrode is less for s given electrode separation.
Larger voltage or size are therefore needed for the same energy storege.
Regardless of what material is selected, its dielectric constant should
be accurately known under actual operating conditions, and its dielectric
constant should de measured with the material in the true operating
electric field. This may suggest that an extension be made in the ASTM
standard test for dielectric constant {D $2L).

The size of the capacitor is influenced not only by the dielectric
constant, but also by the dielectric strength. Decressed capacitance
and energy storage becpuse of decreased dielectric constant can
potentially be regained by higher dielectric strength materials vhich
allov higher fields and voltages. The design of the capacitor is,
therefore, influenced by the dielectric strength (breaxdown strength)
of the fluid. The breakdown streangth of the fluid iteelf may be measured
by standard test procsdures, as described in Sectlion A.3.2. Final
capacitor designs, and test capacitor geometries can be svalusted by
methods outlined in Section A.2.5.

The maximum operating voltage of a capacitor is generally set Yy
ita corona inception and extinction levels, rather than by the flashover
voltage. The lov current, but continuous corona discharge causes damage
to 80l1id and 1liquid dlelectric material and therefore leads to short life
and fallure of capacitors even though the operating voltage may be well
below the breakdown level., Detection and measurement of corcns and
particularly of its inception and extinction points are therefore
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extremely important in order to specify the maximum safe voltage for
long life. These corona levels are not characteristic of just the
insulating fluid, iteelf, however, but rather of the fluid in the actuyal
electrode configuration, including the electrode material, the
microscopic surface conditions, and purity of the electrode/fluid
interface. An absolute measure of corona inception for a pure, isolated
fluid i{s therefore of little value, and one must instead determine the
inception level for the vwhole electrode/insulator configuration,
apsembled according to routines which would be followed in manufacture.
Corona peasurement techniques are specified, for example, in

ASTM D 1868-73. -

- ' In addition to corona, losses in capacitors result from resistive
and dielectric properties of the fluid. These cuan generally be evaluated
for the pure, isolated liquid as described in Section A.3.2. The
measurement should duplicate operating conditions (frequency, temperature,
electric field) as closely as possible. Oenerslly, higher dielectric
conatant materials exhibit higher loss, because of the large and rapid
molecular polariration clianges required by high permittivity materials
in ac flelds.

A final important characteristic of the capacitor dielectric fluid
is its stadility. It must show little change in dielectric, chemical
or physical characteristics under actual electyical and thermal
operating conditions over the many years expected life time of the
capacitors. Trequent comments frozm fluids manufacturers, capacitor
manufacturers and users brought out (1) the importance of this
characteristic, (2) tha difficulty {n defining and measuring stability,
and {3) the importance of the measurement being in as realistic an
environment as possible! 1.e., in a test capacitor configuration.

In conclusion, this section has shown that the particuler dielectric
fluid chosen for a capacitor has a major effect on the totel capacitor
design. Consequently, and of more major impertance to this study, we
can further concluds that all aspects of nev capacitor dielectric fluids
finally need to be svalumted in an environment which simulates realistic
operating conditions.

-

A.2.5 Test tecimiques and standards smployed by manufactursrs and
- users to evaluate fluld-filled capacitors

The capacitor manufacturers and users havs the folldwing standards
documents available for guidance in selecting and handli?g the
insulating fluid.

1. ANSI € 59:11 {slso ASTM D 2233-74) "Standard Spacification for
Chlorinated Aromatic Hydrocarbons (Askarels} for Capscitors.”

‘ This document givss detailed specifications of the physical,
chemical and slectrical properties of four askarels vhich have been
used as capacitor izpregnants and details test pethods.
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2. ANSI C 59.123-1970 (also ASTM D 2297-68) “Standerd
Specification for Continuity of Quality of Electrical Insulating
Mineral 011 for Capacitors and Cable Accessories.”

This doclunent provides detailed specifications of the ph;rsi.cl.l.
chemical and electrical properties of the oll,

3. ANSI C 59.122-1970 (also ASTM D 2296) "Standard Specification
for Continuity of Quality of Electricel Insulating Polybutene
011 for Capacitors.”

This document provides detailed specifications of the physical,
chemical and electrical properties of the oil and details test methods.

L. ANSI € 107.1-1974 "Guidelines for Handling and Disposal of
Capacitor- and Transformer-Grade Askarels Containing Polychlorinated
Biphenyls."

This document gives the typical physical, chemical and electrical
properties of askarels used as capacitor impregnants, details methods
of shipping and handling, spells out necessary safety precautions,
recomsends labeling practices and details approved disposal techniques.
It also lists organizations having facilities for analysis and for
disposal and detalls an anslytical procefure for the determination of
airborne PCBs.

The following standards yelate to the specification and pcrromnce
of the capacitor itself:

1. ANSI C 55.1-1960 (IEEE No. 18) "Sbunt Power Capacitors"

Definition of terms, ratings, tolerance, operstion, production and
design testing, fusing. Buch cbaracteristics as stabllity, corona
start, radic influence voltage, overvoltage, capacitance, leakage, loss
and dielectric withstand are ifdentified, Dut the specific detailed test
techniques are not described, nor sre appropriats ASTM procedures cited,
Thia atandard is for shunt power capacitors without reference to the
dielectric fluid; with nonaskarel fluids, certain specified values and
limits might possidly have to change, and specific test procedures may
not be the ssme as have been traditionally used for askarel capacitors.
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2. ANBI € 55.2-1973 “Series Capacitors for Transmission and
Distri{bution-line Compensation”

This standard includes requirements for safety, rating, and gep
settings; functionsl requirements for protective equipment, alarm
devices, servicing, type, and routine tests and a guide for opesration.

3. KREMA CP1-1971 "Bhunt Capacitors”
This standard is simller in coverage to ANSI C 55.1.

b, EIAl RS-392 "Fixed Paper Dielectric Capacitors for Alternating
Current Applications”

This standard covers the requirements for oil-paper dielectric
capacitors hermctically sealed in metal cases for general purpose
application on ac voltages. It specifies (1) standard designations,
(2) standard test conditions, {3) marking, (i) quality assursnce test
programs, (5) tests, and (6) applications suggestions. Although the
term Yoil™ 1is used, this standard is.meant to apply to asXarel-filled
cspacitors.

| 5. ¥IA RS-392-1 (ARSI CB3.67a-197:) "Pixed Paper Dielectric

Capacitors with Non-PCB lmpregnant for "Alternsting Current
Application”

Thie standard applies to capacitors with paper dielectric impregnated
with non~-PCB fluid. Note that there is po existing EIA standard covering
non-PCB capacitor fluids with plastic film dielectric.

6. EIA RS8-L401 "Paper, Paper/Film, Pilm Dielectric Capacitors for
Pover Semiconductor Applications™ ‘

The coverage of this standard 1is similar to RS-392 abdove.

T. "ULQ 810 "Capucitors” (power factor correction capacitors up
to 15 xVar or 600 V)

This standard does not cover capacitors intended for use as parts
of appliances, motors, transformsrs or electric-discharge-lamp dballasts.
It does not specify that the liquid used bde nonflammable, but does require
that the capscitor be marked to "indicate vhether the liquid is combuatible
or nonflammable. If the liquid is combustible, the amount of the liquid
in gallons shall be indicated."”

lmectronic Industries Association, 2001 Eye Street, Washington, D.C. 20006.

2Underwr1terl Laboratories, 333 Pfingsten Road, Korthbrook, Illinois 60062.
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A.2.6 References, Section A.2

Much of the material in this section was obtained through personal
conversstions with the manufacturers and users cited in the {ntroduction.
In addition to these personal communications, the followving publicationl
and reports were found to be helprul:

1. R. H. Munch, "New Capacitor lmpregnants,” Conference paper
presented at IFEE -Power Engineering Society Meeting, New York,
Nev York, Jan. 30, 1975.

2. B. H., Goldy, W. Q. Solberg, "A New Liquid Dielectric for

Capacitors,” Insulation/Circuits, Jan. 1975.

3. John Lapp, "Concepts in Systems Testing of Diselectrics in
Capacitors,” IEEE Trans. on Power Apparatus and Systems, Vol. PAS 9k,
Jan/Feb. 1975, pp. BB-11. ’

L. J. H. Wright, "Comaents of Westinghouse Electric Corporation.”
Testimony at hearings regarding "Proposed Toxic Pollutant
Effluent Standards" (EPA) (FR Dec. 27, 1973) given March 15, 19Th.

5. L. L. Jackson, "Industrisl Organic Chemicals as Altsrnative
Dielectric Fluids,” Conference paper presented at IEEE Power
Engineering Society Meeting, New York, New York, Jan. 197h.

6. Statement of Electronics Industries Associstion, to EPA,
concerning Proposed Toxic Pollutant Effluent Standards, in a
letter to the Honorable Russell Train, Adninistrlto:,

June 25, 1975.
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A.3 Dielectric and Insulating Fluids
A.3.1 Available Fluids

In this section wve shall treat the major materisls available at
the present time or potentially available to the electric powver industry
as transformer and capacitor fluids. The pover industry in general has
vieved with reluctance any change from the use of askarels in certain
transformer and capacitor applications because the askarels possessed
outstanding electrical characteristics. Furthermore, the askarels have
lov flammability, and, while not inexpensive, their cost has been at a
level the industry could manage. It must be enphasized that there is no
other fluid novw available vhich has quite so broad a range of application
and usefulness in the electric power industry.

. The major fluids proposed as substitutes for the askarels in power
transformer and capacitor appli:ations are for transformers: f{a)} silicone
1iquids, (b) mineral oils, (c) highly saturated paraffin oils. For
capacitors, the fluids ars (d) diaryl sulfones and mixtures, (e} long chain
esters of phthalic acid and (f) slkylated monochlorodiphenyl oxides. The
Japanese are reported to be vorking on a diarylalkane substitute, and

the French on "Chloralkylspe," an isopropyl chlorinated biphenyl.

There are other fluids vhich have high dielectric strength and
excellent electrical properties such as the fluorocarbons and the
perflucoroalkyl furans. These are markstsd for use in small devices.
Their cost ($25 per liter, and up) probably probibits their use
at the present time in large installations such as those that intereat
us here. )

A table listing the properties of interest of the fluids deacribed
here is sppended at the end of this section (page 72).

Before proceeding to the consideration of the nonaskarel fluids a
fev remarks on ths sskarels themselves may not be aniss.

lneportcd at the National Conference on Pbljchlortnntcd Biphenyls,

Environmental Protection Agency, Chicago, Illinois, November 19-21, 1975.

]
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The Askareis (Polychlorobiphenyls)

The askarels are proprietary mixtures of chlorinated biphenyls and

chlorinated benzenes, the empirical formulas of which are 012 Rlo-n CIn

(wvhere n may run from 1 to 10) end Cs HG-—n 1, (vhere n may run fram

1 ta ) regpectively. These compounde may be represented by the general
structural formnla:

-

’S::::::>>-_<::::::>L‘ <<:::::>i~c1
cl Cl .

chlorobiphenyl chlorobentene

The proprietary mixtures mentioned above usually are designated
as having an effective percentage of chiorine and this percentage usually
appears somevhere in their trade numerical designation. The singly
chlorinated biphenyls wre light oils and the completely chlorinated
(n = 10) biphenyls usually assume the character of a resin or wax.

Although first synthesized nearly a century ago [1]1. it was not
until the third and fourth decades of this century that they were
produced in considerable quantities [2). It was during these decades
that the superior electrical properties of these materials became
apparent. Within a fev years, large scale manufacture of the askarels
was undertaxen [3]. Besideg the excellent electrical properties and the
lov flemmability of the askarels, it was observed that vith the somevhat
higher dielectric constant over, say, transformer oils, the capacitor
dimensions could be reduced [L].

The askarel fluids have been used in a vide variety of applications
outside the electric power industry, mostly as heat transfer fluids,
additives to petroleum ofla, in textile coatings and in surface coatings
and paints [5]. Applications to sealing compounds, printing inks and
papers, and casting waxes are all vell attested [S].

The variety and successfulness of application of tne askarel mixtures
has led to widespread use and unfortunately to thelr wvidespread cccurrence
in the environment. Most of the areas vhere the polychlorobiphenyls
occur in the environment are, of course, associated with eminently
intense industrial sctivity. Kowever, the high chemical stability of
the askarels insures their persistence vherever they are transported.

lReferences for Section A.3, shovn in brackets, vill be found in
A.3.T.
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The result is that they are found at some polluting level in a great
many places around the world. The polychlorobiphenyls have been
documented as existing in North and Bouth America in both marine mnd
freshwater environments [6-10]. A detajled discussion of these findings
may be found in Kimbrough's comprehensive reviev paper [11].

There would seem té be little point in expatiating upon the toxicity
of the polychlorobiphenyls in this brief resume since this report
concerns the adegquacy of tests of prospective replacements for these
very fluids. Buffice it to say that the polychlorobiphenyls accumulate in,
persist in, and are destructive to animal tissues. There is in fact a
large body of literature supporting the toxicity of PCBs [see for
example 11-15]. More recent reevaluation ¢f poisoning iscidents seem
to indicate, hovever, that another substance, polychlorinated
dibenzofuran (PCDF, formed by oxidation of PCBs during thermal aging)
wvas also present and m have significantly contriduted to the toxic
action [16]. o ; ¢

.
.
‘3

Bilicone Liguids

Probably the foremcst contenders among the silicone liquids as a
substitute for the askarels are mixtures of the dimethyl siloxane
polymers. These mixtures can be made up in & variety of viscosities.
One of the most important properties of the dimethylsilicone 1iquids
is their low temperaturs coefficient of viscosity (17]. They are also
mechanically resistant to high shear rates [18, 19]. These compounds
are generally inert and are resistant to oxidative and thermal
degradation {20, 21].

The dimethylsilicome liquids may be compounded to have viscositlies
running from 1 to well beyond 30,000 centistokes. The dielectric
constants for all such mixtures remsin in the neighborhood of 2.7 over
many orders of magnitude in frequency {22] and over a broad range of
voltages [25]. The flemmability of the various mixtures exhibiting this
viscosity range may be gauged by the range of the open cup flash points
from about 37 °C for™s l-centistoke fluid to sbout 320 °C for a
200-centistoke fluid [22, 23).

The solid-liquid transitions for the methylsiloxane liguids that
interest us here, occur for the most part in the neighborhood of -80
to =40 °C [22). The dlelectric strength of these fluids is in the
neighborhood of 4O kV/0.25 cm [22]. The dissipation factor 1s about
0.0003 at 100 Kz. All in all, these fluids are nearly ideal as powver
transformer fluids. They do not sludge or oxidize easily and with proper
design one obtains good heat transfer. They offer good resistance to
acid and alkaline contaminants in a transformer. Offsetting these
virtues somevhat is the fact that vhen these fluids are gudjected to
arcs their dielectric strength may be reduced by the formation of
solid 8102 filamentary bridging. In addition there seems to be a

possibility of silicon carbide, BiC, being formed in an arc in these
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1iquids. 8ilicone ..arbide is conductive and refractory, and provides
another impediment Lo the self-healing of the dielectric liquid [24].
However, it is claimed that self-healing does occur if the liquid is
impregnated into kraft paper.

These dravbacks are such more detrimental to applications in capacitors

than in transformers and explain vhy the liquids are proposed mostly for
tranaformer use.

Since the breakdown products of the silicones resemble the products
from vhich they are synthesized, a fev vords should perhaps be added
here about the chemistry of silicone liquids. What is given belov is
not meant to represent current proprietary methods of silicone liquid
production btut to give elementary barkground material for discussions
elsevhere in the report.

Early expectations that silicon would poesess & structural chemistry
snalogous to cerbon organic chemistry vere never fulfilled. Baturated
silicon chains anslogous to the paraffins can indeed be formed but the
silicon-silicon bond is relatively weak. At the beginning of the century
Alfred Stock prepared the first few members of the silicon hydride series
by dropping [see 26] acid on magnesium silicide:

*
Mg,51 + H Cl + Bil, + Bi, Ho + 81y Hg + . . . + NgCl, .

He found that the hydrides vere unstable and he was not able to
prepare any compound in pure state higher than 81K, [see 26]. The
modern silicon compounds which are of interest here Qo not rely on the
Si-8i bond which is subject to oxidation dut upon the steble 8{-0~Bi
bond. From this bond true polymers may be constructed as was evidenced
by the thorough investigation of compounds of this class by Kipping in
the first helf . the century [see for instanse, 27]. We might pursue
one possible path to synthesie of a dimethyl silicone. If we treat
sand {510,) st about 1000 °C with chlorine gas and a reducing agent
(carbon) &n important product will be silicon tetrschloride, s corrosive
11quid st room tempaxature (81Cly). Use of a methyl Grignard reagent
(CH3M3C1) will allov attachment of methyl groupa to the silicon atom:

§ity, * 2 cn3M3c1 - (CH3)2 81C1, + 2 MgCl, .

This last step is performed commercially by causing silicon to
react with methyl chloride at 250°-300°C with a metal catalyst

250°C

61 + Q(CRSC]') cat,

(cn3)2 -8 -0,

6L
MONS 047205

!



The dimethyl silicon dichloride is most useful because ve eimply allow
it to resct vith wvater:

s CHy
Cl=-51-0C1+ 2“20 + RO - B1 - OH + 2 HC)

] - ]

CH3 . CH3

This product is called dimethyl disilanocl and will undergo a dehydrative
condensation, thus:

CHy CHy CH, CHy
HO C - OF + HO 84 - OR + HO - 81 = O = Bf = OH + H,0
] 1 I i

CR3 CH3 ‘ CH3 CH3

giving us a primitive dimethyl silicone. A glance &t the equation will
suggest to the reader that longer chains and cyclic compounds can be
built up from our simple silicone, and such is the case. Of course the
last reaction may be reversed by altering the conditions, i.e., may
yield silanols from silicones, a point of interest in the study of the
manner in which these compounds may degrade in the environment.

These compounds are considered combustible but they have no true
combustion points. Combustion can be sustained if the heat supplied to
the compound is sufficient to cause depolymerization or decomposition.
Thus, only the short chain polywers really burn (25, 28].

The low toxicitl‘of the silicone liquids is claimed &3 an advantage
of their use in the applications which concern us here. Indeed there is
little ip the literature to refute the contention that the material
has extremely low toxicity, and numerous toxicity studies have been
conducted at the behest of the manufactursrs of the silicones.

Mineral Oils
Most of the olls used a8 transformer flulds are complex mixtures of
paraffinic and aromatic compounds (as inhibitors) of mineral origin. Many of

these paraffinic compounds are both saturated and cyclic. Such cyelic
compounds sre designated as "naphthenic" by the petroleum industry.
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The oils are nearly alwvays the result of a process vhere the refining
method is tallored to the final use of the product. The aromatic content
of the oil must be controlled in order to prevent sludging or oxidation
of the paraffin components; but some aromatics are added as oxidation
inhivitors. A typicel sdditive which is compounded with the o1l as an
antioxidant 1s ditertiary butyl paracresol (DTBP or DBPC) which
frequently is added to the extent of a few tenthe of a percent [2L].

Such antioxidants are largely confined to distribution transformer
applications. The use of such compounds ie largely avoided in power
transformers vhere the fluid is hermetically sealed into the transformer
under a blanket of nitrogen gas. The additiom of aromatic compounds is
also designed to inhibit gassing in an oll under the operating conditions
of a transformer.

The low cost and self-healing properties of mineral oils coupled
with their satisfactory electrical properties have contributed to their
widespread use. These oils have a dielectric constant of about 2. The
dissipation factor is about 0,001 at 60 Hz. The dielectric strength of
mineral olls is generally grester than 30 XV/0.25 em, and 10'2 ohm-cm is »
typical value for the resistivity of a fresh ofl. The toxicity of oile
composed entirely of saturated paraffins is very lov. Highly saturated
oils find perennial use in cosmetic products. Gome of the highly refined
oils are pharmacopoeal. The preesence or addition of aromatic inhibitors
increases the toxicity of the oils.

The degradation of & pure o0il in & normal stmoephere probabdbly follows
the course of oxidation of alkanes to, ultimately, carbon dioxide and
water. Such a process would require high-energy rsdistion (ultraviolet)
for initiation of the reaction. The mechanisa of this process is not
yet clearly understood because of the paucity of knovledge of slow
reactions [31]. All paraffins are to some slight extent soluble in
water and can therefore in time react with compounds present in natural
waters. Furthermore, volatile fractions of an oil may sscape into the
atmosphere where if they are excited by energetic radiation they may form
free radicals vhich readily react with atmospheric components. Whatever
the details of the case, it i believed that the degradation products
vhether produced by physical or biological means are not highly damaging
to the environment.

The flammability of the mineral oils is considered high since they
are hydrocarbons vith no quenching atoms (such as halides). If the oil
is to be suitable for transformer use it smust be both insulating and
non-viscous at operating temperatures since it will be used as a
convective heat transfer fluid. However in general, the less viscous
an oil, the closer it is to its flash point so that a compromise
between hazard of fire and efficiency as a heat exchanger is reguired.
These considerations have led power companies to the use of oil in
transformers almost exclusively in exterior installatioms.

If a transformer operates with the insulating liquid at a temperature
far belov its flash point the hazard from fire would seem to be minimal.
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There is some sdvocacy (see for example Duckett RTE Corp., [30)) of
using high-purity high-flash-point paraffin oills in inside installations,
much as askarels are used at present. The test used to suggest the
suitability of olls is discussed i{n the next section. -

Hydrogenated Paraffin Oils

One suggested fluid for transformer use {s a product vhich the RTE
Corporation of Waukesha, Wisconsin 1s proposing as & substitute for askarels
in transformers in locations proximate to or insids buildings. The firm
maintains that the high flash point and consequent low flammadbility of
this oil so much reduces hazard from fire in interior installations
that the fluid should qualify for service in such installations.

This fluid is not produced by the RTE Corporation itself. The supplier
is a large oil company [29] and the fluid was designed, or expected to be
used, in transformers wvhich opsrate at temperatures high enough to reduce its
viscosity to an acceptable level. Ths product (s marketed as "RTemp." The
composition does not appear to bs sanything unusual in the vay of petroleum
oils. It is a high-viscosity (800 cs at 25 °C), high-flash-point (296 °C)
oil with » dielsstric strength of sbout 37 kV/0.25 cm, (ASTM D8TT), snd high
resistivity, 107" ohm-cm. The o0il is a petroleum product twice subjected
to a hydrogenation process, thsreby acquiring its saturated parsffinie
properties., RTemp is therefore s highly stable mineral oil vhich is clainmed
to be of food grade (30]. It is presumed that the enviroomental characteristics
of this highly ssturated oil would be similar to the pharmacopoeal mineral
oils [30]. The general physical and electrical properties of this ofl
resemble the ordinary transformer oils. The flammability properties
of RTemp transformer oil are better than most transformer olls as would
be indicated by its high flash point. The expected lover flammability
is confirmed in s general way by the surge-cell tests conducted at RTE
Corporation by Duckett [30]. The surge of electric energy into the
0il caused vaporization of the oil and dispersal of the oil outside
the test apparatus. Mo fire resulted, hovever, because the temperature
of the 1iquid o0il was well below the combustion point. This dbebavior
vas in marked contraft to sp ordinary trsnsformer oil subjected to the
same teet which ignited immediately snd did not extinguish, possibly
becauss the transformer oil was initially closer to its flash point
than the RTenp and considerably less ensrgy vas raquired to bring the
transformer oil to combustion tempersture.

Cils of the highly saturated type are used in cable and underground
applications. In spite of the high viscosity of such oils they are acceptable
at the common operating temperatures of transformers in temperate, or even
moderately cold, veather. But in the severest cold these oils reguire
the protection of enclosure or burial to maintain their fluidity. Although
the RTE surge tests showv, and the combustion data predict, that these
highly saturated oils are probably safer than ordinary transforwmer oils,
the National Electrical Code Committee will probably need independent
testing before explicit mcceptance of this fluid.

67
MONS 047208



Mixtures Containing Disryl Sulfones

These compounds are proposed by one of the major chemical companies
of the country as substitutes for the sskarels in capacitor use. The
basic chemical structure is:

B n Ar\
80
/ 2
R Ar

vhere the R 13 an alkyl group with probably 1 ~ 8 ecarbon atoms, n runs
from 1 to 3 and Ar is s phenyl, naphthyl or indan group. All these
compounds are halogen free [35). The actual product is presumadbly s
proprietary mixture of such compounds and other ingredients such as
non-chlorinated biphenyls. Cited as sn example in German snd U.B.
Patent disclosures [32] is a mixture eof tolyl xylyl sulfone,
isopropylbiphenyl and minor ingredients. It is presumed that in use
further ingredients will be added to these compounds as antioxidants.

The mixturss as proposed have s dielectric constant of about 6.
No dielectric strength figures are available at present, but life-tests
of capacitors are continually being run by the msanufscturer of the
fluid [33]. The fluid is tested in dallast-capacitor use At 1000 volts
at 90 °C working temperature. The flash point of the mixtures nov
advocated by the manufacturer is sbout 150 °C, combustion is sustained
at about 165 °C and the fluid will suto-ignite in the region of k50 °C.
The terminal-to-case resistance is listed as “3 x 10% o, the
dissipation factor as about 0.003 [34). No pourpoint figure is available
but the capacitors function well at =50 °C [33]. Bome toxicity studies
have been conducted by the manufacturer. These studies indicate that
irritation can be induced by intense or prolonged contact of the mixture
wvith eye or skin of rodents. The manufacturer recommends that normal
industrial hygienic™precautions be taken (attainable, in the main, with
scap and water) in order to asswre safe handling.

These materials vhen fed to rodents broke down into excretable
met abolites according to studies conducted by, or on order of, the
manufacturer. Polychlorobiphenyls fed under similar conditions persist
in the animel body after the sulfone mixtures in the tissue have become
undetectable. A toxicity statement is available from the medical
department of the manufacturer [35]. ’

68 MONS 047209



The Phthalats Esters

The phthalates can be offered immediately as products for use in
the capacitor industry because they are alresdy supplied by the
petroleun industry as plasticizers for polyvinyl chloride plastics in

tonnage quantities. In 1972, about 1 billion pounds of some 20 different
phthalate estere vere manufactured [36).

The generally excellent elecirical charecteristics of tle esters
of phthalic acid make thea natural candidates as substitutes for the
askarels in selected capacitor use should the pubptitution become
necessary. They must be limited to lov voltage applications, hovever,
because of the problem of corona extinction in the phthalate esters.

The phthalic anhydride is typically manufactured from naphthalene
vhich is oxidized in the presence of vanadium oxide to phthalic
anhydride '

. .0
v, 0 E 0
2% l_.c:o

or slternatively from o-xylene by a similar oxidation process to the
same end product

3 2 s \

v,0 0
s 27 e 7,
CH 3 Cag

The phthalate es?®rs supplied as insulating liquids are mostly diisononyl
phthalate {DINP) and dioctyl phthalate {DOP) [37]. One ma)or manufacturer
prefers DINP over DOP bLecause of the expacted resistance to hydrolysis
bestoved by steric hindrance.

The chemical and petroleum compunies use various methods for
producing the alcohols from vhich DOP and DIOP are formed) all of which
start from petroleum refinery products. They may be typified by the
one resction for 2 ethyl-hexanol wvhich begins with propylene to form a
Ch aldehyde vhich in turn, by aldol <ondensation, yields a Ca aldenyde.
The Cq aldehyde is hydrogenated to 2 ethyl-hexanol.
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H
2 2 aldol
C3“6 C, aldehyde condensation

B
ca aldehyde 2, 2 ethylhexanol.

The 2-ethylhexanol then esterifies the phthalic scid -

0
¢ce0 Co0-R
“
0 + {2 R-OH) —._.)
% C-0-R
4 *o

producing the vell-known plasticizer 2-diethylhexyl phthalate. ' The
octanols and iscnonanols used in the munufacture of ineulating fluids
will use the same or similar reactions .n their preparation.

The aromatic dibasic phthalate esters typified by dilsononyl and
dioctyl phthalate have specific resistances in the neighborhood of
1012 ohm—en. 1In applications as capacitor fluids they offer s dielectric
constant of about 5. The voltage breakdown point occurs at around
30 kv/0.25 cm. The boiling point at reduced pressure (5 msm Hg) is about
250 °C, and yet the powrpoint is in the neighborhood of =50 °C. The
flash point as determined by the Clevsland Open Cup Method for these
fluids is in the neighborhood of 220 °C; fire point is determined by
showing that combustion 18 sustained at 250 °C or thereabout [38).

The dibasic phthalate ssters are available on the market,
apparently in any quantity desired and are marketed by at least two
major chemical companies. At least one equipment manufacturer has
modified the design of his capacitors to sccommodate the phthalates
as capacitor fluids [37). Engineers from another capacitor manufacturer
report that their cocemercial use of the phthalate esters has been in
low voltage elsctronic units for the export market.

The report by Rutkowski and Forster [38] prssents a summary of
toxicity studies indicating lov toxicity and there ia work supportive
of the harmlessness of the phthalates [39, 40]. For dstailed studies
of the toxicity of the phthalates see [L1].
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Butylated Monochlorodipbenyl Oxides

One of the largest chemical companiss in the country has for some
years been engeged in a joint effort with an electrical pover equipment
manufacturer in the elsctrical and environmental evaluation of butylated
monochlorodiphenyl oxides. This effort has resulted in the offering
of a product to the electrical industry vhich may be used in high
voltage povsr capacitors {k2].

The butylated monochlorodiphenyl oxides are offered as direct replace-
ments for PCBs, i.e., Do change in capscitor dimensions is required. The
electric properties are similar to other dielectric fluids offered. The
dielectric constant is about_ 5 and the dielectric strength about 35 kV/0.25 cm.
The resistivity is adout 1 L oha-cm; the vapor pressure is lov. At room
temperature it is about 107" torr. The viscosity is about 10 centistokes
at roow temperature. The pourpoint is about =45 °C. The flash and
fire points are considersbly (about 100 °C) above the operating temperature,
and the flash point is above that of some of the lowver-chlorinated
askarels. The values of flash and fire point are listed as 1Th °C and
199 °C respectively by the manufacturer.

Prolonged reliability tests have been perfoimed, and the manufacturer
has indicated a willingness to produce the material at the million pound-
per-annus level [42], Bafsty and performance tests vers, as of
December 2, 1975, still being assessed. '

The manufacturer states that the major constituent of the fluid is
known to be nontoxic to fish. The minor constituent is slightly toxie
to rish but is alsc the more biodegradable. Bolubility is low us is
bioaccumulation. An enviropmental impact statement mey be obtained
from the manufacturer [43].
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A.3.2 Standards Relating to the Testing of Available Fluids

Three compilations of ASTM test procedures relating to the
performance of electriceal insulating liquide have bdeen issued:

1. ANSI C 59.2 {also ASTM D 117) "Standard Methoda of Testing
Electrical Insulating Oils" ‘

2. ANSI C 59.62 ‘(lllo ASTM D 901} "Btandard Methods of Testing
. Askarels"

3. ANSI C 59.118 (also ASTM D 2225} "Standard Methods of Testing
Silicone Fluids for Electrical Insulation.”

ASTM test procedures called out in these documents are listed on
the next page.

The above standards deal vith the fluids currently in common use.
Initial testing of a nev candidate liquid would logically be done using
the procedures alresdy proven appropriate for existing liguids; however,
it 1s to be expected that some procedures would not be satisfactory and
that nev procedures perhaps unique to a particular fluid would have to
be developed. As illustrations of this situation note (1) that a different
test procedurs is required for the detection of inorganic chlorides in
askarels than in oils and (2) that the test procedure for determining
the vater content of askarels and oils is not acceptable for silicones.
In fact, the tabulation indicates that agreement within ASTM on standard
test procedurss for several important characteristics of silicones has
not yet been reached.
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Acidity, Approximate

Aclidity, Approximate, and
Polar Contamination

Coefficient of Thermal Expan=
slon

Color

Chlorides, Inorganie

Chlorine Compounds,
Hydrolyzable

Dielectric Constant

Dielectric Strength Using
Metal Disk Electrodes

Dielectric Strength Using
YDE Electrodes

2.6 Ditertiary-Butyl Pars-
Cresol Content

Examination, Visual

Flash Point

Fire Point

Gas Content

Gas Content (Nonacidic)}

Inorganic Chlorides and
Sulfates

Interfacial Tension

Neutralization Value
(Neutralization Kumber)

Oxidation Stability

Peroxide Number

Pourpoint

Power Factor

Refrective Index (and Specific
Optical Dispersion)

Resistivity

Sampling

Saponification Number

Scavenger Content

Sediment and Soluble Sludge™

Sludge

Specific Cravity

Sulfur, Corrosive

Thermal Stability

Yiscosity

Yisual Exemination

Yolume of 01l

Water Content

BXARELS
D90l

DT

- D1903

D2129
p1821
D1820, D2hikl

D92k
DBTT

D92

D974, DEEL

D97
D92k
D180T

D1169
D923

D170l

1810

D1936
D88, Dpuls
D1702
Dp1808
D1533

ELECT. IS, SILICORE
OILS FLUIDS
oty D225y
D1534
D1902
D1903
D1500 D2129
DB78
D92k
D3TT
Di816
D1LT3
D152k
D92 D92
p83l
- p182T
pB78
DST1 .
D664, DITY D9TY
p2klo®
D1563
D97 D91
D92k P92k
p1807 D180T
D1169 D1169
D923
Dok
D1698
D1313, D131b
D1298 D1298
D1275
D88, Dkks, D2161 phks, D161

D1315, D1533

*DoL3, D193L, and D2112 aleo deal with oxidation stability. D3146 is called out
in "Standsrd Specification for Oxidation -- Inhibited Mineral 0i1 for Use in
Transformers and Circuit Breakers."
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The follovwing related ASTM Standards have recently appeared:

D 3300 "Standard Method of Test for Dielectric Brsakdown Voltage

of Insulating Oils of Petroleum Origin Under Impulae
Conditions"

D 3303 "Standard Method for Rapid Gas Chromatographic Estismation of
grap

Higher Bolling Homologues of Chlorinated Biphenyls for
Capacitor Aekarels”

D 330k "Standard Method for Analysis of Environmentel Materials for
Polychlorinated Biphenyls" (This document is a modified
version of Appendix B of ANSI € 107.1-197k).

A.3,3 Test Technigues By Which Electrical Properties Are Bvaluated

a. Dielectric constant and power factor. Techniqués for measurement
of the dielectric constant of insulating flulds are well documented and
pose no problems if applied with care. ASTM Standard D 924 "Standard
Method of Test for Pover Factor and Dielectric Constant of Electrical
Insulating Liquids” outlinee test procedures and specifies suitable test
cells and ASTM Standard D 150 "Standard Methods of Test for A-C Loss
Characteristice and Dielectric Constant (Permittivity) of Solid Electric

Insulating Materials" outlines the theory and describes typical measuring
circuites.

b, Dielectric Strength. While not suitable for determinations of
intrinsic dielectric strength, two designe of test cells have gained
acceptance for ac measurements of the dielectric breakdown characteristics
of insulating fluids. ASTM Standard D 8TT "Standard Method of Test for
Dielectric Breakdown Voltage of Insulating Liquids Using Disc Electrodes”
specifies a cell using 25.h mm flat diec electrodes {vith squsre edges)
spaced 2.5 mm and outlines acceptable test procedures. ASTM Standard D 1816
"Standard Method of Test for Dielectric Breakdown Voltage of Insulating
Oils of Petroleum Origin Using VDE Electrcdes" specifies a cell with a
propeller for circulating the liquid and having drass electrodes, the
opposing surfaces of vhich are spherical in shape and separated 2.04 mm

{vith an optional spacing of 1.02 mm if the voltage limitation of the
test transformer requires it).

A third call and test procedure is specified in ASTM Standard D 3300
"Standard Method of Test for Diclectric Breakdown Voltage of Insulating
Oils of Petroleum Origin Under Impulse Conditions.” Alternate electrode
configurations are specified as follove: (1) sphere-to-sphere, using
12.7 mam brass or stesl spheres and (2) point-to-sphere, using & 12.7 mm
brass or steel sphere and a steel point, with & 0.06 mm redius of curvature,

While concern has been expressed by some users regarding the
desirabllity of placing greater emphasis on cleaning the test cell, on
care in sample prsparation, and on the fact that the electrode material
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may slightly influence the results, these standards are generally
considered satisfactory for the purpose.

¢. Resistivity. ASTM Standard D 1169 "Standard Method of Test
for Specific Resistance (Resistivity) of Electrical Insulating Liquids"
specifies the test cells and procedures for measurement of ypesistivity
using direct voltage. The theory and measuring squipment to be used ig
specified in ASTM Standard D 257 "Test for DC Resistance or Conductance
of Insulating Materials." These standards appear sadequate for the
purpose . .

d. Partial Discharges (Corona), ASTM Standard D 1868 "Detection
and Measurement of Discharge (Corona) Pulses in Bvaluation of Insulation
Bystems"; IEEE Standard 454 "Recommended Practice for the Detection
and Measurement of Partial Discharges (Corona) During Dielectric Tests":
and NEMA CP-P2-1973 “Test Procedure for Measurement of Internal Partial
Discharges in Capacitore™ are similar documente. They deal with a
phencomenon which relates to the total system rether than to the fluid
alone; hovever, the corooa characteristics of different fluids are often
compared independent of their operating environment in partioular
apparatus.

A.3.k Test Techniques By Which Fluid Flammability Is REvaluated

Most would agree that the concepts of combustion and flammability
of a material are qualitatively clear and easily understocd. . The
quantitative definition of flammability of the material, that i,
vwhether it will ignite and then continue to burn under specified
temperature, pressure and ambient atmosphere conditions is not, however,
as easily achieved. What 1ie required is a flammability test in which
all relevant parameters are rigorously controlled and in which the
results are unequivocally interpretable, and this has been difficult to
develop to everyone's satisfaction. The various testa vhich are recognited
and in common use are deacribed belov, along with comments on their
applicability and shortcomings:

a, Flash and Fire Points — e

The ogly test specified by the standards-setting agencies (ASTM,

ANSI, NFPAL, IEEE} for insulating fluids, mineral cils and askarels,

is the Cleveland Open Cup test for flash and fire pointe (ASTN D 92).
The specifications are:

Mineral oil: flash point of 146 °C (in scme areas 130 °C);
Askarel: no fire point up to bdoiling point,.

Beside the D 92 test, ASTN recognizes several other variants for
determining the flash point, vhich, however, are not prescrided for
insulating fluids: the Tag Open Cup tester (D 1310), the Tag Closed

lnational Pire Protection Assccistion, 60 Batterymarch St., Boston, Mass. 02110

16

MONS 047217



Tester (D 56), and the Pensky-Martens Closed Tester (D 93). In all
experimental arrangemsnts the flash point is determined Wy slowly
increasing the tsamperature of the cup containing the ligquid sample,

An ignition socurce, placed above the surface of the liquid, is actusated
at specified intervals. The flash point, by definition, 1s the lowest
temperature of the cup at vhich the vapors above the liguid surface
flash. The flashes are transient, because only the vapor phase dburns,
not the liquid. In sddition to the determination of the, flash point,
the D 92 test specifies the procedure of increasing the temperature
beyond the flash point up to the temperature at which transient
application of the ignition source causes continued burning of the
liquid. The lowest temperature at vhich this happens is the fire point.
Determinations of flash and fire points give valuable indications of
flasmsbility bharards, and should continue to be used. Nowever, it aust
be recognized that developments in recent years have progressed
significantly beyond the stage at vhich the standards for insulating
fluids vere set, and also beyond the state-of-the-art prescribded by
officially sdopted ASTM standards. The following items should be
considered before flash and fire point standards are recommended for
replacement fluide:

(1) There has been a general trend toward closed-cup methods
{e.g.. D 93). 1In perticular, Undervriters® Laboratories have favored
closed-cup tests for some time now. These generally give lover flash
points than the opep-cup variants. Tor exsmple, the flash points
of the Dov Corning 50C3 {eilicone) fluid are 304 °C and 277 °C as
detsrmined by D 92 and D 93 tests respectively.

{(2) The ABTH Flaeh Point Committee 38 moving toward recommending
international adoption of an "equilibrium” method. ZFquilibrium metbods
specify Flash~No Flash determination at a series of constant {rather
than continually increasing) temperaturss. 8ince in eguilidbrium methods
the entire system, sanple and container, is at the same temperature,
complications associated with heat transfer betveen the sample and the
container are eliminated. Therefors sample size is arbitrary and much
smaller samples can be used. In addition, thesse methods do nmot depend
on viscosity because convective currents vithin the sample are also
eliminated.

(3} Beieftific analyses of fire-point determination are poorly
developed. Therefore, the significancs of the test is not clearly
understood. This Yoint vill be further discussed in comnectlon with the
Oxygen Index test.

B
b, The Oxygen Index Test

In the Oxygen Index (0I) test the test sazple is placed inside a tube
containing s mixture of oxygen and nitrogen gases. The gas mixture,
normally at roow temperature, flova gsntly upvard. The sample is
ignited and the parcentage of oxygen in the gas mixture is decreased.

0I, by definition, is the percentage of oxygen in the oxygen/nitrogen
mixture at vhich extinetion occurs.

1A reviever points out that in any event fire point is of less importance
if the more conservative flash voint {s used in specifications.

7
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The specified ASTM OI technique applies to solid samples only
{D 2863). Various laboratories have made their own modifications of
the test to apply it aleo to liquidse, and have reported the resulting
data, but there is no uniformity of procedure.

Sharply divided opinions exist as to the value of the Ol test
tovard a definition of flammability. For exmmple, a limited polling of
the industrial opinions in this gurvey shows that some manufacturers use
the test for practical purposes, while others consider it "worthless."
The reaeons for this divieion are not difficult to see. On one hand, it
is recognized that the burning of & small laboratory sample (a fev grams)
in room-temperature environments in no vay simulates the behavior of
large amounts of combustible materials in a well-developed fire. On the
other hand, there are reasons vhy the Ol test should not be discounted
in the context of this survey. Fundamentally, the test is the prototype
of extinction of a diffusion flame, and it bears roughly the sane
relationship to practical fire-point determinations that the fundemental
flammability~limit data 4o to practical NMash-point determinations. As
vas discussed earlier, both flash and fire points are spscified standards
for definitions of flammabdility of insulating fluids. The prodlem i,
hovever, that fundamentally meaningful fire point, or OI, tests are
more difficult to design than the meaningful flash point tests.

To obtain consistent extinction data one would have to develop an
0I test for liquids and & fire point tester in such a wvay that an OI
value of 21 (i.e., air) is obtained at the experimental fire point.
Recent work at the KBS Center for Fire Research shows that such
development would require very careful design of the test geometry.
Therefore, an Ol test for insulating fluids should be recommended only
after some additional study, allowing specifications of the testing
arrangement.

c., GEpray Flammability Tests

The ASTM Mist Spray Flammability of Hydraulic Fluids test
{D 3119-72T) could be applied also to electric insul ating fluids, dbut
ve have no evidence that snyone has done that. The test is s very
tevere one, entailing the spraying of a prehested atomized mist into an
open flame, Undervriters' Laboratories consider it too severe and use
one of their own veriants in its stead (UL Pile MH 01466, p. Tl-6). The
UL test consists of applying drops of the liquid to the surfsce of a heated
steel plate, and observing the "behavior." Pactory Mutual Research
Corporation has its own spray flammability test, akin to D 3119. It is
also a very severe one, Most hydraulic fluids do not pass it. Factory
Mutual i3 currently using the resultz of their spray flammadbility test
to estasblish scceptadle operating temperstures for askarel substitutse.

d. Autoignition Temperature {AIT)

Several techniques exiet for the heating of liquids in sir until
they ignite. ASTM D 2155 is s specified procedure for liquid petrolewm
producte. Underwriters' Laboratories use s similar test of their own.

'
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As one should expect, autoignition temperatures of nlect.ric insulsting
fluids are quite high. B8ome reported values sre: 332 éC for a mineral
oil and 393 °C for Dov Corning 5008 fluid, both by the D 2155 test;
662670 °C for askarsls by the UL test.

As in the case of the sprey fiammability tests, oparstional
conditions, normal or abnormal, are unlikely to give rise to these
temperatures in the case of insulating fluids. The AIT test, therefore,
does not appesr particularly pertinent. (At this point, it should bde
mentioned that Undsrvriters' Laboratoriss does not svaluate liquide only
onh the basis of tests which simulate some aspects of actual operations,
but also on the basis of the total information about stability and
flammability of the liquid. If this philosophy is adopted, then of
course the AIT test and any other reproducible test vhich can be tied
to some property of the liquid, becomes pertinent. In fuct, UL did use
the AIT test smong others, to arrivé at a numerical flammability rating
of askarels). ' .

e. Energy-Release Tests

Hazarde tests designed to evaluate the smount of explosive energy
relenssd in sn accident apparently have not been used in connection with
insulating fluids, but there are good reasons why they should be. Buch
tests almost invariably give a messure of energy release by the effect
on the surroundings: damage to a target, displacemsent of a target, or
generation of & blast wave in air. Since the hazard of an arc-initiated
fire in a transformer or capacitor tank may be due to the blast wave
damage as vell as the subsequent fire, a measure of the explosive energy
release capability of an insulating fluid would appear to be useful.

Such a test would be particularly important if it could bde shown to be

& useful screening mechanism before going to the more expensive, full-unit
tests discuseed in Bections A.2.3 and A.3.3 (see also Sections 3.5 and 3.6).
Direct measpurement of the blast wave intensity may be the most velid
energy relesse test, as descrided more fully in Section 3.

The table on page 80 summarizes prenntly accepted flammability
data on several indulating fluids.

Fluid flexmability measurement, by whatever teet procedure is
adopted, should be carrisd out under conditions as closely approaching
operstion as reasonably possible. In particular, pressure and temperature
conditions are known and should be duplicated. Thus, pover transformers
of the "askarel class” have a temperature incremse of about 65 °C under
full load, so that bulk fluid temperatures vill probably not exceed
100 °C even on hot days. LlLocal temperatures near tha transformer vinding
may be ten to tventy degrees higher. Most utilities operate their askarel
traneformers with a pressure relief device as prescribed by the National
Electrical Code (Bection 450-23); the relief pressure is ususlly oniy
a few psi {2040 kPa). .

Power capacitor tanks rupture at lov pressures but small industrisl
type capacitors generally are seanled to U0-50 psi (280-3:40 kPa). The
fluid temperatures within capacitors would not be much above the ambient,
which itself might vary widely depending on location.

19
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For s nev fluld, with different loss and heat transfer characteristics,
these typical values may have to be revised.

A.3.5 Some Test Techniques For The Bvaluation Of The Toxluity or
Dielectric Fluids

In the past, toxicologists have not only made the Labonatory assess-
ments ‘ﬁ toxicity, but in many instances they have made the {imal judgment
as to the social course to be taken on the bajis of a particular set of
findings. Instead, the technical experts should be charged with securing
an objective Lndr.pe.ndznt determination o 'j the extent, nature, and {requency
0§ adverse effects. They should be asked to explain "the aelative gravity
of these effects fon the Largel syatem, be it humans on wmildlife. Similarly,
othen qualified technical experts should be requested to make an objective
assesament of the benefits of ust and of alfernative materials ox processes.
Howeven, the 50&! judgment as o a trade-off between an adverse health
effect and a ed benedit 44 a social decision and should be made with
the participation of those who are affected. This i not o day that technical
expeats using their technical expertise willl not participate, but it does
state that y should not be the sole judges of determining the balance
betiveen the benefit and the nisk.

"Teums such ad 'mmozogwu. mqu&mme,' ‘sage,’ 'zero
tolerance,' 'no effect Level,' and 'negligible aish' have been in naxhu
common use. ALl of these contain in one way ox another value judgments
ox technical implications which have no place {n an objective assessment
of nisk. There L6 no substance which, unden certain circumstances, could
not be dangerous and unsafe. There i no battery of tesds, however
elaborate, which can prove beyond challenge the comp!_l.tt laﬂbty of a
chemical. For the taucofhgut 2o apply the teams 'toxicologd Y
insignificant’ ox nc.gu.g risk' Lo a set of observations makes a
premature judgment in the waong axena by the wwong person as Lo
insignigficance on acceptability. Attempt has been made to eliminmate
duch tems from this report.

Another common team of wide usage (s the 'no-effect Level.' This
iy statistically wemmingless and awu.‘ou of Limited value sdnce it
menely means thax no effect was observed dn studies using a group of
animals of particulan éize. Such an observation is co ely compatible
with the presence of an adverse effect, which in further dtudits with
Largen sample sizes on with different types of observatign might Lead
toa pouuuc outcome, We prefer the usage of the texm 'no observed
effect,’ whickh should always carry with it a qualigying ataxunuw as Lo
442¢ 0f the group in whith no adverse effect was observed."

We have opened this section with quotations from the report of the
Naticonal Academy of Sciences, "Principles for the Evaluation of Chemicals
in the Environment™ [kk], as a forevarning of the complexities and
difficulties we may anticipate in looking at the field of toxicology.

8
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Our knovledge of the toxicity of insulating fluids results, in
the main, from two eources. The first source is clinical observation.
In this instance the observer, generslly a physician, is confronted with
a victim of a toxic condition vith vhich he may have had no prior
experience, and even if he is succeesful in treating the condition, the
one event may well remain an isolated one to him. A more informative
kind of clinical event (and more costly in human terms) cceurs when there
is a mags poisoning euch as the now famous Yusho outbreak of 1968 in
Fukuoka, Japan. Here there were a sufficient number of cases for a local
medical echool to mount a full scale epidemiological etudy. The study
group was successful in determining the origin of the poisoming,
polychlorobiphepyl heat transfer licuid which had leaked intoc e food
preparation vat™ [11]. It is evident that the clinician or epidemiologist
must seize his opportunity and extract as much information as possible
from the case at hand before the opportunity is lost.

The second scurce of our knowledge of toxicity comee from animal
experimentation. In contrast to clinical studies, animal experimentation
providees the kind of systematic data which may be acguired by ipndependent
observers and confirmed at will. This kind of experiment constitutes
the main eource of information that a developer of a dielectric fluid
submits to government regulatory agencies, It will be mainly this
type of experiment which will be dealt with in vhat follows.

It is possible to develop a definition of toxicity through the use
of populations of animals as is done in the Federal Hazardous Substances
Act {PL B6-613 mnd amendments, 15 U.S5.C., CH. 30) where the definitions
under Section ? paragraphs (g) through (k) read:

"{g] The tenm 'toxdc' shall apply to any substance {other than a
nadioactive substance} which has the capacity Lo produce personal injury
on illness to man through ingestion, inhalation, on absorplion through
any body surface.

{h) {1} The team '"highly toxic' means any substance which
within any of the following categories: (a} produces death within
fourteen days in hatlf or mone than half of a group of Len on moae
Laboratony white nats each weighing between Bvo hundred and three
hundred grams, at a single dose of fifty milligrams on Less per hilogram
of body weight, when orally administered or (b) produces death within
fourteen days in half or more than half of a group of Len or more
Laboratory white nats each weighing befiween Bwo hundred and three hundred
grams, when inhaled continuously for a period of one hour ox Less at an
atmospheric concentration of two ed parts pea million by volume ox
Less 0f gas on vapor of Ouo milligrams pen Liter by volume on Leds of
mist and dust, paovided such concentration is Likely Lo be emcountened
by man when the substance is used in any neasonably foreseeable mannen;
or (¢! produces death within fourteen days <in half ox mone Lhan half of
a group of ten or more nabbits tested in a dosage of fwo hundred
millignams on Less per kilogram of body weight, when administered by
continuous contact with the bare skin for twenly-four hours on Less. (2] 1§
the Secnretary finds that available data on human experience with any

1A more recent evaluation [16] suggests that a conteminant of the PCB

rather than the PCP itself may have caused the poisoning.
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substance indicate resulls different rom those obtained on animals in
the :ﬁon-md dosages or concentrations, the human dda shall tdu
precedence.

{4) The tewm 'corrodive' means any substance which in contact with
Living tissue will cause destruction of tissue by chwml action; but
shatl not refer Lo action on {nanimate surfaces.

[§] The team "ixnitant' means any substance not coarosive within
the meanirg of ésubparagraph (i) which on immediate, prolonged, or

repeated contact with mowmal Living tissue will induce a Local inflammatory
reaclion.

(k] The team '4trong sensitizer’ weans a substance which will cause
on noamal Living Lissue Lhrough an allergic ox photodymamic process a
hypersensitivity which becomes evident on reapplication of the same
substance and which {s designated a4 such by the Secretary. Before
designating any éubsfance as a sfrong sensitizer, the Sech , wpon
considenation of the grequency of occurrence and severitly of xeaction,

shatl gind that the substance has a significant potentidl for causing
hypensensitivity.”

N From the operationa) definitions provided above one can by means
of a fev modifications, define other operational definitions such as
are found in the Regietry of Toxic BEffects of Chemical Bubstances [hs]
of the National Institute for Occupational Bafety and Health:

"TDLo-Toxic Dose Low - the Lowesl dose of a substance, as published
on made available to publish, introduced by any route other than
Anhatation over any given perdod of Lime and reported 20 produce any Loxic
tffect <n man or Lo produce carcinogenie, A:Magmtc muitagenic, or
neoplastigenic effects in humans or animal.

TClo-Toxie Concentration Low - any concentration oi a substance in
air 2o which mar or animals have been exposed for any gdiven period of
time and that has been aepoated to produce any foxic effect in man,

or Lo produce a carcinogenie, feratogemic, mutagenic, or reoplastigenic
toxic effect in mum.u Ox humans.

LDLo- Lethat Dau Low - the Lowest dose of a substance other than
LD50 introduced by any route other than inhalation over any given period
of time and reponted Lo have caused death in man or the Lowedl ddngle
dose mdu.ccd in one ox more divided poations and reported Lo havc
caused death in animals. Entries forn ltethal doses administered
animals for the qualifying toxic dau, TXPS, were made in mmdam:
i ) with the dose Limits of Table I.

"see Reg. 45, p. wviid
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L050- Lethat Dose Fifty - a caleulated dose 0f a chemical substance
which ia expected o cause the death of 50% of an entire population of
an expenimental animal species, as determined §rom the exposure Lo the
subdtance, by any roule othexr than .inhalation, of a significant numbex
grom that population.”

Other lethal dose percentages, such as LD1, LD10, LD30, LD99, as
well ag Others, may be published in the scientific literature for the
specific purposes of the author. Such data vould be published in the
list if these figures, in the absence of an LD50, vere the lovest
published in the article. A substance may qualify by an LDLo published
value even though a higher LD50 value, vhich may also exceed the limits
‘ of Table I} vas reported in the same publication.

i "LCLo-lethal Concentration Low - the Lowest concentaation of a

! substance, othern than an LCS0, in ain which has been aeported Lo have

; caused death in man o Lo have caused death in animals when they have

: been exposed fon 24 hours on Less. Entries for Lethat concentrations
for animals for the qualifying -t?uc dose, TXDS, were made in accordance

i with the dose Limits of Table I,

LC50-lethal Concentration Fifty - a calewlated concentaation of a
dubstance in aix, exposure Lo which for 24 hours oa Less would cause
the death of 50% of an entire population of an experimental animat
dpecies, ab detevmined from the exposure Lo the substance of a
s{gnificant number from that population. These mwtfa g ified 4in
accondance with the dose Linits set forth in Table 1. ee LDSO above
for other parameters which may similarly apply Lo entries for the List.”

It hae also come to our attention that a scale developéd by
Hodge 18 frequently used by toxicologiste [$6). )

The complexity of the whole envircnmental system reguires the
examination of the effect of pollutants on more than ons type of animal.
It is generally coneldered dssirsble to include experimente on birde,
amphibians, and fish as well as mammals, in order to obtain an ides of
the total impact of s substance upon the environment. The more
responsible the concern for the environment, the more detalled will be
the experiments, for we are trying to extract from a fev telling
experiments informat?on applicable to virtually the whole of nature.

To scquaint himself with just the first notions of the complexity
of the subject before us here, the reader might refer to n list of
experimental animals used in toxicity experiments. GSuch a list 1
given herevith as Table A. It is taken from the Registry of Toxic
Effects of Chemical Substances {i5 Table III pxx]. The list runs the
gemut from asphibiane to man and will doubtless be expanded otill
further ss toxicological studies proceed through the years.

In addition to the range of animals to be coneidered, there 19 alec
a variety of methods of adminietration as given in Table B, taken from
(US Table II p. xix]. This list may aleo be expanded as experimentation
continues, "intraocular” for example which does not appear on the list

lsee Rer. bs, p. xviii
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Species Order of Prefereacs Designation
P . for Data Acquisition
bird — any domestic or laboratory bird
reported but not otherwise identified 22 brd
bird — wild bird species 23 bdw
cat 7 cat
cattle 11 et
chicken 17 ckn
chid 1 chd
dog 4 dog
domestic animals: goat, sheep, horss - 12 dom
duck { domestic) 19 dek
trog : 2 trg
perbil n g
fuinea pig 9 s
bamner 10 bam
human 1 hmn
infant ! inf
mammal — species vnspecified tn refo 15 nam
man : 1 man
monkey 6 mky
mouse 3 mus
rig - L rig
pigeon 16 pgn
quail {laboratory) 18 qal
rabbit 3 bt
rat 2 rat
squirrel 14 Q!
toad 20 tod
turkey 21 trk
WOman i wmn
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TABLE B

ROUTES OF ADMINISTRATION TO, OR EXPOSURE OF,
ANIMAL SPECIES TO TOXIC SUBSTANCES

Route Abbrevistion Definiton

intrsanterial iat . administration mto the srtery

intrasural ial sdministration into the sar

Inracerebral ice administration into the cerebram

inracervical icv sdministration into the cervix

Intradermal idr w.dmlnhmﬁm within the dermis by hypodermic

Intraduodenal idu administretion into the duodentam

I[ahalation inl inhalation in chamber, by canaulation, ot
through mask

Implant i laced withia the body — location

P me &cﬂm
Inteamuscular . ims administration of dose into the muscle by
o, hypodermic nesdle
intraplacentsl ipc sdministration into the placonts
Intrapleural i administration of dose into the pleural cavity by
plev ' hypodermic needie i

Intraperitoneal ipr administration into the peritoneal cavity

intrarenal im sdministration inato the kidney

intratracheal ftr sdministration into the traches

Intravaginal ivg sdministrstion into the vagina

Intravenous iva administration of dose directly into the vein by
hypodermic needle

Ocular ocu adminisiration directly onto the surfsce of the eye
or into the conjunctival sac

Oral orl per o8, intragustric, feeding Introduction with
drinking water

Parenteral par sdministration into the body through the skin.
Referance cited is not specific concerning the route
used. Could be ipr, scu, ivn, ipl, Ims, imn, or ice

Recial rec adminisirstion of dose by way of rectum to the
rectum ot colon in form of enema, suppository

Skin skn spplicetion to the intact skin, dermal, cutsneous

Subcutsneous wu sdministration under the skin

Unreported unk dose, but not route, is specified in the reference

8¢

MONS 047227



in thia year's edition, but probably will soon as there alresdy are
auch studies for silicones [U6]. Another list of the effects observed
{extracted from the ssme document) given here as Table C [45 Table VI
p. xxiv] shows the almost endless variety of observations to De met
vith in the field of toxicology.

In addition to the foregoing varisbles and constrainte there are
to be considered, age, sex, and periods of exposure and obesrvation.
The imporatance of coneidering these last tvo parameters may be Judged
from the National Academy Report [kb). )

"Acute toriclty can’be dedined as exposure £o a tesl agent for 24
hours on Less. This definition will paovide fon the 24-hour exposure
period often wsed in dermal procedures and the | 2o 3-hour periods often

ubed in the inhalation procedures.

The texm 'acute foxicity' has often been used o define the
Ammediate (uaually 24 hours on less) effects of an agent on the animal;
it is more appropriate Lo use Longen periods of observation after the
single exposure in ondex Lo detect any delayed qg‘wu arising over an
extended period of time. The I4-hour period of observafion may detect
primarily pharmacodymamic activity, although other biological mechanisms
might be 40 altered ad Lo cause death or othen effects n a Longer
period of cbseavation. A prolonged obidervation perdod would also
peanit detection of effects that might be aelated to anstomical,
biochemical, ox hematological changes that would nol cause imwmediate
death,

Acute toxicity studies are needed in safety evaluation for two
distinctly different reasons: one {b as a scaeening procedune Lo ald
in identifying compounds of such Low toxiclity that, when considered in
aelation to a proposed use of Low exposure, extensive Investigations
to make a judgment of safety arne not jutﬂj:d. The other is as a type
of acute toxicity procedune designed to delineate the specific Loxic
effect, and mechanism theneof, ({ch might be associated with a
massive expodure on & noamal use asdociated with a high Level of
exposdure Lo a compound. This latter me of dtudy <ia designed Lo assist
in the development of an appropriate ical management progham fox
imgumu bw:tved in a miuse or aegti::t :gd fo assist in appraisal
of the sa of a partieular use involving significant humon exposure,
even tho ‘huythax exposure might be chrondc in nature, Such studies can
aid in identifying targel organ effects which may be valuable {in the
proper design of chraondic studies.

In the screening type of acute toxi{city procedure, the amount og
materdal £o which an animal {4 exposed is 40 massive that it gen y
bears no practical relationship to the expected human exposure. It ia
reasonable Lo establish maximum exposure Levels {e.g., 3000 mg/kg
orally, 3000 mg/kg denmatly, ete.] for each acute procedure, which ean
be used to predict that the agent (s essentially acutely nontoxic {f no
adverse effects are detecled.
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TABLE C

NOTATIONS DESCRIPTIVE OF THE TOXICOLOGY

Abbreviations Defnitions {not limited 10 effects listed)

ALR Allergenic-systemic reaction such as might be eaperienced by individuals sensitized
to penicillin.

BCM . Blood clotting mechanism — sny effect which increases or decreases clotting time.

BLD Biood effects — effect on all blood eiements, electrolytes, pM, prokeis, oxygen-
carrying or releasing capacity,

BPR Blood pressure effects — sny effect which changes aspect of biood pressure
sway from normal — increased or decreased. w

CAR Carcinogenic — producing cancer — a cellvlar tumor, the sature of which is fatal
or is associated with the formatioa of secondary lumors (metastasis),

CNS Central nervous system — includes effects such as headaches, tremor, drowsiness,
convulsions, hypnosis, anesthesia,

COR Corrosive effects — burms, desquamatios.

UM Cumulative effact — whers substance is retsined by the body ip grea bdzmnﬂuu
thag is excreted, or the toxic effect is incressed in severity by repeated instlt

Ccvs Cardiovascular effects — such- as when heart activity is incosased or decreased
through an eflect on ventricle or auricle; fibrillation; or wlun the arterial or venous
system is dilated or

opp Drug dependence — any indication of addiction or dependence.

EYE Eye sffacts — irritation, diploplia, cataracts, eye ground, blindoses by affecting the
eye of the optic aerve.

GIT Gastrointestinal tract effects —— diarrhes, constipation, ulceration.

GLN Glandular effects — any effect on the endocrine glandular system.

IRR Irritant effect — any irritant affect on the skia, eye, or mucous membrane.

MM1 Mucous membrane effects ~ irritation, hyperpiasia, ciliary ectivity changed.

MSK Musculo-skeletal effocts — such as osteoporosis, muscular degensration,

MUT Moutation or mutagefic — transmissibie changes produced in the offspring.

NEO Neoplastig effect — the production of tumors.

PNS Peripheral nervous system effects,

PUL Pulmosary system effects — cflects on respiration and respirsiory psthology.

RBC Red blood cell effects — includes the several anemias.

SKN Skin eflects — such as erythema, rash, sensitization of skin, petechial bomorrhage.

SYS m& effects — effects on the metabolic and excretory function of the liver or
ki .

TER Teratogenic effects — nontransmissible changes produced ip the offspring.

TFX Toxic eflecs — used to introduce the principal organ system affected ss reported
or the pathology.

UNS Unspecified effects — the toxic effects were unspecified in source,

WBC White blood cell effects — eflects on any of the celiular units othes than erythro-

cytes, including any change in number or form.

Editorial note: Desth is, of course, another definable response.
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A decisdion process based on both parameters of experimentfally
derived foxic effects and estimated exposure levels should be developed
through subchronie studies in an effort Lo identify those compounds and
uses which meait chronic studies. In other words, as the knowledge of
exposure level changes and Loxicity ingowﬁ.on becomes available,
further testing may not only be desirable but necessary. However, that
there may be cincumstances other than those which warrant chronic sfudies
4is necognized, Stwetural characteristics may indicate the need of a
carcinogenic bioassay. No short-team ox & nic Lests are hnown that
can give assurance of the presence of possible carcinogenic activity.

When a new chemical is presented for evaluation of toxicologic
hazand, the chemical and physical characteristics of the material must
be considered s0 that appropriate steps can be Laken L0 essure adequate
exposure of the animal Lo the chemical in the various procedures, The
chemical stability of the agent, vapon pressure, solubility, particle
aize, ete., can be of impoatance.

Bedore any sudgment xegarding health hazard can be made, it is
necessary Lo know the intended use and the anticipated route, gequuc,y.

and Level of exposure Lo man. The type of exposure being considered is
enerall Lihely Lo resull from the noamal usage of chemicals

rather from an abnormal situation such as would result from a
apile” - [Lk, p. 99]. : .

A further complication is the requirement that adequate analytical.
chemical techniques should exist (for every conceivable compound and
metabolite) to determine the administered quantity of a toxic substance,
to identify the type and quantity of any contaminants in the substance,
and also to determine the amount and presence in the biological system.
Analytical techniques, such as gas chromatography combined with mass
spectropetry, vhich can measure trace materials in wvater down to levela
of 1-10 parts per trillion are available [LT).

Finally, the overall complexity of the subject can be inferred from
the criteria for inclusion of a substance in the Registry of Toxic Effects
of Chemical Gubstances (45, p. xvi]: "Qualifying Toxlc Dose (TXDS), ALL
toxdie doses appearing {n the Reglitry were derived {rom agports of the
toxle effects produced by indl subsfanced. A Loxle effect
defined as any bodily infury -- reversdble on {areversdble; any Lumor --
bo_n.iiu on malignant; any mutagenic ox teratogenic effect; or death
which has been reported o have resulted from exposune Lo a chemical
subitance via the respiratory thact, siin, eye, mouth, or any othen
route,

For humans the Loxle effect is any toxic effect that was reported
in the source reference., There is no qualifying Limitation Lo the
duration of exposure noa to the quantify of concentration of the substance,
nox {s there a qualifying Limitation of the circumstances Resulted
in the exposure. Reg eds of the absurdity of the circumstances that
were {nvolved in a toxdc exposure, {t is assumed that the same
cirncumstances could recur.
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For animals the toxic dose must be Limited in order that the
Registry will have paactical usefulness ad a guide £o hazardousness
Lo humans. The gqualifying symplomatology for animals cannot be
elucidated with any practicality; therefore, mone objective signs of
toxic effects must be nelied upon. The production of tumons
(neoplastigenesis), benign on malignant |carcinogenesdis); the
production of changes in the offspring, whether Dransmissible
(mutagenesis] on not {teratogenesis); and the production of death are
the criteria that axe used as the qualifying Loxic effects fon animal
data. For a substance to be included, there is no Lumitations as Lo
the time of exposure, nor the quantity or concentration of the dose of
the substance reported Lo have caused mufagenic, teratogenic, neoplastigenic,
on cancinogenic effects in animaly. This {4 because the dose-effect
helationship has not been comelated for animals and man. It i presumed
that there i4 some potential for the occurrence in man of effects similar
Lo those noted in animala, {f man is exposed to these substances.”

We have nov come to the point vhere we have seen the possibllity
of defining an experimental protocol in terms of populations of animals
and we have seen & fevw of the effects which are looked for in the tables.
It might be well for the interested reader to consult a reviev such as
that of Kimbrough [11], vhere an overviev of the toxicity of a large
nusber of polychlorinated polycyclie compounds is given.

We see from Kimbrough [11]). and from the Interdepartmental Task
Force on PCBs [k8] the following general results for the particular
case of the PCBs.

1. Response depends on route of application: inbalstion, skin and
oral techniques have been usual in PCB studies.

2. Response depends on specles; & large number of animals have
been used, and data also exist on human response.

3. A wide variety of specific reactions occur including liver:
size, action, enzyme production; skin: chloracne, edema;
reproduction; embryonic effects, gastrointentinal lesions,
chenical parphyrogenic effects, neurotoxicity, immune response,
death, with sufficiently large dose.

k. Response time; because of the stability of the PCBs, they tend
to accumulate in specific body tissues and their effects are
i therefores generally slov to appear and are long lasting.

5. Analytic techniques; sources indicate the problem of identifying
contaminants which probably accompanied the PCBs in controlled
exposure tests. Because of the accumulation phenomenon, toxic
level concentrations may be very low., In addition, regulatory
persquel have suggested PCR standards as lov as 1 ppt (1 part
in 1077). Analyses at this level are routinely available in
special situations [47].

A citation here of three paragraphs of Kimbrough's review should
indicate something of the methods, the range, and the vastness of the
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aifficulty of this type of study. From page 455 of Kimbrough [11] we
aee:

"In a pheasant aeproduction $tudy with Aroclon '25‘.!02.103
a ugugi,canay gheater diffenence in the number of eggs that were
pipped but not hatched was found in the group of hens that received
50 mg of PCBa weekly. Egg production and hatehability was Lower in this
grow, the suavival of chickens that did hatch at 4ix weeks of age was
»:;:uud, cg:l the ones that did survive were significantly Lighter than
controla.

In another aat reproduction Amdy“ the Lowest dose of Aroclor 1254
that affected reproduction was 20 ppm (15 mg/kg/day) which manifested
{taelf in a decreased number of Littens and Less pupt per Litten.
Neither | ppm nor § ppm of Aroclor 1254 had an effect on reproduction
in the Shexman strain rat; however, an expodure of the dams to the
Aoclons at 5 ppm ox highen incxeased the Liver-to-body weight ratios
in weanling rats of both sexes. AL 1 ppm the increase in Liver weight
was obseaved only in Fla and FLb weanling male aats. The dictary Levels
og 100, 20, and 5 ppom of Aroclor 1260 did not affect reproduction;
howevea, the Liver- to-body weight ratio of 21-day-old pups was .increased
at afl exposure Levels, - .

Mink are highly susceptible to the toxic effects of PCBs. A daily
dietary intake of 30 ppm resulted in death in ut § months. Exposure
20 5 ppm Aroclor 1254 in the daily diet severely affected reproduction. ’d5

Unfontunately, Lt is often very difgicult to compare the various
dietary Levels that affect diffenent sptcies, since the food consumption
may vary decidively from one animal species €o another and the daily food
dntake in g/kg body weight L4 often not included in the scientific report.
Some mice 4twrins, for instance will be exposed Lo as much of a given
substance that (s present in the diet at Lthe concentraation of 300 ppm as
rats on a diet containing 600 ppm on more. (With some species it (s of
counse diffieult or almost impossible to measure the food consumplion,
but a greater effort in establishing these very basic (acts would be
hetpful for the intexpretation of toxic effects in different species.”

A number of additional U.S. Government Regulations exist giving
further operational definitions of toxicity. Among them are:

1. Departwent of Trensportation - From CFR Title 49 "Transportation
Part 173.343.

Class B poison ("less d.mgeroull") sec. 1T73.343 liquid or solid
aubstance "hnown Lo be 40 toxic to man as Lo afford a hazard to heatth
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during transpont, on which, in the absence of data on human
toxdcity... fall within any one of the following categoniesl:

1} Onatl toxicity: produce death within 43 hours in half or
more 0f a ghoup 0f 10 on more white Laboaatory rats
weighing 100 Lo 300 grams at a single dose of 50 milligrams
o:ﬂﬁu per Rilogram of body weight when administered
oxally.

2} Toxdieity on inhalation: those which produce death within
43 hours <n half or mone than half of a group of 10 or more
white labonatory rats weighing 200 to 300 grams, when
inhaled continuously !M a period of one hour or Lesd at a
concentration of 2 milligrams or Less pex Liter of waponr,
mist, on dust, provided such concentration is Likely to
be encountered by man when the chemical product is used in
any xeasonable f{oreseeable manner.

3) Tonicity by skin absoaption: those which produce death within
48 hours in half or more than half of a group of 10 or mone

Aaabbits tested at a dosage of 200 milligrams or Lessd pen
kilogram body weight, when administered by continuous
contact with the sbin fon 24 hourns on Less,

The fonregoing categories shatl not apply if the physical characteristics
of the probable hazards to humans as showm by experdience indicate that
tdhc substances will not cause L:mom sdchness 2: death, lg{xhu the
splay of e oA WmAning pertaining £0 use nor Loxieity
teats set fortn above shall prejudice or prohibit the exemption of any
substances from the provisions of Parts 170-18% of this chapter,
(29 FR 18755, Dec. 29, 1948, as amended by Amdt. 173-3, 33 FR 14912,
Oct. 4, 1968; 33 FR 19818, Dec. 27, 1963)." .

2. Occupational Safety and Health Administration: Air contamination
standards (CFR 29 19010.93) cites: "Threshold Limit Values of Airborne
Contaminants for 1968," Amer. Conf. on Govn. Industrial lHyglenists.

3. Food and Drug Administration (FDA}: FDA relies on EPA to establish
tolearances. FDA also will act on any legitimately verifiable
indication of toxicity of & substance; rather than having its own
specific regulatory definitions of toxicity or lists of toxic substances.
Tolerance levels for specific substances may, however, be established,
as vas done for PCBs on July 6, 1973 (38 FR 18095; alsc see 21 CFR 122.10):

milk

manufactured dairy products
poultry

eggs

anizmal feed

animal feed components

fish

infant foods

P W
o
:

f)\nlooou”um

n

1The reader will note the ainilirity between these definiticons and those
used in the Federal Hazardous Substance Act (15 U.S5.C., Ch 30) discussed
earlier.
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4, Invironmental Protection Agency (EPA): A Federal Water Pollutico
Control Act, Amendments of 1572 (Public Law 92-500 06 stat. 816);
the term "toxic pollutants” 1s defined in section 502(13):

502(13) "The team 'toxic pollutant' means those pollutants, or
combinations of pollutants, including disease-causinmg agents, which
after discharge and upon exposure, ingestion, imhalation ex’
assimilation into any organiim, either directly from the environment
on indirectly by ingestion through food chains, will, on the basis
04 {informtion available to the Administraton, cause death, disease,
behavorial abrnoamalities, cancer, genetdie mutations, physiological
maliunctions (includimg malfunctions in rxeproduction) or physical
degoamations, in such organismé on their offepring.”

Section 304(g) directs the Administrator of EPA to publish test
procedure guidelines:

"304(g} The Adminidtrator shall within one hundred and eighly days
from the date of enactment of this title, promulgate guidelines

! establishing test procedures for the analysis of poblutants that

; shatl include the factors which must be provided in any certification
f pursuant £o section 401 of Lthis. Act on pomit application pursuant
Lo section 402 of this Act." . :

Test procedures for 304({g) were published in 38FR 28758 Oct, 16, 1973;
for "chlorinated organic compounds (except pesticides)," gas
chromatography is the approved test procedurs. ;

Section 307 directs the Administration to establish u list of
toxic pollutanta: '

"307(e) (a) (1) The Adminlstraton shall, within ninety days after
the date of eractment of this title, Lah (and grom Lime Lo Lime
thereafter revise) a List which includes any toxic pollutant on
combination of such pollutants for which an effluent standard
(which may include a prohibition of the w%t such pollutants
oa combination of such pollutants) will be es (ohed under this

‘ section. The Adminiatraton in publishing such a List shall take

| Lnto account the Loxicity of the pollutant, its perdistence,

. degradability, the usual or potential presence of the affected
organisms in any waters, the impontance of the agfected organisms
and the nature and extent of the effect of the Loxic pollutant on
such organisms.

(2} Within one hundred and eighty davs after the date of publication
of any List, or nevision thereof, containing toxic pollutants or
combination of pollutants under aaph (1) of this subsection,
Lhe Administraton, im accoadance with section 553 of title § of the
United States Code, ahall publish a proposed effluent standarnd

(on a prohibition] for such pollutant or combination of pollutants
which shall fake into account the Loxdcity of the pallutant, {iis
posditence, degradability, the usual or potential presence of the
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affected organisms in any watens, the impoatance of the adfected
organisms and the nature and extent of the effect of the toxice
pollutant onr such organisms, and he shall Lish a notice for a
pubu.c hearing on such proposed standard 2o be held within thinty
days. As soon as possible aften such hearing, but mot fater than
4ix months after publication of the pwpoud e‘uumt 4 Landand
{on prohibition), unless the Administraton finds, on the Aecoad,
that a mﬂﬁ&m&nn of such proposed standard (or prohibition) is
justified based upon a preponderance of evidence adduced at such
hearings, such bmndn)!d (oa prohibition) shall be promulgated.

(3) 1§ after a public hearing the Administraton (inds that a
modi(icalion of such proposed sfandard (oa prohibition) ia justified,
a xevised effluent standard (or pnoh:.bmoul for such pollutant oa
combination of pollutants shall be promulgated immediately. Such
standarnd (on prohibition) shatl be reviewed and, 4if apptopumtc,
revised at Least every three yeanrs.

(4) Any eggluent standarnd promulgated under this section shall be
at that level which the Administrator deteamines provides an ample
margin of safety.

(5) When proposing or promulgating any effluent standard (or
prohibition) under this section, the Administrator shatl designate
the category o wt:i rits 0f sources Lo whith the effluent astandard
{on paoh«cbmonl 4 apply. Any disposal of dredged material may
be .included in such a categoay of sources afler consuliation with
the Secrefary of the Amy.

(8) Any effluent standard (or prohibition) established pursuant Lo
this section shall take effect on such date or dates as speclfied
in the onder promulgating such standard, but in no case more than
one yean faom the date of such puomlgawn

{7) Prior 2o publishing any regulations pursuant to this section the
Adminisinator shall, to the maximum extent practicable within the
time provided, consult with appropriate advisony committees. States,
independent experts, and Fedexal departments and a.gmu’.u.”

The "List" was published ucording to proposed criteris in 38?3 1804k,
July 6, 1973 "Proposed Criterias..

"Pollutants were chosen for inclusion on the initial List in light
of the following criteria:

1. Data from Laboratony or (ield studies indicale that the pollutant
coutd, {f discharged into water, constitute a serious environmental
threat. The types of data examined in making this judgment are
set fornth .in Pant 1 below.

7. The pollutant is discharged, or has the potential to be discharged,

§rom point sources and constitutes a very senious environmental
threat.
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Data are avallable to establish effluent standards meeting the
requirements of the Act.

Standard sefting unden Section 307 (a) {4 appropriate, and is
necessarny because the prospective timing and effectivencss of
abatement actions under other provisions of the Act are not
commensurate With the natune and seriousnesds of the problems
ddentified by the above criterian.”

1. Explanation of Caiterin

"The §inst criterion concerns the actual oa potentiat damage that
a water discharge of these matenials my create by virtue of certain
toxicological propexties.

Detailed toxicological data are examined to deteaxmine whether one
or more of these lypes of effects are khnowm: bioaccumulation,
carcinogenic, mutagenie and teratogenic effects, and high acute toxicity.
Speci fically, the followsing types of data are reviewed:

I

Available data conceaning whether a substance ox its chemical
on biological transformation product is bioaccumuilated through
an aquatic mechanism to the extent that they aesult in:

(a) Reproductive impairment in any important species, or

(b) Concentrations in food sources im excess of applicable
Federnally established tolerance Levels.

Data concerning carcinogenic, mutagenic, and teratogenic effecta.
Materials Likely to be carcinogenic, mutagenic, or feratogenic
Lo man are er evaluated as Lo their chemical, biological,
and physdi stability in waten,

Data conceaning high ordern of Ltoxicity as measured by short-tewm
Lethatity Téats. 1In this connection a classifleation of a
substance as ‘hﬁh&y Loxic' Lo man according Lo clasédif Lons
established by the Department of Transportation and the
Envirommental Paotection Agency (sﬂw!nu, February 12, 1971,
40 CFR 162.8) and the Envirommental Protection Agency and the
Food and Drug Administration testing procedunes (40 CFR 162.8

cand 21 CFR 191.10) 4is particularly relevant, According £o the

references cited above, substances which have an oral LD50 of

50 mg/khg of body weight on Less on have a deamal LD50 of 200 mg/kg
of body weight on Less ane defined as highly toxic to mammals

and are examined further. The tewm 'oxal LD50' means that

single onal dose which is Lethal to one-half of the test
population within 14 days. The Lexm 'd LOS0' means that
dose dermally absonbed in 24 hours which {4 Lethal to one-half

of the test population within 14 days.
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Fon the protection of aquatic Life, substances proposed Lo be
classified as 'highly toxic' according o the National
Academy of Sciences water pollution ranking dystem may be
considened fon inclusdion in the List. Such substances are
those which are toric to aquatic Life as measured by a 96
hour LCS0 of 10 mg/1 on Less. The team 'LCSO' means that
concentration of a substance in water which (s Lethal &o
ome-half of the test population in the specified time perlods.
Testing methods such as those found {in 'Standard Methods fon
the Examination of Water and Wastewater,' 13th Edition, part 231,
1971, on their equivalent will be considered adequate.”

"The second criterion concenns the deniousness of discharges ox
potential discharges of the pollutant faom point sources. Relevant
here ane such factons as the nature and extent of foxic effects associated
with the pollutant, the extent fo which discharges of the pollutant have
been identified and the production, distribution, and use pattean of the
pollutant. Data must be available {rom well documented f{ield atudies
showing damage Lo important oxganisms {rom discharges of the compound
into watens, on Lechnically sufficient to show the material has the
potential to be envirommentally hanmful affer being discharged from point
sounrces to the water."

"The third criterion comcerns setting effluent standards fon
pollutants on the List. The following are aepresentative of the cotegories
of data useful Ln standard setling forx each material.

Toxicity to man and other organisms;

Carcinogenicity, mutagenicity, and teaatogenicity data;
Transpoxt paths of the material in the environment;
Bioaccumulation and bioconcentration;

Chemical, physical, and biological thansformations in the
environment;

Reliability and accuracy of analytical procedures;
Chemical characteristics;

Production and industrial on commercial- utilization;
Sources of the pollutant to water;

10. Enw‘.}anmxa incidents attributed to the material [{ish kills,
ele.);

T1. Presence of the material in the environment, residue Levels

in vanious organisms, ambient concentrations in rdvers, lakes, etc.;
12. State and Federal regulatory requirements conceandng Lhe

maternial;
13. Clasaes and charactenistics of waterns into which the material

is discharged.”
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"The fourth criterion concerns the overall environmental effect
of the control measunes available, including the use of aubstitute

mw, and possible effects upon ground water or other environmental
media, .

Section 311(b) deals with regulating the discharge of oil and
hazardous substances:

“311(b) (1) The Co:znuo hereby declares that it ia the policy of
the Undited States that there should be mo wdu.:ﬁu of ‘04l or hazardous
substances into or upon the navigable watens of the tinmited States,
ad;oi:u'ng shonelines, on into on upon the waters of the contiguous
wone.

There is at the vriting of this report no Toxic Bubstances Act
adninistered by the authority of the Environmental Protection Agency vhich
defines the tests vhich should be adhered to by manufacturers of
polychlorylbiphenyl replacements. The Agency is novw developing guidelines
for such tests and is consulting with industry on the matter.

A.3.6 Test Technigues By Which Degradability Is Evaluated

( In this section ve are concerned vith the standards and tests vhich
‘might apply to degradability of a compound in the absence of living
organisms (physical or chemical degradation) or in their presence
(diodegradability).

We are not awvare of standard tests for the evaluation of the purely
physical or chemical degradatiocn of transformer and espacitor fluids.
One wust seek such informstion on & piecemeal basis and either design
one's owm experiment or make inferences from experiments in the physico-
chemical literature. Inference is the source of much of our estimate
of the safety of certain products.

An example of the kind of experiment vhich is relied upon to
provide information on nonblological degradetion is the study by Eiegel
and Stevart on the degradation products of silicones vhen exposed to
high energy radiatfdn {k9). The technique used by the authors ves the
exposure of & dimethyl silicone polymer to vecuum-ultraviolet radiation
in & photolysis tube. At the conclusion of the photolysis the products
wers drawn off into s mass spectrometer vhere analysis was made, and
thence the quantum yislds in ethane and methane and the esnergy transfer
vere calculated, These results vwhen coupled with knowledge of the
chemistry of formation of the silicones give a clue to the effect of
sunlight upon silicones, namely that the silicones yield degradable
products.

In & similar fundamental study of photolysis in the nesr ultraviclet
of dimethysilicones, Delman,Landy and Simms {S0] found from the use of
two different activating lamps that if the ultraviclet radiation is
energetic enough and if oxygen is present, silanes are formed. These
findings vere made under carefully controlled physical and chemical
conditions. The conclusion of these results is thet in sunshine and air
the silicones will degrade to silanols (84-OH structures) and thence to
silica and water. In the envircnment there is alsc water present, and
one would expect all the more the formation of silanols.
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Attempts are under vey in industry to provide more direct
environmentsl testing of the dimethyl silicones to determine with
certainty the degradation of these products but the studies will be
long and Aifficult.

There are, however, several standard methods of biodegradabdility
measurement. Most of these depend upon the degradative activity of
sevege sludge or selected bdacteris. Processes renge from the simple
so-called River Die-Avay test to the difficult continuwous-activated-
sludge test {51]. This last is specified by the lav of at least one
European nation for detergent degradadbility tests [52]. The river
die-avay test consists of mixing s quantity of natural river vater
vith & known amount of the substance under study. Psriodic sampling
sllowe the investigator to follow the rate at vhich the origimal
substance decays.

There is also s vell known, often used, batch activated-sludge
test, It is simpilar to the river dis-sway test except that a prescribed
anount of activated sludge is added. The sludge or culture used say
be made highly uniform and is commercially obtainedle [53]. Semicontinuous
methods of sludge addition have also been dsvised [51). These are more
likely to involve pilot-plant scale equipment than the Mason jars
called for in the River Die-Away and batch tests.

S0 far aa ve are svare the only test for diodegradabdility vhich has
the stamp of approval of an industry-vide committee, is that for
sul fonate biodegradadility promuigated by the Subcommittees on Biodegradation
Test Methods of the Bosp and Detergent Asscciation [53]. This test,
vhich defines vhat {s meant by "biodegradebdle” for the purposesof the
soap and detergent industry, is & detailed procedure for testing sulfones
by & modified semicontinuous sctiveted-sludge method. Defined in the
test are solutions and vessels to be used, design of aerator, scurce
of uniform bacterial culture, and directions for sampling and rate
of serstion. The Soap and Detergent Association test bas been spplied
to the phthalste enters with results that vere gratifying to producers
of the phthalates [35].

Appended to this section are two testa selected from the EPA
Manusl of Methods for Chemicel Anslysis of Weters and Wastes 19Th [Sh].
These tests vere culled to illustrate common tests in the field.
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BIOCHEMICAL OXYGEN DEMAND
(5 Duys, 20°C)

)

-« STORET NO. 00310
. 1 .

]. Scope and Applicstion
1.1 The biochemicsl oxypen demand test (BOD) is used for determining the relative
oxygen requirements of municipal and industrial wastewsters. Application of the
test to organic waste discharges sllows calculation of the sffect of the discharges
on the oxygen resources of the receiving water. Data from BOD tests are used for
the development of engineering criteris for the design of wastewster trestment

plants, )
: 1.2 The BOD test is an empiricai bloassay-type procedure which measures the
dissolved oxygen consumed by microbial life while assimilating and oxidizing the
organic matter present. The standard test conditions include dark incubation at
20°C for a specified time period (often 5 days). The actual environmental
conditions of temperature, biological population, ‘water movement, sunlight, and
oxygen concentration cannot be accurately reproduced in the laboratory. Results
obtained must take into account the above factors when relating BOD results to
stream oxygen demands.
2 Summary of Method
2.1 The sample of waste, or an appropriate dilution, is incubated for 5 days at 20°C
in the dark, The reduction in dissolved oxygen concentration during the
incubation period yieids a measure of the biochemical oxygen demand.
3. Comments .
3.1 Determination of dissolved oxygen in the BOD test may be made by use of either
the Modified Winkler with Full-Bottle Technique or the Probe Method in this

manual.
3.2 Additional information relating to oxygen demanding characteristics of waste-

waters can be gained by applying tha Total Organic Carbon and Chemical Oxygen
Demand tests (also found in this manuai).
4. ° Precision and Accuracy
4,1 Eighty-six analysts in fifty-eight laboratories analyzed natural water samples plus
an exact increment of blodegradable organic compounds. At ¢ mean value of 2.1
and 175 mg/l BOD, the standard deviation was $0.7 and £26 mg/l, respectively.
(EPA Method Research Study 3).
4.2 There is no acceptable procedure for determining the accuracy of the BOD test.
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5. References
5.1 The procedure to be used for this determination is found in:
Standard Methods for the Examination of Water and Wastewater, 13th Edition, p
489, Method 219 (1971).
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DISSOLVED OXYGEN
(Electrode)

STORET NO. 00299

1. Scope and Application .

1.1 The probe method for dissolved bxypn is recommended for those samples
containing materials which intesfere with the modified Winkler procedure such as
sulfite, thiosulfate, polythionate, mercaptans, free chlorine or hypochlorite,
organic substances readily hydrolyzed ih alkaline solutions, free iodine, intense
color or turbidity, biological flocs, etc.

1.2 The probe method is recommended as a substitute for the modified Winkier
procedure in monitoring of streams, lakes, outfalls, etc., where it is desired to
obtain & continuous record of the dissolved oxygen content of the water under
observation.

1.3 The probe method may be used as & substitute for the modified Winkier
procedure in BOD determinations where it is desired to perform pondestructive
DO measurements on a sample, '

1.4 The probe method may be used under any circumstances as g substitute for the
modified Winkler procedure provided that the probe itself is standardized against
the Winkler method on samples free of interfering matersials.

1.5 The electronic readout meter for the output from dissolved oxygen probes is
normally calibrated in convenient acaie (0 to 10, 0 to 1S, 0 to 20 mg/l for
exampie) with » sensitivity of approximately 0.05 mg/liter.

2 Summary of Method

2.1 The most comnton instrumental probes for determination of-dissolvad oxygen in
water are dependent upon electrochemical reactions. Under steady-state condi-
tions, the cumrent or potential can be correlated with DO concentrations.
Interfaclal dynamics at the probe-sample Interface are » factor in probe response
and a significant degree of interfacial turbulence is necemary. For prechion
performance, turbulence should be constant.

3.  Sample Hn.ndlln; and Preservation
3.1 Seed. ], 4.2 4.3, 4.4 under Modified Winkler Method.
4. Interferences
4.1 Dissolved organic materials sre not known (o interfere in tha output from
dissolved oxygen probes. ' :
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4.2 "Dissolved inorpunic salts are a factor in the performunce of dissolved oxypen
probe.

4.2.1 Probes with membranes respond 1o partial pressure of oxygen which in
turn is a function of dissolved inorganic saits. Conversion factors for
seawater and brackish waters may be calculated from dissolved oxygen
saturation versus salinity data. Conversion factors for specific inorganic
salts may be developed experimentally. Broad variations in t'he kinds and
concentrations of salts in samples can make the use of a membrane probe
difTicult.

4.2.2 The thallium probe requires the presence of salts in concentrations which
provide s minimum conductivity of approximately 200 micromhos.

4.3 Reactive compounds can interfere with the output or the performance of
dissolved oxygen probes.

4.3.]1 Reactive gases which pass through the membrane probes may interfere.
For example, chlorine will depolarize the cathode and cause a high
probe-output. Long-term exposures to chlorine will coat the anode with
the chloride of the anode metsl and cventually desensitize the probe.
Alkaline samples in which free chlorine does not exist will not interfere.
Hydrogen sulfide will interfere with membrane probes i the applied
potential is greater than the half-wave potential of the sulfide ion. If the
applied potential is Jess than the half-wave potential, an jnterfering
reaction will pot occur, but coating of the anode with the sulfide of the
anode metal can take pisce,

4.3.2 Sulfur compounds (hydrogen sulfide, sulfur dioxide and mercaptans, for
example) cause Intesfering outputs from the thallium probe. Halogens do

i not interfere ' With the thallium probe.
i 4.4 At Jow dissolved oxygen concentrations, pH variation below pH § and above pH 9
interfere with the performance of the thallium prode (approximately 0.05 mg/1
DO per pH unit). The performance of membranes is not affected by pH changes.
4.5 Dussolved oxygen probes are temperature sensitive, and temperature compensa-
tion & normally provided by the manufacturer. The thallium probe has a
temperature coefficient of 1.0 mv/°C. Membrane probes have a temperature
coefTicient of 4 to 6 percent/°C dependent upon the membrane employed.
5.  Apparatus
5.1 No specific probe or accessory is especially recommended as superior. However,
probes which have been cvaluated or are in use and found (o be retlable are the
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Weston & Swuck DO Analyzer Model 30, the Yellow Springs instrument (YSI)
Modcl 54. and the Beckman Fieldlab Oxypen Analyzer.

Calibration

Follow manufacturer insiructions.

Procedure

Follow manufacturer instructions.

Calculation .

Follow manufacturer instructions.

Precision and Accuracy

Manufacturer's specification claim 0.1 mg/1 repeatability with £1% accuracy.
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A.li The Scope and Influence of Government Regulations

The purpose of this section is to identify the seversgl government
agencies which have poteatisl regulatory pover over nev insulating
fluide, to describe the particular ares of concern over wvhich each
exerciges regulatory pover, and to define vhat criteris and procedures
are used to determine whether & new fluid falls within the purviev of
each particular agency or regulation. The emphasis vill, therefore,
be on the regulations themselves; criteria apd testing procedures which
support or are cited in these regulations will be briefly identified.
In Section A.3.2, these test techniques are more thoroughly explored.

A.L,1 Environmentsl Re;ulstional

Environmental protection regulations are developed and enforced by
the Environmental Protection Agency (EPA) and by the various state
departments of natural regources. The state agencies generally follow
the Federal regulations, and they wmay in fact have operationsl
responsibility for enforcing the Federal environmentsl regulations.

Being more ¢losely in touch with the local issues and bdeing under less
complex operating constraints, the states can often act more rapidly than
the Federal enforcement agencies. It is important, therefore, that the
state and Federal environment regulatory bodies met under rigorous,
quantitatively definable criteria in establishing and enforeing their
regulations. We will reviev the existing and pending Federal regulations,
recognizing that these will slso probably be reflected in any state acts.

Insulating and dielectric fluids are typically very stable compounds
vhich have lov vapor pressures nndevhich. therefore, 40 not represent &
gignificant air pollution problex. The primary environmentsl effect is
in wvater, and s¢ the primary source of environmental regulation of such
fluide is:

Public Law $2-500 (86 Stat. 816)
“Federsl Water Pollution Control Act Amendments of 1972"

Three sections in thjs act are of particular importance for evaluating
the impact of regulations:

1. Bec. 30Ta "Toxie effluents." A proposed list and a final list
of toxic substances vere published by EPA in the Federal
‘Register on July 6, 1973 (38FR1604L)7 and on September 7, 1973
(38FR2L3L2), respectively. Criteria for selecting these
substances wvere included, thereby indicating the standards by

1Secticm A.3.L slso contains discussions of Federal environmentsl

regulations in terms of definitions of test techniques and criteria.
25ee Section A.b.3 "occupational health,” for air quality criteria in
the working place.

3Federal Register (FR), vol. 38, page 1B0LL.
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vhich nev substances can be evaluated. The toxic substance

list is not enforceable, hovwever, until standards for

allovable levels of these toxic substances are finally

promulgated. Although standards were proposed on Decexber 27, 1973,
these have not yet reached final legal status.

2. Sec. 307Tb “Pretreatment standerds.” The Administrator of EFA
. ia authorized and directed to publish and promulgate standards
for pretreataent of pollutants vhich could be introduced into

publically owmed treatmwent works.

- 3. Bec. 311 "0i1 and Hazardous Bubstance Liability." (spills,
leakage, pouring hatardous substances into navigable waters of
the U.S.). On August 22, 19Tk, an advanced notice was issued:

. "Designation and determination gg rxemovability of hazardous
substances {rom water" (3I9FRIONGG). In response to this sdvance
notice, vritten comments vere received and vere incorporated
into s propecsed set of rules issued on December 30, 1975
(LOFR59960). When promulgated, these rules will provide the
basis of the hatardous chemical (including PCBs) spill control
progran. Key elements activatad by these regulations will

I probadbly include mandatory reporting of discharges, clean-up
and damage mitigation, and civil penalties which may be assensed
by both the Envirommental Protection Agency and the Coast Guard.

4. BSec. 402 "Pollution discharge permits." This section empovers
the regional offices of EPA to issue permits limiting the
allowsble levels of pollutants in effluent discharges.
Limitations on polychlorinated btiphenyls have alresdy been
included in several permits. "Pollutant" is defined (in

Sec. 302) as effluents which "would {(nterfere with the
atiainment or maintenance of that water quality in a specific
portion of the mavigable waters which ahau asbure protection
0f public water supplies, agricultural and industrial uses,

and the protection and propagation of a balanced population of
thuguh, h and wd.du‘e, and allow recreational activilies
_4n and on watex,....

In addition to the existing legislation cited above, Congrees is
in the process of vorking on & Toxiec Substances Control Act, whiceh if
passed would give EPA more direct control on production and use of
identiried toxic substances.

A.4.2 Poisonous Ingredients in Foods

The Food and Drug Administration (¥DA), an agency of the Federal
Department of Health, KEducation and Welfare, has the responsibility for
sdministaring the consumer protection standards establishsd by the Federal
Food, Drug, and Cosmetics Act of 1938 wvith amendments (FFDCA) (U.8. Code,
Title 21). The various state departments of public bealth cooperate in
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maintaining proper food standards, under suthority of state public
health legielation. Whereas FDA enforcement authority coneerns only
foods involved in interstate commerce (Bec. 703 and TOM of !TDCA) the
state may, of course, take locel action.

"Poisonous substances” include all substances documented to be harmful
to human health. Thus, they may be specifically identified in FDA
regulations (as in the case of PCBs; see 3BFR18096, July 6, 1973) or
known to be poisonous from other reliable sources such as "The Toxic
Substances List" published by the National Institute for Oecupstiocnel
Safety and Health (see Bection A.L.3 belovw)., Likevise, tolsrance levels
are not specifically identified by FDA for sach known poison, but rather

this 1! Judged on a case-by-case basis, as specified in Bes. LO6 of
FFDCA. 1

Any nev insulating or dlelectric rluid wvhich is identified by any
Federal sagency to be poisonous would thus come within FDA Jurisdiction.
In relation to this, it should be noted that the FDA regulations on
PCBs (38FR18096) specificelly exempt PCB transformers and capacitors;
their being in sealed containers vas an influential Mtor in this
decision.

In enforcing its regulations, FDA can request a manufacturer to
recall an adultsrated product, under threat of prosecution. It can,
under court suthority, seite a shipaent of adulterated food. And it can
legally prosecute manufacturers of illegally sdulterated roods Actions
are reported in:

“FDA Weekly report of nit.urel, prosecutions, injunctions, field
corrections and recalls,” published weekly by the m Press
Office, Rockville, Maryland 208%52.

A.L.3 Occupationsl Health

The Occupational Safety and Health Administration (OSHA), a part
of the Department qf Labor, has the responsibility "o adéure 40 far

as possible every woxking man and woman in the Nation safe and healthful
working conditions...." as stipulated in:

Public Lav 91-596 (8L Stat. 1590)
"Occupationsl Safety and Health Act of 1970"

Dielectric and insulating fluids could come within the scope of
OSHA regulations in tvo wvays:

1. During processing of the material by the capscitor and
transformer manufacturers. :

lAlthoush levels vere set for PCBs, in the July 6, 1973 regulations.
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2. By use of the capacitors and transformers in or closely
adjacent to work areas. ;

In the Act cited above, the folloving responsibilities are defined:

1. The Secretary of Lavor {i.e., OSHA) is to prosulgate standards
for toxic substances (Sec. 6).

2. The Becretary of Labor 11.6 is enpovered to 1no§oet working
Plsces (Sec. 8) and to enforce the standards (8ec. 10, 17).

3. The Secretary of Bealth, Educstion and Welfare, through its
sgency, The National Institute of Occupetional Safsty and
Health (NIOSH) is to carry out research, develop criteria, and

carry on training concerning health and safety in the working
place (Sec. 20, 21, 22).

Thus, RICSE establishes standerds, while OSHA prowulgates and enforces
these standards. The follewing publications and standards bhave resulted
regarding toxic substances:

.

"Reglstry of Toxic Effects of Chemical Bubstances,” 1975 Rdition,
NIOSH, Rockville, M3. 20852, June 197S.

In this publication, a large number of toxic substances are listed,
salong with toxic dose levels, and the reference scurces for these toxic
doses. Pour PCBs ars included.

"Occupational Bafety and Health Btandards," 39PR23502, June 27T, 19TL.

Table 01 lists contaminants, including chlorodiphenyl (k2% C1);
skin 8-hour time weighted average exposurs not to exceed 1.0 u/-3. and
chlorodiphenyl (Shg Cl), 8~hour tims weighted average skin exposure not
to exceed 0.5 mg/m’. (These are currently listed im 29CFR 1910.1000).

OSHA bhas developsd draft technical standards establishing require-
ments for monitoring smployee exposure, msedical surveillance, handling
and use, training, record keeping, sanitation and housekesping. These
are nov availlable for comment (LOFRSLO3I3, November 20, 1975).

The source of these standards is LICFR S0=20L.50 which cites:
"Threshold Limit Values of Airborne Contaminants for 1968," Amer. Conf.
of Gowvn. Industr. Hygienists.

The National Klectricsl Code (NEC) - 1971 (ANBI C1-1971) bas been
incorporated within OSHA regulations (29CFR 1910.308; see 39FR23502,
June 27, 1974). Dielectric fluide for transformers and capacitors
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Ltherefore fall within OSHA regulations insofar as use of theee fluids

is affected by the BEC. (See Section A.5 of this report for further
discussion of the NEC).

A b 4 Transportation

The Department of Transportation (DOT) is involved in both the use
and the control of insulating fluids in these two vays:

1. Use. High speed mass transit systems employ elsctric traction.
The electric transformer is a key item. It must be small
because of the size linitations on the transit cers, and
fireproof in the event of an accident. Askarel transformers
are therefore universally used in present ground electric
transit lyutm.l Thus, DOT may becowe & significant participant
in the move toward both safe and reliable techniques for continued
use of PCBs and for substitutional use of new insulating fluids;
hovever, no documentation regarding efforts by this agency to
encourage dsvelopment of improved transformers has yet come %O
our attention. R

2. Control. The trlnlport;tion of hatardous nt.erlnl'full within
DOT's regulatory power, as identified in:

L9CFR Parts 100-199 Transportation; revised as of
October 1, 1975,

The folloving sections are pnrtieulu'ly pertinent to the inlulnting
fluids question:

1. List of ardous Materials; sec. 172.5 .

a. None of the PCBs, by any of their cheamical or trade
namee, is on the list.

b. Any substance vhich qualifies for the list under
definitions given in other sections must be treated
as if on the list.

2. Dielectric and insulating fluids vould be identified as
Class B polsons if they vere found to be toxic. (See
Bec. 1T73.343, quoted on pp. 91, 92).

l'l'he Japanese retained askarel in their electric rail cars even after
their otherwise complete ban on PCBs; they apparently are now
experimenting with a silicone substitute.
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3.

Bffect of list. Proper procedures for the transport of
hazardous materials are stated in the folloving sections:

Pt. 173 Shippers
*178.344 Paching fox class B polsons, Ligquid

a] Cfosing and cushioning. ALL contziners must be Lightly
and securely closed. Inside contziners must be
cushioned g4 prescribed, or in any caise when necesddary
to paevent breakage ox leakage. :

b) Outage. Outage forx containers of Liquid poison for
transportation by carriens by nail freight, rail
expreds, highuay, or water mut be as follows:

1)

z)

3

4)

5
é)

Containers must not be entinely fitled. Sufficient
dnternion space must be Left vacant to prev

Leakage or distortion of containers due to the
expansion of the contents from increase of
Lemperatune duning thansit.

The proper vacant space {outage) in a tank car ox
other shipping container depends on the coefficient
of expansion of the Liguld and the maximum tase
0f temperature Lo which {t will be subjected in
Laamsit. Outage must be caloulated to the total
capacity of the containen.

Liquid podison must not be Loaded into domes of tank
WU N

In tank cars, o e mut be calculated Lo percentage
of the total of the tank, 4.e., shell and
dome capacity combined. 1{ the dome of the fank can
does not provide sufficient outage, then vacant
space mubl be Left in the shell to make up the
aequired outage. '

Th:owtage for Lank cars must not be Less than | percent.

No cargo fank or compartment thereof used goa Lthe
Dansportation of any Liquid poison shall be
completely {illed; suffieient space shall be Lleft
vacant in every case Lo prevent Leakage {rom or
distortion of any éuch cargo fank by expansion of
the contents due Lo rise in temperature in fransit,
and such free space {outage) shall be sufficient in
every case 40 that such cargoe tank & not
become entirely 4illed with the Liquid at 130 °F,
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178.54% Exemplions fon poisonous Liquids, Class B,

a] Polsonous Liquids, class B, as defined in 175, 343,
except those for which no exemptions are plouided as
indicated by the "No exemption" sfatement in 171, 5 of
this chapter, or as provided for in 175.359(c)
cqthycuued4nude¢wn&unuu.44«u@h1uuﬁumcd
when necessary Lo prevent breakage and packed
follows, are exempt grom specification pachgag.
mlung, and labeling requixements, except
mungdm oL contents on ou.uutebcomutu ib
requirned for & mm via cannien by water. Shipments ¢
for transporlation by highway carriers are exempt alaso
from Pant 177 of ﬁu.a chapter, except 177.817, and
Part 397 of this title.

11 In glass ox earthemuare containers notf over | quart
capacity each, ox in metal containers ox polyethylene

bottles not over | gallon capacity each, packed 4n
ALAONG ou.tu.de wooden boxes orn barrels.

7] In glau or earthenwanre containers not over 1 pint
capacity each, oA {in metal e::h poLyeﬁgunc containers
notavulunxcapau.tg ., pac in strwong
outside fiberboard boxes."”

The folloving.lectionl are also of some relevance:
173.41% Poisons material labels

: Pt. 17k Rail Freight

174.532 Loading other harardous materiale

17k.538 Rail freight; loading and storage chart of
hazardous material

174,586 Handling hazardous materials, by carriers by
rail freight

| N Pt. 175 ™ Carriers by Rail Xxpress

Pt. 176 Rail Carriers in Baggage Bervice
176.702 Hazardous materials

Pt. 177 Public highway carriers
177.821 Hazardous materials forbidden or limited for
transportation
177.841 Loading; poiscns
177.848 Loeding and storage chart of hazardous materiais
177.860 Accidents or leakage; poisons

Pt. 178 Shipping container specifications
Pt. 179 Specifications for Tank Cars
11k

wons 0472°°



A.L.S Bolid weste disposal

The Department of Health, Rducation and Welfare (MEW) has certain
regulatory control on solid veste disposal through the suthority of the
Solid Waste Disposal Act {PL 89-272 and asendments; see 42 M.6.C., Ch. 39).
In particular, HEW is to recommend and publish guidelines and informstion
on solid vaste recovery, collection, separstion snd disposal. Pacilities
owned or controlled by the Federal Government must comply with these
published guidelines. .

The disposal of the PCBs and of molids contaminated By askarels is
becoming increasinaly difficult. Problems assoclated with disposal nf
nev fluids should be anticipated at an early stage in their development;
the Federal solid vaste disposal regulations form one set of criteria
by vhich disposability of new flulds can be Judged,.
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A.5 The Bcope and Influence of Insursnce and Fire Code Requirements

In addition to the various federsl and state governmental regulations
which might restrict the use of fluids in electrical equipment, one must
also make sure that such equipment does not conflict with fneurance and
fire code regulations. The two are closely related and therefore can be
nost easily discussed together.

The National Electrical Code {NEC) is one part (volume 6) of the
1975 National Pire Codes, issued by the National Pire Protection
Association (NFPA). This code is developed and continually updated by a :
set of committees vhich is sponsored by NFFA and is composed of =
representatives from menufacturers, users, fire insurance companies,
independent testing laboratories, and municipal and state fire safety
and regulstory sgencies. As such, it is an authoritative work universally
recognized as & standard statement of safe electrical fire practice.

Although the KEC is not in itself lav, it is usudlly adopted with
various levels of modification as the legal electrical bullding code.
Equipment to be legally installed within the Jurisdiction of such & code
must therefore conform to NEC.

A further note on the NEC is thdt it has been tdoﬁted in whole by OSHA
("Occupational Safety and Health Standards," 29CFR 1510.308 - Bee 39FR23502,
June 27, 197T4) and it therefore has & very broad legal importance in

industrial facilities, OBHA regulations are discussed more extensively
in Bection A.k.3.

A® presently written, the NEC specifically refers only to mineral oils
and askarels as insulating fluids. 8Since no more general descriptions or
definitions are given, one is led to infer that other fluids are excluded
unlesa specifically identified in future editions. To get & nev material
listed in the NEC, the menufacturer must propose the desired inclusion
to the Electrical Coordinating Committee of NEC, along with evidence
subst antiating the fire safety of the material. Before approval, hovever,
the committee would probably require testing and safety verification
by an independent laboratory such as Underwriters laboratory (UL)
or Factory Mutual Emgineering and Research (FMER).

UL is an independent not-for-profit testing laborstory wvhich carries
i out tests on products for manufacturers snd makes "listing" or
"classification” Judgwent based on these tests:

"Listing" - the product is deemed to meet the requirements of
the NEC.

"Classification” - s material will be given s flammability clas-
sification, based on & scale betveen O (wvater)
and 100 (diethyl ether}; the procedure 1is
outlined in: "“Tests for Comparative Flammability
of Liquida," UL Standard No, 340,
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Whereas NEC is an installation guide, local ordinances will often look
to the UL listing to verify that the preduct meets NEC standards and
therefore can be installed as directed by the code.

FMER 18 & service arm of the Factory Mutual System of insurance
companies. It carries out testing of equipment and issues "approvals"”
or "scceptances” based on these tests:

"Approval” - the product 1s deemed to be safe and suitsble for
general applications.

- "Acceptance” - a particular installation of equipment snd materials
meets fire safety standards.

d Such a safety test could be initiated upon request by a manufacturer or
by one of the FM insurance companies.

An installation of electrical equipment must not only meet fire ordinances
but also must be covered by fire insurance. The insurance rates are
generally set by the Btate Insurance Commission, but an insurance company
must have verification of the safety of the installation before agreeing
to write insurance coverage. The insurance inspector will therefore
generally look for UL or PN acceptanée, or to some other indication that
the installation meets NEC requirements. The irnspector might alsoc base
his decisions on his company's rating of the requesting company and
possibly on the users or msnufacturer's owvn tests.

An experimentsl unit with a nev insulating fluid might for
instance be accepted for further fiald testing under this latter situstion.
If one unit within a larger installation does not aeet standards, temporary
approval may be granted with the understanding that the substandard unit
be upgraded to an acceptable level within a specified pericd.

It should be noted that utilities are often self insured and are
granted exclusion from the local codes based on NEC. It is the general
practice of utilities to comply with NEC, however, and they usually work
closely with local fire protection people to make electrical installations
safe, When utility esmed equipment is installed in users duildings, often
the local code or insurance requirements would necessitate that NEC
practice be followed.
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