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SUMMARY

Cast coil bn been used for approxi- facility and will redace the danger if it is replacing a
nmely 20 ytr in Eamupc. This technology has also liquid-fled arasformet
been ad ia the Unied States for 15 yeas. Cast coil
nisfimners offer several featms dot other dry-type There at scveral odr arcs in which the cast coil
tr 'ormers do noL. These devices fill many of th tansformer offers increased perfnmance characteris-
needs of kiday's powr istrbution sysems. Changes tics. These am listed below.
in the codes and regulations have made the cast coil
transformer more attractive for many applications as 1. Cmona.. Epoxy encapsulation ofthe windings
compared to oher ransfomers available today. without porosity provides elimination of co-

rona generaim as compared to other types of

Regultions rgdi use, pcm t o, ady isf6iers.

restriccns on liquid-illed trsformers have led to an 2. Dielectric strength. The dielectric sut.gth of
expanding inW=ts in the use of dry-type tmnsf M the solid epoxy i is high largdy due
Banning the use of askarel as a high-fire point insular- to the lack of corona and the high diclectric
ing liquid has also spawned added interest in the cast resisanc of the epoty.
coil technology.

3. Short-circuit stegth. The dynamic strength

Cast codl transformers offer the user a high level of of the cast coil transformer exceed& that of
reliability under varied operating conditions. The conventional dry-type and liquid-filled
rannners may be subjected to severe environments transformers. The epoxy resin provides ex-

and do not experience the problems encountered by cellent mechanical stngth when the coil is

other types of transformers. For instance, the maerial subjected to the axial and radial forces that

used to insulate the transformer windings is nonhygro- occur during a short-circuit fault.

scopic; this allows for immediate energization of the
unit after an extended period of de-energization. This 4. BIL ratings. The tast coil transformer design
material is also highly resistant to the effects ofchemi- offers BIL levels equand to those of standardcalsand ~ ~liquid-fi"lled devices and are superior to other
cals and industrial atmospheres. dry-type tranwformer designs.

Since these devices perform well under the effects 5. Fire protection. The materials are such that
of fire, the cast coil transformer is a good alternative they will not support flame and are typically
when the possibility of fire exists. The epoxy material not a flame source.
used to encapsulate the windings is "nonburning" ac-
cording to tests performed by the Idaho National Finally, it should be noted that the cast coil trans-
Engineering Laboratory, and the combustion products former is one of the most efficient available today and
produced when one of the coils is forced to bum (i.e., is attractiv, for use because of the increasing cost of
where sufficient heat is applied) are within acceptable electrical power. The following report investigates
levels. The addition of acast coil transformer to a facil- these topics further and addresses the concerns regard-
ity does not add significantly to the fire danger of that ing the use of cast coil transfomiers. ..- /
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CAST COIL TRANSFORMER FIRE SUSCEPTIBILITY

AND RELIABILITY STUDY

INTRODUCTION

This report investigates the fire characteristics and library and available publications were obtained and
reiabilityofcastcoitransformersasperNAVCOMPT reviewed. Secondly, a questionnaire was drafted
Order N6830587WR70270, Amendment No. 2, requesting --pecific information from the manufactur-
Norfolk Utility Research and Development (R&D). ers of cast coil transformers. Copies of this request
The Naval Ci ,l hngineering-Laboratory (NCEL) along with the responses can be found in Appendix A
requested that the Idaho National Engineering Labora- of this report. Finally, fire reports (abstracts) from the
tory (INEL) provide an overview of the cast coil trans- National Fire Protection Association (NFPA) were
former technology and include a history, overview, and also reviewed to locate any possible fires involving
fire susceptibility study for these devices, cast coil transformers. These abstracts were obtained

through the NFPA's literature search system. Individu-

Cast coil transformers have been used to a great ex- al summaries of the four different types of cast coil

tent in Europe for the last 20 years, but are only moder- configurations and the differences between the avail-

ately used in the United States. The purpose of this able designs are included in Appendix B. Descrptions

report is to provide data and verification for an accept- that the reader will better understand the data and re-
able level of reliability and also to inform the reader ta h ed, ilbte nesadtedt n e
abluthe lvlfrelabli and lstinfpo erear sults. Figure I illustrates a typical cast coil transform-
about the available designs and testing procedures. erTstnhabenpfomdyvnosad

er. Testing has been performed by vendors and

independent testing firms. The INEL also performed
This task was accomplished in several steps. First, a their own testing, and the results are discussed in this

literature search was conducted by the INEL technical report and included in Appendix C.

Upper core yoke

Grain-oriented
core

High Low.voltagevoltage coil
terminal
network ..

SHigh-voltage

coil

S Core clamps/
supports

Industrial

cabinet

Winding ,

support--

Note:
Coils are either
aluminum or copper
conductcr and vacuum 00102
cast in epoxy material

Figure 1. Typical construction of the cast coil transformer.



OVERVIEW

To best meet the requirements of this task, several tested for both an external flame source and
issues were investigated. These issues are outlined as an internal source (i.e., a simulated short-
follows: circuit). Testing of the epoxy material was

completed by the INEL and the transformer
1. Describe the history of cast coil te~inology to manufacturers. Information from both the

date and provide descriptions of the available INEL and manufacturers is included in this
designs. report. Results of testing of the complete coil

assembly performed by the manufacturers
2. Discuss the "byproducts of combustion" of were not verified by the INEL as part of the

the epoxy used to encapsulate the coils. This scope of this report.
includes both the research conducted by the
INEL and those tests performed by other test 4. Provide available information on the coil
laboratories. cracking issue.

3, Addess the flammability of cast coil trans- 5. Discuss overall reliability of the cast coil
formers. This includes testing of the epoxy transformer and make recommendations for
material itself and also testing of the com- their use.
plete coil assembly. The epoxy material was
tested under flame provided by an external 6. Include background information for the
source, but the complete coil assembly was reader.

2



HISTORY AND PRODUCT DESCRIPTION

During the last two decades there have been cor.,id- de-energization. Dry-out time is not necessary. The
erable changes in the types of fire resistant electrical epoxy resin is also extremely resistant to chemical
distribution transformers. This was accelerated by the contamination. The epoxy provides excellent protec-
banning of polychlorinated biphenyls (PCBs) in the tion for the windings and allows the transformer to be
later 1970s. Before this time, PCBs were used exten- used in locations previously unsuitable for convention-
sively in applications where fire resistance was neces- al open-wound dry-type transformers.
sary or desired. Several new alternatives have been
developed, including silicone-filled transformers, The epoxy encapsulation of the coils without voids
vapor-cooled transformers, RTemp-filled transform- or porosity eliminates corona generation. -.ie dielec-
ers, and cast coil transformers. tric properties of the solid insulation remain high be-

cause of the lack of corona and also because of the
General Product Description dielectric strength of the epoxy material itself. The

epoxy also provides ex.ellent mechanical strength

The cast coil transformer was developed to reduce during a short circuit, and tie round geometry provides

or eliminate the deficiencies inherent in conventional added strength against the axial and radial forces expe-

open-wound dry-type transformers. The following rienced during a short circuit. Cast coil transformers

issues were addressed: can provide BIL ratings equal to those of liquid-filled
transformers. Conventional open-wound dry-type

" Basic Impulse Level (BRL) transformers can not be built effectively at these BIL
levels.

* Short-circuit strength With the increasing cost of producing power, the

losses in transformers have become more important.
" Moisture susceptibility The cast coil transformer is among the most efficient

being used today. This transformer has slightly higher
* Environmental considerations no-load losses than liquid-filled devices, but the load-

losses are lower, which results in lower total losses.
* Operation in adverse environments. Appendix B describes the four types of cast coil de-

vices evaluated for this report (Table 1).
The cast coil transformer is a dry-type transformer

in which the primary and often the secondary windings Table 1. Types of cast coil devices
are completely encapsulated in epoxy resin. The resin
may or may not contain inert filler materials or fiber-
glass cloth for increased mechanical strength and fire Manufacturer Product Line
resistance. The design philosophy of the American
cast coil transformer is actually a merger of European National Industri NICAST Transformers
and U.S. technology. The epoxy resin provides high di- Square-D Power-Cast & Power-Cast II
electric and mechanical strength. It also provides supe- Elma Engineering Cast Coil Transformers
rior environmental protection for the windings as General Electric Geafol Transformers
opposed to dry-type transformers with open-wound
construction.

In addiuon to those listed in Table 1, there are sever-
The cast coil transformer is highly resistant to the al other American manufacturers that build cast coil

effects of moisture. All of the materials are transformers such as BBC Bro\ .-Boveri and IsoReg.
nonhygroscopic. This allows the transformer to be im- However, the designs investigated for this report are
mediately energized, even after an extended period of typical of the available products.

3



CAST COIL TRANSFORMER FIRE TEST DESCRIPTION

A transformer fire typically results from one of two Epoxy Material Testing
possible sources. A failure can occur within the trans-
former causing a hot spot that either exceeds the rat- The first fire test tested the epoxy encapsulating ma-
ings of the transformer materials or creates an electric terial itself. There are essentially two types of compos-
arc that ignites surrounding materials, Or, the trans- ite materials used in the production of cast coil
former may be subjected to a source of external heat transformers. The first is a bisphenol A (BPA) epoxy

resin. The second is also BPA epoxy resin except that

Recent attention focused on the flammability of an inert filler (silica) is added to the mixture

transformer cooling liquids has resulted in significant (Appendix C).

discussion on the effects of fire on cast coil transform-
ers. An important question is whether and under what The epoxy material was tested in accordance with
conditions will this type of trans'ormer bum. Two con- the Standard Method of Test for Flammability of
ditions must occur for stable, self-sustained combus- Self-Supporting Plastics (i.e., rigid) American Society
tion; the temperature of the material must be raised to for Testing & Materials (ASTM) Designation D
the fire point, and the combustion must produce an ad- 634-68. This standard has recently been outdated and
equate supply of heat to sustain itself. This means that, has not been replaced by anything to date. Testing was
after the ignition source is removed, the fire becomes performed by an independent agency, and the results
an autothermal process (controlled by the balance be- were taken from an Electrical Construction and Main-
tween the heat generated by combustion and the heat tenance (EC&M) magazine article (Appendix D).
carried away), This process must supply an adequate Validation tests were performed by the INEL.
amount of heat from combustion in order to remain
burning. All transformers will burn if they are sub- Twenty samples of the material, each 5 x 1/2 x
jected to sufficient temperatures, including dry, PCB, 1/2 in., were tested using the procedure in the standard.
oil, RTemp, silicone, and other designs. Calibration marks were made 1 in. and 4 in, from the

unclamped end of each sample. The sample under test
Several generalized tests were performed on both was clamped horizontally and the flame of a Bunsen

the transformer materials and on the complete trans- burner applied (Figure 2). If after two attempts, the
former coils. The details of these tests and results are specimen does not ignite, it is considered "nonburn-
discussed in the following sections. The tests and re- ing" by this test. If the specimen continues to burn after
suits described include independent testing, INEL test- the first or second ignition, timing is started when the
ing, and factory testing. flame reaches the first mark, 1 in. from the free end,

5 in.-.-.---- 3 in.---

in. -,-1 in.

Specimen -

45 deg

F E End view

water /Bunsen burner

0.0080

Side view

Figure 2. Apparatus for die el"pxy material flammability tests performed by the INEL.
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and stopped when the flame reaches the second mark, presented in four subsections. Two subsections de-
4 in. from the free end. A specimen that bums to the scribe the test scenarios used to simulate each of the
4 in. mark is considered to be "burning" by this test, two possible fire sources, and two subsections present
and the burning rate is determined by the time it takes typical results of a coil under each of the two test sce-
to burn the 3 in. between the two marks. If the speci- narios. These tests were not verified by the INEL. The
men does not bum to the 4 in. mark, then it is deter- testing described was performed by the manufacturers
mined to be "self-extinguishing" by this test, with the and also by an independent organization, and the re-
extent of burning being the measured length burned. sults are discussed in an EC&M article, February 1986

(Appendix D).
The INEL tested ten samples of the unfilled epoxy

and ten samples of the filled epoxy. The results of the The high voltage (HV) coil will be the most likely to
tests are tabulated in Table 2. The INEL tests verified be subjected to a fire situation for several reasons. It is
the manufacturers' results that the epoxy material was located on the outside surface of the transformer and
nonbuming. All twenty samples extinguished before therefore will be the first item, excluding the cabinet,
they reached the first mark. contacted by any external fire source. The high voltage

placed on this coil makes it more prone to fire caused
Complete Coil Assembly by an internal arc.

Testing
Secondary coil failures are also sources of self igni-

Currently, there are no industry or ASTM standards don. Secondary coils are high-current carrying con-
for testing to simulate the effects of internal faults or ductors, and if poor joints develop or severe overloads
external flame on an epoxy encapsulated transformer occur, the resulting heat can cause incendiary prob-
coil; therefore, tests were devised by industry that lems. For instance, a cast coil transformer failed at
represent the most severe conditions. This section is Norfolk Naval Base, Virginia. Unfortunr.tely, most

Table 2. Results from INEL flame tests of the two types of epoxy material

Sample Material Total Timea Total Timea
No. Filled (F) Unfilled (UF) First Bum (s) Second Bum (s)

1 NITI F 31.51 189.30
2 NITI F 0.0 8.87
3 NITI F 2A8 37.01
4 NITI F 10.79 40.34
5 NITI F 9.53 48.55
6 NITI F 20.66 28.83
7 NITI F 7.17 91.84
8 NITI F 22.08 110.48
9 NITI F 3.66 122.35
10 NITI F 46.73 20.43

1 Square-D UF 40.83 132.55
2 Square-D UF 133.80 52.49
3 Square-D UF 10.08 134.77
4 Square-D UF 199.18 24.05
5 Square-D UF 2.23 69.38
6 Square-D UF 19.27 9.96
7 Square-D UF 10A7 136.42
8 Square-D UF 3.20 287.10
9 Square-D UF 4.01 170.36
10 Square-D UF 38.78 76.59

a. Time for flame to self extinguish after source was removed.

5



u'oiection Systems will no ciew a km-lewd sevm- ffimIs ins pbat4 rwa new Mr aad 7XMM
amy fault and cmmmion of the fau can kad o caa- cas i epoxy resi. The epoxy s aximp zrly
strophic failure of the device. Possible solutions lP'-M. di ovr te
indudecithe imtail tkan ofa l alMM
or smoke detecon connected inm the proteadon Tab 3 Rcts fiam dt z rc-w2
circuitry (Az~eadix E). ___ ___ __ ___ ___ __

Coil Testing When Subjected to uc D,i (s) Fame Edmi (s)

Arcing and a Short Circuit
10 4.9

To simulatean ena acing fau, a in. hole was 10 82

drilled through the 1/4 in. epoxy outer coating, expos- 30 9

ing he aluminum conductors of the winding. One end 30 41_3

of the winding was connected to the negate lead of an 90 4&6

arc welder, and an arc was drawn from the positive

welder electrode to the aluminum winding exposed
through the hole. Based on the resul in Table 3, a fae stated by an

internal fault in the transformer winding should be
Under normal operation, transformers are proiected self-extinguishing within a short time after the fault is

by overcurren devices that should clea the arcing fault cleared by the -sim ptotection devices.
in 30 cycles or less. To illustrate worst case coeditions,
the arcing test duration was extended to approximately The second test was performed on the TMraffo-Uni-
5 s, and a series of six tests were performed with in- transformer. As described in subsecion, Coil Testing
creasing durations. The temperatures developed were When Subjected to Arcing and a Short Circuit, two
sufficient to melt the aluminum wire and to establish a faults wer simulated of .5 s and 2 s dratiorms The re-
flame. The melting point of aluminumn is 660Y during sults of the 2 s fault were as follows. The heat caused
a high-energy arc between two voltage phases. The by the arc burned a thin layer of the resin at the surface.
cause of the arcing can be one of many internal faults, This left a layer of soot that provided a shidding effect
suchasturn-to-turnshortcircuits, coilshortcircuits, or protecting the resin layers below. There was some
phase-to-phase or phase-to-earth flashover melting and vaporization of the coducimor material at

the metal connection terminals (Le., the root of the

Another high-energy arcing test was performed on arc). High-speed cameras were used to verify that

an 800 kVA transformer of the Traffo-Union design. there was no after burning of the insulating material

This test involved a three-phase HV terminal short observed after arc extinction. Despite the visible

circuit that was artificially induced. Short-circuit du- surface damage, the transformer remained fully

rations of .5 s and 2 s were used. The transformer was serviceable.

initially at its operating temperature of approximately Next, the transformer was subjected to a test that
100*C. The fault level was 150 .VA. simulated direct interturn and winding short circuits.

Holes were drilled in the HV windings of all three
Results of Coil Testing When phases. Six millimeter nails were placed in the holes

Subjected to Arcing and a Short and then connected to the short-circuit leads. The re-
sults during this test were the same as previous tests.

Circuit There was no ignition and no afterbumrning of the resin
compound or other insulating materials.

Testing of the transformer coil under the simulation
of an internal arc was performed as described in the Coil Testing When Subjected to
previous subsection. The rsults of this test are tabu- an External Flame Source
lated in Table 3.

It is even more difficult to simulate how an external
The particular coil used for this test was 36-in. high fire affects the coil. Fires have many variables and may

with an cutside diameter of 23 in. and an inside diame- be fed by many different fue' T, "-'alua;;ag h - i %.< of
ter of 18 in It consisted of multiple layers of aramid- ignition as a result of an external fire, several factors
insulated aluminum conductors covered with a must be considered.

6
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Co&Xi:3CM *M szt3 ciftpoxy ini-zd w& am- zif OIdmodeMW S vc f=~ go dhery anY Et

w la ziXn camil m 6 aw e a cs a fore i se m tisgclt
my bo ois a x= m wi Ths ozy ,as g3 o ais
rbvlv of oi o dy'~ Thi is h hoe aT2f- T 4 Reaks f,. extrnal fire emt msing t
fectodn cpgrnaogin he i fr0. The ptimowaer- re. Coing woa
sam o( e epoxy -iam l is appgxoximaeiv 4icT

wood, ad therfoe, fair .Oeacm sysems sheld Torch Applied (s) w F an e E tn (s
have reacted long before the epoxy of a cany coil
xwfm 2= would ig n ot b 30 124

One i sa mpoeueusdwzapi mo 30 22.

an foe.acetyhne cutting wrcr The test was peroformed
on a complete coil as mbly. The coil was placed on a
wooden skid and the torch flae 2s applied to the If the uansformer was involved in a major caa-
sidme of the coil so that ;be risi eted airttuld s10 tofuire, it is possible that it would brn, but it
trted pie' d (5 x 2 x 100 fm) was laidld not add a signifcant amount of intensity to the
held in codnactath the coil for30 s The time taken for tie.
the flame to extinguish was measured and is discussed
in the foploanmg subsectin This westhwas informally Two tyes of external fire surce tests wre can ed
vereped by eNEL personnel a the failed transformer out on Ehe Traffo-Union transformer. Thew two types
arpsy at Norfolk, Virulnia. Oxyacetylene torches of ests involved a wood fire and a propane gas tire.
were used with varying time elements and a The wotypes ofex allysourced firesimulated sev-
self-sustained flame could not be produced. eral diffaie t conceivable modes of iiack on a ains-

former. The propane gas fire was considerably houer
Two other example tests performed to simulate ex- than the wood fire and the damage more severe, al-

ternal fires were (a) a wood fire that was placed under- though the total beat of combustion of the wood fire
neath the coil and (b) propane gas flames pplied to the was actually greate r
side of the coil For the wood fire est, 10 ke of un-
treated pinewood (5 x 2 x 100 cm) was laid on steel Sixteen high-temperature nickel/chromium nickel
plates underneath the transformer and lit with shav- thermocouples were fitled to the core, HV winding
ings. the flame temperatures reached up to i OwC. and low-voltage () winding of the transformer in a
For the propane flame test, eight wide du= burners symmetrical arrangement wit eight thermocouples
were placed evenly around the coil. The flame temper- for each test.
ature peaked at approximately 1200'C. The burners
were fired for 30 mi. The results of these two tests are After the wood fire had been burning for some Lime,discussed in the following subsection. the insulation of the HV and LV windings ignited, and

the chimney effect of the axial duct in the LV winding
Results of Coil Testing When andoftheleakagefluxchannel causedtheepoxy tobun

Subjected to an External Source rapidly to the top of the transformer. However, the firc
did not spread to the other limbs of the transformer.

The f irst external f ire source test discussed was sim-
ulated by applying an oxyacetylene cutting torch to the During the propane fire test, the flame application
bottom surface of the coil. The torch P fie was held in was more intense; however, the flames still extin-
contact with the coi for 30 s. The time from removal guished themselves shortly after the source was
of the torch to extinction of the burning epoxy was remiioved.
measured. The test was repeated many times, with the
torch applied for 30 s. The results in Table 4 represent This same result was obscr~ed duning the failure of
the extinction times obtained, the Norfolk Naval Base 2000 kVA unit; most of the

damage was limited to the phase C coils. After elecmn-
Because of the %,,ried ranbc of cxx~cmal fires possi- a1l power was remo,-ed, the burning insulation cxtin-

ble, it is not certain from this test that an externally guished itself.
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COMBUSTION PRODUCTS

Iis not posible to deenmiane a stndard o on- for the L A.pndix C conainsa denileddescription
dizios dmi woupd I a in a hostk fim nwovg a ofdie tat p c , I m ed used dwig th tests.
can coil travfonmm There a many variable t
c a aft the resuls These oleus co ice the Results of Testing Performed by
attempts to simule the burning of cast coils in a labo-
raw . Tss have bee conducted over many v)ars the INEL
with a vaiety of resuls dat depend on de test codi-
ions, pwaseers, and the methods of anael slys of t ie nfrared specto - was used to verify that the

prodws of comnbusi Pyrolysis (decompsitim eO two polymers were composed of BPA epoxy. Both ma-
organic materials by the appliaion of heat) has also ierials were conf-rmed to be BPA epoxy. The General
been conduted using an mple air supply, a esmed tric-filled sampl also conaine bands indicatin
ai spply or -atom only with no oxygen at various tlica filler Appendix C asummary ofdietemperamca. Analysis of the prdut of combiusto thsiic pefre by th oMaisasma-o b

has been performed using many methods such as gas tsing jefomed by INL
tamograpy (GQ) and mass spoctroscopy- The TGA analysis was performed on the samples to

determine their eaction under increasin tempeature
Description of Testing Under the nitrogen atmosphere, both of the samples

Performed by the INEL began to docompose at 300-350*C. The Square-D
sample lost 100% of its weight at 4750C. and the Gen-

The results of testing performed by the EWEL are eral Electric sample lost 50% at 4200C. The material

summarized in the following secion. 11w complee re- that remained in the Gener:I Electric sample consisted
port con ng th de d ten pr res ad r s of the silica filer and was black due to the presence of

is included in Appendix C. elemental carbon. Under the air atmosphere, the
Squar-D polymer began to decompose at 2500C, and
rapid oxidation occurred between 350 and 4350(C. The

The testing was performed on two saples of epoxy sample had a net weight loss of 85%. Fifteen percent of
othersamp was the neraElr c u nf BP a rz the Square-D polymer remained oxidized between
other was the General Electric Company's quartz 5350C and 5800°C. The General Electric sample began

powder-filled BPA epoxy. Both of these samples were

chemically evaluated for combustibility and toxic to decompose at 250*C and was followed by oxidation

products given off during combustion or pyrolysis in between 330 and 4200C. This sample had a net weight

an inert atmosphere. loss of 40%. Oxidation continued between 450 and
5000C with 15% more weight loss. The portion of the
General Electric material left was determined to beThe experiment was performed in three phases silica filler.

(1) chemical and physical characteristics of the two

epoxies were determined, (2) temperatures at which
chemical and physical changes take place in controlled Gases were collected in the impinger during the py-

air and nitrogen atmospheres were determined, and rolysis testing. Gas chromatograms were run on the
(3) the four toxic compounds previously identified samples. Benzene, toluene, ethylbenzene, and phenol
from the pyrolysis of BPA were identified and quanti- were positively identified. Table 5 contains summary
tated for samples collected over the entire combustion data of the quantitative information obtained.
process. During Phase 1, infrared (IR) spectroscopy
was used to verify the chemical composition of the two Results of Testing from
materials. Phase 2 was performed under both an inert Independent Sources
atmosphere (nitrogen) and an oxidative atmosphere
(air). Thermogravimetric analysis (TGA) was used to
determine the temperatures at which changes took Table 6 contains data taken from an EC&M article,
place during heating of the polymers. Gas chromatog- which is included in Appendix D. The table contains
raphy was used to perform Phase 3 of the analysis. actual testing data of an unknown epoxy sample as
During the testing, auempts to collect samples of gas well as the acceptable Occupation Health and Safety
from the TGA experiments for GC analysis were un- Act (OSHA) conccntm!ons to which humans can be
successful because only 10 mg of material was used exposed.
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Ta1 w C mxa6odo icpptIysisjl a lofB Apolymm

Air Atmospbe Atmosphc;

Toxic
Ciupmod Fled Unfilld Filled Unfilled

Benzne .3.1 1.2 7.8 1.24
Tohlme 0.65 0.26 1.9 0.86
Ethylbeazme 0.12 0.25 0.15 0.13
Phenol 12.8 43 10.0

a. Cocemration- Typically I ppm of vapor is equal to0.12 mgm 3 concentration in the worst case. Mgrn3 : milli-
grams per cubic meter

b. mg/g: Milligrams per gram.

Table 6. Products of air pyrolysis of epoxy resin as compiled in EC&M magzine

Concentratious OSHA Limitse
Compound Produced (mg/m3)b (mg/m3)

Benzene 3.4 to 3.8 30
1. 3 Butadiene 0.2 to 1.0 2200
Cyciopentadiene 2.0 to 2.6 200
Naphthalene 0.36 to 0.72 50
Phenol 0.54 :,0.66 19
Styrene 0.72 to 0.96 215
Toluene 1.6 to 1.8 375

a. Concentration: Typically 1 ppm of vapor is equal to 0.12 mg/m3 concentration in the worst case.

b. mg/m 3: Milligrams per cubic meter.

c. OSHA Limits: Threshold Limit Value (TLV) maximum amount in atmosphere tolerable for an 8-h period.

The results of this testing indicated that the toxic similar results to those discussed in the EC&M article.
substances produced by pyrolysis of the epoxy The discussion on the Geafol transformer contained a
material are in concentrations that are not harmful to section that specifically discussed the production of
humans when exposed to them for relatively long peri- two hazardous substances that are the results of
ods. The testing also indicated that cast coil transform- pyrolysis of askarel. These hazardous substances [2, 3,
ers are not significantly hazardous to fire fighters or 7,8 tetrachlorodibenzodioxin (TCDD) and 2,3,7,8 te-
others near the transformer when involved in a fire. trachlorodibenzofuran (TCDF)I were monitored for,

A similar series of tests were performed on General and the gas chromatograms of this test verified that
Electric Company's Geafol transformer. The results these products were not produced b:' tVie pyre ysiz )f
obtained from the GC mass spectometer indicated the BPA epoxy.

9



Mn ApxWix C, a monmraln %as ma& Owa the con- surrounding the u asformcr aouv'd be suffizient 1c di-
cen radi.s of .etwo! znd bwzene tested were abcve lute the toxic gasses, and the testing also confirmed
the admissible limit. This condiion occurred in a that the cas: coil transformer Aould not product. an)
small confuted em iro'menL Tne levels wrerC consd- significant amounts of nonbiodcgradable toxic sub-
ered safe for fire fighters and others in the areas un- sances even if the device was complee!.y consumed
der the normal conditions (i.e., the volume of air in the fire).
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QUANTITATIVE MATERIAL CONCENTRATIONS
OF CAST COIL TRANSFORMERS

The cast coil transformer has very little material flammable material is ver small. In comparison, an
(% by weight) that will burn in the event of a fire. As oil-filled transformer conLuns a substantiall higher
shown in Table 7, the total percentage by weight of amount of flammable material.

Table 7. Proportions of flammable and nonflammable materials in an 800 WA Geafol cast-resin transformer
(% by weight)

Material in Typical Proportion Proportion

Cast Coil Transformer Nonflammable (%) Flammable (%)

Metal parts, such as core lamination, aluminum, and steel 89

Insulating materials with flammable components
Insulating parts of clamping structure 0.32
LV prepreg and end encapsulation 0.70 0.47
HV resin compound and terminal link strip 4.79 2.46
HV layer insulation 1.49
Packing blocks 0.71

Transformer, complete 94.5 5.5

Total= 100%
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CAST COIL TRANSFORMER CRACKING

This section summarizes the information available posed to the hazardous environments or conditions that
to date regarding cast coil cracking. are of concern. Also, the manufacturers often use a

copper bus with the aluminum windings. This way the
Instances have been reported where the transformer most significant portion of exposed material is copper

coils have developed stress cracks. Coil cracking has and may be more durable than the alternative alumi-
been related to the compatibility of the coil electrical num. Therefore, the choice should not be driven by
conductors to the epoxy resin mixture used to encapsu- concerns about the environment.
late the windings. The two types of conductors used
today are aluminum and copper. Currently, manufac- fhe second issue is also addressed adequately by en-
tures are using more aluminum. The aluminum gineering and manufacturing techniques. The connec-
material does not have the same current carrying ca- tion problems associated with aluminum have been
pacity of copper;, therefore, the windings must be phys- reduced by use of several techniques. For instance, one
ically larger. The product descriptions, included in technique is to tin plate the aluminum leads as they
Appendix B, indicate those companies that use alumi- come out of the epoxy encapsulated winding and then
num, copper, and those that use both. mechanically couple the tin plate to a tin-plated cop-

per pad that connects to the copper bus. This type of
Several of the manufacturers claim to use aluminum connection reduces the possibility of conductor move-

windings because of its compatibility with the epoxy. ment. Another type of connection used is a special cop-
Only one company mentions the reduced cost of using per/aluminum explosion-bonded pad The pad
aluminum windings in the transformers and states that consists of one plate of aluminum and one plate of cop-
"aluminum offers the best value for tie user." Com- per that are explosively bonded together (e.g.,
panies offerirg both copper and aluminum indicate DuPont-Deltaclad) to form one integral pjiec of mate-
that the choice is based on the loss formulas or rial. The aluminum winding leads are then connected
customer preference. to the aluminum side of the pad and the copper bus to

the other side. In summary, proper joints and connec-
Each of the manufacturers using aluminum offer tions should not be a factor because of the engineering

their own argument as to why aluminum is the pre- solutions available.
ferred choice. The arguments are summarized below.

Final issue of conductor thermal expansion compat-
1. Chemical resistance. The chemical resistance ibility to the epoxy resin mixture raises the most ques-

is the ability of the conductor to withstand the tions and is a sensitive area among the various
effects of chemical contaminants that may be manufacturers. This is further compounded because
present in the atmosphere. One consideration several different epoxy composite coil assembly struc-
is to not use aluminum to increase the corro- tures are used to encapsulate the windings. Therefore,
sive resistance and another is to use the con- the data are not the same and difficult to assess equally.
ductor and design tre package accordingly.

In order to present comparative information from
2. Joints and connections. The joints have been several of the manufacturers, a relative expansion rate

a problem in the past because aluminum tends will be used. The relative base will be the thermal ex-
to flow away from connectiens causing them pansion rate of pure epoxy resin, which will be 70 x
to loosen and overheat. 10-6 in./in./C. The information available has been

standardized and is presented in Table 8.
3. Thermal expansion coefficients. Encapsulat-

ing the conductors rigidly in the epoxy Based on this argument, the expansion coefficients
material creates stress each time the trans- of the aluminum are in fact closer to those of the com-
former heats and cools because of different posite epoxy mixtures that are used to encapsulate the
thermal expansion coefficients of the A indings. However, no manufactuers use epoxy with-
aluminum and the epoxy. out fillers and/or internal strengthening fibers or other

methods of strengthening the coil assemblies. One po-
The first istse, chemical reSIsurnFe of the winding tenual problem is expansion and contraction of tie ma-

ihAtcila, was asl) reolved.The WirdIngs are Ln,.ap- tenals duing opcrauoli aused by ch,,nging irternal
sulated in hemically inert epoxy resin and are not ex- transformer coil temperature and 'varying external

12



Table 8. Thermal expansion coefficient information on the different materials used in cast coil transformers

Expansion Coefficients
(1O-6 in n.PC)

Company Aluminum Copper Compositea

Square-D 23.0 18.0 45.0
NITI 48.3 33.8 60.3
General Electric 50.0 35.0 est. 60.0

a. Square-D uses a composite mixture of glass reinforced epoxy. NITI uses a composite mixture of glass fiber rein-
forced silica-filled epoxy. General Electric uses a composite mixture of quartz powder-filled epoxy.

environmental temperatures. Manufacturing tech- temperature tests that involve gradients of -60'C to
niques, materials technology, and structural engineer- +80°C. Many of the problems present in the coils sev-
ing factors all come into p!ay in designing the eral years ago have now been eliminated. The limits of
composite for adequate reliability, the material are better understood, and the transform-

ers are designed accordingly. It is sufficient to state
In summary, the transformers are designed as com- that the manufacturers are aware of the potential prob-

posite structures for strength using glass fiber rein- lems and are actively addressing it. Additional re-
forcements, powder filler, or a combination of both. search and investigation in stress cracking and design
All manufacturers have tested their coil designs under details can be performed upon request.
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CAST COIL TRANSFORMER RELIABILITY

The specific type of transformer that best suits a giv- cabinet keeps both external flame and heat away from
en installation varies with the surrounding fire hazards, the flammable portions of the transformer. The cabinet
requirements of the user, and other application issues. also serves the following functions:
Cast coil transformers have a proven record in Europe
and other parts of the world. They have a good reliabil- 0 Safety
ity record, are easy to maintain, and there are over
10,000 units in service ranging in kVA from 100 to 9 HV isolation
10,000, with voltages up to 34.5 kV. The initial cost of
a cast coil transformer is commonly higher than costs 9 Fire protection
of the other alternatives, but total ownership costs are
often lower. o Maintenance minimization.

Based on the information obtained during this in- The final concern is placing cast coil transformers in
vestigation, the cast coil transformer has proved to be space-limited locations. The cast coil transformers are
exceptional for its intended applications. The cast coil larger than standard liquid-filled units and may not fit
transformer provides a high degree of fire protection certain applications.
for both internally and externally caused fires. At the
same time, they have the capability of maintaining BIL In summary, cast coil transformers offer the user a
ratings similar to liquid-filled transformers This is not high level of reliability in most environments. They
true of the standard dry-type transformers. are durable under fire conditions. The coil encapsula-

tion material is "nonflammable" and self extinguish-
The testing performed by the INEL during this !ask ing. These types of transformers do not add any

confirmed the available results regarding the flamma- significant amount of fuel or fire danger when placed
bility of the epoxy material and the products of in a location where a fire might occur. If a fire should
combustion. occur, the products of combustion are not sufficient to

endanger the lives of f ire fighters or others near the de-
Unless ordered specifically without a cabinet, all vice. Cast coil transformers provide an excellent alter-

U.S. style cast coil transformers come with an native for applications that are not suitable to other
industrial grade cabinet that acts as a fire barrier. This dry-type devices or liquid-filled units.

14



CONCLUSIONS

Cast coil transformers offer reduced risk to the user When a cast coil transformer is involved in a fire
compared to liquid-filled units. The cast coil design situation, the products of combustion consist primarily
eliminates the environmental impacts associated with of carbon (soot) and several aromatic hydrocarbons.
liquid-filled designs. The threats of oil spills and These concentrations are usually at acceptable levels.
catastrophic fires are reduced with the elimination of Overall, the cast coil transformer adds minimal risk to
the liquid coolant. Cast coil transformers are a very an installation under the worst case situation. In
attractive option when the environmental effects must conclusion, cast coil transformers have a long record
be kept to a minimum. Cast coil transformers are also of operation and have proven to be reliable and
more efficient than most of the other transformer efficient.
designs and therefore fit into the increasing trend of
energy consciousness.
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RECOMMENDATIONS

Listed below are several recommendations for the 4. Use when varying loads are experienced with
use of cast coil transformers. high quantities of short-term overload but

lower average power.
1. Use near environmentally sensitive areas and

areas where personnel safety is a primary 5. Use in applications where the transformers
concern, such as piers, waterfronts, hospitals, are not enclosed in vaults.
dormitories, cafeterias, and schools.

2. Use in areas with high power rates. Cast coil transformers are excellent devices for
many uses, but they are not the best device for all

3. Use in facilities that experience cyclical loads applications. Good engineering judgement and evalua-
where the transformers are or can be shut- tions must be used to determine which design is appro-
down for long time periods. priate in any given circumstance.
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APPENDIX A

INFORMATION REQUEST FORM AND RESPONSES
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dcho Naticl Erng neering abcratory
E. G. & G. idaho inc.
P. 0. Box 1625
Idao Falls, iD 83415

Attenticn: ;.- Sctt . cride

Dear Mx. McBride:

In response to your letter of May 9, 1988 (copy attached), T will res.ornd
to your questions.

1. I am enclosing a copy of our bulletin M-i, which gives a detailed
description of cur Power-Cast tranformer.

2. We shipped our first Power-Cast transformer fr'cm our Clear- ter, FL
olant in july of 1979.

3. Our Power-Cast transformer is designed and manufao~ured based on the
Yy & Christe technolcgy.

4. We have manufactured approximately 1400 Power-Cast transformers to
date.

5. The Power-Cast transformers are available, three phase, over a kVA
range from 300 - 10,000 kVA. The high voltage range is from 2.5kV
through 34.5kV class. The low voltage range is from 1.2kV through
5.0kV class.

6. The greatest attraction for Power-Cast has been for "P0B" replacement
and applications where severe environmental condit'_ons exist (i.e.
salt laden hign humidity, caustic vapors, etc.). i know of no
application where the product meets the kVA and voltage requirements
that the Power-Cast should not be used.
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me. Scott M&--ide
Jme 3, 19e8
Page -2-

7. i am enclosi:W a copry of a bulletin pu!ished y &y C: .riste nlich
by expers examines the a biity of their technology. We use
excty Ithe -am- epoxy terials as they do. We, therefore, feel that
this data applies to the Power-Cast as wel.

8. 1 am enclosing a copy of our Product Data Bulletin E7- 9, which
addresses the products of ccuustion of cast Bisphenol "A" epoxy
transfcrmer coils in &r-at detail. % should be noted the data
given is the results of act-.a testing.

9. Experience supports a non-f!arioable classification as defL---d as not
being able to support cc--bustion and will self-extnguish.

10. We have experienced a very small number of failures, approximately
3/10 of one percent, for the entire population aanufactured over a 9
year period.

mf we may be of further servfice, please advise.

Regards,

SQUARE D CCMPANY

W. E. Featheringill
Transformer Mrketing Specialist

.Er.: 4'111

Enclosures
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GE Efectrical Distributia

and Control Sales Divis.

May 12, 1988

Scott A. McBride
Electrical Engineer
Idaho National Engineering Lab
P. 0. Box 1625
Idaho Falls, Idaho 83415

Subject: Cast Coil Transformers

Gentlemen:

In response to your May 9, 1988 letter I would like to respond as follows:

1. See attached product bulletins. We manufacture and impregnate our
own transformers complete.

2. We have built our own transformers since 1982.

2. We are licensees of Trafo-Union of Germany. They have been building
transformers since 1969.

4. 'We have manufactured over 600 units. Trafo-Union has manufactured
over 20,000 units.

5. We build 34.5 KV 150 KV BiL primary to 5000 KVA, 15 KV primary to
6000 KVA, so our max. primary voltage is 34.5 KV. Our max. KVA is at
15 KV and is 6000 KVA. We have a maximum outer diameter of 40" pri-
mary cast winding. If we want lower losses, higher BiL, etc., we
would sacrifice KVA or voltage to keep the diameter within 40".

6. Cast coil transformers are most attractive where there is a dirty
environment, area where maintenance is very difficult. High avail-
able short circuit currents. Attractive in all applications really.
Only application where they should not be used is where the ambient
temperature would drop below -50"C.

7. See attached video.

8. See attached video.
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Scott A. McBride
Idaho National Engineering Lab
May 12, 1988
Page 2

9. See attached video.

10. We have an offering that no one else can match. We have 100% impreg-

nation due to our manufacturing process. No one else does.

We do a partial discharge test and guarantee our transformer to be

partial discharge free up to 200% at 15 KV, 175% at 25 KV and 160%

at 34.5 KV.

All our transformers get impulse tests as standard.

We feel thaat with our experience, American manufactured product and superior

quality we have a very good offering for you. I would like to meet with you

and go over the info I have sent to you.. Please allow me to be of service.

Sincerely,

Richard D. Estes
Sales Engineer

RDE:ks
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ELMA ENGINEERING

SLECT-O.AGNETIC EQUIPMENT, TRANSFOIMEXS
SOLI STATE CONTROL. INDUCTION HEATING AND TEST SYSTEMS

1066 EAST MEADOW CIRCLE, PALO ALTO, CALIFORNIA 94303
PHONE (415) 494-7303. TELEX 34S-560

May 31, 1988

Mr. S.A. McBride
Electrical Engineer
IDAHO NATIONAL ENGINEERING LAB
P.O. Box 1625
Idaho Falls, ID 83415

Sub: Cast Coil Transformer SAM-1-88

Dear Mr. McBride:

Following up your letter of May 9, 1988, and confirming
our telephone discussions, enclosed are a number of
Elma Engineering documents which should address most
of the questions attached to your letter.

The two-page background summary, BG-CCT, highlights
features of the cast coil design, and Elma Engineering's
involvement in development of the product. We have been
manufacturing our own design in power distribution sizes
(over 500 KVA) for about 15 years. We estimate the total
number of cast coil transformers manufactured by
Elma Engineering to exceed 450.

As detailed in the thirteen-page "comparison" booklet,
we manufacture cast coil power transformers up to 5000 KVA
and 36 KV. Please refer to the 4-page sales bulletin for
standard capacities and voltage ranges. In addition, special
sizes can be designed consistent with available casting
molds. Elma Engineering has one of the most complete sets
of casting molds available in the industry. Special arrange-
ments of HV/LV terminations can be designed, which is
frequently necessary in PCB change-out projects.

As we have discussed, flammability tests have been conducted
on the epoxy resin system used in Elma cast coil transformers.
The "torch" tests are documented on the enclosed film strip,
which we have made available for your review. We would
appreciate your returning this film when you are finished
using it.
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Regarding combustion by-products of the resin/insulation
system, we are advised by customers who have investigated
the matter that the products of combustion are non-
polluting and non-toxic to humans. We have enclosed two
cutaway samples of a typical casted coil for your use
should you wish to conduct your own tests.

We are convinced that when properly installed on applications
well-suited for cast coil transformers, and when operated
within design capacities and voltages, cast coil transformers
offer many features superior to liquid filled or ordinary
dry-types. We hope that this material will provide you
with sufficient information to enable you to reach the same
conclusion.

Sincgrely,

Thomas A. Beno
Vice President

Encl: (5)

ib
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APPENDIX B

PRODUCT DESCRIPTIONS

Square-D National Industri's NICAST transformers utilize
their own design technology, which in some ways

following closely resembles the Traffo-Union design. However,
Appendix B contains descriptions for the fli National Industri is not a licensee of Traffo-Union.

companies: Square-D, National Indusi, Inc., Elma Some of the design highlights are described in the fol-
Engineering, and General Electric Company. lowing paragraphs.

Square-D manufactures their Power-Cast trans- The NICAST transformer uses a BPA-based resin,
formers based on the May & Christe technology. They an anhydride curing agent, a flexibilizer, and a silica
have been building cast coil transformers in America filler. National Industri uses a unique insulation corn-
for approximately 9 years. Their first Power-Cast bination that consists of NOMEX and epoxy. The coil
transformer was shipped in mid 1979. To date, turns are first wrapped with NOMEX insulation that is
Square-D has built approximately 1400 such trans- rated at 200*C and then the entire coil is encapsulated
formers. May & Christe has built cast coil transform- in the above epoxy resin mixture, which is reinforced
ers in Europe since the early 1960s. with two fiberglass sheets one inside and one outside.

The pure epoxy in the mixture is rated at 155*C. Silica
The Power-Cast transformers are available, three filler is added to increase the temperature rating to

phase, over a kVA range from 300 to 10,000 kVA. The approximately 200*C.
high voltage range is from 2.5 kV through 34.5 kV
class. The low voltage range is through 5.0 kV class. The high-voltage (HV) coils are disk wound with

NOMEX turn insulation with either aluminum or cop-
The Power-Cast II transformer uses a bisphenol A per, rectangular or foil conductor. Every other disk is

(BPA)-based epoxy reinforced with glass cloth and upset in order to eliminate turns from crossing each
small quantities of Quintex paper for insulation be- other, so that internal mechanical stress concentrations
tween the aluminum conductors. The Power-Cast are minimized during resin shrinkage. All HV coils are
transformers are equivalent to the Power-Cast II ex- vacuum cast in mold.
cept that the Power-Cast typically incorporate copper
windings instead of aluminum. The Square-D cast coil The low-voltage (LV) coils are constructed in either
transformers are encapsulated using laminar construc- a foil strip or continuous layer. These coils can be de-
tion with layers of fiberglass cloth impregnated with signed with or without cooling ducts and with either
pure (unfilled) resin, unlike the silica-filled resin of aluminum or copper conductor. Turn-to-turn insula-
the NICAST transformers. This technology uses a tiun can be either NOMEX or fiberglass. Both round
thinner epoxy cross section than the filled design with and oval cross sections can be constructed. The oval
comparable performance and strength. However, pre- configuration is currently being developed in order to
cision molds are required. reduce the length dimension to make the cast coil

transformer more attractive for PCB replacements.
Both the primary and secondary coils are vacuum The secondary coils may be encapsulated in one of

cast with the same construction technique. This tech- three different ways (1) vacuum cast in mold like the
nique uses cooling vents throughout the length of the primary winding, (2) dip cast (Dynacast), or (3) VPI-
windings and a relatively thin layer of epoxy coating. vacuum pressure impregnated. Low precision, less

costly molds are required for this design.

National Industri Transformers, National Industri builds cast coil transformers from

Inc. 50 kVA to 7500 kVA with voltage ratings from 2.4 kV
to 35 kV. They can also build banks of single phase

National Industri observed the extensive use of cast units to handle needs larger than 7500 kVA.
coil technology in Europe. In the 1970s, National
Industri decided that it would be feasible to attack the Elma Engineering
U.S. market with "fire resistant" transformers.
National Industri currently has over 7000 vacuum cast Elma Engineering is a small California-based corn-
dry-type transformers in service. pany composed of approximately 50 employees. The
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company was established in 1964 and began building some new techniques and have moved away from the
cast coil transformers at that time. Elma Engineering original licensing agreement. They now manufacture
does not rely on any foreign source for transformer de- their own product. General Electric has manufactured
signs. The complete transformer is designed and built over 600 units to date.
at their factory in Palo Alto, California. Their design
resembles the May & Christe design. Elma has been The Geafol transformers are available, three phase,
manufacturing cast coil transformers for approximate- with kVA ratings from 500 kVA to 6000 kVA (at
ly 15 years and has approximately 350 power distribu- 15 kV) at voltages of 2.4 kV to 34 kV except the maxi-
tion size devices in the field to date. mum size of the units at the 34 kV class is 5000 kVA.

Elma's cast coil tranformers are available, three The HV windings are comprised of several individ-
phase, from 112 kVA to 5000 kVA in voltage classes of ual aluminum strip coils, vacuum cast in epoxy resin
2.4 kV to 36 kV. with quartz powder filler. The aluminum strip wind-

ings are individual coil sections wound utilizing the
Both, the HV and LV windings are separately aluminum foil technology. The sections are connected

vacuum epoxy cast in a machined metal mold, in a series. Multiple layers of polyester film provide
providing two rigid tubular coils with no rigid the necessary turn insulation.
mechanical connection between their concentric
arrangement. The epoxy is completely reinforced with The LV windings are sheet windings employing a
continuous filament fiberglass to provide high me- different manufacturing method from the -V wind-
chanical strength and to prevent the epoxy from ings. A foundation cylinder is first wrapped with
cracking. High precision molds are needed for this several layers of glass fabric impregnated with ester-
design. imide resin. Full width aluminum sheet and impreg-

nated glass fabric insulation are then wound onto the
The epoxy resin used is formulated to closely match cylinder. The full width sheet winding is then wrapped

the coefficient of expansion of the copper windings. with impregnated glass fabric and cured in an oven.
This design utilizes pure (unfilled) epoxy. The ends of the windings are potted with an air dried

epoxy. This technique is similar to the nonvacuum

General Electric secondaries produced by National Industri.

In the past, General Electric has purchased cast type
General Electric has manufactured Geafol cast coil secondary coils form their competitors for their cus-

transformers since 1982 under a license of tomers that require vacuum cast LV coil designs. Low
Traffo-Union. They have just recently developed precision molds are needed for this design.
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APPENDIX C

INEL BYPRODUCTS OF COMBUSTION FIRE TEST REPORT

Byproducts of Combustion of py. Also, pieces (approximately 2 mm x 2 cm x 5 cm)
of the two polymer samples were ignited with a bunsenBisphenol A Epoxy Resin burner. The heat source (the bunsen burner) was then

removed to see if the plastic would support a flame.
Introduction. The U.S. Navy is currently in the
process of replacing their polychlorinated biphenyl In phase (2), the temperatures at which changes took
(PCB) transformers with ones that are more environ- place during heating of the polymers were determined
mentally safe. One of the proposed replacements is a by thermogravimetric analysis (TGA). These experi-
transformer that uses bisphenol A (B PA) epoxy ments were carried out under both an inert (nitrogen)
insulated coils. There is a concern over the possible atmosphere and an oxidative atmosphere (air). The in-
health hazards associated with the combustion prod- ert atmosphere was selected to evaluate the thermal
ucts of the BPA epoxy if the transformers were stability of the polymers in a nonoxidizing atmosphere
inadvertently subjected to high temperatures. One that may undergo thermal fluctuations, such as the
study has already been completed and has shown that polymer that is located internally near the aluminum or
toxic gases are produced by the combustion of BPA copper coil wires of the transformers where the resis-
epoxy; however, the amount of toxic gases in air found tance heating is at a maximum.
was well below the recommended permissible expo-
sure limit for humans.1  Phase (3) of the analysis was done using gas chro-

matography (GC). Attempts to collect the gaseous
The Naval Civil Engineering Laboratory (NCEL) products from the TGA experiments for GC analysis

has provided two samples of BPA epoxy, one red in proved futile as only 10 mg of material could be used
color (Square-D Company) and one brown in color effectively. To collect the gaseous products from the
(General Electric Company), to be chemically eva- pyrolysis of the materials under both the inert and oxi-
luated with respect to combustibility and toxic prod- dative atmospheres, a simple apparatus was con-
ucts given off during combustion or pyrolysis in an structed employing a tube furnace and an impinger
inert atmosphere. The required work needed to com- containing 2 mL of emthylene chloride cooled to
plete the chemical evaluation was broken into two -78*C in an acetone/dry ice bath. The quartz furnace
parts. The objective of this part of the study was to de- tube and apparatus were also rinsed with methylene
velop the experimental methods to do the analysis and chloride and the rinsate diluted to 10 mL and subse-
obtain initial results. This paper discusses the initial re- quently analyzed by GC. The resulting solutions were
suits of the qualitative and quantitative analysis of the analyzed by GC with separation on a 10% SP 2100
combustion products of the BPA epoxy and details packed column (Supelco Chromatography Suppliers)
what further work must be done in the second part of in a Perkin-Elmer Sigma 2 Gas Chromatograph
the study. Figurs C-1 through C-6 show BPA epoxy equipped with a flame ionization detector (FID). The
samples. temperature program was as follows: isothermal for

5 minutes at 50*C, then a ramp at 8*C/minute to
Experimental. The experimental work for this study 230*C, and a thermal elution at 230'C for 5.0 minutes.
was done along the same lines as those found in one of The injector and detector were held at 2700C and the
the articles during the literature search.2 The analysis eluent (He) flow rate was 30 mL/min.
was carried out in three phases (1) chemical and physi-
cal characteristics of the two epoxies were determined, Results and Discussion.
(2) temperatures at which chemical and physical
changes take place in controlled air and nitrogen PhaSe (1). While working with the two polymers
atmospheres were determined, (3) the four toxic com- during the physical evaluation, it was noted that both
pounds previously identified from the pyrolysis of materials were very hard and that the "red" was much
BPA were identified and quantitated for samples col- more brittle. Chemical evaluation of the two epoxy
lected over the entire combustion process.1  materials using IR spectroscopy confirmed that both of

the samples were composed of BPA. The "brown"
In phase (1) the chemical composition of the two polymer also contained bands that were indicative of a

materials was verified using infrared (IR) spectrosco- silica-based filler, most likely the quartz powder used
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Square-D
eSample #8

" N% Square-D

%, Sample #4

1in. calibration
mark

Figure C-1. This photograph is of two unfilled BPA epoxy samples (Square-D) that have been subjected o the
burm tests. The flames consumed a small portion of the material, but tie degradation did not reach the I in. mark.
The material proved to be nonburning by the definition of the test procedure.
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~NITI Sample #3

M-~

/7/, 1 in. calibration

0-0085

Figure C-2. This photograph is of two silica-filled BPA epoxy samples (National Industri Transformer, Inc.)
that have been subjected to the bumn tests. The flames caused a minimum amount of degradation of the material. In
comparison to Figure C- I the filled sample was less effected than the unfilled sample. This material also proved to
be nonbumning by the definition of the test procedure.
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-px wVslto

Copper winding FbrgasInsulation layer
conductors reinforcement betvwaen wirning

sheet layers

Figure C-3. This phoW*ip shows across section of a casi coil t*cu fromt an Ema Eagiaring minsfonneL
The section shows the coil, conductts and the insulatn shecs that sepam the mmn as well as the epoxy layer that
is used to encpsuate dhe windinigs. This paricui design also used a layer of fiber glas io rovide rinforcement.
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F-12

4

0-0082

Figure C-4. This photograph shows, stating on the top, samrples I to 5 of the National Industri epoxy material
and on the bottom, samples I to 5 of the Squm-D epoxy.
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Figure C-5. This photograph is very similar to Figure C-4 except that samples 6 to 10 are shown of each type
of epoxy.
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Figure C-4. Thermograms of both the brown and red polymers obtained under an air atmosphere.
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as a resin hardener in the General Electric transform- remaining 45% was a pinkish powder that was deter-
ers. The reinforcement of the resin in the Square-D mined to be the silica filler by IR spectroscopy. These
transformers was done using a fiber glass filler.4 This TGA curves are fairly typical for most organic
fiberglass filler did not show up in the spectroscopy of polymers.' 5.6
the "red" polymer. This absence of the filler is a possi-
ble explanation of the "red" polymer's extra brittle- Phase (3). Typical gas chromatograms of the col-
ness. The test samples used for these tests were lected gaseous pyrolysis products are shown in
approximately 2 mm x 2 cm x 5 cm, which is substan- Figures C-8 through C-13. The chromatograms of the
tially smaller than those used for the other material gases collected in the impinger contained light weight,
tests. low boiling hydrocarbons that eluted before the me-

thylene chloride as well as many heavier hydrocar-Phase (2). The IR analysis was followed by TGA bons. Benzene, toluene, ethylbenzene, and phenol
of the epoxies to determine their characteristics with were positively identified in the impinger solutions,
increasing temperatures (10°C/minute). Under the in- and phenol was also identified in the rinsate. The four
ert atmosphere (nitrogen) both polymers began to de- toxic compounds mentioned were previously identi-
compose at 300-350*C, while the "brown" fied and quantified from the pyrolysis of BPA.
(Figure C-6) polymer only lost approximately 50% of Table C-1 is a brief summary of the quantitative re-
its weight by 420°C. The remaining 50% of the sults that were obtained in this study. These results are
"brown" polymer was a black, hard solid that was de- much higher than those previously reported
termined by IR spectroscopy to be composed primarily (Table C-2).
of the silica filler. The black color was assumed to be
from elemental carbon. The absence of any residue If we used the same hypothetical situation that was
from the decomposition of the "red" polymer again used in the previous study of BPA t on the results from
shows that the Square-D samples did not contain their this study, it would indicate that both the phenol and
fiber glass filler. benzene would be above the permissible exposure

Under the oxidative atmosphere (air) TGA showed limit (Table C-3). These levels, however, would mostthat the "red" polymer (Figure C-2) began to decom- likely pose no threat to fire fighters in the immediate
thsat he "red" pmerd(Figure c)rbegan torom- area because of the dilution of the toxins that would
pose at 250°C with rapid oxidation occurring from 350 occur in the area holding the transformer. Heating rates
to4350C and a net weight loss of approximately 85%. during the pyrolysis may offer one possible
The remaining 15% was oxidized completely between explanation for these results. The slower heating rates
535 to 5800C. The "brown" polymer (Figure C-7) also used in this study may produce larger quantities of
began to decompose at 2501C with rapid oxidation be- gaseous products. The number of gaseous products and
tween 330 to 4201C and a net weight loss of 40%. A amounts of these products are greater when formed
second oxidation step was seen between 450 and under a N2 atmosphere primarily due to the fact that
5000C with an additional 15% weight loss. The they are not able tobe oxidized toCO orCO2.
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Figure C-7. Thermograms of both the brown and red polymers obtained under a N2 atmosphere.
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File 37, Run 5, Started 11:20.4,87112/01, SP2100
% Method 1, SP2100, Last Edited 09:19.5 87/12/01

WB3 A-64 C.10 0-3 Brown, 0.2880, Air
0.625N 0.044

625 B A-4 1.066
1.263 1.506 1.773 ~1.654

2.969

3.864 B W-5
// 5,06

5.48
6.09

B
7.14

B W-6
8.08

9.43
9.60
10.29

11.06

12.02
12.65

12.93
13.46

14.50

15.75

16.20
17.03 17.38

18.75
19.15

19.90

20.91

21.30
22.36 22.64

23.34
24.59
24.81 1.854 Methylene chloride
25.48 5.06 Benzene
26.04 9.43 Toluene

12.65 Ethylbenzene
27.61 15.75 Phenol?

28.43 22.64 Possibly plastisizerhardner

29.20

31.12
B W-7

Figure C-8. Pyrolysis products of 0.2880 g of brown under an air atmosphere.
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File 41, Run 9, Started 16:66.3, 87/12101, SP21 00
% Method 1, SP21 00, Last Edited 09:15.5 87/12/01
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File 48, Run 16, Started 11:31.6, 87/12/02 SP2100
% Method 1, SP2100, Last Edited 09:19.5 87/12/01

Red, 01331 g, U2, 2 mL
W-3 A-64 C.10 0-5_ 

BGN

'.632 0.766 0.352 , 1.034
Q .16 8 1 .5 3 4 1 .3 6 5 1 .7 4 61 . 7

|1.672

22.670
B W-4

5.196
65.646

6.236
W-5

B6.86
B
8.77

9.50
9.88

10.69
B W.6

12.69
12.97

13.48.
14.11

14.53
15.01

15.35 15.63 15.77
16.24

16.90
17.36

18.14

L 
18.56 

187

19.39 19.7820.36"

20.72 20.91

21.49 218
22.25 

22.57

23.51
23.88 <1.972 Volatile hydrocarbons
24.79 5.198 Benzene
25.20 9.50 Toluene
26.05 26.30 12.69 Ethylbenzene

27.37 15.77 Phenol27.37 27.63 22.57 Possibly plastisizer hardner
27.97

29.21

30.37 30.76

Figure C-11. Chromatogram of products rinsed from furnace tube with methylene chloride after pyrolysis of
red under an air atmosphere.
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File 40, Run 8, Started 15:42.3 87112101, SP2100
% Method 1, SP2100, Last Edited 09:19.5 87112101

W-3 A-64 C-10 0-5 Red, 0.1152g

0.384 0.626 BGN

B W-4 0.679
11.862

B W-5

.5.46
B

W-6

W-7

15.78
16.22

17.37

18.55 18.75

19.84
20.34

20.92

21.80
m 22.24

22.59
22.87

23.87
24.38
25.46

26.07 1.862 Solvent (methylene chloride)
15.78 Phenol (possibly)

27.61 22.59 Possibly plastisized hardner
28.42

29.17
29.76

B

Figure C-12. Chromatogram of the pyrolysis products of 0.1331 g or red under an N2 atmosphere.
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File 49, Run 17, Started 12:15.8, 8712102, SP2100
% Method 1, SP2100, Last Edited 09:19.5 87112101

W-3 A.64 C.10 0-5 Red, 0.1331 g, Rinsate, 10 mL
BGN

0.660 B W-4
1.311

11.950

5.67 

W -5

B
W.6

W-7

15.60

17.34

18.053
1 9 .07
19.37
19.78

20.32
20.88

21.81
22.22

22.55

23.85

24.76 25.19 1.950 Solvent (methylene chloride)
15.80 Possibly phenol26.06 26.29 22.55 Possibly plastisizer hardner

27.95

29.18

S 30.75

3 1.8 2 B

Figure C-13. Chromatogran of products rinsed from furnace tube after pyrolysis of the red under a nitrogen
atmosphere.
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Table C-1. Concentration of toxic pyrolysis products of BPA polymers testing preferred

Concentration
(mg/g)

Air Atmosphere Nitrogen Atmosphere

Compound RedA  Brownb Red Brown

Benzene 3.1 1.2 7.8 1.24
Toluene 0.65 0.26 1.9 0.86
Ethylbenzene 0.12 0.25 0.15 0.13
Phenol 2.8 4.3 10.0 -

a. Red is Square-D polymer.

b. Brown is General Electric polymer.

Table C-2. Comparative results of concentrations of toxic pyrolysis products of BPA polymers in air
atmospheres

Concentration
(mg/g)

Current Study Previous Study

Compound Red& Brownb (1)

Benzene 3.1 1.2 0.0015
Toluene 0.65 0.26 0.0026
Ethylbenzene 0.12 0.25 0.002
Phenol 12.8 4.3 0.026

a. Red is Square-D polymer.

b. Brown is General Electric polymer.

Table C-3. Concentration of toxic vapors

Permissible
Exposure Limit Estimated Concentration

in Air mg/m- 3  Generated by Combustion of
Toxic Vapor (ppmw) Red8 BPA Epoxy in Air mg/M3

Benzene (25) 355.0
Toluene 375 74.2

(100)
Ethylbenzene 435 13.7

(200)
Phenol 19 1462.0

a. Red is Square-D polymer.,
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bourn after the rn~L for %mall qgnitim. timing A -
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All 10 specimens under test ceased to bumn of an are welder. and an are was rawn from

in from 2 -nin 20 sec to 2 min Mlsec after the the positive welder Mectrodie to tit( aluminum -. 4

0-sec aplilicatiol (if flame, and none huritd winiiii enxiiseil through the hilh.

to the 4-in. maric. Therefore, the epoxy mate- Normally. trnsformer.,- are prutected by

rial was determined to be "self-extinguisiig overcurrent devices that should clear an arc-

by this test. ing fault in 30t cycles (I., sec) or less. A _____-

worst-mae exampie of a poo'rly protected ::

Testing the coil transformer should clear in less than four 7 _

There are no industry or ASTM standards seconds. To represent extreme conditions, the - -
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necessary to devise test procedures that rep- with increasing durations up to 90 see. The
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serve the results. the aluminum wire and to exudilish a flame ~~-$
For these tests, a repiresentative cast high- (Pure alumnaun melts ait i;trc. Thle time ~-

voltage coil wus takeun from a normal pniluc- from the rmitoval of the areinai vlectrode heat, * .*

Lion run. The coil wa: :Nt; lit. high, with an stiurce o lthi ln a %v .. t 10iisuAd was ~

outside dliamueter (if :,' lit. and ant iiti'i diam- iiii-mmirri-r ;aid illh- soequineon pholat ~plivi at~

eter of 18 iin. It consisted of multiple layers umforii intervals (see photrasi. The results

of aramid-insulated aluminum conductors, were as Nolows:

completely covered with a Fiberglass mat,
placed in a met~al mold. and cast in epoxy ArsrtonFa e etnto

resin under vacuum to elininate any voids. 546 D

The epoxy outer layer is VI, in. thick over the a0 49

winding. -20 82
To simulate an internal arcing fault. a 30og0

1-in.-dia hoie was drilled tCirough the ',,-in. .5s 413

epoxy outer Coatinz, exposinK the alumiunum 90 D- 86



probably be higher since it is proportional to
______________ the surface area, and burning oil would

,.~ .~ . '~.*a - -= - xnd quickly when released froi i tme irans-
~ A. former tank.

t- asfa er cilsare a cnuiilisite

~~ . ,~~~.yste-m elf .*frnxy mixed with nsf~an1aI
-- - -~-. - ,. filk-rs. inmilatsim anud itLU1lk -at- triatls,

-. -and metal windings that conduct and ifftrib-

* --. . !Ite heat. The entire coimplex 111.5 mullst he

£ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l) ;-**.- ~-' ~:~ ~ ~ . .~ £ psibiity of sustaine-d combustion.
- -: -To simulate ignition from an external

L ~* :- flame energy source, an oxyacetylene cutting
* .. .-. -, 4 torch was used. The test sample wvas the

~ g ----- ~ same representative coil used in the arcing
~** j j ~ ~ '5 ~-~~"' test rotated 18(r to present a frekh surface.

~ eb~-. ~ ~ 4-~5 The eoil was on a wooden skid in a draft-free
. -. ,~.,L-... .61~ ~ enclosed area. There was no outside influ-

ence thtwould help to extinguish the flame.
* ~-~--.tThe torch flame was applied to the bottom of

- ~.. -~the coil, so that rising heated air would tend
*~~~t k;:.. Ieep the material burning, and held in

:~>.- *~ -~ ;2~- contact with the specimen for 30) sec. The
- - '- ~~ - , -,~j~~: time from removal of the torch to extinction

A * , . . : of tlie burning epoxy was carefully mist-
- *. ~ sured, and the sequence photographed at

Flame from an external fire is suiulated by ar - regular intervais (see ph~otos). The results
o.yacieylene cutting torch. applied at the bottom .

oi the cod so Mat the heat well ignite as much* were as follows:
eooxy as possible (A). As with the arcing fault, the .. *.'* -Torch applied Flame extinction
flame of burning epoxy is maximum as the torch is P ~ '(sec) (sec)
removed (B). starts to self .c.tinguish (CQ. and a301.
ILw cxxts Liler hans illy extuirqunsWc itelt (D) ~A3 2.

It is clear from these rvsults that a fire, j- ' ' -. This test was repeated many times, with the
with burning epoxy, starting from an inter- ;-,*. -'-- torch applied for 30 se. and these results are
nai failure in the coil, should be self-extin- - representative of the extinction times
guishing within a short time after the 5: 7j iy~ obtained.
internal e!ectrical fault is cleared by overcur- '- - . Because of the wide range of possible ex-
rent or other protective devices. C- ternal fires, it is not certain from these tests

It was more difficult to simulate an exter- that an externally caused cast-coil fire would
nal fire that would affect Lte coil. Such fires be self-extinguishing under all circuin-
have many variables, may be fed by a wide 7iW .i -0 stances. However, it is highly probable that
variety of materials, and may have ample Zf4-y - if flames o~f moderate size set fire to the
oxygen or he oxygen-sLuirved. The results ~ -~ j epoxy and then were removed or extin-
will be a large range of flame temperatures, guished, the coil fire would then self-extin-
with varying effects on the epoxy-cast coils. V ~ ~~'~~guish. If the transformer is involved in a
In evaluating the risk of ignition as a result C-' general conflagration, it is quite possible that
(if ahostile fire,- seei f. it would burn, but it would not add signif i-

acirnsirdereord..,,, I cantly o h intensity of the fire.
The ignition temperature of the epoxy ma- P 7 :4. Prdct f obuto

tonial is approximately 45(0, higher than Prouct ofcmuto
that of wood andl many other common con- C~' .- ~ . ~ . It is not possible to determine a standard

structioln inaterials likcly to be found in the se of codtin tha setdpevi in a hs
building. Therefore, alarmns and other protec- - ;.:tile fire involving a cast-coil transformer.
tive systems should probll~y activate before - There are many variables that can affect the
Lte tr~aiisfumrnier ignites. The epoxy cast coil ~-. ~results. The burning of the building Mittern-

wil nt onriut alagea u fhae-to iJt.zA als and contents results in a complex mixture
an existing fire. For equivalent sraet- D of products. The quantity of oxygen available
mass ratios, burning epoxy yields about and the different temperatures resulting
12.1)00 Btu/lb, compared with 18.000 Btu/lb from combustion of different materials act-
for burning transformer oil, and 8000 Btu/lb ing as fuel for the fire combine to create an
ffiur iiniing pine wood. i ain actual fire. the unpredictable variety of combustion
hvai l]Il rate (if I rmisforiticr iiil would D.-5 jiroiucts.



CAST COIL TRANSFORAMERS

Table 1. Products of air pyrolysis of epoxy resin

OSHA limits

Quantity Concentration TLV STEL

Compound produced (ppmw) (mg/m 3) (ppm) (mg/m) (Ppm) (mg/m 3)

Benzene 28 to 32 3.4 to 3.8 10 30 25 75
1.3 Buladiene 2 to 8 02 to 1.0 1000 2200 1250 2750
Cycopeitadiene 17 to 21.5 2.0 to 2.6 75 200 150 400
Naplialono 3 to 6 0.16 to 0.72 10 50 15 75
Phno 4.5 to 5.5 0.54 to 066 5 19 10 38
Slyrene 6 to 8 0.72 to 0.96 50 215 - --

Toluene 13 !o 15 1.6 to 1.8 100 375 150 560

For comparison only I
Acetic acid (vinegar) 10 25 15 37
Acetylsalicylic acid (aspirin) - 5 - -

Ammiio [" 25 18 35 27
Perctloroothylono 5 33-

NOTES:
ppmw: Parts per million by weight
ppm: Parts M million
mg/m: Milligrams per cubic meter
TLV-OSHA: Threshold Limit Value-maximum amount in atmosphere tolerabte for an 8-hr period
STEL-OSHA. Short Time Exposure Limit-maximum amount in atmosphere for no more than four 15-min exposures per day. with at leas1

60 min between exposures I
Concentration- Calculated estimate. based on the amount (in ppm) of toxic vapor produced, using the total volume of epoxy in a typical

(2000kVA) transformer. with the total volume of air required to consume completely all the epoxy-assuming a
code-rainimum.sized transformer room. Typically. I ppmw of vapor equals approximately 0.12 mg/nI 3 concentration in
the worst case. (For smaller transformers, larger rooms, or more air. this value would be lower.)

Unfortunately, similar problems complicate of what toxic compounds might be produced
attempts to simulate in a laboratory the in an actual fire rather than as a definitive
burning of cast coils, and tests have been analysis of what wiil be produced. The OSHA
conducted over many years with a variety of limits for a few familiar substances are in-
results, depending on the test conditions and cluded for comparison purposes.
parameters and the methods of analysis of The results of combustion tests. is
the products of combustion. Pyrolysis (de- summed up in this table, indicate that the
composition of organic materials by the appli- toxic substances produced by the burning of
cation of heat) has been conducted using an epoxy-cast coils for transformers are pro-
ample air supply, a restricted air ;upply. or duced in concentrations to which htmans can
itrogen only, with no oxygen. at variots be exposed, by OSHA standards, fur relative-

temperatures, such as 350", 450*, and 900'C. ly long periods. These tests cannot include
Analysis of the products of combustion has the effects of such phenomena as gas strati-
been performed using many methods, such fication that might increase the dangers of
as gas chromatography and mass exposure. However, they do satisfy the origi-
spectrography. nal goal of this investigation. They demon-

A list of possibly toxic or harmful corn- strate that a cast-coil transformer does not
pounds produced by pyrolysis of the epoxy add significantly to the hazards to fire-
casting material that have appeared consis- fighters or others in the vicinity of a fire.
tently and in measurable concentrations in
numerous tests over several years is given in PCDD and PCDF
Table 1. Although tests performed under dif- The investigation of possible hazards from
ferent conditions produce different products the burning of cast-coil transformers would
of combustion, the results of separate tests have ended at this point, except that there
performed under similar conditions are quite was evidence of trace amounts of chlorinated
consistent. Also included in this table are the impurities in the combustion products. There
OSHA exposure limitations for these com- is increasing public concern regarding non-
pounds. This table does not include harmless biodegradable polychlorinated compounds
products of combustion, nor does it represent such as dibenzo-p-dioxins (PCDD) and diben-
a list of all possible harmful products of corn- zofuranes (PCDF). Cancer and congenital de-
bustion. It should be taken as an indication fects are believed to be consequences of



TRAN"SFORMERS AND INSULATING FLUIDS
For many years. transformers used indoors and in other fire- transformers are being disposed of in the manner required by the
sensitive areas were usually either askarel liquid-filled, or stringent EPA rules, a very costly process, and replaced with
ventilated dry-typo. Ilhon polychlonnatod biphonyls (PCBsI were environmentally acceptable units. These replacements, and all
determined by the Enviroinental Protection Agency (EPA) to be new installations, can be either dry-type transformers or
cancer-causing and not biodegradable. Askarel. sold under transformers :illed with nonflammable or less-flammable dielectric
various trade names, consists of about 70% PC8s. and fluids.
manufacture of askarol-filled transformers was prohibited. Existing Dry-type transformers, with the windings immersed in air, have
askaroi-hillod transformers woro permitted by the EPA to continua been used successfully for over 50 years. For over 20 years, cast.
in use, but und3r sb.ere restrictions intended to prevent leakage of coil dry-type transformers, with either the high-voltage winding, or
PCBs into the environment and to eliminate human contact with both the high- and low-voltage windings encapsulated in an epoxy
the offensive PCBs. compound have been available. A cast-coil transformer can be

Some existing askarel-filled transformers were retrofilled ,vith used in many corrosive or dirty atmospheres that rule out air-
other, more acceptable fluids, but this was seldom effective. With immersed windings and are much less subject to physical damage.
time, the PCBs leached out of the transformer materials and In addition, while individual transformer designs vary widely, cast-
contaminated the replacement fluids to over 500 parts per million coil units tend to have lower losses, be physically smaller, and to
(ppm), so that the transformer was still classified as askarel-filled have greater capacity when fan-cooled than equivalent air-
according to EPA standards. Many existing askarel-filled immersed-coil transformers.

exposure to these compounds, and the risk is The results of these tests can be sumnima-
so high that it was decided to conduct a rized as follows:
specific investigation to determine wlwth4-r Compound ng/Nm' ng/kg/epoxy
these conmlounds were produced by cotilhus- PCDD 0.52 1.1
tion of the epoxy, and if so, in what quantity. PCOF 1.36 72

Extreme precision was required for this Totals 1.88 8.3
analysis because of the ninute quantities and
the chemical composition of the compumds NOTE- I nanogram, ng, - I billionth of a gram.
involved. First, the total chlorine content of
the epoxy material was determined at the The total of all I'CDDs and ['CI)Fs found
Institute for Energy Research in Kjeller, totaled only 1.88 nanogranus per cubic meter,
Norway, using neutron activation analysis. an extrenely small quantity, corresponding
The results showed a total chlorine content roughly to about 1.88 parts per tillion. This
of only 0.041%. This low value indicated that level is lower by a factor of" 100 than the
polychliorinated compounds should not be a concentration of these products in the ef-
problem, but testing was continued to con- fluents of a typical municipal incinerator.
firm this. These results confirm what was expected

Pyrolysis of the epoxy material was per- from the low total chlorine content of the
formed by the Center for Industrial Research epoxy.
in Oslo, Norway. A sample of the epoxy
weighing 275g was burned in 1.47Nm-' (nor- Conclusions
mal cubic meter-ha' at 20, 0'1' humidity) If castcoil transformers are in.ived in a
of air. The gaseous, solid, and liquid prm lucts fire, either front internal failure or external
of combustion were collected in a series of flames, they will pose no unusual hazard to
precision laboratory filters, condensers, and firefighters or the general public.
absorbent cartridges. Firefighters should use respirators when

The actual analysis of these products of fighting a fire in an enclosed space, and no
combustion was done at the Norwegian Insti- additional equipment or special precautions
tute for Air Research in Lillestrom, Norway. are reqired if a e:st-coii transformer is
In recent years, very soplhisticated tech- involviid.
niques calable oful d,,tctiig extrinl*tv small The c'a-t-coil transfiriiur will nit pritduc
iquantides of various compounds have ben any signilicant quantity of noihindegradable
developed. These techniques include methane toxic substances, even if the epoxy is entirely
negative ion chemical innization mass spec- consumed in the lire. It will not produce a
tromnetry using muitiiple ion detection. and need for intensive detoxification of the build-
electron impact iiuization mass spectrome- ing. and therefore there will be no resultant
try. Using thest, nimids, minute qn:tnitities loig-tina- loss of use of the facility because
of several PCDD ;mid lUI' compounds were of the transformer.
found, with the polychlorination ranging The use of epoxy cast-coil transformers
from four to eight chlorine atoms per does not add to the fire risks in any signifi-
molecule. cant way. U
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ABSTRACT

At approximately 9:00 pm on Sunday November 20, 1988, a new cast coil transformer
failed. The transformer was installed in Pier 4, Vault B on Norfolk Naval Base. It has been
determined that the failure occurred in the phase C low voltage coil. The fire did not spread
beyond the transformer, and environmental contamination was not evident.

The transformer was removed by the manufacturer and taken to their plant where an au-
topsy was conducted. The shop teardown inspection concluded that there was substantial
damage to both the phase C secondary coil assembly and the core leg. The rest of the device
was also damaged to some extent by the heat and flame.

The actual cause of the failure has not been conclusively determined; however, the facto-
ry has determined it to be attributed to manufacturing defects. This defect is the presence of
small burrs located on the coil conductors.

The manufacturer, National Industri, will replace the failed transformer under the I year
warranty agreement. The new unit is scheduled to be installed in late May 1989.
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DESCRIPTION AND ANALYSIS OF CAST COIL TRANSFORMER

FIRE AT PWC NORFOLK, VIRGINIA, NOVEMBER 1988

INTRODUCTION

This report details the events surrounding the recent Norfolk-based PWC. This trip was con-
cast coil transformer failure at PWC Norfolk on ducted to collect data and inspect the damage
November 20, 1988. The report contains a sequence of at the installation site.
events, a device description, analysis of the incident,
manufacturers' comments, and engineering 2. The second trip was on January 25, 1989, and
recommendations. was attended by G.V. Urata, John Franchi,

Two site visits have been conducted to determine as NCEL, Rod Nelson, INEL/EG&G,
accurately as possible what the actual conditions were S.A. McBride, D. Dickerson, NAVFAC HQ,during the failure. L. Steiner, NITI, 1. Arsonovic, NITI,

M. Haas, NITI, and T. Lanoue, NITI.

1. The first visit on November 28, 1988, was at-
tended by G.V. Urata, NCEL, R. Culbertson, The primary objective of this second meeting was to
NEESA, A. Bialecli, NCEL, S.A. McBride, perform an autopsy on the failed transformer in an at-
INEL4EG&G, and representatives from the tempt to determine the cause of failure.
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SEQUENCE OF EVENTS

DATWrffa EVENT

October 1988 National Industri transformer #02103-B was installed in Pier 4, Vault B. This transformer
replaced a PCB device of the same rating.

November 20,1988 Estimated time that the fire started.
8:50 pm

November 20, 1988 USNS Rigel (T-AF-58) reports smoke emitting from Pier 4, Vault B. Alarm received by
8:59 pm base fire department.

November20, 1988 Explosion #1 occurs and P-substation main breaker trips on ground fault relay (CO-8 relay
9:00 type). Personnel went to P-sub and opened P-4 and P-i, 2,3. Rolled the breakers down and

tagged and locked both Out. BKR P-I, 2, 3-no targets; BKR P-4--one target.

November 20, 1988 Personnel performed evacuation of pier because of the uncertainty of the transformer type
9:00 (possibly PBC). Fire department injects two 150 # cylinders of halon gas into the vault

through the door vents. Contact was made with the Norfolk PWC and proof was requested
that the PCB transformer had been replaced with the cast coil device.

USNS Rigel started its on board 200kW emergency generator and explosion #2 occurred.

Suspected cause of the second resumption of the fire is backfeeding of shore transformer due
to the manual operation required in this situation. Once the shore to ship link is removed the
generator on board the ship stabilizes.

November20, 1988 Fire is classified as extinguished.
11:58 pm

NOTE: For a more detailed description of the actual operations during the failure refer to the Appendix containing
the Norfolk fire department report #62688, and a duty log assembled by Mr. Dave Midget of the Norfolk PWC.
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DEVICE DESCRIPTION

The transformer involved in this incident has the following specifications:

SIZE 2000 kVA

PRIMARY 11.5 kV DELTA

SECONDARY 480 V GROUNDED Y

LOCATION PIER 4 VAULT B

TYPE CAST RESIN-fIGH PERFORMANCE

MANUFACTURER NATIONAL INDUSTRI TRANSFORMER, INC. (NITI)

This device was installed on Pier 4 for research pur- (NCEL) and had been loaded only a few times when
poses by the Naval Civil Engineering Laboratory the failure occurred.
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FAILURE ANALYSIS

The flaw was isolated to the phase C secondary coil the penetration of the flawed lead through the
based on the autopsy performed on the device on NOMEX, creating a turn-to-turn short circuit.
January 25,1989. The specific cause of this accident is
not definitely known but is being attributed to a man- The transformer was lightly loaded at the time of the
ufacturing error in the transformer. fault. The primary protection activated when the heat

and flame of the secondary had sufficiently degradedDuring the autopsy, several small burrs were found the primary and caused it to fault to ground. This is

on the remaining sections of the low-voltage leads. suspected because the primary was cleared by the

These burrs were formed when the copper sections sund fau se reyay.

were welded together to form the lead. It is a standard gro fault relay.

procedure to remove the burrs from the leads with a
grinder after the weld is made; however, they were not
adequately smoothed on this device. The manufacturer the heat and fame, but the damage was not as signifi-
indicated that burrs similar to those found could have cant as that on the faulted coil. The fault continued for
caused the fault by penetrating the 30 mills of asubstantialamountoftimebeforetheprimaryprotec-
NOMEX turn insulation placed between the lead and tion cleared. Estimates of the fault duration are vague

the adjacent turn, which would have produced an inter- and contradictory but most likely is 2 hours or more
nal turn-to-turn short circuit. The autopsy inspection based upon the magnitude of heat damage.
revealed massive amounts of electrical arcing damage
to the secondary coil assembly. The area around the After the primary protection cleared the fault, the
arcing fault was also severely damaged by heat pro- ships 200 kW emergency generator was brought on
duced from the fault. Heat damage indicated that the line. Refer to the one-line diagram on the following
fault had been in existence for a considerable time pe- page. The operator experienced difficulty in getting
riod before the start of the actual fire. the voltage to stabilize and eventually the generator's

breaker tripped off line. The operator then began to
The transformer that failed successfully passed all shed unnecessary loads to reduce the load level on the

of the standard acceptance tests before leaving the fac- generator. The problem still existed and at that point it
tory. The temperature rise test was, however, not per- was determined that the shore to ship power feed had
formed on this particular unit. It is typical to test a not been disconnected as is required. It has been esti-
typical transformer of each design to verify the design mated that approximately 30 minutes passed before the
but not to test each unit individually. It is believed that shore power cables were disconnected from the USNS
the transformer was operating acceptably when it was Rigel. Therefore, the USNS Rigel provided both heat
first installed and that the few thermal cycles that the and arcing directly to the fault and sustained the fire
transformer was subjected to were sufficient to cause for an additional 30 minutes.
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RECOMMENDATIONS

Th±~ x~ ~ees~iirant~mbe~s n tis ~eliin-' =-e ba-kfceding !aalt Ti
thm Cctrhee enrai lbc &Rth ane Of thMS sm could be cleccaetd CCtes~~te

ased as a cc.cL w trpi p devie off lie
1. Th BE z mat12-=deec in the uznsfm=ne oo high wtemwure. U-= dif-ferniva rely

Wcem Wm ecxth NraInsfcrrnes.
I. 1b: lak Of iM&Ijvdtu ra=dcrcr urcectic

Thr~e am zaho svra mehods a~mikabk Eo redure
3. The backfeeding of the Lnormer bA the the possib.y of backfeeding !k ua.sfcrmer as o-

s""ips' e.eny gra-or. seiv-d in this ixid

On tbe first issue, - mma aur. has r .inedthe A differential relay s'.ysem could be confi-
paobler and cirm-ged both manuifacturing and quality gured to perate prunaty ad seconar pro-
3wce Seps to address this isse. tcion but uld be quite complac'

The transformer protection was not adequate to The ship's on-board system or procedure
cear the fau'L t re are several metho s that could be could be modified to ehrninate the possible
employed to protect de transformer and an investiga- backfeed. This could be accomplished by
tion should be conducted to determine which is the configuring the ship's shore power breaker
most viable o ion. (or tie breaker) to trip when the generator

breaker is closing, either with mechanical or
" Add fuses or breakers to each breakers to electrical inerlock.

each primary !o trip the units on individual
overload. * Last, a reverse power relay could be installed

on the main circuit breaker in the substation.
* Add individual protection relay and intercon-

nect to the substation :r he nearest upstream The acoustic emissions monitoring inrstrumentation
breaker. would have detected the problems in the transformer if

the device haa been installed on the unit- The monitor
" Add a three phase secondary coil temperature is designed to pick up small as well as large levels of

sensor and connect it to an alarm alerting an discharge (arcing). The monitor, however, would not
rpcrator that a high temperature condition ex- typically alarm or trip the circuit unless designed to in-
iss and needs attention kthis option would not tegrate the unit with the trip circuitL
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RISK ASSESSMENT

T"e camrophr faie of this ot merin, dud eliminae all eletrca! r ngtheu.ns-
ltle risk to personel n the pier or to fire fighters- If former vault with a,-r.
E device had been the original PCB transformer, a

very gre magniuide of risk would have followed a The cast coil type dry transformer eliminates the
similar failure. Based on prelimina y analysis of chem - risk off liquid spills that commonly occur when a typi-

ical swipes taken from the inside of the vault, %hich cal liquid-fil'ed transformer is involved in a fire of

contained the transfformer, the prodtrts of combustion similar magnitude.

from the fire were no found to be at levels dangeo The fre was isolated to the transformer vault. If the
to thse in the vicinity of the inidenL Addiionai soot device had been installed inside ofa facility such as the
analysis is being performned to ascertain what compo- two 750 kVA cast coil units in LF-18, it is believed
nents are present and in what concentrations, that the horizontal propagation of the fire would still

be at a minimum. This is not the typical case when a
liquid-filled transformer is under flame. The liquid

There was some speculation as to the type of trans- typically will spread -he flame to surrounding areas
former in the vault and until proof was given that the when it is dispensed from the unit.
PCB transformer had been replaced by a dry-type, the
fire fighters did not attempt to enter the vault. The re- In summary, the amount of risk involved with this
cords at the fire department had not been properly up- type of transformer in the vault installation was at a
dated. The fire fighters should establish a procedure to minimum in relation to the other types of devices.

E-12



CONCLUSIONS

The transformer failed because of the presence of vault and surrounding devices were undamaged except
several small buns in the secondary coil assembly. for the buildup of sOOL The transformer will be re-
This was termed a manufacturing error. The trans- placed by the manufacturer and is scheduled to be in-
former itself was damaged substantially- however, the stalled in late May 1989.

E- 13
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DOD FIRE INCIDENT REPORT
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DOD FIRE INCIDENT REPORT Page I of 6 Pages

FOR OFFICIAL USE ONLY

A. Coapiete instructions for filling out this form we contained in DoD 6055.7-M THIS SPACE FOR SAFETY CENTER ONLY-

9. The entire form may be hand printed. Legibility is important.

C. Where blocks are provided for the individual characters of the data. follow these rules: YR MO DAY LINE EXP NO. T/C

(1)I f the entry is letters. place the first letier in the left-hland block:

(2! If the entry is a numbter. place it so that 'he fast digit is in the right-hand block. I 11 1 1 L

SECTION A - GENERAL DATA

1. NAME OF FIRE DEPARTMENT 2. REPORT STATUS 3. OFF-STATION/MUTUAL
1. Preliminary AID RESPONSE

N VAL STATION 2. Final 2 Y. YesNORFOLK L 3. Revised N: No

4. LOCATION 5. ZIP CODE 96. UIC-RUC/. 7. AFFILIATION
goi~r(DENT. CODE -1. Navy 2- Marine

NORFOLK, VA I IGIT 3. Army 4. Air Force
56 Defense Logistics Agency11 " 3-1 -11FI-,613# #612 618181 6',. Othe

r3114 1 I 1 16 17 V&' S S9 1:o1 ii 23! j 1i12 J,

8. NAME OF ACTIVITY WHERE FIRE OCCURRED 9. LOCATION

PUBLIC WORKS C-NTER I NORFOLK, VA

10. AFFILIATION Ju. UIC.RUC.' 12. DATE OF FIRE 13. DAY OF WE=K 114. INCIDENT 15. MUTUAL AID

1. Navy 2. Marine I DENT. CODE 1. Sun 5. Thu NUMBER RECEIVED

3. Army 4. Air Force YR MO OAY I 2. Man 6. s,,F. Y. Yes

S. Def. Log. Agency 00118 8 1 3. Tue 7. Satj 91 .
6. O__ _ 1 _010 11 1817 818 rl 210 . 011141N

6. 1 n9r 2 I 13 E 3 789 l l 'AOI

16. METHOD OF ALARM FROM PUBLIC 17. TYPE OF SITUATION FOUND

TELEPJHONE 
1'10 ISTRUCTURE FIRE
Tz LE__ONE____1 I, _ _1

18. FIXED PROPERTY USE 119. MOBILE PROPERTY TYPE

STORAGE PROPERTY q l (Auto.. Moile Home. Shi. Aircraft)

20. IF MOBILE PROPERTY [YEAR MAKE MODEL./OR SERIAL NO /OR LICENSE NO.

(Auto.. Mobie Home. Ship. Aircraft) ACFT. MODEL BUREAU NO.

SECTION B - ORIGIN AND IGNITION DATA

21. AREA OF FIRE ORIGIN 22. LEVEL OF ORIGIN 23. TERMINATION STAGE
GRADE LEVEL 1. HEAT TERMINATED IN THE OVERHEAT STAGE

TRANSFORMiER 6 3 TO 9' ABOVE I BEFORE SMOLDER OR FLAME
VALT i1I52I ! 2. FIRE TERMINATED IN THE SMOLDER STAGE.

24. EQUIPMENT INVOLVED IN IGNITION (IF ANY) BEFORE ANY FLAME
3. FIRE TERMINATED IN OR AFTER THE FLAME STA GY

kANSF0RI- 4 4. NOT APPLICABLE

25. IF EQUIPMENT INVOLVED YEAR MAKE MODEL SERIAL NO. VOLTAGE

IN IGNITION 1988 EBA NATIONAL
INDUSTRI CORP 02103-1 11,500 TO .480

MArERIAL FIRST IGNITED (26and27onlyJ

26. TYPE 27. 'FORM

4 0 CABLE AND INSULATION
PLASTIC 59 60'

28. FORM OF HEAT OF IGNITION 29. IGNITION FACTOR CAR NO

UNSPECIFIED SHORT CIRCUIT 2 4 SHORT CIRCUIT 5 4

ARC 6 6j2- "'1I L '.i2- iZ

DO Form 2324. 84 JAN E-16 S N0ia2.LF"')O2-324



DOD FIRE INCIDENT REORT
FOR OFFICIAL USE ONLY Page 2 of 6 Piqeg

SECTION C - STRUCTURE AND FIRE DATA

30. STRUCTURE TYPE (if not stNu T OF SM E 3. 32. YEAR T. XTENT OF E
proceed DA MAG CONSTR COSTRIES WA.COUSPED1. 1131TE.NEO C 6117C8F OBJECT 1 C T BJEC

34. GROUND FLOOR AREA 2 3. CONSTRUCTION TYPE . CONSTRUCTION METHOD[ II ! !NONCO14BUSTA-BLEI SITE BUILT!1

37. EXTENTO F FLAME 38. EXTENTOF SMOKE 39. EXTENTOF WATER 40. EXTENTOF FIREDAMAGE, DAMAGE DAMAGE CONTROL DAMAGE

1. CONFINED TO THE 1. CONFINED TO OBJECT 1. CONFINED TO OBJECT 1. CONFINED TO OBJECT
OBJECT OF ORIGIN OF ORIGIN OF ORIGIN OF ORIGIN

2. CONFINED TO PART 2. CONFINED TO PART 2. CONFINED TO PART 2. CONFINED TO PART
OF ROOM OR AREA OF ROOM OR AREA OF ROM OR AREA OF ROOM OR AREA
OF ORIGIN OF ORIGIN OF ORIGIN OF ORIGIN

3. CONFINED TO ROOM 3. CONFINED TO ROOM 3. CONFINED TO ROOM 3. CONFINED TO ROOM
OF ORIGIN OF ORIGIN OF ORIGIN OF ORIGIN

4. CONFINED TO THE 4. CONFINED TO THE 4. CONFINED TO THE 4. CONFINED TO THEFIRE-RATED FIRE-RATED FIRE-RATED FIRE RATED
COMPARTMENT OF COMPARTMENT OF COMPARTMENT OF COMPARTMENT OF
ORIGIN ORIGIN ORIGIN ORIGIN

S. CONFINED TO FLOOR 5. CONFINED TO THE S. CONFINED TO THE S. CONFINED TO THE
OF ORIGIN FLOOR OF ORIGIN FLOOR OF ORIGIN FLOOR OF ORIGIN

6. CONFINED TO 6. CONFINED TO 6. CONFINED TO 6.CONFINED TO

BUILDING OF ORIGIN BUILDING OF ORIGIN BUILDING OF ORIGIN BUILDING OF ORIGIN
7. EXTENDED BEYOND 7. EXTENDED BEYOND 7. EXTENDED BEYOND 7. EXTENDED BEYOND

BUILDING OR ORIGIN BUILDING OF ORIGII BUILDING OF ORIGIN BUILDING OF ORIGIN
B. NOT A STRUCTURE 8. NOT A STRUCTURE 8. NOT A STRUCTURE B. NOT A STRUCTURE

FIRE FIRE FIRE FIRE
9. NO DAMAGE OF THIS 9. NO DAMAGE OF THIS 9. NO DAMAGE OF THIS 9. NO DAMAGe OF THIS

TYPE I TYPE TYPE TYPE 9

41. AT TIME OF FIRE. BUILDING WAS; 2. OCCUPIED BY SLEEPING PERSONS 4. NOT OCCUPIED
1. OCCUPIED BY AWAKE PERSONS 3. OCCUPIED BY CHILDREN OR AGED 5. VACANT 4

PERSONS ONLY 6. NONE OF ABOVE (Explan in narraciwe )
42. IF FLAME SPREAD TYPE OF MATERIAL GENERATING MOST FLAMES. 43. AVENUE OF FLAME TRAVEL

BEYOND ROOM OF I
ORIGIN: i rI13-'

44. IF SMOKE SPREAD TYPE OF MATERIAL GENERATING MOST SMOKE: 45. AVENUE OF SMOKE TRAVEL
BEYOND ROOM OF
ORIGIN: _

o 47. MET HOD OF EXTINGUISHMENT
,E 0 0 (2) 150# HALON EXTINGUISHERS

48. AGENT AND QUANTITY USED (CIRCLE AGENTS 49. MOST EFFECTIVE EXTINGUISHING
USED & CODE AGENTS AND QUANTITY) AGENT USED HALON
o WATER - SPRAYIFOG 1 WATER - SOLID STREAM 50. NUMBER OF PEOPLE RESCUED BY
2 WATER -BOTH 0 AND I 3 AFFF FIRE DEPT. (Exclain in narrative)
4 OTHER FOAMS (PROTEIN. HIGH EXPANSION FOAM 51. DEFICIENCIES OR PROBLEM AREAS

AGENTS) If pronlems existed in any of the following areas.
5 DRY CHEMICAL 6 CARBON DIOXIDE indicate and further explain in narrative:
7 HALOGENATED A.i:NTS (HALON 1211. 1301) 1.ALARM TRANSMITTAL
8 WATER WITH ADDITIVES (WET WATER. ETC) 2. FIRE DEPARTMENT RESPONSE
9 OTHER (COMBUSTIBLE METAL EXTINGUISHING 3. PUMPER. HOSE. LADDERS. ETC.

AGENTS. ETC) 4. MANPOWER
5. BREATHING APPARATUS. PROTECTIVE CLOTH'NG. ETC.

AGENT QTY. AGENT QTY. 6. EXTINGUISHING AGENTS. WATER SUPPLY. ETC.
1 130101 7. VENTILATION. FORCIBLE ENTPY. SALVAGE

I I 8. WEATHER9. ITEMS OF NON-COMPLIANCE 'OSHA) ARO NO.

10 I I 1 1 4 1 ! - I I 1 10. OTHER I I
66 1 L6k 76a,69I 7oi F 17175 4 17 5, 1 _P

DO Form 2324. 84 JAN E-17 SmN 0i02.LF-W2.320



DoD FIRE INCIDENT REPORT

FOR OFFICIAL USE ONLY

SECTION D - FIRE PROTECTION FACILITIES (IN STRUCTURES ONLY)

52. AUTOMATIC SPRINKLERS Y. YES
PROVIDED? N. NO TYPE OF SPRINKLER PERFORMANCE
(IF NO,PROCEED TO 53) SPRINKLER 1. SPRINKLERS OPERATED
, F ,R SYSTEM SATISFACTORILY -

1. WET EXTINGUISHED FIRE

PERCENT COVERED? L191 9 2. DRY 2. SPRINKLERS OPERATED
1411 3. DELUGE-WATER SATISFACTORILY - HELD

4. OELUGE-FOAM FIRE IN CHECK
IF-LESS THAN 100%. WERE Y. YES k/ 5. PRE-ACTION 3. NO SPRINKLER OPERATION:
SPRINKLERS 14 FIRE AREA? N. NO DELUGE FIRE TOO SMALL

4. NO SPRINKLER OPERATION:

OPERATED AT FIRE? Y. YES NO SPRINKLERS IN FIRE AREA

N. NO 14 5. SPRINKLER OPERATION
UNSATISFACTORY (EXPLAIN

-IN N ARRATIVE).

CONNECTED To FIRE ALJHM Y. YES .y 6. PERFORMANCE OF AUTOMATIC
HEADQUARTERS N. NO .. EXTINGUISHING EQUIPMENT

NOT CLASSIFIED ABOVE
WAS SPRINKLER OPERATION Y. YES 7. PERFORMANCE OF AUTOMATIC

FIRST INDICATION OF FIRE? N. NO N EXTINGUISHING EQUIPMENT
UNDETERMINED OR NOT
REPORTED

NUMB3ER OF SPRINKLER
HEADS OPERATED? 42 ,2

20 21 V_

53. AUTOMATIC FIRE ALARM Y. YES TYPE OF PERFORMANCE OF FIRE
PROVIDED? N. NO N ALARM DETECTION EQUIPMENT
(IF NOPROCEED TO 54)2 SYSTEM 1. DETECTOR(S) IN THE ROOM OR

1. FIXED SPACE OF FIRE ORIGIN. AND

PERCENT COVERED? TEMPERATURE THEY OPERATED
2. RATE OF RISE 2. DETECTOR(S) NOT IN THE ROOM

• 25 261 27 3. COMBINATION OR SPACE OF FIRE ORIGIN. AND

IF LESS THAN 100%, WERE Y. YES FIXED TEMPIRATE THEY OPERATED

DETECTORS IN FIRE AREA? N. NO OF RISE 3. FIRETOO SMALLTO ACTIVATE

25 4. SMOKEISMOKE DETECTORS

COMBINATION 4. DETECTOR PERFORMANCE
OPERATED AT FIRE? Y. YES S. OTHER UNSATISFACTORY (EXPLAIN

N. NO 2IN NARRATIVE)
i2 9i S. NO DETECTORS PRESENT

6. PERFORMANCE OF FIRE
CONNECTED TO FIRE ALARM Y. YES DETECTION EQUIPMENT NOT
HEADQUARTERS? N. NO CLASSIFIED ABOVE

..-- (IF~7 PEFOMAC ORF TF55IEXINUEHR

WAS DETECTOR OPERATION Y. YES 1. EXTNGISER

FIRST INDICATION OF FIRE? N. NO U OR NOT

31 32 REPORTED k

54. MANUAL FIRE ALARM Y. YES 55. INSTALLED
SYSTEM PROVIDED? N. NO PORTABLE

__(IF NO,PROCEED TO 55) 304 EXTINGUISHERS

OPERATED AT FIRE? Yv. YES N 1 EXTINGUISHERS

(IF NOPROCEED TO 55) N. NO N NOT PROVIDED
HI 2. PROVIDED BUT

CONNECTED TO FIRE ALARM Y . YES Y 3. OPERATED3
HEADQUARTERS' N. NO -. SATISFACTORIL

4. OPERATED

UNSATISFAC-

IF OPERATED 010 TORILY

SYSTEM PERFORM Y. YES (EXPLAIN N
SATISFACTORILY? N. NO NARRATIVe)

5.-7 S OPERAT ION 
3..8I

DO Form 2324. 84 JAN
E-18 S/N 0l2LF-MO-113



DoD FIRE INCIDENT REPORT

FOR OFFICIAL USE ONLY Pap 4 of 6 Page

56. OTHER FIXED SPECIAL EXTINGUISHING FIXED SPECIAL SPECIAL SYSTEM
SYSTEMS IN FIRE AREA (IF NONE, EXTINGUISHING SYSTEMS PERFORMANCE
PROCEED TO SECTION E) 1. FIRETOO SMALL FOR SYSTEM

1. NONE 1. AUTOMATIC OPERATION
2. BUILT.IN CARBON DIOXIDE 2. MANUAL 2. OPERATED SATISFACTORILY -

FLOODING SYSTEMS PROVIDED 3. NOT OPERATED EXTINGUISHED FIRE
3. BUILT-IN CARBON DIOXIDE -. 3. OPERATED SATISFACTORILY -

HAND HOSELINE PROVIDED HELD FIRE IN CHECK
4. 8L"LT4N "HALON" FLOODING 4. OPERATED UNSATISFACTORILY

SYSTEM PROVIDED (EXPLAIN IN NARRATIVE)
5. ,UILT41N DRY CHEMICAL SYSTEM PROVIDED 5. OPERATION NIA
6. BUILT-IN FOAM SYSTEM PROVIDED 1
7. OTHERS 391 i H. H.T

SECTION E - LOSSES

PROPERTY ESTIMATED ESTIMATED 60. IF NON-GOV. LOSS,GIVE PROPERTY TYPE
DAMAGED S VALUE S LOSS 1. PRIVATE 4. EXCHANGE, PX

2. CONTRACTOR 5. GOV LOSS. REIMBURSED
57. STRUCTURE 3. SPECIAL SERVICES 6. OTHER

OR MOBILE
PROPERTY R I N ',t52I53I 4 I 7 I i

(GOVERNMENT) 1r3 i

58. CONTENTS 61. NO. INCIDENT- 62. NO. INCIDENT-
(GOVERNMENT) _ 12131 0101 0 1 1 1 3110101 0 RELATED III RELATED _ ! !

(fRM 12111 1 161171181191201211221231241251261271 INJURIES 18'293o FATALITIES r3-15233i

SECTION F - TIMES (24-HR CLOCK)
63. ESTIMATED

59. NON-GOV TIME FIRE FIRE ALARM
,RTED 2E-E=D RE, cIVEs

PROPERTY (IF 0fdRo bEE!~~R~I
NONE PROCEED 5O I 521f53 IFi4155156157 151IIS9t61
TO 61)

F. D. ARRIVED EXTINGUISHED CARDNO

IJ WLLJ W W WL j 5 4 12135181
•__________ _ 3 I 363 391j4 a214a3144145 1461 :l8:I -9 1621631641631 1 ±4i lI69I LZZ±ZJ

SECTION G - BRIEF NARRATIVE OF FIRE

ON 20 NOVE-ER 1988 AT 2053 HOURS EMERGENCY COMMIEICATIONS CENTER RECEIVED A PHONE CALL REPORTING
A FIRE AT PIER #4. ENGINE ONE AND TWO, TRUCK ONE AND DISTRICT CHIEF CAR 1-1 WERE DISPATCHED. ON
ARRIVAL FOUND SMOKE EMITTING FROM TRANSFORMER VAULT "B" DOOR ON NORTHSIDE OF PIER. ENGINE ONE AND
CAR 1-1 ATTEMPTED FORCEABLE ENTRY OF VAULT DOOR UNTIL HEARD EPLOSION TAKE PLACE INSIDE OF VAULT.
CAR 3 WAS NOTIFIED OF EXLOSION AND RESPONDED. CAR 1-1 CALLED FOR PWC ELECTRICIAN THE MADE ENTRY
INTO WAREHOUSE TO CHECK FOR FIRE EXTENSION £N WAREHOUSE SECTION. CAR 3 ARRIVED ON SCENE AND SET
UP roMAND POST, AL SO STARTED T^177mr MnEASURE AND H LTLING AS A PCB FRE. PIERS AND STREETS WERE
BLOCKED OFF BY BASE POLICE. CAR 3 CALLED FOR TWO 150# HALON CARTS FROM AIRFIELD WHICH FIRE WAS
EXTINGUISHED WITH. THE SOURCE OF SMOKE WAS FOUND TO BE A TRANSFORMER FIRE LOCATED IN VAULT "B".
PWC ELECTRICIAN SECURED POWER TO PIER 4. FIRE WAS EXTINGUISHED IN TRANSFORMER. FIRE DEPARTMENT
PERSONNEL VENTILATED WAREHOUSE AND COOLED DOWN TRANSFORMER CORES. INVESTIGATION REVEALED THAT
F ERE WAS CAUSED BY A HALFUNCTIONED TRANSFORMER WHICH WAS INSTALLED ONE MONTH AGO. THE TRANSFORMER
DID NOT CONTAIN PCB'S. TWELVE FIREFIGHTERS RESPONDED WITH DISTRICT CHIEF WILSON AND ASSISTANT
CHIEF DAVIS IN COMMAND OF FIRE SCENE.

EQUIPMENT: ENGINE ONE: 1000 GPM PUMPER TRUCK ONE: 100' AERIAL
ENGINE TWO: 1000 GPM PUMPER

.... 7" J . C , €, REVIEWING OFFICIAL REVIEWING OFFICIAL

FOR ADDITIONAL INFORMATION PHONE NO. (CHECK ONE) CAUTOVON OFTS OCOMMERCIAL
O Form 2324. 84 JAN E95m= 2XL-F- 40
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MARCORBASE / Base Maint Dept, Camp Lejeune, NC; Code 4.01, Camp
Pendleton, CA; Code 404 PWD, Camp Lejeune, NC; Code 405, Camp Lejeune,
NC; Code 406, Camp Lejeune, NC; Facilities Coordinator, Camp
Pendleton, CA; Maint Offr, Camp Pendleton, CA; PAC, FE, FPO Seattle;
PAC, PWO, FPO Seattle

MARCORDIST / 12, Code 4, San Francisco, CA
MARCORPS / FIRST FSSG, Engr Supp Offr, Camp Pendleton, CA
MARCORPS HQ / LFL Washington, DC
MARITIME ADMIN / MMA, Lib, Kings Point, NY
MCAS / CID, Kaneohe Bay, HI; Code 1JD-31 (Huang), Santa Ana, CA; Code

3JA2, Yuma, AZ; Code 3JD, Yuma, AZ; Code 6EDD, FPO Seattle; Code LE,
Cherry Point, NC; El Toro, Code lJD, Santa Ana, CA; PWO, Yuma, AZ;
PWO, Kaneohe Bay, HI

MCLB / Code 506, Albany, GA; Code 555, Albany, GA; Code B520, Barstow,
CA; PWO, San Diego, CA

MCRDAC / AROICC, Quantico, VA; M & L Div, Quantico, VA; NSAP Rep,
Quantico, VA

MICHIGAN TECH UNIV / CO Dept (Haas), Houghton, MI
MILLER, R.W. / San Diego, CA
MISSOURI / Nat Res Dept, Energy Div, Jefferson City, MO
MOBIL R&D Corp / Offshore Engrg Lib, Dallas, TX
MOFFATT & NICHOL ENGRS / R. Palmer, Long Beach, CA
NAF / Dir, Engrg Div, PWD, FPO Seattle; PWO, FPO San Francisco; PWO, FPO

Seattle
NALF / OIC, San Diego, CA
NAS/ Chase Fld, PWO, Beeville, TX; CO, Norfolk, VA; Code 072E, Willow

Grove, PA; Code 110, FPO Seattle; Code 163, Keflavik, Iceland, FPO New
York; Code 183, Jacksonville, FL; Code 18300, Lemoore, CA; Code 18300,
Kingsville, TX; Code 1833, Corpus Christi, TX; Code 187, Jacksonville,
FL; Code 18700, Brunswick, ME; Code 18E, Bermuda, FPO New York; Code
421, San Diego, CA; Cods 504, San Diego, CA; Code 6234 (C. Arnold),



Point Mugu, CA; Code 70, Marietta, GA; Code 721, '*ew Orleans, LA; Code
8, Patuxent River, ID; Code 83, Patuxent River, MD; Dir, Engrg Div,
Meridian, MS; Dir, Engrg Div, 1D, Keflavik, Iceland, FP0 New York;
Fac Mgmt Offc, Alameda, CA; Memphis, Code 18200, Millington, TN;
Memphis, Dir, Engrg Div, Millington, TN; Memphis, PVCO, Millington, TN;
Miramar, Code i821A, San Diego, CA; Miramar, PVC), San Diego, CA;
Miramar, PVO, Code 163, San i~lego, CA; Mirmar, PVC), Code 187, San
Diego, CA; NI, Code 183, San Diego, CA; Oceans, PVC, Virginia Beach,
VA; N Engrg, Patuxent River, MD; ID (Graham), Lemoore, fA: I/ lMaint
Div, New Orleans, LA; PVO (Code 6200), Point Mugu, CA; PVO, Moffett
Field, CA; PVO, Willow Grove, PA; PVO, Meridian, MS; PVO, Key West,
FL; PW0, Cecil Field, FL; PO, Bermuda, FPO New York; PVO, Sigonella,
Italy, FF0 New York; SCE, FPO San Francisco; SCE, Barbers Point, HI;
SCE, Norfolk, VA; Sec Offr, Glenview, IL; Sec Offr, Dallas, TX;
Whidbey Is, P-2, Oak Harbor, WA; Whidbey Is, NWE, Oak Harbor, WA;
Vhiting Fld, PVO, Hilton, FL; Wpns Offr, Alameda, CA

NAS ADAK / Code 114, FPO Seattle
NAS NPNC / Code 102 (J. Aresto), San Diego, CA
NAS PENSACOLA / Poplawski, NAS Pensacola, FL
NATL ACAD.vMY OF ENGRY / Alexandria, VA
NATL ACADEMY OF SCIENCES / BRB, (Sueal.''e), Washington, DC
NAVAIRDEVCEN / Code 832, Warminster, PA; Code 8323 Warminster, PA; Code

182, L-kehurst, NJ
NAVAIRENGCEN / Code 1822, Lakehurst, NJ; Code 1-232 (Collier),

Lakehurst, NJ
NAVAIRPROPCEN / CO, Trenton, NJ; Code PV-3, Trenton, NJ
NAVAL ED & TRAIN CEN / Util Dir, Newport, RI
NAVAVIONICCEN / Code D-701, Indian polis, IN; NWO, Indianapolis, IN
NAVAVNDEPOT / Code 011, Norfolk, VA; Code 640, Pensacola, FL; SCE,

Norfolk, VA
NAVCAHS / KED, SCE, Naples, Italy, FPO New York; PWO, Norfolk, VA; SCE,

Wahiawa, HI; WESTPAC, SCE, FPO San Francisco
NAVCOASTSYSCEN / CO, Panama City, FL; Code 423, Panama City, FL; NWO

(Code 740), Panama City, FL; Sec Offr, Panama City, FL
NAVC>rISTA / CO, FPO San Francisco; Code 018, Stockton, CA; PWO, FPO San

Francisco; lNO, Thurso, UK, FPO New York
NAVCONSTRACEN / CO, Port Hueneme, CA; Code B-l, Port Hueneme, CA; Code

D2A, Port lueneme, CA; Code S24, Gulfport, MS
NAVFAC / Centerville Bch, PWO, Ferndale, CA; N62, Argentina, NF, FPO New

York; PWO (Code 50), Brawdy Wales, UK, FPO New York; PWO, Oak Harbor, WA
NAVFACENGCOM / Code 04A3, Alexandria, VA; Code 04A3C, Alexandria, VA;
Code 04A4E, Alexandria, VA; Code 04B3, Alexandria, VA; Code 051A,
Alexap,' a, VA; Code 06, Alexandria, VA; Code 07, Alexarr'ria, VA; Code
083, Aiexandria, VA; Code 163, Alexandria, VA; Code 1651, Alexandria,
VA; Code 1653 (lHanneman), Alexandria, VA; Code DS02, Alexandria, VA

NAVFACENGCOM CHESDIV / Code 112.1, Washington, DC; FPO-IPL, Washington, DC
NA'FACENGCON CONTRACTS / AROICC, Coleville, CA; AROICC, Quantico, VA;

Code 922, Everett, WA; DROICC, FPO Seattle; DROICC, Lemoore, CA;
ENGFLDACT NV (Code 09E), Silverdale, WA; OICC/ROIC,. Norfolk, VA;
ROICC (Code 49-), Portsmouth, VA; ROICC, Twentynine Pnlms, CA; ROICC,
Point Hugu, CA; ROICC, Crnnp, IN; ROICC, Santa Ann, CA; ROICC,
Philadelphia, PA; SW PAC, 01CC, APO San Francisco



NAVFACENGCMX LMlIV / 31 OFC, DIR, Naples, Italy, FPO New York; Code
111, Norfolk, VA; Code 1632, Norfolk, VA; Code 2011, Norfolk. VA; Code
403, Norfolk, VA; Code 405, Norfolk, VA; Code 408, Norfolk, VA

NAVFACENK NOTDIV / CO, Philadelphia, PA; CO, Philadelphia, PA; CO,
Philadelphia, PA; Code 04, Philadelphia, PA; Code 111, Philadelpha.,
PA; Code 1612/FB, Philadelphia, PA; Code 202.2. Philade!phia, PA; Code
408AF, Philadelphia, PA

NAVFACENGC0M PACDIV / Code 102, Pearl Harbor, HI; Code 2011, Pearl
Harbor, HI

NAVFACENGCOM SOUIJDIV / Code O4A3, Charleston, SC; Code 1021F,
Charleston, SC; Code 102B, Charleston, SC; Code 1112, Charleston, SC;
Code 403 (S. Hull), Charleston, SC; Code 405, Charleston, SC

NAVFACENGCOM SCUTIIESTDIV / Code 101.1, San Diego, CA; Code 1812, San
Diego, CA

NAVFACENGCOH WESTDIV / Code 09B, San Bruno, CA Code 09P/20, San Bruno,
CA; Code 102, San Bruno, CA; Code 405, San Bruno, CA; Code 407, San
Bruno, CA; PAC NW Br Offc, Code C/42, Silverdale, WA; ROICC,
Silverdale, WA

NAVHOSP / CO, Millington, TN; PWO, FPO Seattle; SCE, FPO Seattle; SCE,
FPO San Francisco; SCE, Newport, RI; Sec Offr, Pensacola, FL

NAVMAG / Code 09, Lualualei, HI; SCE, FPO San Francisco
.NAV.NEDCON / Code 43, Barbers Point, HI; .WREG, Fac Engr, ND, Oakland,

CA; MIREG, Head, Fac gut Dept, Oakland, CA; SWEG, SCE, San Diego, CA
NAVHEDRSCHINSTITUIT / Code 47, Bethesda, HD
NAVHEDRSCHU / Three, 1NO, Cairo, Egypt, FPO New York
NAVOCEANCOHCEN / Code EES, FPO San Francisco
NAVOCEANO / Lib, NSTL, HS
NAVOCEANSYSCEN / Code 182 (Sualdino), San Diego, CA; Code 94, San Diego, CA
NAVORDSTA / Code 0922B1, Indian Head, ND; Indian Head DET, McAlester,

OK; PO, Louisville, KY; SCS13, Indian Head, MD
NAVPETOFF / Code 81;107, Alexandria, VA; Sec Offr (Code 20), Alexandria, VA
NAVPGSCOL / Code 1424, Lib, Monterey, CA; E. Thornton, Monterey, CA;

O, Monterey, CA
NAVPHIBASE / NWO, Norfolk, VA; SCE, San Diego, CA
NAVNWC / Taylor, Pensacola, FL
NAVSCOLCECOFF / Code C35, Port Hueneme, CA
NAVSCSCOL / O, Athens, GA
NAVSEA DET / NISMF Pearl Harbor, Director, Waipahu, HI
NAVSEACENPAC / Code 950, San Diego, CA
NAVSEASYSCOM / Code 56Z4, Washington, DC
NAVSECGRU / Code G43, Washington, DC
NAVSECGRUACT / Code 31 PWO, FPO Miami; PWO (Code 40), Edzell, Scotland,

FPO New York; INO, FPO Seattle; NWO, Sonoma, CA; Sec Offr, Winter
Harbor, ME; SECMAN, Homestead, FL

NAVSECSTA / Code 60, Washington, DC; Code N70, Washington, DC
NAVSHIPREPFAC / SCE, FPO Seattle; SCE, FPO San Francisco
NAVSHIPYD / Carr Inlet Acoustic Range, Bremerton, WA; Code 106.4

Starynski, Philadelphia, PA; Code 202.5 Lib, Bremerton, WA; Code
244.13, Long Beach, CA; Code 308.05, Pearl Harbor, III; Code 308.3,
Pearl Harbor, HI; Code 382.3, Pearl Harbor, HI; Code 420, Long Beach,
CA; Coda 443, Bremerton, WA; Code 450, Bremerton, WA; Code 450.4,
Charleston, SC; Code 453, Charleston, SC; Code 830.1, Pearl 1harhor,



HI; Code 903, Long Beach, CA; Mare Is, Code 202.13, Vallejo, CA; Mare
Is, Code 401, Vallejo, CA; Mare Is, Code 421, Vallejo, CA; Mare Is,
Code 440, Vallejo, CA; Mare Is, Code 453, Vallejo, CA; Mare Is, Code
457, Vallejo, CA; Hare Is, PO, Vallejo, CA; Norfolk, Code 380,
Portsmouth, VA; Norfolk, Code 440, Portsmouth, VA; Norfolk, Code
450-HD, Portsmouth, VA; PCO (Code 400), Long Beach, CA; PVCO,
Charleston, SC; Sec Offr, Portsmouth, NH; Tech Lib, Portsmouth, NH

NAVSTA / CO, Long Reach, CA; CO, Brooklyn, NY; Code ODA2, San Diego, CA;
Code 4216, Mayport, FL; Code 423, Norfolk, VA; Code N4214, Mayport,
FL; Design Sec, Brooklyn, NY; Dir, Engr Div, NWD, Guantanamo Bay,
Cuba, FPO New York; Engrg Dir, NVD, Rota, Spain, FPO New York; NVO,
Hayport, FL; PWO, Rota, Spain, FPO New York; SCE Pearl Harbor, HI; Sec

Offr, FP0 San Francisco; Util Engrg Offr, Rota, Spain, FF0 New York;
Code 423, FPO Norfolk, VA

NAVSUPCEN / Code 700A.1, Norfolk, VA
NAVSUPFACT I CO, Naples, Italy, FF0 New York; NWO, Holy Loch, UK, FPO

New York; 1NO, Naples, Italy, FF0 New York
NAVSUPPFAC / Code 300, FPO Miami; Contract Assistant, FF0 San Francisco
NAVSUPPO / DIR, Transp Div, La Maddalena, Italy, FPO New York; Sec Offr,

La Maddalena, Italy, FPO New York
NAVSUPSYSCOI / Code 0622, Washington, DC; Code XBl, Washington, DC
NAVSWC / CO, Dahlgren, VA; Code C83, Dahlgren, VA; Code G-52 (Duncan),

Dahlgren, VA; Code W42 (GS Haga), Dahlgren, VA; DET, White Oak Lab,
Code H-l1, Silver Spring, MD; DET, White Oak Lab, NWO, Silver Spring,
MD; PO, Dahlgren, VA

NAVTECI.TRACEN / SCE, Pensacola, FL
NAVTRASTA / NWO, Orlando, FL
NAVUSEAWARENGSTA / Code OIOA, Keyport, WA
NAVWPNCEN / Code 24, China Lake, CA; Code 2634, China Lake, CA; Code

2637, China Lake, CA; PWO (Code 266), China Lake, CA
NAVWPNSTA / Code 092, Concord, CA; Code 092A, Seal Beach, CA; Code 093,

Yorktown, VA; Code 104, Charleston, SC; Code 1OB, Concord, CA; Det,
Code F150, Fallbrook, CA; PWO, Yorktown, VA

NAVWPNSTA EARLE / Code 092, Colts Neck, NJ; PWD (Lengyel), Colts Neck,
NJ; Sec Offr, Colts Neck, NJ

NAVWPNSUPPCEN / Code 0931, Crane, IN; Code 095, Crane, IN; Code 101,
Crane, IN

NCR / 20, CO, Gulfport, MS; 20, Code R70, Gulfport, MS
NEESA / Code 111C (Hickenbottom), Port Hueneme, CA; Code IlE

(McClaine), Port Hueneme, CA; Code 111E3, Port ilueneme, CA; Code 113M,
Port llueneme, CA; Cr,,e 113M2, Port Hueneme, CA

NETPMSA / Tech Lib, Pensacola, FL
NEW MEXICO SOLAR ENERGY INST / Las Cruces, NM
NEW YORK / Energy Office, Albany, NY
NMCB / 3, Ops Offr, FPO San Francisco; 40, CO, FPO San Francisco; 74,

CO, FPO Miami
NOAA / Dir, Pac Marine Can, Seattle, WA
NORDA / Code 1I21SP, NSTL, MS; Code 352, NSTL, MS
NORThfDIV CONTRACTS OFFICE / ROICC, Portsmouth, NH; ROICC, Colts Neck, NJ
NPWC / Code 310, Pensacola, FL
NPWD / Code 418, Seattle, WA
NRL / Code 2511, Washington, I)C; Code 2530.1, Washington, DC; Code 4670,

Washington, DC; Code 6123, Washington, 1)C



NSC / Code 02, Pearl Harbor, HI; Code 43, Oakland, CA; Code 54.1,
Norfolk, VA; Code 70, Oakland, CA; Code 70, Oakland, CA; Code 700,
Norfolk, VA; Code 703, Pearl Harbor, HI; SCE, Norfolk, VA; SCE,
Charleston, SC; Sec Offr, San Diego, CA; Sec Offr, Charleston, SC

NrC / Code FT 19-33, Great Lakes, IL
NIN & ASSOC / A.C. Nuhn, Wayzata, P11
MISC IET / Code 2143 (Varley), New London, CT; Code 52, New London, CT;

Code 5202 (Schady) New London, CT
WSTAT / ROICC, Colts Neck, NJ
OGN / NIL (Prout), Alexandria, VA
OFFICE OF SEC OF DEFENSE / OASD (P&L), Washington, DC; OASD (P&L)E,

Washington, DC
OICC / Engr and Cost Dept, APO New York
PIIBCB / 1, CO, San Diego, CA; 1, ELCAS Offcr, San Diego, CA
PHIBCB TVO ; CO, Norfolk, VA
PfII / Code 5041, Point Mugu, CA
PURU URIV / Engrg Lib, West Lafayette, IN
PVC / ACE Office, Norfolk, VA; CO, Oakland, CA; Code 101, Great Lakes,

IL; Code 1011, Pearl Harbor, HI; Code 1013, Oakland, CA; Code 102,
Oakland, CA; Code 123C, San Diego, CA; Code 30V, Norfolk, VA; Code
400, Oakland, CA; Code 400A.3, FPO San Francisco; Code 420, Oakland,
CA; Code 421 (Kaya), Pearl Harbor, HI; Code 421 (Kimura), Pearl
Harbor, HI; Code 421 (Quin), San Diego, CA; Code 421 (Reynolds), San
Diego, CA; Code 422, San Diego, CA; Code 423, San Diego, CA; Code
423/KJF, Norfolk, VA; Code 430 (Kyi), Pearl Harbor, HI; Code 4450A (T.
Ramon), Pensacola, FL; Code 50, Pensacola, FL; Code 500, Norfolk, VA;
Code 505A, Oakland, CA; Code 590, San Diego, CA; Code 600, Great
Lakes, IL; Code 610, FPO San Francisco; Code 610, San Diego, CA; Code
612, Pearl Harbor, HI; Code 612, Pearl Harbor, HI; Code 615, FPO San
Francisco; Code 616, FPO San Francisco; Code 640, San Diego, CA; Code
700, Great Lakes, IL; Engr Dept (R Pascua), Pearl Harbor, HI; Lib, FPO
San Francisco

PWD / Engr Director, Corpus Christi, TX
SAN DIEGO PORT / Port Fac, Proj Engr, San Diego, CA
SEAL TEAM / 6, Norfolk. VA
SEATTLE PORT / Dave Van Vleet, Seattle, WA
SOUTHWEST RSCH INST / Energetic Sys Dept (Esparza), San Antonio, TX
SPCC / Code 082, Mechanicsburg, PA
SPCC / PNO, Mechanicsburg, PA
STATE HOUSE / Off. of Energy Resources, Augusta, HE
STATE OF CALIFORNIA /Nav & Ocean Dev (Armstrong), Sacramento, CA
STATE OF CONNECTICUT / Energy Div, Hartford, CT
STATE UNIV OF NEW YORK / CE Dept, Buffalo, NY
SUBASE / Bangor, PWO (Code 8323), Bremerton, WA; SCE, Pearl Harbor, HI
TEXAS A&M UNIV / CE Dept (Machemehl), College Station, TX; Energy Trng

Div (Donaldson), Houston, TX
TRIREFFAC / Bangor, Code 213, Bremerton, WA
UCT / TWO, CO, Port Hueneme, CA; ONE, CO, Norfolk, VA
UNIV OF ALABAMA / Dir Fac Mgmt (Baker), Birmingham, AL
UNIV OF NEW HAMPSHIRE / Elec Engr Dept, Durham, NH
UNIV OF PENNSYLVANIA I Inst Environ Medicine, Philadelphia, PA
UNIV OF RHODE ISLAND / Dr. Veyera, Kingston, RI
UNIV OF TEXAS / CE Dept (Thompson), Austin, TX; Construction Industry

Inst, Austin, TX



UNIV OF WASHINGTON / Engrg Col (Carlson), Seattle, WA
US DEft OF INTERIOR / B321, Engrg Div (730), Washington, DC
US GEOLOGICAL SURVEY / Marine Geological Offc, Reston, VA
USCICPAC / Code J1, Cmp HM Smith, HI
USDA / For Svc, Equip Dev Cen, San Dimas, CA
USNA / Ch, Mech Engrg Dept (C Wu), Annapolis, MD; Ocean Engrg Dept,

Annapolis, MD; PVO, Annapolis, MD; P1O, Annapolis, MD; Sys Engrg,
Annapolis, MD

USPS / Bill Powell, Washington, DC
USS / USS JASON, Rpr Offr, FPO San Francisco
VENTURA COUNTY / Deputy P Dir, Ventura, CA

1ESCR-P / Hales, Vicksburg, HS
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