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ABSTRACT This report investigates the fire characteristics and reliabil-
ity of cast coil type transformers. A literature search was conducted and a
questionnaire drafted requesting information from the manufacturers of
cast coil type transformers. Abstracts from the National Fi-e Protection
Association were reviewed to locate possible fires involving cast coil trans-
formers. Testing was performed by the Idaho National Engireering Labo-
ratory and independent testing firms. Results of this research and general
industry usage indicate that cast coil transformers reduce risk to the user
compared to liquid-filled units, eliminate environmental impacts, are more
efficient than most transformer designs, and add minimal risk to the facility
in a fire situation. Cast coil transformers have a long record of operation
and have proven to be reliable and efficient.
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SUMMARY

Cast coil transformers have been used for approxi-
mately 20 years in Ewrope. This technology has also
been ased in the United States for 15 years. Cast coil
transformers offer several features that other dry-type
transformers do not. These devices fili many of the
needs of today’s power disuribution sysiems. Changes
in the codes and regulations have made the cast coil
transformer mere attractive for many applications as
compared 10 other transformers available today.

Regulations regarding the use, placement of, and
restiicaions on liquid-filled ransformers have led to an
expanding interest in the use of dry-type transformers.
Bamning the use of askarel as a high-fire point insulat-
ing liquid has also spawned added interest in the cast
coil technology.

Cast cox! transformers offer the user a high level of
reliability under varied operating conditions. The
transformers may be subjected to severe environments
and do not experience the problems encountered by
other types of transformers. For instance, the material
used to insulate the transformer windings is nonhygro-
scopic; this allows for immediate energization of the
unit after an extended period of de—energization. This
material is also highly resistant to the effects of chemi-
cals and industrial atmospheres.

Since these devices perform well under the effects
of fire, the cast coil transformer is a good alternative
when the possibility of fire exists. The epoxy material
used to encapsulate the windings is “nonbuming” ac-
cording to tests performed by the Idaho National
Engineering Laboratory, and the combustion products
produced when one of the coils is forced to bumn (i.c.,
where sufficient heat is applied) are within acceptable
levels. The addition of a cast coil transformer to a facil-
ity does not add significantly to the fire danger of that

facility and will redoce the danger if it is replacing a
liquid-filled transformer.

There are several other arcas in which the cast coil
transformer offers increased performance characteris-

1. Corona. Epoxy encapsulation of the windings
without porosity provides elimination of co-
rona generation as compared 10 other types of
dry transformers.

2. Diclectric strengih. The dielectric strength of
the solid epoxy insulation is high largcly due
10 the lack of corona and the high diclectric
resistance of the cpoay.

3. Short—circuit strergth. The dynamic strength
of the cast coil transformer exceeds ihat of
conventional dry-type and liquid-filled
transformers. The epoxy resin provides ex-
celient mechanical strength when the coil is
subjected to the axial and radial forces that
occur during a short—circuit fault.

4. BIL ratings. The ~ast coil transformer design
offers BIL levels eaua! to those of standard
liquid-filled devices and are superior to other
dry-type transformer designs.

S. Fire protection. The materials are such that
they will not support flame and are typically
not a flame source.

Finally, it should be noted that the cast coil trans-
former is one of the most efficient available today and
is attractive for use because of the increasing cost of
clectrical power. The following report investigates
these topics further and addresses the concemns regard-
ing the use of cast coil transformers.

; Acvessioa ¥or

| S S,
GMaARl
PTIO tun

Untco o wicod

-~

[—,

L)

Justificatton ——

PR,

. e e o o
——— i+ v

bs

N L) . »
. _1 ariontion,

et . e

‘dee
Wi . VB aang
“ {

A\

’ “1181»1;2'.’ .

Thats,




ABS T RACT ...ttt ettt ii
SUMMARY .. it il
ACRONYM S Lttt e et tama e teeee e easacencaanaraneaaaaans vi
INTRODUCTION ..ottt ettt e e e e ea e ceeeeceaecaceaeaaanns 1
1014514 4 1 03 R 2
HISTORY AND PRODUCT DESCRIPTION . .. .. eeo it eeeeeeeee e 3
General Product Description .. ... ... oooinim e, 3
CAST COIL TRANSFORMER FIRE TESTDESCRIPTION ... .. ... iiiiiiininnanennn... 4
Epoxy Material Testing - ... ... .outtnoiieoniae e i e e cetetac e ceaaaa 4
Complete Coil Assembly Testing - ... ....ocvnenoiiiimiii it iiiiiiiiieieaa, 5
Coil Testing When Subjected to Arcinganda Short Circuit ....... ... ..., 6
Results of Coil Testing When Subjected to Arcingand a Short Circuit .. ..........oinanaaL... 6
Coil Testing When Subjected to an External Flame Source .........ooviiiiiineiennnnan.... 6
Results of Coil Testing When Subjected toan Extemal Source ................cooiiiiiaL.. 7
COMBUSTIONPRODUCTS .. ...tiitiittiiintetiiiineanriinianeaeeserrsansnsneansonns 8
Description of Testing Performed by the INEL ...t iiiiiiiiiiiiireiaennna, 8
Results of Testing Performed by the INEL ... ... .. ottt iieiiiiiinae et 8
Results of Testing from Independent Sources -.......cceeiiiiriiiniereetinnaaeanaannann. 8
QUANTITATIVE MATERIAL CONCENTRATIONS OF CAST COIL TRANSFORMERS ........... 11
CAST COIL TRANSFORMER CRACKING . ...cvuviiniiiiiiiniiiiieiiiniineenennannannns 12
CAST COIL TRANSFORMER RELIABILITY ...ttt et aeneeeans 14
L0003 1 B0 1) (0 PP 15
RECOMMENDATIONS . ... i e it 16
BIBLIOGRAPHY ..ttt e et i 17
APPENDIX A—INFORMATION REQUEST FORM AND RESPONSES ..............coivine.. A-1
APPENDIX B—PRODUCT DESCRIPTIONS .. ..ttt B-1
APPENDIX C—INEL BYPRODUCTS OF COMBUSTION FIRE TESTREPORT .................. C-1




APPENDIX D—FIRE TESTING CAST COIL TRANSFORMERS, EC&M, FEBRUARY 1986 ........ D-1

APPENDIX E—DESCRIPTION AND ANALYSIS OF CAST COIL TRANSFORMER

FIRE AT PWC NORFOLK, VIRGINIA,NOVEMBER 1988 .. ... ... ....oiiiiiiiiinnnnan, E-1
FIGURES
1.  Typical constructicn of the cast coll ransfomMmer ... ... itiiiiiiiiiariiiiiiiannn. 1
2. Apparaws for the epoxy material flammability tests performed by the INEL .................... 4
TABLES
I, Typesofcastcoill GeviCes . ... oiieoe it ittt 3
2.  Resuiis Som INEL flame tests of the two typesof epoxymaterial ... ... ................. 5
3.  Results from the internal arc fire test Simulation .........o.neriiinniiiiniiiiinnnnnnn. 6
4.  Results from extemal fire test asing an oxyacetylene cuttingtorch ........ooeviiiiiinae... 7
S.  Concencration of toxic pyrolysis productsof BPApolymers .. ... ...ooviiieiiiiiiiiiiiiaa., 9
6.  Products of air pyrolysis of epoxy resin as compiled in EC&Mmagazine ......... ............ 9

7.  Proportioas (% by weight) of flanmable and nonflammable materials :n an 800 kVA
Geafol cast-resin ransfOmIer .. ... oviuintieritritiiiteieratsreeosssnesssenanononns 11

8.  Thermal expansion coefficient information on the different maierials used in cast coil
15 111 10) .15 o 13




ACRONYMS
ASTM American Socicty for Testing and Materials NFPA National Fire Protection Association

BPA  Bisphenol A NCEL Naval Civil Engireering Laboratory

BIL  Basicimpulse level OSHA Occupational Health and Safety Act

EC&M Electrical Construction and Maintenance .
PCB  Polychlorinated biphenyl

GC Gas chromatography
R&D Researchand Development
INEL Idaho National Engineering Laboratory

TCDF Tetrachlorodibenzo.uran
HV High voltage
R Infrared TCDD Tetrachlordinbenzodioxin
LV Low voltage TLV  Threshold limit value

NITI  National Industry Transformer, Inc. TGA  Thermogravimetric analysis

vi




CAST COIL TRANSFORMER FIRE SUSCEPTIBILITY
AND RELIABILITY STUDY

INTRODUCTION

This report investigates the fire characteristics and
reuability of cast coil transformers as perNAVCOMPT
Order N6830587WR70270, Amendment No. 2,
Norfolk Utility Research and Development (R&D).
The Naval Civil Engineering-Laboratory (NCEL)
requested that the Idaho National Engineering L abora-
tory (INEL) provide an overview of the cast coil trans-
former technology and include a history, overview, and
fire susceptibility study for these devices.

Cast coil transformers have been used to a great ex-
tent in Europe for the las: 20 years, but are only moder-
ately used in the United States. The purpose of this
report is to provide data and verification for an accept-
able level of reliability and also to inform the reader
about the available designs and testing procedures.

This task was accomplished in several steps. First, a
literature search was conducted by the INEL technical

High
voltage
terminal
N2AWOrK |

Industnal
cabinet

Winding

support
Note:

Coils are either
aluminum or copper
conducter and vacuum
cast in epoxy material

Figure 1.

Upper core yoke

library and available publications were obtained and
reviewed. Secondly, a questionnaire was drafted
requesting <pecific information from the manufactur-
ers of cast coil transformers. Copies of this request
along with the responses can be found in Appendix A
of this report. Finally, fire reports (abstracts) from the
National Fire Protection Association (NFPA) were
also reviewed to locate any possible fires involving
cast coil transformers. These abstracts were obtained
through the NFPA's literature search system. Individu-
al summaries of the four different types of cast coil
configurations and the differences between the avail-
able designs are included in Appendix B. Descriptions
of the current testing procedures are also included so
that the reader will better understand the data and re-
sults. Figure 1 illustrates a typical cast coil transform-
er. Testing has been performed by vendors and
independent testing firms. The INEL also performed
their own testing, and the results are discussed in this
report and included in Appendix C.

Grain-oriented
core

Low-voltage
/_ coil

High-voltage
/ cotl

Core clamps/
/ supports

60102

Typical construction of the cast coul transformer.




OVERVIEW

To best meet the requirements of this task, several
issues were investigated. These issues are outlined as

follows:

1.

Describe the history of cast coil tecanology to
date and provide descriptions of the available
designs.

Discuss the “byproducts of combustion™ of
the epoxy used 1o encapsulate the coils. This
includes both the research conducted by the
INEL and those tests performed by other test
laboratories.

Add-ess the flammability of cast coil trans-
formers. This includes testing of the epoxy
material itself and also testing of the com-
plete coil assembly. The epoxy material was
tested under flame provided by an external
source, but the complete coil assembly was

tested for both an extemal flame source and
an internal source (i.e., a simulated short—
circuit). Testing of the epoxy material was
completed by the INEL and the transformer
manufacturers. Information from both the
INEL and manufacturers is included in this
report. Results of testing of the complete coil
assembly performed by the manufacturers
were not verified by the INEL as part of the
scone of this report.

Provide available information on the coil
cracking issue.

Discuss overall reliability of the cast coil
transformer and make recommendations for
their use.

Include background information for the
reader.




HISTORY AND PRODUCT DESCRIPTION

During the last two decades there have been cor.id-
erable changes in the types of fire resistant electrical
distribution transformers. This was accelerated by the
banning of polychlorinated biphenyls (PCBs) in the
later 1970s. Before this time, PCBs were used exten-
sively in applications where fire resistancc was neces-
sary or desired. Several new alternatives have been
developed, including silicone—filled transformers,
vapor—cooled transformers, RTemp-filled transform-
ers, and cast coil transformers.

General Product Description

The cast coil transformer was developed to reduce
or eliminate the deficiencies inherent in conventional
open-wound dry-type transformers. The following
issues were addressed:

¢ Basic Impulse Level (BIL)

o Short—circuit strength

¢ Moisture susceptibility

¢  Environmental considerations

¢ Operation in adverse cnvironmends.

The cast coil transformer is a dry-type transformer
in which the primary and often the secondary windings
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
resistance. The design philosophy of the American
cast coil transformer is actually a merger of European
and U.S. technology. The epoxy resin provides high di-
clectric and mechanical strength. [t also provides supe-
rior environmental protection for the windings as
opposed to dry-type transformers with open-wound
construction,

The cast coil transformer is highly resistant to the
effects of moisture. All of the materials are
nonhygroscopic. This allovs the transformer to be im-
mediately energized, even after an extended period of

de—-energization. Dry—out time is not necessary. The
epoxy resin is also extremely resistant to chemical
contamination. The epoxy provides excellent protec-
tion for the windings and allows the transformer to be
used in locations previously unsuitable for convention-
al open—wound dry-type transformers.

The epoxy eacapsulation of the coils without voids
or porosity eliminates corona generation. “he dielec-
tric properties of the solid insulation remain high be-
cause of the lack of corona and also because of the
dielectric strength of the epoxy material itself. The
epoxy also provides excellent mechanical strength
during a short circuit, and the round geometry provides
added strength against the axial and radial forces expe-
rienced during a short circuit. Cast coil transformers
can provide BIL ratings zqual to those of liquid-filled
transformers. Conventional open-wound dry-type
transformers can not be built effectively at these BIL
levels,

With the increasing cost of producing power, the
losses in transformers have become more important.
The cast coil transformer is among the most efficient
being used today. This transformer has slightly higher
no-load losses than liquid-filled devices, but the load-
losses are lower, which results in lower total losses.
Appendix B describes the four types of cast coil de-
vices evaluated for this report (Table 1).

Table 1. Types of cast coil devices

Manufacturer Product Line
National Industri NICAST Transformars
Square-D Power~Cast & Power—Cast I1
Elma Engineering Cast Coil Transformers
General Electric Geafol Transformers

In addiuon to those listed in Table 1, there are sever-
al other American manufacturers that build cast coul
transformers such as BBC Brov .-Boveri and IsoReg.
However, the designs investigated for this report are
typical of the available products.




CAST COIL TRANSFORMER FIRE TEST DESCRIPTION

A transformer fire typically results from one of two
possible sources. A failure can occur within the trans-
former causing a hot spot that either exceeds the rat-
ings of the transformer materials or creates an electric
arc that ignites surrounding materials. Or, the trans-
former may be subjected to a source of external heat
and/or flame.

Recent attention focused on the flammability of
transformer cooling liquids has resulted in significant
discussion on the effects of fire on cast coil transform-
ers. An important question is whether and under what
conditions will this type of trans“ormer bum. Two con-
ditions must occur for stable, self-sustained combus-
tion; the temperature of the material must be raised to
the fire point, and the combustion must produce an ad-
equate supply of heat to sustain itself. This means that,
after the ignition source is removed, the fire becomes
an autothermal process (controlled by the balance be-
tween the heat generated by combustion and the heat
carricd away). This process must supply an adequate
amount of heat from combustion in order to remain
burning. All transformers will burn if they are sub-
jected to sufficient temperatures, including dry, PCB,
oil, RTemp, silicone, and other designs.

Several generalized tests were performed on both
the transformer materials and on the complete trans-
former couls. The details of these tests and results are
discussed in the following sections. The tests and re-
sults described include independent testing, INEL test-
ing, and factory testing.

l 5in.

Wire gause

N\ water /

Side view

Epoxy Material Testing

The first fire test tested the epoxy encapsulating ma-
terial itseli, There are essentially two types of compos-
ite materials used in the production of cast coil
transformers. The first is a bisphenol A (BPA) epoxy
resin, The second is also BPA epoxy resin except that
an inert filler (silica) is added to the mixture
(Appendix C).

The epoxy material was tested in accordance with
the Standard Method of Test for Flammability of
Self-Supporting Plastics (i.e., rigid) American Society
for Testing & Materials (ASTM) Designation D
634-68. This standard has recently been outdated and
has not been replaced by anything to cate. Testing was
performed by an independent agency, and the results
were taken from an Electrical Construction and Main-
tenance (EC&M) magazine article (Appendix D).
Validation tests were performed by the INEL.

Twenty samples of the material, each 5 x 1/2 x
1/2 in., were tested using the procedure in the standard.
Calibration marks were made 1 in. and 4 in. from the
unclamped end of each sample. The sample under test
was clamped horizontally and the flame of 2 Bunsen
burner applied (Figure 2). If after two attempts, the
specimen does not ignite, it is considered *“nonburn-
ing” by this test. If the specimen continues to burn after
the first or second ignition, timing is started when the
flame reaches the first mark, 1 in. from the free end,

__ Specimen

>

45 deg

End view

Bunsen burner

0.0080

Figure 2. Apparatus for the epaxy material flammability tests performed by the INEL.




and stopped when the flame reaches the second mark,
4 in. from the free end. A specimen that burns to the
4 in. mark is considered to be “burning” by this test,
and the buming rate is determined by the time it takes
to burn the 3 in. between the two marks. If the speci-
men does not burn 1o the 4 in. mark, then it is deter-
mined to be “self-extinguishing” by this test, with the
extent of burning being the measured length burned.

The INEL tested ten samples of the unfilled epoxy
and ten samples of the filled epoxy. The results of the
tests are tabulated in Table 2. The INEL tests verified
the manufacturers’ results that the epoxy material was
nonburning. All twenty samples extinguished before
they reached the first mark.

Complete Coil Assembly
Testing

Currently, there are no industry or ASTM standards
for testing to simulate the effects of internal faults or
external flame on an epoxy encapsulated transformer
coil; therefore, tests were devised by industry that
represent the most severe conditions. This section is

presented in four subsections. Two subsections de-
scribe the test scenarios used to simulate each of the
two possible fire sources, and two subsections present
typical results of a coil under each of the two test sce-
narios. These tests were not verified by the INEL. The
testing described was performed by he manufacturers
and also by an independent organization, and the re-
sults are discussed in an EC&M article, February 1986
(Appendix D).

The high voltage (HV) coil will be the most likely to
be subjected to a fire situation for several reasons. It is
located on the outside surface of the transformer and
therefore will be the first item, excluding the cabinet,
contacted by any external fire source. The high voltage
placed on this coil makes it more prone to fire caused
by an internal arc.

Secondary coil failures are also sources of self igni-
tion. Secondary coils are high-current carrying con-
ductors, and if poor joints develop or severe overloads
occur, the resulting heat can cause incendiary prob-
lems. For instance, a cast coil transformer failed at
Norfolk Naval Base, Virginia. Unfortun:tely, most

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

Sample Material
No. Filled (F) Unfilled (UF)

NITIF
NITIF
NITIF
NITIF
NITIF
NITIF
NITIF
NITIF
NITIF
0 NITIF

— 0 00 ~J O\ L H WK w

Square-D UF
Square-D UF
Square-D UF
Square-D UF
Square-D UF
Square-D UF
Square-D UF
Square-D UF
Square-D UF
0 Square~-D UF

=D 00 )N BN —

Total Time? Total Time?3
First Burn (s) Second Bum (s)

31.51 189.30
0.0 8.87
248 37.01
10.79 40.34
9.53 48.55
20.66 28.83
717 91.84
22.08 110.48
3.66 122.35
46.73 2043
40.83 132.55
133.80 5249
10.08 134.77
199.18 24,05
223 69.38
19.27 9.96
1047 13642
3.20 287.10
4.01 170.36
38.78 76.59

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




protection sysiems will not ciear a low—level second-
ary fault and contisuation of the fauk can Iead o cata-
strophic failure of the device. Pessible selutions
include cither instait rion of 2 high—icmperature 2kum
or smoke detection connected inlo the proteciion
circuitry (Appendix E).

Coil Testing When Subjected to
Arcing and a Short Circuit

To simulate an internal arcing fault, a § in. bole was
drilled through the 1/4 in. epoxy outer coating, expos-
ing the aluminum conductors of the winding. Oae end
of the winding was connecied 10 the negative lead of an
arc welder, and an arc was drawn from the positive
welder clectrode to the aluminum winding exposed
through the hole.

Under normal operation, transformers are protected
by overcurrent devices that should clear the arcing fault
in 30 cycles or less. To illustrate worst case conditions,
the arcing test duration was extended 16 approximately
5 s, and a series of six tests were performed with in-
creasing durations. The temperatures developed were
sufficient to melt the aluminum wire and to establish a
flame. The melting point of alyminum is 660°C during
a high-energy arc between two voltage phases. The
cause of the arcing can be one of many intemnal fauits,
such asturn-to-tum short circuits, coil short circuits, or
phase~to-phase or phase—to-earth flashover.

Another high-energy arcing test was performed on
an 800 kVA transformer of the Traffo-Union design.
This test involved a three-phase HV terminal short
circuit that was artficially induced. Shost—circuit du-
rations of .5 s and 2 s were used. The transformer was
initially at its operating temperature of approximately
100°C. The fault level was 150 MVA.

Results of Coil Testing When
Subjected to Arcing and a Short
Circuit

Testing of the transformer coil under the simulation
of an internal arc was performed as described in the
previous subsection. The results of this test are tabu-
lated in Table 3.

The particular coil used for this test was 36-in. high
with an cutside diameter of 23 in. and an inside diame-
terof 18 in It consisted of multple layers of aramid-
insulated aluminum conductors covered with a

floergiass mat, piaced 5 2 avetd micid, amd vacone
cast m cpoxy resin. The ¢poty %as approriestly

144-m_ thack over the wideey.
Table 3. Results from the amaenes’ arr Foc sz
okt
Arc Doragion (s) Fame Extinciioe (s)
s 46
10 49
20 82
30 10.9
45 413
9 186

Based on the results in Table 3, a fire started by an
intcrnal fanlt in the ransformer winding should be
seif-extinguishing within a short time after the fault is
cleared by the system protection devices.

The second test was performed on the Traffo{nion
transformer. As described in subsection, Coil Testing
When Subjected 10 Arcing and a Short Circait, two
faults were simulated of .5 s and 2 s duratioss. The re-
sults of the 2 s fault were as follows. The heat caused
by the arc bumed a thin layer of the resin at the surface.
This left a Iayer of soot that provided a shielding effect
protecting the resin layers below. There was some
melting and vaporization of the conductor material at
the metal connection terminals (i.e., the root of the
arc). High-speed cameras were used to verify that
there was no after burning of the insulating matenal
observed after arc extinction. Despite the visible
surface damage, the transformer remained fully
serviceable.

Next, the ransformer was subjected to a test that
simulated direct interium and winding short circuits.
Holes were drilled in the HV windings of all three
phases. Six millimeter nails were placed in the holes
and then connected to the short—circuit leads. The re-
sults during this test were the same as previous tests.
There was no igaition and no afterbumning of the resin
compound or other insulating materials.

Coil Testing When Subjected to
an External Flame Source

It is even morc difficuit to simulate how an external
fire affects the coil. Fires have many variables and may
be fed by many different fuels ™ ealuatirg b -1 scof
ignition as a result of an cxternal fire, several factors
must be considered.




The cpoxy mazerral will 208 coaunibare 2 large
amourt of beat o an exestreg fme. The ransforamer
COiES At 3 COMPOSIE sysieen of ¢poxy mitod with aom-
flammmable fillers, mysuizting marerials, and metal
windimes deat condect and distribose heae. Alsop, a fore
may barn 1 2t arca thae i oxygen rich or one 2ok is
relagively voud of oxygpen. This will have a dexstic af-
fect on B progressaon of the fire_ The igaition temoer-
arse of the epoxy matesial is approximawiy $50°C
bigher than that of other construciion maserials such as
wood; and therefoee, fire protection sysiems should
have reacied leng before the epexy of a casi coil
rans®  mer woald ignize.

One fypical iest procecore ased was application of
an oxyaceiylene cuning torch. The test was performed
on a compleie coil assembly. The coil was placedona
wooden skid and the torch flame was applied 10 the
botiom of the coil so that the rising heaied air would
tend 1o keep the material buming. The iorch flame was
bzld in coetact with the cofl for 30 s. The time taken for
the flame 10 extinguish was measured and is discussed
in the following subsection. This test was informally
verficd by INEL personnel at the failed wansformer
aulopsy at Norfolk, Virginia. Oxyacetylene lorches
were used with varying time clemeats and a
self-sustamed flame could not be produced.

Two other example tests performed to simulate ex-
temal fires were (a) a wood fire that was placed under-
ncath the coil and (b) propane gas flames applied to the
side of the coil. For the wood fire test, 10 kg of un-
treated pinewood (5 x 2 x 100 cm) was laid on steel
plates undemeath the transformer and lit with shav-
ings. The flame temperatures reached up to 1000°C.
For the propane flame test, eight wide throat bumers
were placed evenly around the coil. The flame temper-
ature peaked at approximately 1200°C. The bumers
were fired for 30 min. The results of these two tests are
discussed in the following subsection.

Results of Coil Testing When
Subjected to an External Source

The first external fire source test discussed was sim-
ulated by applying an oxyacetylene cutting torch to the
bottom surface of the coil. The torch flame was held in
contact with the coil for 30 s. The ume from removal
of the torch to extinction of the burning epoxy was
mcasured. The test was repeated many times, with the
torch applied for 30 s. The results in Table 4 represent
the extinction limes obtained.

Because of the vaned range of «xicmal fires possi-
ble, 1t 15 not certain from this test that an externally

cased cast-cool fre would be sl cxgrmpwedirayr muder
26 orrwerstancrs. Hoadwer, @ o Rexily probabie tng
tf Thaemes of moderate seze set fint 1 the epory amd
wiere semoved or exgemgaesived, the coek fire woehd tha

Table 4. Resuls from exsemat fre sest esing am

cxyacetylene curting toach
Torch Applicd (s} Flame Extinction (s)
30 24
30 26

If the transformer was involved in a major cata-
strepkic fire, it is possible that it would burn, but it
would not add a siznificant amount of intensity 1o the
fire.

Two types of exiernal fire source tests were cantied
out on the Traffo-Union transformer. These two types
of iests involved a wood fire and a propane gas fire.
The two types of externally sourced fire simulated sev-
eral different conceivable modes of attack on a trans-
former. The propane gas fire was considerably hotter
than the wood fire and the damage more severe, al-
though the total heat of combustion of the wood fire

was actually greater.

Sixicen high—temperature nickel/chromium nickel
thermocouples were fiited to the core, HV winding,
and low-voltage (LV) winding of the transiormer in a
symmetrical arrangement with eight thermocouples
for each test.

After the wood fire had been burning for some time,
the insulation of the HV and LV windings ignited, and
the chimney cffect of the axial duct in the LV winding
and of the leakage flux channel caused the epoxy 1o burn
rapidly to the top of the transformer. However, the firc
did not spread to the other limbs of the transformer.

During the propane tire test, the flame application
was more intensc; however, the flames still extin-
guished themselves shortly after the source was
removed.

This same result was observed duning the failure of
the Norfolk Naval Base 2000 kVA unit; most of the
damage was limited to the phase C coils. After clectri-
cal power was removed, the buming insulauon exun-
guished itsclf.



COMBUSTION PRODUCTS

It is not possible 1o determine a standard set of con-
ditons that would prevail in a2 bostike fire involving 2
cast coil ransformer. There are many vanables tha
can affect the results. These problems complicaie the
atiempes 1o simulaie ithe buming of cast coils in a labo-
raory. T:sts have beea conducted over many years
with a vaniety of resulis that depend on the test condi-
tions, paramcicrs, and the methods of analysis of the
products of combustion. Pyrolysis (decomposition of
organic maierials by the application of bear) has also
been conducied using an smpie air supply, a restricted
air supply, or “utrogen only with no oxygen at various
iemperatures. Analysis of the preducts of combustion
has been performed using many methods such as gas
chromatography (GC) and mass spectroscopy.

Description of Testing
Performed by the INEL

The resulis of testing performed by the INEL are
summarized in the following section. The complete re-
port containing the detailed test precedures and results
is included in Appendix C.

The testing was performed on two samples of epoxy.
One sample was the Square-D unfilled BPA and the
- other was the General Electric Company’s quartz
pewderfilled BPA epoxy. Both of these samples were
chemically evaluated for combustibility and toxic
products given off during combustion or pyrolysis in
an inert atmosphere.

The experiment was performed in three phascs
(1) chemical and physical characteristics of the two
cpoxies were determined, (2) temperatures at which
chemical and physical changes take place in controlled
air and nitrogen atmospheres were determined, and
(3) the four toxic compounds previously identified
from the pyrolysis of BPA were identificd and quanti-
tated for samples collected over the entire combustion
process. During Phase 1, infrared (IR) spectroscopy
was used to verify the chemical composition of the two
materials. Phase 2 was performed under both an inert
atmosphere (nitrogen) and an oxidative atmosphere
(air). Thermogravimetric analysis (TGA) was used to
determine the temperatures at which changes took
place duning heating of the polymers. Gas chromatog-
raphy was used to perform Phase 3 of the analysis.
During the testing, attempts to collect samples of gas
from the TGA cxpeniments for GC analysis were un-
successful because only 10 mg of matenal was used

for the 1est. Appendix C contains a detailed descripton
of the sest procedures used during these tests.

Resuilts of Testing Performed by
the INEL

Infrared spectroscopy was used 1o verify that the
two polymers were composed of BPA epoxy. Both ma-
seriaks were confirmed 1o be BPA epoxy. The General
the silica filler. Appendix C contains a summary of the
testing performed by the INEL.

The TGA analysis was performed on the samples to
Under the nitrogen atmosphere, both of the samples
began to decompose at 300-350°C. The Square-D
sampie lost 100% of its weight at 475°C, and the Gen-
eral Electric sample lost 50% at 420°C. The material
that remained tn the Gener.! Electric sample consisted
of the silica filler and was black due to the presence of
clemental carbon. Under the air atmosphere, the
Square-D polymer began 1o decompose at 250°C, and
rapid oxidation occurred between 350 and 435°C. The
sample had a net weight loss of 85%. Fifteen percent of
the Square-D polymer remained oxidized between
535°C and 580°C. The General Electric sample began
to decompose at 250°C and was followed by oxidation
between 330 and 420°C. This sample had a net weight
loss of 40%. Oxidation continued between 450 and
500°C with 15% more weight loss. The portion of the
General Electric material left was determined to be
silica filler.

Gases were collected in the impinger during the py-
rolysis testing. Gas chromatograms were run on the
samples. Benzene, tolucne, ethylbenzene, and phenol
were positively identified. Table S contains summary
data of the quantitative information obtained.

Results of Testing from
independent Sources

Table 6 contains data taken from an EC&M article,
which is included in Appendix D. The table contains
actual testing data of an unknown cpoxy sample as
well as the acceptable Occupation Health and Safety
Act (OSHA) concentrations 1o which humans can be
exposed.




Table 5. Coscentration of *oxic pyrolysis products of BPA polymers

Concentration®
(mg/g)
Air Atmosphere Nitrogen Atmosphere
Toxic
Compound Filled Unfilled Filled Unfilled

Benzene .31 12 18 1.24
Toluene 0.65 0.26 19 086
Ethylbenzene 0.12 025 0.15 0.13
Phenol 128 43 100 —_

a. Concentration: Typically 1 ppm of vapor is equal 10 0.12 mg/m? concentration in the worst case. Mg/m>: 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 magazine

Compound Produced

Benzene

1, 3 Butadiene
Cyclopentadiene
Naphthalene
Phenol

Styrenc

Toluene

Concentration® OSHA Limits®
(mg/m3)® (mg/m3)
341038 30
02t010 2200
201026 200
036100.72 S0
0.54 :~0.66 19
0.72100.96 215
16018 375

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

b. mg/m3: Milligrams per cubic meter.

¢. 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
substances produced by pyrolysis of the epoxy
material are in concentrations that are not harmful to
humans when exposed to them for relatively long peri-
ods. The testing also indicated that cast coil transform-
ers are not significantly hazardous to fire fighters or
others near the transformer when involved in a fire.

A similar series of tests were performed on General
Electric Company’s Geafol transformer. The results
obtained from the GC mass spectrometer indicated

similar results to those discussed in the EC&M article.
The discussion on the Geafol transformer contained a
section that specifically discussed the production of
two hazardous substances that are the results of
pyrolysis of askarel. These hazardous substances [2, 3,
7, 8 tetrachlorodibenzodioxin (TCDD) and 2, 3, 7, 8 te-
trachlorodibenzofuran (TCDF)] were monitored for,
and the gas chromatograms of this test verificd that
these products were not produced b the pyrolysic of
the BPA epoxy.




In Appendix C, a comment was macde that the con- swsrounding the transformer wouid be suilicient 1o di-
cearasions of pherol and benzene esied were abeve lule the toxic gasses, and the testing also confirmed

the admissible limit. This condiiion occusred in 2 that the cas: coil transformer would not produce any
smail confined environment. The levels were consid- significant amounts of nonbicdegradable toxic sub-
ered safe for fire fighters and others in the areas un- stancas even if the device was completely consumed
der the normal conditions (i.¢., the volume of air in the fire).
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QUANTITATIVE MATERIAL CONCENTRATIONS
OF CAST COIL TRANSFORMERS

The cast coii transformer has very litle materiai flammable material is very small. In comparison, an
(% by weight) that will bumn in the event of a fire. As oil-filled ransformer contains a substantially higher
shown in Table 7, the total percentage by weight of amount of flammable material.

Table 7. Proporions of flammab'e and nonflammable materials in an 800 kVA 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 0.70 047

HYV resin compound and terminal link strip 4.79 246

HYV 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 inforiation available
to date regarding cast coil cracking.

Instances have been reported where the transformer
coils have developed stress cracks. Coil cracking has
been related to the compatibility of the coil electrical
conductors to the epoxy resin mixture used to encapsu-
late the windings. The two types of conductors used
today are aluminum and copper. Currently, manufac-
tures are using more aluminum. The aluminum
material does not have the same current carrying ca-
pacity of copper; therefore, the windings must be phys-
ically larger. The product descriptions, included in
Appendix B, indicate those companies that use alumi-
num, copper, and those that use both.

Several of the manufacturers claim to use aluminum
windings because of its compatibility with the epoxy.
Only one company mentions the reduced cost of using
alumimum windings in the transformers and states that
“aluminum offers the best value for the user.” Com-
panies offerirg both copper and aluminum indicate
that the choice is based on the loss formulas or
customer preference.

Each of the manufacturers using aluminum offer
their own argument as to why aluminum is the pre-
ferred choice. The arguments are summarized below.

1. Chemical resistance. The chemical resistance
is the ability of the conductor te withstand the
effects of chemical contaminants that may be
present 1n the atmosphere, One consideration
1s to not use aluminum to increase the corro-
sive resistance and another 1s to use the con-
ductor and design tre package accordingly.

2. Joints and conncctions. The joints have been
aproblem in the past because aluminum tends
to flow away from connecticns causing them
to loosen and overheat.

3. Thermal expansion coefficients, Encapsulat-
ing the conductors rigidly in the epoxy
material creates stress each time the trans-
former heats and cools because of different
thermal expansion coefficients of the
aluminum and the epoxy.

The first 1ssue, chemical resiswnce of the winding
wAlelias, was 2asdy resolved. The wirdings are eneap-
sulated in chemically inert epoxy resin and are not ex-

posed to the hazardous environments or conditions that
are of concem. Also, the manufacturers often use a
copper bus with the aluminum windings. This way the
most significant portion of exposed material is copper
and may be more durable thin the altemative alumi-
num. Therefore, the choice should not be driven by
concerns about the environment.

The secondissue is also addressed adequately by en-
gineering and manufacturing techniques. The connec-
tion problems associated with aluminum have been
reduced by use of several techniques. For instance, one
technique is to tin plate the aluminum leads as they
come out of the epoxy encapsulated winding and then
mechanically couple the tin plate to a tin-plated cop-
per pad that connects to the copper bus. This type of
connection reduces the possibility of conductor move-
ment, Another type of connection used is a special cop-
per/aluminum explosion-bonded pad The nad
consists of one plate of aluminum and one plate of cop-
per that are explosively bonced tegether (e.g.,
DuPont-Deltaclad) to form one integrad piece of mate-
rial. The aluminum winding leads are then connected
to the aluminum side of the pad and the copper bus to
the ather side. In summary, proper joints and connec-
tions should not be a factor because of the engineering
solutions available.

Final issue of conductor thermal expansion compat-
ibility to the epoxy resin mixture raises the most ques-
tions and is a sensitive area among the various
manufacturers. This is further compounded because
several different epoxy composite coil assembly struc-
tures are used to encapsulate the windings. Therefore,
the data are not the same and difficult to assess equally.

In order to present comparative information from
several of the manufacturers, a relative expansion rate
will be used. The relative base will be the thermal ex-
pansion rate of pure epoxy resin, which will be 70 x
1076 in./in./°C. The information available has been
standardized and is presented in Table 8.

Based on this argument, the expansion coefficients
of the aluminum are 1n fact closer to thosg of the com-
posite epoxy muxtures that are used to encapsulate the
windings. However, no manufactuers use epoxy with-
out fillers and/or internal strengthening fibers or other
methods of strengthening the coil assemblies. One po-
tenuial problem is expansion and contraction of the ma-
tenals duning operation vaused by changing internal
transformer coul temperature and varying external




Table 8. Themal expansion coefficient information on the differen: materials used in cast coil transformers

Expansion Coefficients

(1076 in./in./°C)

Company Aluminum Copper Composite?
Square-D 23.0 18.0 45.0
NITI 483 338 60.3
General Electric 50.0 350 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-
niques, materials technology, and structural engineer-
ing factors all come into play in designing the
composite for adequate reliability.

In summary, the transformers are designed as com-
posite structures for strength using glass fiber rein-
forcements, powder filler, or a combination of both.
All manufacturers have tested their coil designs under
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temperature tests that involve gradients of -60°C to
+80°C. Many of the problems present in the coils sev-
eral years ago have now been eliminated. The limits of
the material are better understood, and the transform-
ers are designed accordingly. It is sufficient to state
that the manufacturers are aware of the potential prob-
lems and are actively addressing it. Additional re-
search and investigation in stress cracking and design
details can be performed upon request.




CAST COIL TRANSFORMER RELIABILITY

The specific type of transformer that best suits a giv-
eninstallation varies with the surrounding fire hazards,
requiresnents of the user, and other applicatior issues.
Cast coil transformers have a proven record in Europe
and other parts of the world, They have a good reliabil-
ity record, are easy to maintain, and there are over
10,000 units in service ranging in kVA from 100 to
10,000, with voltages up to 34.5 kV. The initial cost of
a cast coil transformer is commonly higher than costs
of the other alternatives, but total ownership costs are
often lower,

Based on the information obtained during this in-
vestigation, the cast coil transformer has proved to be
exceptional for its intended applications. The cast coil
transformer provides a high degree of fire protection
for both internally and externally caused fires. At the
same time, they have the capability of maintaining BIL
ratings similar to liquid-filled transformers This is not
true of the standard dry-type transformers,

The testing performed by the INEL during this task
confirmed the available results regarding the flamma-
bility of the epoxy material and the products of
combustion.

Unless ordered specifically without a cabinet, all
U.S. style cast coil transformers come with an
industrial grade cabinet that acts as a fire barrier, This
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cabinet keeps both external flame and heat away from
the flammable portions of the transformer. The cabinet
also serves the following functions:

e Safety

¢ HYV isolation

¢ Fire protection

¢  Maintenance minimization,

The final concern is placing cast coil transformers in
space-limited locations. The cast coil transformers are
larger than standard liquid—filled units and may not fit
certain applications.

In summary, cast coil transformers offer the user a
high level of reliability in most environments. They
are durable under fire conditions. The coil encapsula-
tion material is “nonflammable” and self extinguish-
ing. These types of transformers do not add any
significant amount of fuel or fire danger when placed
in a location where a fire might occur. If a fire should
occur, the products of combustion are not sufficient to
endanger the lives of fire fighters or others near the de-
vice. Cast coil transformers provide an excellent alter-
native for applications that are not suitable to other
dry-type devices or liquid-filled units.




CONCLUSIONS

Cast coil transformers offer reduced risk to the user
compared to liquid-filled units. The cas. coil design
eliminates the environmental impacts associated with
liquid—filled designs. The threats of oil spills and
catastrophic fires are reduced with the elimination of
the liquid coolant. Cast coil transformers are a very
attractive option when the environmental effects must
be kept to a minimum, Cast coil transformers are also
more efficient than most of the other transformer
designs and therefore fit into the increasing trend of
energy consciousness.

When a cast coil transformer is involved in a fire
situation, the products of combustion consist primarily
of carbon (soot) and several aromatic hydrocarbons.
These concentrations are usually at acceptable levels.
Overall, the cast coil transformer adds minimal risk to
an installation under the worst case situation. In
conclusion, cast coil transformers have a long record
of operation and have proven to be reliable and
efficient.
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RECOMMENDATIONS

Listed below are several recommendations for the
use of cast coil transformers.

1.

Use near environmentally sensitive areas and
areas where personnel safety is a primary
concern, such as piers, waterfronts, hospitals,
dormitories, cafeterias, and schools.

Use in areas with high power rates.
Use in facilities that experience cyclical loads

where the transformers are or can be shut-
down for long time periods.

16

4. Use when varying loads are experienced with
high quantities of short-term overload but
lower average power.

5. Use in applications where the transformers
are not enclosed in vaults.

Cast coil transformers are excellent devices for
many uses, but they are not the best device for all
applications, Good engineering judgement and evalua-
tions must be used to determine which design is appro-
priate in any given circumstance.
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APPENDIX A

INFORMATION REQUEST FORM AND RESPONSES

information Needed From
Manufacturer On Cast Coil
Transformers

Provide dzscripeion of the actaal prodoc:

How losg kas vour compeay mazuizciuned

What design do you use that of 2 parent com-
pany of your own?

What is the approximaie numder of cast coil
mansfamezrs menuiactured by your compay
10 Gaie?

What size and velizge renges zre avzailable?

6.

10.

W speceinc applicatoms sk caur ool
TAnOrTDESS U0 aftracTewe and e [here oy
sopicariors wixse they shoehd not by mexd?
Wt iz eting bas bers done oo yors cors-
pay’s cast oodl tmaeicrmerns?

Wka: z=¢ the combesiice byprodocts pro-
caced when 2 semple of the moneioed eetd 1o
eacapseiaes the core is foroed to bumm?

Are ¥our company's c2st ool iransformers
provea 1o be safe i fire siiuations—eather
from interal arcing of some osher exicrmal
source?

Providz other information that deals wirh the
testtag or reliability of your compeny’s cast
coil type ransforper.
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cnal Zrgineering Labcratory
. & C. Idano Inc.

response to your letter of lay 9, 1988 (copy attacned), I will respond
your guesticns.

I am encliosing z copy of our btulletin MD-i, wnich gives a detailed
descripticn of cur ?o"er-Cast tranformer.

We shipred our first Power-fast transformer from our Clearwater, FL
2lant in Juiy of iG79.

Cur Pcuwer-Csst transformer is designed and manufactured tased con the
My & Christe technolcgy.

We bhave manufactured approximately 1400 Power-Cast transformers to
date.

The Power-Cast transformers are available, three phase, over a kVA
range frem 300 - 10,000 kVA. The high voltage range is from 2.5kV
through 24.5kY class. The low voltage range is from 1.2kY through
5.0kY class.

The greatest attiraction for Power-last has been for "PC3" repiacement
and applications where severe environmental condit:cns exist (i.e.
salt l‘aden hizan humidity, caustic vapors, etzc.). I xnow of no
application where the product meets the kVA and voitage requirements
that the Power-Czast should not be used.

A4

MONAGCE PLANT

XA 23r15




M.
June 3, 1683
Zage -2-

1-

8.

g.

Tt Me3ride

I am enciosging a oooy of 2 bulletin published by May % (hriste which
5y experts examines the f{lammebility of their technology. #e use
exzctly the seme ecoxy m=terials as they do. We, therefore, feel thatl

this data appiies to the Power-{ast as well.

I am enclosing a copy of our Product Peta Bulletin ZIP-39
addresses the procducts of combusiion o©f cast Bispnenol 73
traasformer coiis in grest detzil., it should be ncted t
given is the results of sctual testing.

Experience supports 2 non-flammeble classification as defined as not
being able ¢o support ccmbustion and wiil seif-extinguisn.
£ ngt

We nave experienced a very small number of failures, arproximatels
3770 of one percent, for the entire populaticn sanufactured over a 9
year pericd.

If we may be of further service, please advise.

i

Regards,

SQUARE D CG#PANY

20 AR

W. E. Foauherlng;
Transforaer iVarketing Specialist
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‘\Qj GE Electrical Distributia

and Control Sales Divis.

May 12, 1988

Scott A. McBride

Blectrical Engineer

Idako National Engineering Lab
P. 0. Box 1625

Idano 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,

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, ete., 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.




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 l00Z 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 200Z st 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,

Richacd . &=

Richard D. Estes
Sales Engineer

RDE:ks

S@ﬁ/ T oent Yo Arwc op ard

T howe. O« Viceo £
shed. Con RI We }\ovom,r\.j ?fﬂﬁo(ﬂ g
can ge(" tfugf’%e.f/ S}:’,\L MWJ Up are! 3,“/_{
e o-call. Tt chaor o bt anV¥he W
capabclitres

ﬁ.o&orcl <
Rich
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ELMA ENGINEERING

ZLECTRO-MAGNETIC EQUIPMENT, TRANSFORMERS
SOLID STATE CONTROL, INDUCTION NEATING 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.0. Box 1625

Idaho Falls, ID 83415

Sub: Cast Coll 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 coll 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 avallable 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-toxiec 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 oroperly 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.

Sincerely,

Do, (- omy

Thomas A. Beno
Vice President

Enecl: (5)

ib
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APPENDIX B
PRODUCT DESCRIPTIONS

Square-D

Appendix B contains descriptions for the following
companies: Square-D, National Industri, Inc., Elma
Engineering, and General Electric Company.

Square-D manufactures their Power—Cast trans-
formers based on the May & Christe technology. They
have been building cast coil transformers in America
for approximately 9 years. Their first Power-Cast
transformer was shipped in mid 1979. To date,
Square-D has built approximately 1400 such trans-
formers. May & Christe has built cast coil transform-
ers in Europe since the early 1960s,

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

The Power-Cast II transformer uses a Lisphenol A
(BPA)-based epoxy reinforced with glass cloth and
small quantities of Quintex paper for insulation be-
tween the aluminum conductors. The Power-Cast
transformers are equivalent to the Power-Cast II ex-
cept that the Power—Cast typically incorporate copper
windings instead of aluminum. The Square-D cast coil
transformers are encapsulated using laminar construc-
tion with layers of fiberglass cloth impregnated with
pure (unfilled) resin, unlike the silicafilled resin of
the NICAST transformers. This technology uses a
thinner epoxy cross section than the filled design with
comparable performance and strength, However, pre-
cision molds are required.

Both the primary and secondary coils are vacuum
cast with the same construction technique. This tech-
nique uses cooling vents throughout the length of the
windings and a relatively thin layer of epoxy coating.

National Industri Transformers,
Inc.

National Industri observed the extensive use of cast
coil technology in Europe. In the 1970s, National
Industri decided that it would be feasible to attack the
U.S. market with “fire resistant” transformers.
National Industri currently has over 7000 vacuum cast
dry-type transformers in service.

National Industri’s NICAST transformers utilize
their own design technology, which in some ways
closely resembles the Traffo-Union design. However,
Nationat Industri is not a licensee of Traffo-Union.
Some of the design highlights are described in the fol-
lowing paragraphs.

The NICAST transformer uses a BPA-based resin,
an anhydride curing agent, a flexibilizer, and a silica
filler, National Industri uses a unique insulation com-
bination that consists of NOMEX and epoxy. The coil
turns are first wrapped with NOMEX insulation that is
rated at 200°C and then the entire coil is encapsulated
in the above epoxy resin mixture, which is reinforced
with two fiberglass sheets one inside and one outside.
The pure epoxy in the mixture is rated at 155°C., Silica
filler is added to increase the temperature rating to
approximately 200°C.

The high-voltage (HV) coils are disk wound with
NOMEX tum insulation with either aluminum or cop-
per, rectangular or foil conductor. Every other disk is
upset in order to eliminate turns from crossing each
other, so that internal mechanical stress concentrations
are minimized during resin shrinkage. All HV coils are
vacuum cast in mold.

The low-voltage (LV) coils are constructed in either
a foil strip or continuous layer. These coils can be de-
signed with or without cooling ducts and with either
aluminum or copper conductor. Turn-to-turn insula-
tiun can be either NOMEX or fiberglass. Both round
and oval cross sections can be constructed. The oval
configuration is currently being developed in order to
reduce the length dimension to make the cast coil
transformer more attractive for PCB replacements.
The secondary coils may be encapsulated in one of
three different ways (1) vacuum cast in mold like the
primary winding, (2) dip cast (Dynacast), or (3) VPI-
vacuum pressure impregnated. Low precision, less
costly molds are required for this design.

National Industri builds cast coil transformers from
S0 kVA to 7500 kVA with voltage ratings from 2.4 kV
to 35 kV. They can also build banks of single phase
units to handle needs larger than 7500 kVA.

Elma Engineering

Elma Engineering is a small California-based com-
pany composed of approximately 50 employees. The
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company was established in 1964 and began building
cast coil transformers at that time. Elma Engineering
does not rely on any foreign source for transformer de-
signs. The complete transformer is designed and built
at their factory in Palo Alto, California. Their design
resembles the May & Christe design. Elma has been
manufacturing cast coil transformers for approximate-
ly 15 years and has approximately 350 power distribu-
tion size devices in the field to date.

Elma’s cast coil tranformers are available, three
phase, from 112 kVA to 5000k VA in voltage classes of
24kVto36kV.

Both, the HV and LV windings are separately
vacuum epoxy cast in a machined metal mold,
providing two rigid tubular coils with no rigid
mechanical connection between their concentric
arrangement. The epoxy is completely reinforced with
continuous filament fiberglass to provide high me-
chanical strength and to prevent the epoxy from
cracking, High precision molds arc needed for this
design.

The epoxy resin used is formulated to closely match
the coefficient of expansion of the copper windings.
This design utilizes pure (unfilled) epoxy.

General Electric

General Electric has manufactured Geafol cast coil
transformers since 1982 under a license of
Traffo-Union. They have just recently developed

some new techniques and have moved away from the
original licensing agreement. They now manufacture
their own product. General Electric has manufactured
over 600 units to date.

The Geafol transformers are available, three phase,
with kVA ratings from 500 kVA to 6000 kVA (at
15kV)at voltages of 2.4 kV to 34 kV except the maxi-
mum size of the units at the 34 kV class is 5000 kVA.

The HV windings are comprised of several individ-
ual aluminum strip coils, vacuum cast in epoxy resin
with quartz powder filler. The aluminum strip wind-
ings are individual coil sections wound utilizing the
aluminum foil technology. The sections are connected
in a series. Multiple layers of polyester film provide
the necessary turn insulation.

The LV windings are sheet windings employing a
different manufacturing method from the HV wind-
ings. A foundation cylinder is first wrapped with
several layers of glass fabric impregnated with ester—
imide resin, Full width aluminum sheet and impreg-
nated glass fabric insulation are then wound onto the
cylinder. The full width sheet winding is then wrapped
with impregnated glass fabric and cured in an oven.
The ends of the windings are potted with an air dried
epoxy. This technique is similar to the nonvacuum
secondaries produced by National Industri.

In the past, General Electric has purchased cast type
secondary coils form their competitors for their cus-
tomers that require vacuum cast LV coil designs. Low
precision molds are needed for this design.
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APPENDIX C
INEL BYPRODUCTS OF COMBUSTION FIRE TEST REPORT

Byproducts of Combustion of
Bisphenol A Epoxy Resin

introduction. The U.S. Navy is currently in the
process of replacing their polychlorinated biphenyl
(PCB) transformers with ones that are more environ-
mentally safe. One of the proposed replacements is a
transformer that uses bisphenol A (BPA) epoxy
insulated coils. There is a concern over the possible
health hazards associated with the combustion prod-
ucts of the BPA epoxy if the transformers were
inadvertently subjected to high temperatures. One
study has already been completed and has shown that
toxic gases are produced by the combustion of BPA
epoxy; however, the amount of toxic gases in air found
was well below the recommended permissible expo-
sure limit for humans.!

The Naval Civil Engineering Laboratory (NCEL)
has provided two samples of BPA epoxy, one red in
color (Square-D Company) and one brown in color
(General Electric Company), to be chemically eva-
luated with respect to combustibility and toxic prod-
ucts given off during combustion or pyrolysis in an
inert atmosphere. The required work needed to com-
plete the chemical evaluation was broken into two
parts. The objective of this part of the study was to de-
velop the experimental methods to do the analysis and
obtain initial results, This paper discusses the initial re-
sults of the qualitative and quantitative analysis of the
combustion products of the BPA epoxy and details
what further work must be done in the second part of
the study. Figurvs C-1 through C-6 show BPA epoxy
samples,

Experimental. The experimental work for this study
was done along the same lines as those found in one of
the articles during the literature search.2 The analysis
was carried out in three phases (1) chemical and physi-
cal characteristics of the two epoxies were determined,
(2) temperatures at which chemical and physical
changes take place in controlled air and nitrogen
atmospheres were determined, (3) the four toxic com-
pounds previously identified from the pyrolysis of
BPA were identified and quantitated for samples col-
lected over the entire combustion process. !

In phase (1) the chemical composition of the two
materials was verified using infrared (IR) spectrosco-

PpY. Also, pieces (approximately 2 mm x 2 cm x 5 cm)
of the two polymer samples were ignited with a bunsen
burner. The heat source (the bunsen burner) was then
removed to see if the plastic would support a flame.

In phase (2), the temperatures at which changes took
place during heating of the polymers were determined
by thermogravimetric analysis (TGA). These experi-
ments were carried out under both an inert (nitrogen)
atmosphere and an oxidative atmosphere (air). The in-
ert atmosphere was selected to evaluate the thermal
stability of the polymers in a nonoxidizing atmosphere
that may undergo thermal fluctuations, such as the
polymer that is located internally near the aluminum or
copper coil wires of the transformers where the resis-
tance heating is at a maximum,

Phase (3) of the analysis was done using gas chro-
matography (GC). Attempts to collect the gaseous
products from the TGA experiments for GC analysis
proved futile as only 10 mg of material could be used
effectively. To collect the gaseous products from the
pyrolysis of the materials under both the inert and oxi-
dative atmospheres, a simple apparatus was con-
structed employing a tube furnace and an impinger
containing 2 mL of emthylene chloride cooled to
-78°C in an acetone/dry ice bath, The quartz furnace
tube and apparatus were also rinsed with methylene
chloride and the rinsate diluted to 10 mL and subse-
quently analyzed by GC. The resulting solutions were
analyzed by GC with separation on a 10% SP 2100
packed column (Supelco Chromatography Suppliers)
in a Perkin-Elmer Sigma 2 Gas Chromatograph
equipped with a flame ionization detector (FID). The
temperature program was as follows: isothermal for
5 minutes at 50°C, then a ramp at 8°C/minute to
230°C, and a thermal elution at 230°C for 5.0 minutes.
The injector and detector were held at 270°C and the
eluent (He) flow rate was 30 mL/min.

Resuits and Discussion.

Phase (1). While working with the two polymers
during the physical evaluation, it was noted that both
materials were very hard and that the “red” was much
more brittle. Chemical evaluation of the two epoxy
materials using IR spectroscopy confirmed that both of
the samples were composed of BPA. The “brown”
polymer also contained bands that were indicative of a
silica-based filler, most likely the quartz powder used
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Square-D
Sample #8

Square-D
Sample #4
1 in. calibration
mark
0-0084

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

NITI Sample #3

1in. calibration
mark

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 burn tests. The flames caused a minimum amount of degradation of the material. In
comparison to Figure C-1 the filled sample was less effected than the unfilled sample. This material also proved to
be nonburning by the definition of the test procedure.
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Epoxy encapsulation

Copper winding Fiber glass insulation layer
conductors reinforcement betw zen wirding
sheet jayers

0-0083

Figure C-3. This photograph shows a cross section of a cast coil taken from an Elma Engincering transformer.
The section shows the coil conductors and the insulating sheets that separate the tums as well as the epoxy layer that
is used to encapsulate the windings. This particular design also used a layer of fiber glass t0 provide reinforcement.
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Figure C—4. This photograph shows, starting on the top, samples 1 to 5 of the National Industri epoxy material

and on the bottom, samples 1 to 5 of the Square-D epoxy.
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0-0081

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-6. Thermograms of both the brown and red polymers obtained under an air atmosphere.

C-9




as a resin hardener in the General Electric transform-
ers.3 The reinforcement of the resin in the Square-D
transformers was done using a fiber glass filler.# This
fiber glass filler did not show up in the spectroscopy of
the “red” polymer. This absence of the filler is a possi-
ble explanation of the “red” polymer’s extra brittle-
ness. The test samples used for these tests were
approximately 2 mm x 2 cm x 5 cm, which is substan-
tially smaller than those used for the other material
tests.

Phase (2). The IR analysis was followed by TGA
of the epoxies to determine their characteristics with
increasing temperatures (10°C/minute). Under the in-
ert atmosphere (nitrogen) both polymers began to de-
compose at 300-350°C, while the “brown”
(Figure C-6) polymer only lost approximately 50% of
its weight by 420°C. The remaining 50% of the
“brown” polymer was a black, hard solid that was de-
termined by IR spectroscopy to be composed primarily
of the silica filler. The black color was assumed to be
from elemental carbon. The absence of any residue
from the decomposition of the “red” polymer again
shows that the Square-D samples did not contain their
fiber glass filler.

Under the oxidative atmosphere (air) TGA showed
that the “red” polymer (Figure C-2) began to decom-
pose at 250°C with rapid oxidation occurring from 350
10 435°C and a net weight loss of approximately 85%.
The remaining 15% was oxidized completely between
535 t0 580°C. The “brown” polymer (Figure C-7) also
began to decompose at 250°C with rapid oxidation be-
tween 330 to 420°C and a net weight loss of 40%. A
second oxidation step was seen between 450 and
500°C with an additional 15% weight loss. The

remaining 45% was a pinkish powder that was deter-
mined to be the silica filler by IR spectroscopy. These
TGA curves are fairly typical for most organic
polymers.256

Phase (3). Typical gas chromatograms of the col-
lected gaseous pyrolysis products are shown in
Figures C-8 through C-13. The chromatograms of the
gases collected in the impinger contained light weight,
low boiling hydrocarbons that eluted before the me-
thylene chloride as well as many heavier hydrocar-
bons. Benzene, toluene, ethylbenzene, and phenol
were positively identified in the impinger solutions,
and phenol was also identified in the rinsate. The four
toxic compounds mentioned were previously identi-
fied and quantified from the pyrolysis of BPA.
Table C-1 is a brief summary of the quantitative re-
sults that were obtained in this study. These results are
much higher than those previously reported
(Table C-2).

If we used the same hypothetical situation that was
used in the previous study of BPA! on the results from
this study, it would indicate that both the phenol and
benzene would be above the permissible exposure
limit (Table C-3). These levels, however, would most
likely pose no threat to fire fighters in the immediate
area because of the dilution of the toxins that would
occur in the area holding the transformer. Heating rates
during the pyrolysis may offer one possible
explanation for these results. The slower heating rates
used in this study may produce larger quantities of
gaseous products. The number of gaseous products and
amounts of these products are greater when formed
under a N, atmosphere primarily due to the fact that
they are not able to be oxidized to CO or CO;.
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Figure C-7. Thermograms of both the brown and red polymers obtained under a N atmosphere.




File 37, Run 5, Started 11:20.4, 87/12/C1, SP2100
% Method 1, SP2100, Last Edited 09:19.5 87/12/01

W-3 A64 C-10 O-3 BGN Brown, 0.2880, Air
0.625 0.044
B A4 1066
1263 1506 1.773

—]1.654

21000

Figure C-8. Pyrolysis products of 0.2880 g of brown under an air atmosphere.

C-12

Methylene chioride
Benzene

Toluene

Ethylbenzene

Phenol ?

Possibly plastisizer hardner




File 41, Run 9, Started 16:66.3, 87/12/01, SP2100
% Method 1, SP2100, Last Edited 09:15.5 87/12/01

J1.533

W.3 A64 C-10 O5 Brown, U,,0.1115 g
BGN 0.163g
0.630 0.760 0.843¢ 1.024
1.284
3.1063 W4
3.732g

ey 5,032

6.069

e 39

1260 45 g5
13.39

5.032 Benzene
9.39 Toluene

€200-0

2547 12.60  Ethylbenzene
g 22.67  Possibly plastisizer hardner

1.839 Methylene chloride (solvent)

Figure C-9. Chromatogram of the pyrolysis products of 0.1331 g of brown under an Nz atmosphere.
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W-3 A64 C-10 0.5
0.666 8GN

764
9.7 0.854 1034
1362 1529 17220 M

Red, 0.1152 g

—) 1.670

e E— 4,17

9.43

295

22.64

Peaks <1.870
1.870

5.17

9.49

12.67

15.57

22.64

v200-0

Volatile hydrocarbons
Solvent methylene chioride
Benzene

Toluene

Ethylbenzene

and 16.22 may contain phenol
Possibly plastisizer hardner

Figure C-10. Pyrolysis products of 0.1152 g of red under an air atmosphere,
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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

W-3 A-64 C-10 O-5

Red, 01331 g,U,,2mL

BGN
0.632 0766  0.352 1.034
1.168 1.534 1-365 1 746
~11.672
2.670
B W4
= 5.196
ﬂ46
6.236
W-5
B 686
B
8.77
8
— e 9.50
9.88
10.69
B W6
12.69
12.97
13.48 .
14.11
14.53
15.01
15.35 1563 .. o
———r— 17.36
22.25 — e 22,57
<1.972 Volatile hydrocarbons
5.198 Benzene
9.50 Toluene
12.69  Ethylbenzene
15.77  Phenol
22,57 Possibly plastisizer hardner

52000

Figure C-11.
red under an air atmosphere.
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Chromatogram of products rinsed from furnace tube with methylene chloride after pyrolysis of




File 40, Run 8, Started 15:42.3 87/12/01, SP2100
% Method 1, SP2100, Last Edited 09:19.5 87/12/01

W-3A-684C-1005 Red, 0.1152g

BGN
0384 4 626
BW-4 0.679

J 1.862

B W5

5.46

W-6

W-7

2259

1.862 Solvent (methylene chloride)
15.78  Phenol (possibly)
22.59 Possibly plastisized hardner

92000

Figure C-12. Chromatogram of the pyrolysis products of 0.1331 g or red under an N atmosphere.
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File 49, Run 17, Started 12:15.8, 87/12/02, SP2100
% Method 1, SP2100, Last Edited 09:19.5 87/12/01

W-3 A-64 C-10 05 Red, 0.1331 g, Rinsate, 10 mL
BGN
0.660 B W-4
1.311
—J 1.950
B W
5.67
B
w-6
W-7
17.34
22,22
s 22,55
2476 95 49 1.950 Solvent (methylene chloride)
26,06 15.80  Possibly phenol
P 2629 2255  Possibly plastisizer hardner

27.95

29.18

30.75

41000

31.828

Ftlrgureh C-13. Chromatogram 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 Red® Brown? 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 28 43 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 Sudy
Compound Red* Brown® 0}
Benzene i1 1.2 0.0015
Toluene 0.65 0.26 0.0026
Ethylbenzene 0.12 0.25 0.002
Phenol 12.8 43 0.026
a. Redis Square-D polymer,
b. Brown is General Electric polymer.
Table C-3. Concentration of toxic vapors
Permissible
Exposure Limit Estimated Concentration
in Air mg/m3 Generated by Combustion of
Toxic Vapor (ppmw) Red® BPA Epoxy in Air mg/m3
Benzene (25) 355.0
Toluene 375 742
(100)
Ethylbenzene 435 13.7
(200)
Phenol 19 1462.0

a. Red is Square-D polymer,
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FiRE-TESTING
CAST-COIL TRANSFORMERS

Ayt B oxrend Saraes ¥ g

Do epoxy-cast-caii
tfransformers burn
or support
combustion? If so,
do they emit toxic
combusticn
producis?
Detailed fests
provide scime
answers.

B SFEERTS mi e v owoelCzmoeriide o
less-fameaide tronsiormer Zaads v 3
swbject of consaleraide Ssozssaxe: and
comtroversy lodzy. Underwriters Laberate-
res (CL) and Factors Mutsal (K3 ese tu0
ewtirefy dilferest staniunds 10 chssiiy or st
these faids, carh wth difforent soguee
meats for msiufng the tramsformers. The
Natioral Tleetrical Miazufacturers Assoc=-
ton NEMAL UL F3L NEC commuiees. *he
Eecirical Power Resexch Imstzuote (EPRD
and other mteresied mares are ailemping
0 pmduce one aniversaily cepted sian-
dard. A transformer fire <an resuit imm 2
failiure within the trarsiommer itscil from =
fault that causes a1 ~het spol” that =xcerids
the ratings of the 'ransiormer materais or
creates an electric arc *hai ignites surmounvi-
g materials. The transiormer can aisn be
subircted 10 Heat and Jame from 2 fire or
elecinic are externzi 1o the ransiormer.
Transformer ‘luid -sposed 0 fire 2an g-
nite and continue 0 burn, ‘gnite and s=if-
exingzishn, or not ‘gnita 22 3l Different
Auids. xhen buming, reiease heat at arving
rates. Products of combustion can wary from
extremely toxic 10 completely montoxsc.
While askare! is noriiammabdle, when it s
subjected 10 very high temperatures from an
internal arcing fauit or external fire, it pro-
duces soot that carries and deposits the
PCBs far {rom the transformer. In additon,
it produces zases and other compounds that
are extremely toxic. Askarel transiormer
lires :n severai buskiings have rendered them
uniizhitable {or vears, with cleanup costing
miilions.

Effects of fire on cast coils

The attention focused on the efTects of fire
on transiormer duids nas also resuited in
considerzble discussion on the effects of n-
ternal {ailure or externai flames on cast-coil
transformers in particular. Does the epoxy
material it encapsuiates the coil or coils
hurn? Does it sustun ~ombustion? Are the
products of combustion toxie? Because little
data is available, many myths are circulating,
some perhaps fostered by the competitive
marketplace. One smgor manufacturer of
cast-eatl transformers $eit that st wouid be
valaable W conduct careful tests o obtaun
factuzi information
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berwures 2t

It »as consdered necessary to run wo
series of sesis. One tavestimalod the fhmma-
bifity of the cast epoxy mater:ll, whether &
xould continue 0 bumn. ané ine tme re-
cuired for the flame 0 2xtinguish when the
source of igmition was removed The other
determined the types and quantities of prod-
ucts of combustion of tae epoxy compounc,
ard the toxicty of these products. While
some 'esting had been don2 over the yvears,
this was a comprehensive program 0 obtain
comple’e information.

All epoxy material tested was the same as
1s used for encapsulation of the coiis in trans-
former production and has the [oilowing
composition by weight:

Filler 2P parts
Resin 100 parts
Hardener 50 parts
Flexivilizer 50 parts
Colorine pigment 2 parts
Acceelerator 0.4 varts

While the exact nature of each »f the comypo-
nents is proprietary, the results are prodaoly
trpical of materiais used by several manufac-
turers of cast-coil transformers.

Flammability tests

Three series cof tests were performed to
determine the flammability of the cast coils.
First, the flammabiiity of the cpoxy encapsu-
lating material itself was measured, using a
standard American Society of Testing Mate-
rial (ASTM} procedure. Then a ~ompieted
cast cml, as normally manufactured. was
subjeeted  to a0 simuliated nternal aremy
fault. Last, the completed coni was subjected
o an mtenxze external flame,
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The epexy material ¥as tested = 2ccor-
dance with Standard Ncthod of Tot for
Flammabiily of Sclf-Supporting Phstics,
ASTM Desigmation 1) €2445. The materal
meets the definition of ~sclfl supporting™ n
the standard. As required. 10 specimens of
the material. cach 5 - 3L < L mL were
tested by i procedare in the standani. (i
bration marks were made | in. and 4 in. from
the unclamped end of each sample. The sam-
ple under test was chimpel horizontally and
the flame of 2 buncen burmer applcd. as
shown in the diagram on previvus page. Test-
ing was done under 3 fume hood, siace some
plastics emit inxic fumes. The bunsen burner
was the standard i cm in diameter. xith the
fMame adjusted 1o pure blue (highest tem-
perature) and 1 i high. The flame was ap-
plied for exactly 20 sec

If, alter two attempts, the specimen does
not ignite, it is considered o be “nonburning
by this test” If the specimen continues to
burn after the first or seeond ienition, Gining
is started when the flame reaches the first
mark, 1 in. from the frre end. and stopped
when the flune reachees the second mark, |
iy, from the free end. A sprcimen that burns
to the 4in. mark is considered 1o be “burning
Ly this test,” and the burning rate is deter-

- mined by the time it takes to burn the 3 in
between the two marks. if the specimen does
not burn to the 4-in. mark after the first or
second ignition, it is judired to be “self-extin-
pruishing by this test,” with the “extent of
barning” being the measured length burned.

All 10 specimens under test ceased to burn
in from 2 min 20 sec to 2 min 30 sec aiter the
Msee application of flame, and none burned
t0 the +in. mark. Therefore. the epoxy mate-
rial was determined :0 be “self-extinguisiing
by this test.”

Testing the coil

There are no industry or ASTM standards
for testing to simulate the effects of internal
faults or external flune on a coil, so it was
necessary to devise test procedures that rep-
resented most-severe conditions and to ob-
serve the results.

For these tests, a representative cast high-
voltage coil was taken from a normal produc-
tion run. The coil was 26 in. high, with an
outside diameter of 28 in. and an inside diam-
eter of 18 in. It consisted of muitiple layers
of aramid-insulated aluminum conductors,
completely covered with a [berglass mat,
placed in 3 metal mold, and cast in epoxy
resin under vacuum to climinate any voids.
The epoxy outer layer is '/, in. thick over the
winding.

To simulate an mternal arcing fauit. 2
1-n.-dia hoie was dnlled thirough the i in.
epoxy outer coating, exposing the alurunum
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bt o - tsor engalnmg of o e
Magsuests it 'y e cul ) s tacey oty fyer 1 he
currcundng eroxy and me:ing Ay Conducion {A).
The ame ¢f Surmng epoxy s maamum at the
NSt e e Adag ICIC 1S sl (0). Aller 3
fewn SCes. e flame 13s ity seil-
exisrugashed -C) and a fezr secoovds lajer has
completely exzauishest seil ()

conductors of the winding. One end of the
winding was connected to the negrative lead
of an arc welder, and an arc was drawa from
the pesitive weider electrade to the aluminum
winding exposed tirongh the hole.

Normally. transformers are protected by
overcurrent devices that should clear an arc-
ing fault in 30 cycles ()% sec) or less. A
worst-case exampie of a poorly protected
transformer should clear in less than four
seconds. To represent extreme conditions, the
arcinge tests started with a Jsec. are dura-
tion, and a total of six tests was performed,
with increasing durations up to 20 sec. The
temperature generated was sufficient to melt
the aluminum wire and to extablish a {lame.
(Pure alumium melts at 6HFC) The time
from the removal of the arcing electrode heat
souree untl the fame was extimguished was
measured ad the sequence photgraphed at
usform mtervals (see photost. The results
were as ‘ollows:

Arc duration Flame extinction

{sec) (sec)
5 46
10 49
) 82
30 109
45 413
20 D4 186
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Flame from an external fire s simuialed by ar
oxyacetyiene cuttmg forch, apphied at the boticm
oi the ccd s0 that the heat will ignile as much
200xy as possidie {A). As with the araing faull, ihe
flame of burming epoxy 1s maxynum as the lorch is
removed (B). starls 1o self-eatinguish (C), and a
few seconds Laler has lully extinginshed self (1))

It is clear from these results that a fire,
with burning epoxy, starting from an inter-
nai failure in the coii. should be self-extin-
puishing within a short time after the
internal electrical fault is cleared by overcur-
rent or other protective devices.

It was more difficuit to simulate an exter-
nal fire that would affect the coii. Such fires
have many variables, may be fed by a wide
variety of materials, and may have ample
oxygen or he oxvgen-starved. The resuits
will be a largre range of {lame temperatures,
with varyinyg effects on the epoxy-cast coils.
In evaluating the risk of ignition as a result
of a hostile fire, several factors must be
considered.

The igmtion temperature of the epoxy ma-
terial is anproximately 450°C, higher than
that of wood and many other common cou-
struction malerials likely to be found in the
building. Therefore, alarms and other protec-
tive systems should probubly activate before
the transformer ignites. The epoxy cast coil
will not contribute a largze amount of heat to
an existing fire. For equivalent surface-to-
mass ratios, burning epoxy vields about
12.400 Btu/lb, compared with 18,000 Btu/lb
for burning transformer oil, and 8000 Btu/1b
for burning pine wood, In an actual fire. the
heat release Fale of trnsformer oil would
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probably be higher, since it is proportional to
the surface area, and buming «il would
spread quickly when released from the trans-
former tank.

Also, the transformer coils are a compusite
system of epoxy mixed with sonflanmable
fillers, insulation and msubistinge weteriads,
and metal windings that conduct and distrib-
ule heat The entire complex mass must be
clevated in temperature if there is to be any
possibility of sustained combustion.

To simulate ignition from an external
flame energy source, an oxyacetylene cutting
torch was used. The test sample was the
same representative coil used in the arcing
test, rotated 180" to present a freth surface.
The cuil was on a wooden skid in a draft-free
enclosed area. There was no outside influ-
ence that would help to extinguish the flame.
The torch flame was applied to the bottom of
the coil, so that rising heated air weuld tend
to keep the material burninyg, and held in
contact with the specimen for 30 sec. The
time from removal of the torch to extinction
of the burning epoxy was careiully mea-
sured, and the sequence photogruphed at
regular intervais (see photos). The results
were as follows:

Torch applied Flame extinction
(sec) {sec)
30 124
30 220

This test was repeated many times, witn the
torch applied for 30 sec. and these resuits are
representative of the extinction times
ootained.

Because of the wide range of possible ex-
ternal {ires, it is not certain from these tests
that an externally caused cast-coil fire would
be self-extinguishing under all circum-
stances. However, it is highly probable that
if flames of moderate size set fire to the
epoxy and then were removed or extin-
guished, the coil fire would then celf-extin-
guish. If the transformer is involved in a
general conflagration, it is quite possible that
it would burn, but it would not add signifi-
cantly to the intensity of the fire.

Products of combustion

It is not possible to determine a standard
set of conditions that would prevail in a hos-
tile fire involving a cast-coil transformer.
There are many variables that can affect the
results. The burning of the buillding mater:-
als and contents results in a complex mixture
of products. The quantity of oxygen available
and the different temperatures resulting
from combustion of different materials act-
ing as fuel for the fire combine to create an
unpredictable variety of combustion
products.




Table 1. Products of air pyrolysis of epoxy resin

QSHA limits
Quantity Concentration T STEL

Compound produced (ppmw) {mg/m?) {ppm) {mg/m?) {rpm) {mg/m?)

Benzene 2810 32 341038 10 30 25 75

1.3 Butadiene 208 02t 1.0 1000 22¢0 1250 2750

Cyclopentadiene 1710 215 2010 26 75 200 150 400

Maphiialone 3106 0.36 10 0.72 10 50 15 75

Phonol 451055 0.54 {0 066 5 19 10 Ja

Styrene 6108 0.72 t0 0.96 £0 215 - -

Toluene 1319 15 16t0 1.8 100 375 150 560
For comparison only .

Acetic acid (vinegar) 10 25 15 a7

Acetylsalicylic acid {aspinn) —_ 5 - —_

Amnomma 25 18 35 27

Perchioroothylone 50 335 —_— l —
NOTES:

ppmw: Parts per muillion by weight

ppm: Parts per million

mg/m?; Milligrams per cubic meter

TLY-OSHA: Threshold Limit Value—maximum amount in atmosphere tolerate for an 8-hr penod

STEL-OSHA: Short Time Exposure Limit—maximum amount in atmosphera for no more than four 15.-min exposures per day, with at least
60 min between exposures

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 ar requwred to consume compietely ail the epoxy—assuming a
code-minimum-sized transformer room. Typically, t ppmw of vapor equals approximately 0.12 mg/m? zoncentration in
the worst case. (For smaller transformers, larger rooms, or more arr, this value would be lower.)

Unfortunately, similar problems complicate
attempts to simulate in a laboratory the
burning of cast coils, and tests have been
conducted over many vears with a variety of
results, depending on the test conditions and
parameters and the methods of analysis of
the products of combustion. Pyrolysis (de-
composition of organic materials by the appli-
cation of heat) has been conducted using an
ample air supply, a restricted air supply, or
mtrogen ouly, with no oxygen, at vitrious
temperatures, such as 350°, 450°, and 900°C.
Analysis of the products of combustion has
been performed using many methods, such
as gas chromatography and mass
spectrography.

A list of possibly toxic or harmful com-
pounds produced by pyrolysis of the epoxy
casting material that have appeared consis-
tently and in measurable concentrations in
numerous tests over several years is given in
Table 1. Although tests performed under dif-
ferent conditions produce different products
of combustion, the results of separate tests
performed under similar conditions are quite
consistent. Also included in this table are the
OSHA exposure limitations for these com-
pounds. This table does not include harmless
products of combustion, nor does it represent
a list of all possible harmful products of com-
bustion. It should be taken as an indication
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of what toxic compounds might be produced
in an actual fire rather than as a definitive
analysis of what wiil be produced. The 0SHA
limits for a few familiar substances are in-
cluded for comparison purposes.

The results of combustion tests. as
summed up in this table, indicate that the
toxic substances produced by the burning cf
epoxy-cast coils for transformers are pro-
duced in concentrations to which humans can
be exposed, by OSHA standards, for relative-
ly long pericds. These tests cannot include
the effects of such phenomena as gas strat:
fication that might increase the dangers of
exposure, However, they do satisfy the origi-
nal goal of this investigation. They demon-
strate that a cast-coil transformer does not
add significantly to the hazards to fire-
fighters or others in the vicinity of a fire.

PCDD and PCDF

The investigation of possible hazards {rom
the burning of cast-coil transformers would
have ended at this point, except that there
was evidence of trace amounts of chlorinated
impurities in the combustion products. There
is increasing public concern regarding non-
biodegradable polychiorinated compounds
such as dibenzo-p-dioxins (PCDD) and diben-
zofuranes (PCDF). Cancer and congenital de-
fects are believed to be consequences of



TRANSFORMERS AMND INSULATING FLUIDS

For many years, transformers used indoors and in other fire-
sensiive areas were usually either askarel liqud-filled, or
ventilated dry-typo. Thon polychlonnatod iphenyis (PC3s) were
deterruncd by the Envirorunental Protection Agencv (EPA) to te
cancer-causing and not biodegracdable. Askaref, sold under
varioys trade names, consists of about 70% PCBs, and
manufacture of askarol-filled transformers was prohibrted. Exsting
askarct-tillod transformors woro pormittod by tho EPA to continuo
inuse, but undar seere restnctions intended to prevent leakage of
PCBs into the environment and to eliminate human contact mith
the offensive PCBs.

Some existing askarel-filied transformers were retrofiled with
other, more acceptable fluids, but this was seldom effective. ‘With
tme, the PCBs leached out of the transformer materals and
contaminated the replacement fluids 1o over SCO parts per miltion
(ppm), so that the transiormer was still classified as askarel-filed
according to EPA standards. Many existing askarel-filled

transformers are being disposed of in the manner required by the
stnngent EPA rules, a very costly process, and replaced with
enviconmentally acceptable units. These replacements, and all
new nslalfations, can be either dry-lype transiormers or
transformers ‘illed with nonflammable or less-flammable dielectnic
fluids.

Ory-typo transformers, with the windings immersed 1n ar, have
been used successiully for ovor 50 years. For over 20 yoars, cast-
coil dry-type transformers, with either the high-voitage winding, or
both the high- and iow-voitage windings encapsulated in an epoxy
compound have been avalable. A cast-coil transformer can be
used in many corrosive or dirty atmospheres that rule out aiw-
immersed windings and are much less subject to physical damage.
In addition, while indivigual transformer designs vary widely, cast-
coil units tend to have lower losses, be physically smaliler, and to
have greater capacty when fan-cooled than equwvalent air-
immersed-coil transformers.

exposure to these compounds, and the risk is
50 high that it was decided to conduct a
specilic investigation to determine whether
these compounds were produced by combus-
tion of the cpoxy, and il so, in what quantity.

Extreme precision was required for this
analysis beeause of the minute quantities and
the chemical composition of the compounds
involved. First, the total chlorine content of
the epoxy material was determined at the
Institute for Energy Rescarch in Kjeller,
Norway, using neutron activation analysis.
The results showed a total chlorine content
of only 0.041%. This low value indicated that
polychlorinated compounds should not be a
problem, but testing was continued to con-
firm this.

Pyrolysis of the epoxy material was per-
formed by the Center for Industrial Research
in Oslo, Norway. A sainple of the epoxy
weighing 275g was burned in 1.47Nm? (nor-
mal cubic meter—1m* at 20°C, 0% humidity)
of air. The gasevus, solid, and liquid products
of combustion were collected in a series of
precision laboratory filters, condensers, and
absorbent cartridges.

The actual analysis of these products of
combustion was done at the Norwegian Insti-
tute for Air Rescarch in Lillestrom, Norway.
In recent years, very sgophisticaled tech-
nirques capable of deteeting extremely smadl
quantities of vitrious compounds have been
developed. These techniques include methane
negative ion chemical ionization mass spec-
trometry using mulliple ion detection, and
electron impact ionizalion mass spectrome-
try. Using these methods, minute quantities
of several PCDD and PCDY compounds were
found, with the polychlorination ranging
from four to eight chlorine atoms per
molecule.

The results of these tests can be summa-
rized as follows:

Compound ng/Nm? ng/kg/epoxy
PCCD 0.52 1.1
PCOF 1.36 72
Totals 1.88 8.3

NOTE: 1 nanogram, ng, — 1 bilionth of a gram.

The total of all PCDDs and PCHFs found
totaled only 1.88 nanograms per cubic meter,
an extremely small quantity, corresponding
roughly to about 1.83 parts per (rillion. This
level is lower by a factor of 100 than the
concentration of these products in the ef-
fluents of a typical municipal incinerator.
These results confirm what was expected
from the low total chlorine content of the
epoxY.

Conclusions

If cast coil transformers are in.olved in a
fire, either from internal failure or external
flames, they will pose no unusual hazard to
firefighters or the general public.

Firefighters should use respirators when
fighting a fire in an enclosed space, and no
additional equipment or special precautions
are required if a cast-coii transformer is
involved,

The east-coil transformer will ot produce
any syrmficant quantity of nonbiodegradable
toxic substances, even if the epoxy is entirely
consumed in the fire. It will not produce a
need for mtensive detoxification of the build-
ing, and therefore there will be no resultant
long-time loss of use of the faciity because
of the wansformer.

The use of epoxy cast-col transformers
does not add to the fire risks in any signifi-
cant way. B
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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 1 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
cast coil transformer failure at PWC Norfolk on
November 20, 1988. The report contains a sequence of
events, a device description, analysis of the incident,
manufacturers’ comments, and engineering
recommendations,

Two site visits have been conducted to determine as
accurately as possible what the actual conditions were
during the failure,

1.

The first visit on November 28, 1988, was at-
tended by G.V. Urata, NCEL, R. Culbertson,
NEESA, A. Bialecki, NCEL, S.A. McBride,
INEL/EG&G, and representatives from the

Norfolk-based PWC. This trip was con-
ducted to collect data and inspect the damage
at the installation site.

The second trip was on January 25, 1989, and
was attended by G.V. Urata, John Franchi,
NCEL, Rod Nelson, INEL/EG&G,
S.A. McBride, D. Dickerson, NAVFAC HQ,
L. Steiner, NITI, 1. Arsonovic, NITI,
M, Haas, NITI, and T. Lanoue, NITL

The primary objective of this second meeting was to

perform an autopsy on the failed transformer in an at-
tempt to determine the cause of failure.
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DATE/TIME
October 1988
November 20, 1988
8:50 pm

November 20, 1988
8:59 pm

November 20, 1988
9:00

November 20, 1988
9:00

November 20, 1988
11:58 pm

SEQUENCE OF EVENTS
EVENT

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

Estimated time that the fire started.

USNS Rigel (T-AF-58) reports smoke emitting from Pier 4, Vault B. Alarm received by
base fire department.

Explosion #1 occurs and P~substation main breaker trips on ground fault relay (CO-8 relay
type). Personnel went to P-sub and opened P-4 and P-1, 2, 3. Rolled the breakers down and
tagged and locked both out. BKR P-1, 2, 3—no targets; BKR P-4-—one target.

Personnel performed evacuation of pier because of the uncertainty of the transformer type
(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 backfesding 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,

Fire is classified as extinguished,

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 2000kVA

PRIMARY 11.5kV DELTA

SECONDARY 480 VGROUNDED Y

LOCATION PIER 4 VAULT B

TYPE CAST RESIN—HIGH PERFORMANCE
MANUFACTURER NATIONAL INDUSTRI TRANSFORMER, INC. (NITT)

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.




FAILURE ANALYSIS

The flaw was isolated to the phase C secondary coil
based on the autopsy performed on the device on
January 25, 1989. The specific cause of this accident is
not definitely known but is being attributed to a man-
ufacturing error in the transformer.

During the autopsy, several small burrs were found
on the remaining sections of the low~voltage leads.
These burrs were formed when the copper sections
were welded together to form the lead. It is a standard
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
indicated that burrs similar to those found could have
caused the fault by penetrating the 30 mills of
NOMEX turn insulation placed between the lead and
the adjacent turn, which would have produced an inter-
nal turn-to—-turn short circuit. The autopsy inspection
revealed massive amounts of electrical arcing damage
to the secondary coil assembly. The area around the
arcing fault was also severely damaged by heat pro-
duced from the fauit. Heat damage indicated that the
fault had been in existence for a considerable time pe-
riod before the start of the actual fire.

The transformer that failed successfully passed all
of the standard acceptance tests before leaving the fac-
tory. The temperature rise test was, however, not per-
formed on this particular unit, It is typical to test a
typical transformer of each design to verify the design
but not to test each unit individually. It is believed that
the transformer was operating acceptably when it was
first installed and that the few thermal cycles that the
transformer was subjected to were sufficient to cause

the penetration of the flawed lead through the
NOMEX, creating a turn-to—turn short circuit.

The transformer was lightly loaded at the time of the
fault. The primary protection activated when the heat
and flame of the secondary had sufficiently degraded
the primary and caused it to fault to ground. This is
suspected because the primary was cleared by the
ground fault relay.

The two adjacent coil assemblies were damaged by
the heat and fame, but the damage was not as signifi-
cant as that on the faulted coil. The fault continued for
asubstantial amount of time before the primary protec-
tion cleared. Estimates of the fault duration are vague
and contradictory but most likely is 2 hours or more
based upon the magnitude of heat damage.

After the primary protection cleared the fault, the
ships 200 kW emergency generator was brought on
line. Refer to the one-line diagram on the following
page. The operator experienced difficulty in getting
the voltage to stabilize and eventually the generator’s
breaker tripped off line. The operator then began to
shed unnecessary loads to reduce the load level on the
generator. The problem still existed and at that point it
was determined that the shore to ship power feed had
not been disconnected as is required. It has been esti-
mated that approximately 30 minutes passed before the
shore power cables were disconnected from the USNS
Rigel. Therefore, the USNS Rigel provided both heat
and arcing directly to the fault and sustained the fire
for an additional 30 minutes.
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RECOMMENDATIONS

There xv Exer sdppiiaent proflems = tes sysiemn
thaz conmibeird coinridenially o e falorwe of this
trarsionnes

2. The Eack of indavidesl randormer proceciion

3. The backiesding of the ransformer by the

On bz firs: issue, the manuizcieres kas regained the
2obizm aad chenged both manufacuring and quality
assarance sieps 10 address this issp2,

The wansformer proieciion was not adzquate 10
ciear the f2uli. There are severzal methods that could be
emploved 1o protect the ransformer and an investiga-
tion should be conducied io determine which is the
most viable option.

e  Add fuses or breakers to each breakers to
cach primary 10 trip the units on individual
overicad.

¢ Addindividual protection relay and intercon-
nect {0 the substation or the nearest upstream
breaker.

¢ Add athree phase secondary coil temperature
sensor and connect it to an alarm alerting an
nperator that a high temperature condition ¢x-
ists and needs attention this option would not

climinaie the buckfesding capebilinyy. Tius
seasor coeld b conmecizd 0 iy sudsinion
beeaksr (Or primery breaker if available)y and
esed as 2 contre! o Uip the devics off lin
vpon hizh wmperanse. Use difiereantiz! relay
scheame w0 provect the traasfonmess.

Toere are also several meihods gvailable o reduce
the possihilizy of backfeeding the trensformer as ob-
served in this incident.

o A difierenual relay sysiem coeld be coai-
gured to operale primary aad secondary pro-
tection but would be quite complicatzd.

» Tke ship’s ca-board system or procedure
could be modified 10 eliminate the possible
packieed. This could be accomplished by
configuring the ship’s shore power breaker
(or tic breaker) to trip when the generator
breaker is closing, either with mechanical or
electrical interlock.

e Last, areverse power relay couid be installed
on the main circuit breaker in the substation.

The acoustic ermissions monitoring instrumentation
would have detected the problems in the transformer if
the device haa been installed on the unit. The monitor
is designed to pick up small as well as large levels of
discharge (arcing). The monitor, however, would not
rypically alarm or tnip the circuit unless designed to in-
tegrate the unii with the tnip circuit.




RISK ASSESSMENT

The cazerophie fathere of tivs weasformer induced
linle risk 10 persoansl oo the pier or o fire fighiers. If
the device had been the original PCB transformer, 2
very great magnitnge of sk would have followed a
similer failure. Based oa preliminary analysis of chem-
ical swipes taken from the inside of the vault, which
contained the transformer, the products of combustion
from the fire were not found to be at levels dangerous
to those in the vicinity of the incident Additional soot
analysis is peing performed 1o ascentain what compo-
nenis are preseat and in what concentrations.

There was some speculation as to the type of wans-
former in the vault and uniil proof was given that the
PCB wransformer had been replaced by a dry-type, the
fire fighters did not attempt to enter the vault. The re-
cords at the fire department had not been propesly up-
dated. The fire fighters should establish a procedure to

¢liminase all electrical power befons 2ntering the trans-
former vault with waitr.

The cast coil type dry ransformer climinates the
nisk of Liguid spills thet commonly cccur whea a typi-
cal liquid-filled transformer is involved in a fire of
similar magnitude.

The fire was isolated 10 the transformer vault. If the
device had been installed inside of a facility sech as the
two 750 kVA cast coil units in LF-18, it is belicved
that the horizoatal propagation of the fire weuld sull
be at a minimum. This is aot the typical case when a
liquid-filled transformer is under flame. The liquid
typically will spread he flame 10 surrounding areas
when it is dispensed from the unit.

In summary, the amount of risk involved with this
type of transformer in the vauit installation was at a
minimum in relation to the other types of devices.
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CONCLUSIONS

The wansformer failed because of the presence of vault and swrounding devices were undamaged except
several small burrs in the secondary coil assembly. for the buildup of soot. The wransformer will be re-
This was termed a manufacturing error. The trans- placed by the manufacturer and is scheduled to be in-
former itsclf was damaged substaniially; however, the stalled in late May 1989.




APPENDIX

DOD FIRE INCIDENT REPORT
PWC NORFOLK DUTY LOG
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DOD FIRE INCIDENT REPORT
Pige 1 of 6 Pages
FOR OFF{CIAL USE ONLY
A. Compiete instructions for tiliing out this form are contained 1n DoD 6053.7-M THIS SPACE FOR SAFETY CENTER ONLY-
8. The entire form may be hand printed. Legibiiity 13 important.
C. Where biocks are oravided for the individual characters of the data, follow these rules: YR MO DAY LINE EXP NO. T/C
{1) 1f the entry is letters, place the first letier in the left-hand block: I | |
N o - .
{2! if the entry 1s 3 number_ place 1t sO that the last digit 13 10 the right-hana block. 3102103104105 06 ~7i55ioa i (10111 !ﬁ

SZCTION A — GENERAL DATA

1. NAME OF FIRE DEPARTMENT 2. REPORT STATUS 3. OFF-STATION/MUTUAL
1. Preliminary AlD RESPONSE
4 mTA 2. Final Y. Y
NORFOLX NAVAL STATICHN 1 Rewsed 2 N N:‘ l-—N]
% . L“'
4. LOCATION S. ZIP CODE 6. UIC-RUC/ |7. AFFILIATION
9 OGT IDENT. CODE{ 1. Naww Z Marine
NORFOLX, VA “ soew - 3. Army 4. A Force
- 5,
TP L6139 6 16121 6188 o ome T 1
13f1afisir16 {17 mji9fzof mfzziaajzelzsizs L_'!
8. NAME QF ACTIVITY WHERE FIRE OCCURRED 9. LOCATION ]
PUBLIC WORKS C=ZNTER NORFOLX, VA
10. AFFILIATION 11. UIC-RUC/ 12. DATE OF FifE |13. DAY OF WEZX |14, INCIDENT |15, MUTUAL AID
1. Navwy 2. Marmne IDENT. CODE 1. Sun 8. Tﬂu NUMBER RECEIVED
3. Army 4, A Force 2. Mon 6. For
S. Def. Log. Agency YR MO Dav 3. Tue 7. Sat : ::’
6. Qtner 11010 11,847 (81811111210} 4 weo }i RYEEE N
IIEIEIETETE 361 37738139120 ey
16. METHOD OF ALARM FROM PUBLIC 17. TYPE OF SITUATION FQUND
1,0 STRUCTURE FIRE
TELZPHONE ” I i
az {4l az} 13}
18. FIXED PROPERTY USE 19. MOSBILE F{ROPERTY TYPE
STORAGE PROPERTY q q q {Auto., Mobile Home, Shig, Aircraft)
a61a7|48 49 ( S0
20. IF MOBILE PROPERTY YEAR MAKE MODEL/OR SERIAL NO /QR | LICENSE NO.
{Auta., Mobiie Home, Ship, Aircraft) ACFT. MODEL SUREAU NO.
SECTION B — ORIGIN AND IGNITION DATA
21. AREA OF FIRE QRIGIN 22. LEVEL OF ORIGIN 23. TEAMINATION STAGE
- GRADI;: LEVEL 1. HEAT TEAMINATED IN THE QVERHEAT STAGE
TRANS:ORI&%LI 613] TO 9' ABOVE |_l_ BEFORE SMOLGER OR FLAME
51152 53 2. FIRE TEAMINATED IN THE SMOLDER STAGE,
24. EQUIPMENT INVOLVED IN IGNITION (IF ANY) BEFORE ANY FLAME
- 3. FIRE TERMINATED IN OR AFTER THE FLAME STAGE
TRANSFORMER 4121 4 NOT APPLICABLE =
s4| S5 S6 |
25. IF EQUIPMENT INVOLVED | YEAR MAKE MODEL SERIAL NO. VOLTAGE
IN IGNITION 1988 EBA NATION
INDUSTIRI C 02103-1 11,500 TO 480
MATERIAL FIRST IGNITED (26%and 27 only]
26. TYPE 27. FORM
(410 CABLE AND INSULATION 6 11
PLASTIC (5718 $91 60
28. FORM QF HEAT OF IGNITION . IGNITION FACTOR CARD NOJ
NS PCYFIED 'SHORT CIRCUIT 2. 167 0
ARC 2 L“ SHORT CIRCUIT ’iﬁ_* il
61162 63l 6a 771781791
DD Form 2324, 84 JAN E~16 $ NO102-LF-202-3230




DOD FIRE INCIDENT REPORT
FOR OFFICIAL USE ONLY

Page 2 of 6 Pages

SECTION C — STRUCTUR

E AND FIRE DATA

30. STRUCTURE TYPE (If not structure 31. STRUCTURE NO. {32. YEAR 33. NUMBER OF
proceed to 46) CONSTR STORIES
- [ { 14 ' 11 010 Lt
WAREHOUSZ 12 13{1at1si16it7(18 191201 21§ 22} }F:lz_q?ﬂ
34. GROUND FL‘OOR AREA 35. CONSTRUCTION TYPE 36. CONSTRUCTION METHOD
1 P14 1 NONCOMBUSTABLE |£¢_ SITE BUILT 1
1261 271 28122130131132 a3 lz_g'i
37. EXTENT QF FLAME 38. EXTENT OF SMOKE 39. EXTENT OF WATER 40. EXTENT OF FIRE
DAMAGE DAMAGE DAMAGE CONTROL DAMAGE
1. CONFINED TO THE 1. CONFINED TO OBJECT 1. CONFINED TQ OBJECT - 1. CONFINED TQ OBJECT
QOBJECT OF ORIGIN OF QRIGIN OF ORIGIN OF ORIGIN

2. CONFINED TO PART

OF ROOM QR AREA OF AOOM OR AREA

2. CONFINED TOPART | 2.

CONFINED TO PART
OF RCOM OR AREA

OF ORIGIN OF ORIGIN OF ORIGIN

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

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

S. CONFINED TO FLOOR 5. CONFINED TQ THE 5. CONFINED TO THE
OF ORIGIN FLOOR QF QRIGIN FLOOR OF ORIGIN

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

BUILDING OF ORIGIN
7. EXTENDED BEYOND
BUILDING OF ORiGiN

BUILDING OF ORIGIN
7. EXTENDED BEYOND
BUILDING QR ORIGIN

8. NOT A STRUCTURE 8. NOT A STRUCTURE
FIRE FIRE

9. NO DAMAGE OF THIS 9. NO DAMAGZ OF THIS
TYPE TYPE

BUILDING OF ORIGIN
7. EXTENDED BEYOND
BUILDING OF QRIGIN
8. NOT A STRUCTURE
FIRE
9. NO DAMAGE OF THIS
TYPE

7

2.

5.

CONFINED TO PART
OF ROOM OR AREA
OF QRIGiN

. CONFINED TO RCOM

OF ORIGIN

. CONFINED TO THE

FIRE RATED
COMPARTMENT QF
ORIGIN

CONFINED TQ THE
FLOOR OF ORIGIN

6. CONFINED TO

7.

8

9.

BUILDING OF ORIGIN
EXTENDED BEYQND
BUILDING OF ORIGIN
NOT A STRUCTURE
FIRE

NQ DAMAGE OF THIS

TYPE 9

41. AT TIME QF FIRE, BUILDING WAS:

1. OCCUPIED 8Y AWAKE PERSONS

2. OCCUPIED 8Y SLEE

PERSONS QNLY

PING PE3SONS

4. NOT OCCUPIED
3. QCCUMED BY CHILDREN OR AGED 5. VACANT

4
6. NQNE OF ABQVE {Explain in narracivel }F:

42. IF FLAME SPREAD TYPE OF MATERIAL GENERATING MOST
BEYOND ROOM OF

ORIGIN:

FLAMES.

4014}

43. AVENUE OF FLAME TRAVEL

, ||
42131

. IF SMOKE SPREAD TYPE OF MATERIAL GENEAATING MOST
BEYOND ROOM OF
ORIGIN:

SMOKE:
|

44| 4%

45. AVENUE OF SMOKE TRAVEL

S EHR AR Whorren

0,0

47| 48

47. METHQD OF EXTINGUISHMENT
(2) 150# HALON EXTINGUISHERS 2,0
1

48. AGENT AND QUANTITY USED (CIRCLE AGENTS
USED & CODE AGENTS AND QUANTITY)

AGENT USED

49. MOST EFFECTIVE EXTINGUISHING
HALON

0 WATER - SPRAY/FQG 1 WATER - SOLID STREAM
2 WATER -B80THOAND1 3 AFFF

£0. NUMBER OF PEQPLE RESCUED B8Y I
FIRE DEPT. (Exoplain in narrative)

4 OTHER FOAMS (PROTEIN, HIGH EXPANSION FOAM
AGENTS)

DRY CHEMICAL § CARBON DIOXIDE
HALOGENATED ALENTS (HALON 1211, 1301}
WATER WITH ADDITIVES I(WET WATER, ETC)
OTHER (COMBUSTIBLE METAL EXTINGUISHING
AGENTS, ETC}

AGENT QTy.

3

I 54 25(56{57158
l P11t

3}33‘! 671631691704

- ]

010

59160

l!][l
72173174175}

S1. DEFICIENCIES OR PROBLEM AREAS

If problems axisted in any of the following areas,
indicate and further axplain in narrative:

1. ALARM TRANSMITTAL
2. FIRE DEPARTMENT RESPONSE

3. PUMPER, HOSE. LADDERS. ETC.

4. MANPOQWER

§. BREATHING APPARATUS, PROTECTIVE CLOTH'NG. ETC.
6. EXTINGUISHING AGENTS, WATER SUPPLY. ETC.
7. VENTILATION, FORCIBLE ENTRY, SALVAGE

8. WEATHER

9. ITEMS QF NON-COMPLIANCE |0SHA)

10. OTHER

ICARD NO.

J:dWAY. ¢

771781791

=

DO Form 2324. 84 JAN E-17
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DoD FIRE INCIDENT REPORT

, .
FOR OFFICIAL USE ONLY 2 3 of 6 Fages
SECTION D — FIRE PROTECTION FACILITIES (IN STRUCTURES ONLY)
52. AUTOMATIC SPRINKLERS Y. YES
PROVIDED? N. NC v TYPE QOF SPRINKLER PERFORMANCE
SPRINKLER P E
(IF NO,PROCEED TO 53) 1. SPRINKLERS QPERATED
: 12! SYSTEM SATISFACTORILY ~
1. WET EXTINGUISHED FIRE
PERCENT COVERED? A9 2z omy 2. SPRINKLERS OPERATED
T5T1eis| 3. DELUGEWATER SATISFACTORILY ~ HELD
4. DELUGE-FOAM FIRE IN CHECX
1F.LESS THAN 100%, WERE Y. YES N 5. PRE-ACTION 3. NO SPRINKLER OPERATION;
SPRINKLERS IN FIRE AREA? N, NO DELUGE FIRE TQO SMALL
16 4. NO SPRINKLER OPERATION:
NO SPRINKLERS IN FIRE AREA
OPERATED AT FIRE? Y. zes N 5. SPRINKLER GPERATION
N. NO ‘77- UNSATISFACTORY (EXPLAIN
1IN NARRATIVE).
CONNECTED TO FIRE ALAKM Y. YES e 6. PERFORMANCE OF AUTOMATIC
HEADQUARTERS? N. NO EXTINGUISHING EQUIPMENT
Ia NOT CLASSIFIED ABOVE
WAS SPRINKLER OPERATION Y. YES 7. PERFORMANCE OF AUTQMATIC
FIRST INDICATION OF FIRE?  N. NO N EXTINGUISHING EQUIPMENT
: . o UNDETERMINED OR NOT
REPORTED
NUMBER OF SPRINKLER
HEADS OPERATED? 2 4
208 21 22 23
53. AUTOMATIC FIRE ALARM Y. YES TYPE QF PERFORMANCE OF FIRE
PROVIDED? N. NO N| ALARM DETECTION EQUIPMENT
{IF NO,PROCEED TO 54) };:' SYSTEM 1. DETECTOR(S) IN THE ROOM OR
) 1. FIXED SPACE QF FIRE QRIGIN, AND
PERCENT COVER TEMPERATURE THEY OPERATED
° E0? 2. RATE OF RISE 2. DETECTQR(S) NOT IN THE ROOM
251251271 1 COMBINATION OR SPACE OF FIRE ORIGIN, AND
THEY OPERATED
IF LESS THAN 100%, WERE Y. YES FIXED TEMP/RATE]
DETECTORS IN FIRE AREA?  N. NO OF RISE 3. FIRETOO SMALL TO ACTIVATE
I'zT 4. SMOKE/SMOKE DETECTORS
" COMBINATION 4, DETECTOR PERFORMANCE
QPERATED AT FIRE? Y. YES 5. OTHER UNSATISFACTORY (EXPLAIN
N. NO '_.. IN NARRATIVE)
29 8. NO DETECTORS PRESENT
6. PERFORMANCE OF FIRE
CONNECTED TO FIRE ALARM Y, YES DETECTION EQUIPMENT NOT
HEADQUARTERS? N. NO }3_0. CLASSIFIED ABOVE
: 7. PERFORMANCE OF FIRE
WAS DETECTOR OPERATION Y. YES 3%@:&:‘:‘;'2’:1’2}
FIAST INDICATION OF FIRE? . N
on o N. NO ";’ l’f REPORTED
54. MANUAL FIRE ALARM Y. YES 83. INSTALLED \
SYSTEM PROVIDED? N. NO b4 PORTABLE
{IF NO,PROCEED TO 55} ET EanGUlSHEHS
- (NOT F.0. CARR!ED)
QPERATED AT FIRE? Y. YES y| 1 EXTINGUISHERS
IF NO,PROCEED T N. NO l—— NOT PROVIDED
{ ? 053 1as 2. PROVIDED 8UT
- - NOT USED
CONNECTED TO ime ALARM 1. YES Y| 3 grerateD
HEADQUARTERS N. NO o] . SATISFACTORILY
" & OPERATED
UNSATISFAC-
IF QPERATED 0I0 TORILY
SYSTEM PERFORM Y. YES {EXPLAIN IN
SATISFACTORILY? N. NO NARRATIVE)
S. OPERATION
}-— NI/A
37 38

D0 Form 2324, 84 JAN
E~18 YN 0102:LF-002-3240




DoD FIRE INCIDENT REPORT

Page 4 of
FOR OFFICIAL USE ONLY e 4 ol 6Pages
56. OTHER FIXED SPECIAL EXTINGUISHING FIXED SPECIAL SPECIAL SYSTEM
SYSTEMS IN FIRE AREA (IF NONE, EXTINGUISHING SYSTEMS |PERFORMANCE
PROCEED TO SECTION E) OPERATED 1. FIRE TQO SMALL FOR SYSTEM
1. NONE 1. AUTOMATIC OPERATION
2. BUILT-IN CARBON DIOXIOE Z ManuAaL 2. OPERATED SATISFACTORILY —
FLOODING SYSTEMS PROVIDED 3. NOT OPERATED EXTINGU!SHED FIRE
3. BUILT-IN CARBON DIOXIDE ~- 3. OPERATED SATISFACTORILY -
HAND HOSELINE PROVIDED HELD FIRE IN CHECK
4. 8L'LT-IN "HALON" FLOODING 4. OPERATED UNSATISFACTORILY
SYSTEM FROVIDED (EXPLAIN IN NARRATIVE)
S. BUILT-N DRY CHEMICAL SYSTEM PROVIDED 5. OPERATION N/A
6. BUILT-IN FOAM SYSTEM PROVIOED 1 -
7. OTHERS !—5 ) };a- H

SECTION E -~ LOSSES

PROPERTY ESTIMATED ESTIMATED 60. |F NON-GOV LOSS,GIVE PROPERTY TYPE
DAMAGED S VALUE $ LOSS 1. PRIVATE 4. EXCHANGE, PX
2. CONTRACTOR . GOV LOSS, REIMBURSED
57. g:; R;g;‘;’:‘; 3. SPECIAL SERVICES 6, OTHER
’§§5§§§Ls\m EENEEERNEEEREE = ?F?C;I
( ! 42143]44]45]46]47]48| 3915051152330 cal28156(57 [sal 7178179
61. NO. INCIDENT- 62. NO. INCIDENT-

58. CONTENTS

VE! 1 215101010} 1 3157040 ; O] RELATED RELATED
(GOVERNMENT) 12 13114412 (16117 (16119 [20121 122 |23124125126127| INJURIES l"zT{E'!J_o‘ FATALITIES ['3—1!5'!3'!
SECTION F — TIMES {24-HR CLOCK)

63. ESTIMATED
TIME FIRE FIRE ALARM
£3. NON-GOV ‘
PROPERTY (IF Fp"’%‘,’ol 25655 0 2" 075 13
NONE PROCEZD S01s1(52153] |54155(56157] |sa153)60161
TO 61)

E.D. ARRIVED EXTIN-GUISHED CARD NO
Py v e r ety r et 210 15141 12131581 |&418%
%ﬂ’i’i’.““‘ a2(a3]aslasia6i47]a8149 (6216316163 [e61671s8163] 77178179}

SECTION G — BRIEF NARRATIVE OF FIRE \

ON 20 NOVEMBER 1988 AT 2053 HOURS EMERGENCY COMMUNICATIONS CENTER RECEIVED A PHONE CALL REPORTING
A FIRE AT PIER #4. ENGINE ONE AND TWO, TRUCX 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 EXPLOSION TAKE PLACE INSIDE OF VAULI.
CAR 3 WAS NOTIFIED OF EXPLOSION AND RESPONDED. CAR l-1 CALLED FOR PWC ELECTRICIAN THEN MADE ENTRY
INTO WAREHOUSE TO CHECK FOR FIRE EXTENSION N WAREROUSE SECTION. CAR 3 ARRIVED ON SCENE AND SET
UP COMMAND POST, ALSO STARTED TARING MEASURES AND EANDLING AS A PCB FIRE. PIERS AND STREETS WERE
BLOCKED OFF BY BASE POLICE. CAR 3 CALLED FOR TWO 150# HALON CARTS FROM AIRFIELD WHICH FIRE WAS
EXTINGUISEED 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 WAREEQUSE AND COOLED DOWN TRANSFORMER CORES. INVESTIGATION REVEALED THAT
FIRE WAS CAUSED BY A MALFUNCTIONED TRANSFORMER WBICH WAS INSTALLED ONE MONTH AGO. THE TRANSFORMER
DID NOT CONTAIN PCB'S. TWELVE FIREFIGHTERS RESPONDED WITH DISTRICT CEIEF WILSON AND ASSISTANT
CHIEF DAVIS IN COMMAND OF FIRE SCENE.

EQUIFMENT: ENGINE ONE: 1000 GPM PUMPER TRUCK ONE: 100' AERIAL
ENGINE TWO: 1000 GPM PUMPER -
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Norfolk, VA; Code 703, Pearl Harbor, HI; SCE, Norfolk, VA; SCE,
Charleston, SC; Sec Offr, San Diego, CA; Sec Offr, Charlestcn, SC

NIC / Code FT 19-33, Great Lakes, IL

NUHN & ASSOC / A.C. Nubhn, Wayzata, NM

NUSC DET / Code 2143 (Varley), New London, CT; Code 52, New London, CT;
Code 5202 (Schady) New London, CT

NWSTAT / ROICC, Colts Neck, NJ

OCNR / NRL (Prout), Alexandria, VA

OFFICE OF SEC OF DEFENSE / OASD (P&L), Washington, DC; OASD (P&L)E,
Washington, DC

OICC / Engr and Const Dept, APO New York

PHIBCB / 1, CO, San Diego, CA; 1, ELCAS Offcr, San Diego, CA

PHIBCB TWO ,; CO, Norfolk, VA

PHMIC / Code 5041, Point Mugu, CA

PURDUE UNIV / Engrg Lib, West Lafayette, IN

PWC / ACE Office, Norfolk, VA; CO, Oakland, CA; Code 101, Great Lakes,
1L; 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 40CA.3, FPO San Francisco; Code 420, Oakland,
CA; Code 421 (Kaya), Pearl Harbor, HI; Code 421 (Kimura), Pearl
Harbor, HI; Code 421 (Guin), San Diego, CA; Code 421 (Reymnolds), 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 / PWO, Mechanicsburg, PA

STATE HOUSE / Off. of Energy Resources, Augusta, ME

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 / 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 (Carlsom), Seattle, WA

US DEPT OF INTERIOR / BLM, Engrg Div (730), Washington, DC

US GEOLOGICAL SURVEY / Marine Geological Offc, Reston, VA

USCINCPAC / Code J44, Camp HM Saith, HI

USDA / For Svc, Equip Dev Cen, San Dimas, CA

USNA / Ch, Mech Engrg Dept (C Wu), Annapolis, MD; Ocean Engrg Dept,
Annapolis, MD; PWO, Annapolis, MD; PWO, Annapolis, MD; Sys Engrg,
Anmnapolis, MD

USPS /7 Bill Powell, Washington, DC

USS / USS JASON, Rpr Offr, FPO San Francisco

VENTURA COUNTY / Deputy PW Dir, Ventura, CA

WESCR-P / Hales, Vicksburg, MS




DISTRIBUTION QUESTIONNAIRE
The Naval Civil Engineering Laboratory is revising its primary distribution lists.

SUBJECT CATEGORIES

1 SHORE FACILITIES 3D Alemate energy source (geothermal power, photovoltaic
1A Consiruction methods and materials (including cofrosion power systems, solar systems, wind systems, energy
control, coatings) storage systems)
1B Walerfront structures (maintenance/deterioration control) 2E Site data and systems integration (energy resource data,
1C Wtilities (including power conddioning) integrating energy systems)
1D Explosives safety 3F EMCS design
1E Aviation Engineering Test Facilities 4 ENVIRONMENTAL PROTECTION
1F Fire prevention and control 4A Soid waste management
1G Antenna technology 4B Hazardousfloxic matersials management
1H Structural analysis and design (including numerical and 4C Waterwaste management and sanitary engineering
computer techniques) 4D Oi pollution removal and recovery
1J Protective construction (including hardened shelters, shock 4E Air pollution
and vibration studies) 4F Noise abatement
1K Soifrock mechanics 5 OCEAN ENGINEERING
1L Airfields and pavements SA Seafioor soils and foundations
1M Physical security 58 Seafloor construction systems and operations (including
2 ADVANCED BASE AND AMPHIBIOUS FACILITIES diver and manipulator tools)
2A Base facilities (including shelters, power generation, water 5C Undersea structures and materials
supplies) 5D Anchors and moorings
28 Expedient roads/airfields/bridges S5E Undersea power systems, electromechanical cables, and
2C Over-the-beach operations (including breakwaters, wave coaneciors
forces) 5F Pressuwre vessel facilties
2D POL storage, transfer, and distribution 5G Physical environment (including site surveying)
2E Polar engineering 5H Ocean-based concrete structures
3 ENERGY/POWER GENERATION 5J Hyperbaric chambers
3A Thermal conservation (thermal engineering of buildings, 5K Undersea cable dynamics
HVAC systems, energy loss measuwrement, power ARMY FEAP
generation) BDG Shore Facilities
3B Controls and electrical conservation (electrical systems, NRG Energy
energy monitoring and control systems) ENV EnvionmentalNatural Responses
3C Fuel flexibility (liquid fuels, coal utilization, energy from solid MGT Management
waste) PRR Pavements/Raikoads
TYPES OF DOCUMENTS

D = Techdata Sheets; R = Technical Reports and Technical Notes; G = NCEL Guides and Abstracts; | = Index to TDS:; U = User
Guides; (J None - remove my name

Old Address: New Address:

Telephone No.: Telephone No.:




The Naval

INSTRUCTIONS

Civil Engineering Laboratory has revised its primary distribution lists. To help us verify

our records and update our data base, piease do the following:

e  Add - circle number on list

Remove my name from all your lists - check box on fist.
Change my address - add telephone number

Number of copies should be entered after the title of the subject categories
you select.

Are we sending you the correct type of document? If not, circle the type(s) of
document(s) you want to receive listed on the back of this card.

Fold on fine. staple, and drop in mail.
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NCEL DOCUMENT EVALUATION

You are number one with us; how do we rate with you?

We at NCEL want to provide you our customer the best possible reports but we need your help. Therefore, | ask you
to please take the time from your busy schedule to fill out this questionnaire. Your response will assist us in providing
the best reports possible for our users. | wish to thank you in advance for your assistance. 1 assure you that the
information you provide will help us to be more responsive to your future needs.

S b e

R. N. STORER, Ph.D, P.E.
Technical Director

DOCUMENT NO. TITLE OF DOCUMENT:
Date: Respondent Organization :
Name: Activity Code:
Phone: Grade/Rank:
Category (please check):

Spomsor ____ User Proponent _____ Other (Specify)

Please answer on your behalf only; not on your organization's. Please check (use an X) only the block that most closcly
describes your attitude or fecling toward that statement:

SA  Strongly Agree A Agree O Neutral D Disagree SD  Strongly Disagree
SA ANDSD SAANDSD
1. The technical quality of the report () () () O) ()| 6. Theconclusions and reccommenda- () () () () ()
is comparable to most of my other tions are clear and directly sup-
sources of technical information. ported by the contents of the
report.
2. The report will make significant O0O000
improvements in the cost and or 7. The graphics, tables, and photo- OO0
performance of my operation. graphs arc well done.
3. The report acknowledges related OO0 0O0
work accomplished by others. Do you wish to continue getting 3 O
NCEL reports? YES NO
4. The report is well formatted. O0000
Please add any commems (e.g., m what ways can we
3. The report 15 clearly written. OO 0O 0 O L improve the quality of our reports?) on the back of this
form.




Comments:

Please fold on line and stapie

DEPARTMENT OF THE NAVY _l II I”

Nava! Civil Engineering Laboratory
Port Hueneme, CA 93043-5003

Official Business
Penalty for Private Use $300

Code LO3B
NAVAL CIVIL ENGINEERING LABORATORY
PORT HUENEME, CA 93043-5003




