TO:
FROM:
RE:

DATE:

MEMORANDUM
Dennis Schwehr
Roberta Straubﬂé?
Damages

July 6, 1953

implications for the damages calculations.

Here is another document which I came across and that may have

seen it or if you already have a copy.

best copy, but our original is no better.
a copy, please disregard this.

thoughts on whether you believe this document is important or

useful (or not) after you have read it.

rjs\nvpoweridamages. mm9

I don't know if you've
I realize this is not the
If you do already have

I would be interested to know your

Thank you.
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JHTRODUCTION

The domise of the use of PCBs in transformers has resulted

PRI R R W e _-w
B

in the naed for the industry to develop substitutes. Decause

' Lhe t-ct that flammability is one of the primary criteris fo
lhe azceptance of these substitutes, studies of the flammahilit-
iave bewen initiated by the industry. The studies have lieen
ioandé to e more complex than anticigated and extensive addi-
tional jnvestigations will be reguired before fire safe trans-
formers can we approvad using appropriate materials. The purpes=
cf this preoposal is to previde short-range screening daba to
eyelop s basis for suksequant in depth studies that wilil lead

o industry standarés that will protect the public and lonit '

iroperty damage and perzcnal injury.
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ﬁ AL PROGRAM

To o ceonduclh an ascevicantal pooatin T osossen orsi by T

~ubstitutes with respect Lo flammabilit asd Hoceiso coresicotion,
with Forthcoming standards nropesed by PPactores duemal.  Ta addi-
tion, catastrophic transformer failures will e simulate:d amd
related to Ffluid prevertiosz, gas contunt of fluids, and trans-
former operatiné temperature. A few represcntative transtormers
will be "expleded" to confirm lire safety reguirements. Obvious'y,

additional studivs will b required in order to achieve the
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»7erall purpose of the program as stated above. The D04 program

e cablbi

would provide the technical bhasis for the subsequent transformer

PPy

studies.

“IMREE. BACKEROUND

For more than 40 years the transformer industry us«=d Aska:. 1=

tpolychlorinated biphenyls, PCBs) as an insulating and hzat trans-

far ligquid in equipment that was required to be fire safe. Sincu
the carly 1970's, environmental concerns mounted concerning the

use of PCBs 2nd ultimately the Toxic Substa?ces Act mandated the

- Al ~

cegsation of manufacture and use of thnse ‘materials. The search

v industry for substitute materials u_thately led to th2 need

inr some form of industry approval for Zire safety, partizularly
when these substitute materials were used in traasformers in indear

=i L

install- finne. In additicn, fursher ¢overnmental rsgulizicne (77
NIOSH Iz wow wﬂ‘f&m‘d
ue.) muest be satiscie: Since the induskry iz vos wish.

!,1.

been shown to ke Iilx

I

)
or
=
"
i}
)

ligquid :nzulated transfeorwsr tha
:a4Fe, ~fforts and financial surnort have been a2pplisd to a
mentst - . . - :
imental program conductad L Tasrory Mutual kasearch Cov.orati
CPRRCY diroctod to the zscatlizcmsnt of standavds fes Zave sadoe

associatad with the gquanticalivas

~
8]
-
n
‘wa
'-l
"'

""he tuechnical Jif
~valuation o transformers Insulated with substitute matcvials
Lava Leer mach greater than anticipated and it is clear that-

k: extensive aJditional euperimental work must be done befure saib-
able s<andards may be established.

The cost of full-scale transformer tests involving disruplive

failure of the unit is very hiuli. The costs are prohibitive wher

NPC00036099

763361



~-3=

-ne is employing the technigue to qualify the fire safety of

LT DU T JOpg G g

) rransformers incorporating FCB substitutes. We have found that

o:plosive charges can be used to simulate transformer arc-faults.

f ‘The purpose of this propesal is ‘to relate the explosive disrup-

'iye failure to arc-induced failure Lo hve employed as a flamma-

1-ility criterion for transformers f£illed with PCB substitutes.

PROCGRAM CRGANIZATION

It is proposed that Lhe National Electrical Manufacturers
Association (NEMA) wemdd be the prime contractor. The program

arganization is shown on the following page.
s T T

Th= Transformer 2dvisory Council will provide transiormer
oriented inputs and guidance to MEMA on the overall program.
Technical coordination of the subcontractors will be carried out
i» My, W. R, Sheppard of Westinchouse aad Dr. R. C. Osthoff of
:angral Eicctrie. Mr, C. HNiller of Factory dutual Reseazch
Iorpozsation and Mr. R, Gann of the tationzl Bureau of Standsrils

1111 act @&s technical ccasultants to HEMA on the cverall grograr
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iCuntrnct Administration

imtih Counsel

Tech Coordination
H. R. Sheppard

R. C. Osthoff i

Project Consultants
R. Gann - NBS
C. Miller - FMRC

i
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3 TASE I Analvtical Studies

; . The amourt of energy involved in the arc-induced disruptive
< PRTEPEE

% f{}Lqu ~ ~ransformers can be translatad to equivalent explo-

# : ives (in terms of total energy release and time duraticn).

‘ iw, b, H. Barkan of Stanford University has extensiveiy studied

E «rc faults in distribution transformgrs.(l) 1t is proposed 1o

vmploy Ur. EBarkan to work with HMalta-Wright Corporation (Ballstiorn
k Spa, ilaw York where the initial explosion studies were conductodl,

E to raolate electrical faul: behavior in transformer tanks to that

[t

«.f the use of an explosive charge. Included in these studies
3 2111 Be btha velocity of the fluid (and/oxr cover), the encrgy

release, the time duration, the pressuregenerated, and the temp-

- vakure % =he fluids to te evaluated. Although the inikial
u .
i sudicg will be concentraczd on cylindrical distributien tvrono-

sarmcy sanks without oores and coils, mathenztical coveelsbivie

ot - \

“r 79 rransformers in rectangular tank cenifiguraticns will ke

developes ) , i o :
svelsved in econjunction with the efforts ol Dr. T. &, alvarzon

rn

 Meldium Tower Diwvicsion.

v
re

TV e, ooy -2 o ST gy a
Wresvinghouse Trapsrozwn,

AR WA et i

node to establish the relevancy of

[

Tlhose studizs will b

1

3 thesa testing methods te transformer eredibility—-ef failure wed. s
By
by mnd Lo support the use of explesives for the simulation of

cluctric arc-induced catastrophic transformer failures. The

20

L3R

1

5

'i (1) r. li. Barkan, B. L. Damsky, L. F. Ettlinger and E. J. Kotsky,
K IEEE Transaction on Power Apparatus and Systems, Vol. PAS-9°,
A No. 1, Jan.-Feb. 1976, p 17 et seq.

o

e
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similarity of explosive and electrical failures will be

evaluated.

Drs. Barkan and Alverson will recemmend instrumentatzion
I :v the orpiosive tests, review the procedures, and aid in

arrelation of the data.

TA4Y. I1 - Ignition Technique Investication

The large scale burn tests conducted at Factory Hutual

.‘..!‘-.I e s

vegearch Corporation tFHRC).emploved an anrular structurxe thars
rontaincd n-heptane (approximately 1 irch of heptane on top of
alout 2 irches of water) for ignition of test liquids. “he
heptane wus ignited gnd burned for about 15 ninutes. The hepuane

tlame hoate? the, £luid by both conducticn and radiation until

I~y

the fluid under test was ignited.

iy Tovbunately, the hertasne continisd to burn aftsr £a

=8t Tinid wag ilgrnicved, and Lhis distortcd tie heab rnleuse

|.-_
W

1Y

nts. In additien, the phyesical ast o€ adding wnzes =nld

1]

mayr easily have resulizsd in contamination of b
:anftd

3 e L
o

Sluigd unlsr best.  Furtharmoare, once the heptans was gl od
Poerned in cellular (also called polyhadral or distuariafd) Zlocas.
“hiis can wesult in "distillatloa" of the hentane into the ¢
liguid, aueain causing possible errcrs in the hoat releasc wmeasn-

vrenents. Ik has\bcen observed by R. hann ‘of the Ratlonai

i
L

CFureau of Qtnudﬂrdd,that én 1mproved 1cn1t10n techaigque should

{2) G. . Markstein and L. M. Sommers, 4th International
Symposium on Combustion, 1953, p 527 et seq.
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i L.» developed, e.g. an annular propane burner, annular electrical
i resistance heaters, etc. in order to eliminate the above-
3 mzntiored possible sources of error in the heat release measure-

+“.ulks.  The improved ignition source will be designed and Luilt

e
. : ) H T fe e

I v HBS under the direction of/ R. Gann. . ¢ R A

K foar ) . e s e ."-, PO ("'.:r’. r!..h.a;,".’n 4 -’."’,/'-"l oL, ) . Pl
. ' : o - R ST

; TESH IXII - Large-Scale -Burns .';. - ¢ e s “
1 . . X ;
1 it 15 proposec that Pactory Mutual Researgh Corporation
3
¢ {"MiC) conduct a series ol larye-scale hurn tests at the FMRC
‘ West Glonester, R.I. test site. These tests would ‘employ "the

jynition technigue developed by NBS and raeplicate burns would be
conducted. The data developed in thes= tests would be wtilized
{5 catacnrize the various Fluids for use in indocr transf-rmers

2r buildings with- varicus ceiling heights, In addizion, an at-

”E S T (PN A QPO G PN
t=

ce=mnt wil! be made ko corrslate the heab release data frem the .

Torga-ooate burns with similay data obtained in the labworster:
woalz tests at FMRBRC.

lL is proposed that tivx following categorizs od (icalds
Czagure:d at the Waest Glocestar facility:

2 - silicones cf diffarvant flammabiiities

di“rerent flapmabilities

D
s

3 -~ hydrocarions

It is proposed that the heat-release.for cach Iluil be.ru-

1uuned?thréé“times_to deternine the roproducibility ¢ tha test
method, All tests will be conducted with R. Gann of 343 vrovil-

ans o

ST g TN 7 (¢
1 ,"'“; .,,!‘-h.‘/ /‘L_._"(.(:._‘_ RS )- FE = S VAT IO S S A
R AN 74 I
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TASK IV ~ Wright-Malta Tzasts

Thz actual tests involving explosives will be carried out
- Wright-Malta Corporaticn (Ballston Spa, M.Y.}. Mr. Tod Batler,

‘he principal investigatorfﬁg'the Malta site, has extensive
» xperinccae with explosives. .In additien, the Wright-éalta
vorporalion site is ideally situated and eguipped to carry oat
csuch expcriments. - ‘
Extensive studies have bzen made of arc—faul; failuvres in
transformors: The work of Barkan et a: cohhaiﬁé-éxperimental
lata which shows the tasic anergy release vs. timz characteriss
cf arc-faults, Several concepts of arc fault simulation ware
considered; the most promising concept for simulation of the

nargy rwlease was the propellant charze technigue.

_The arc-fault energ release vs. time quickly dererminas

+haz 5 5low luayning black powder propsliant used commesss
i lgnition cempound would ke desirablz.  Rlack powder 2o oovn..
. ) N . L}U-'r""‘ -
"ially available in a large nusoos of onerss grades, ngs f
. ) ‘ 6l e
:ates, and combustica temporatiras. My ocroper Dlanddings ook

arndes the Aesired onesrygy relenss wates Sin i anbiee ol
preliminavy studies, the charye was d2sivned using whe lLasgic
information contained in the Entineering Design NMandlbaoak on

Propellant Actuated Devices. dGraph §l shows the approminate

charge recquirements for stocl piston actuatnrs. Undes ofl

it PRSI TR N .
propellant actuator§Vthe heat loss-to the &wxansformer: fluid 1is

not clearly defined. The first powder charue tested was a 28 -

IF grade hlack powder. 'The cowbustion burning rate was slawct

NPC00036105
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than desired in}the—water-tests. Therefore, a 50-50 mixture
of 1F and 2F black powder was used. Barkan had taken Fastax

rnotion pirtures of the top surface of the transformer oil durinu
e , AT ’/,4_.'{:’-' ‘1[ ;'/,'.' TIPS SR j'-l,; /"_";_‘" ,—_’-: /,
s z-fault failures.’ The eneryy. release rate in the initial ¢
xperimont was slower than desired, so that the charge was

. :,wt-b.. e f
wodified to 12.5 g. of 3F grade bhlack rowder. -FurthuL measure -
mentc of the pressure time curve in the initial phases of the

proposad program may show that further charyge modificaticn may

. e necessary.

Extaonsive data were availabkle wilh an arc-fault f£ailure
approxirately 7" from the bottom of the 10 kVA translormer can.

Th2 gropellant charce ié'located at the same location as
~he arc-fault. Fastax motion pictures of the transformsr can

ovayr wilthout the restraining bzand installed were ussd Lo wverlil

tenzeal aren of Kinetic enargy rzleasc that was desivacic. V.
peation poacturas will be vasd b Zonfivm that the prepor tinetis
eror e bheing lmpartsd-ue the Liansicraer oil.

o have shown that cuplesives way be used to sumalaits oo
nducad Faults with accompanyving cover-bliowing cen LW kUL disty
Letion transformer tanks. In those cases where igntticn of th
il vecurred, the phozographic recoxds skowed a ool analoagy
arc=inducod cover-blowing experiments carried out by Ganaral
Electric at its tligh Power Labkeratory in rhxladnlphla. THE

explosive charge simulated the arc energy and duratlon,in thp

Philadelphia tests.

763368
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Two other measurcments of significance will be conduzted

during each transformer cover-blowing experiments. In each cas=.

Sy s Frpt e vt
shallow (za. 1" deep) discrete pané:;é:c;mﬁustihle materials,
Ev e feriia !

.a. kranzformer oil, cardboa:djfégéi'will be placded in 5-Froh
rporenentz up to about 18 feet away from the transformer. Thruw
‘rrave of such pans will be placed at 120° around the experimen'- )
unit in crder to:éi;minggeyfh;.effects of low level winds. Such
vhservatians will provide an indicaticn of capability of the
expelled dielectric to icnite adjacent combustibles. Further-
more, an array cf temperature measurements above each tank will
i:e made Juring the expulsion of the fluid. The array of temper-
atare measurements will be made in the regicn of 10-30 foct
#nove thz tank in order to help correlate the temperzture daka

n

o

17

ededl fcoor Lhe FMRC heat release criteria.

nly overy meager daka exist concarnin the flaoe- L iliss

. haractoristics of waricus éielectricz Tluids a3 a function of
theily tzpraraturas ab chs tine of tank ruptuore. Therefovs, we
eepese by usilive extleiives o produce cover-blowing tvpe
~adloures on 10 BYAR tan;:'csntaininq the following vluidy:

Transrformer Wil - fov a eomparissn standard

3 Uydrocarben eils - e.q. RUEmD, a Pa0, and a-
bright stock

T

2 sillcones ol different viscositles, =.g. 59 us
and 1C0 cs.

Each: af these would be tested at initial liquid temper-
atures of 60°C, 100°C, and "135°C, In addition there are no
data concorning the effects of the gases dissolved in the

- b AR

diclectric fluid (that may boe generated in the transformer) on

NPC00036107
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Lhe flamuakbility. It is proposed two fluids be selected for
testing in which combustil;le gas is dissolved. We have chosen

a4 gas conposition consisting of BO% My, 103 cud, and 101 C2H

° bhe rruzhly-repregentative oI gas composilicns khat conld be
waneral od froaalééggluids in this test program. .These-Lests
1111 be run with fluid saturated with the gas mixtlure., AN
sssessmont of the change in flammability caused by the prassurc
[ the gases will be made hasad upon these tests,

Peplication of the "blow-up"” tests will be conducted on
the [luids that yield significant information. At the prasent,
the roproducibility of these tests has not been estalklicshad.

To this point in the prorosad program only cylindrizal
tanks with the covers held c¢n Ly retairing rings will have been
testal. o is proposed to evaluate ths e€ffcst of rectancalar

Lan) geem sry with welded zcvers. The experiments will irvelvae

Fhe usge o swmall sccle madels in which tho gyoemelry will 2
tapresent.cive of lead center transformsr gesmetr:. Th: samn

’-‘
rr
&
-
=
o
L
i
s
E
—
-

SorasuretanTs as doccoribed above for Lhe oylindrica

Ler Condionesd.  Four medel taniks will be tasced,

Bastd in the data and obscrvations 2f£ the disruptivcz

“ailure of the eylindrical and rectangular tanks, as well as

| vedictivy calculations, a selection ot ac tual trans” ormnrq (up
e e . }/l

to 4.cylindrical tanked units and up to 4 single<pvhase’ pad—

maunked trlnslormers) will be failed-hp explosive charges. Jin-

B Y S '..'u. ce.Ladl oy e anb _‘.4-'_';7&'2 .

'Lhese=eaaes, the explosive chnrgejweuid be—placed -in-an-artificinl

1 -1 /
cavity in Lthe high—voktﬂge windingié, Again, the same measuremcmte
fiet T

described above wouled bn includad in the disruptive failure

NPC00036108
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provide the mathematical hasis for including several 39

Fransformars, these would bhe substituted for the 1¢ units

11t v gliove. hgain, with the 3§ fransfermers the same

measurmairents will be made as on the 10 XVA can blow-up testls.

NPC00036109
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