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= . ABSTRACT____

A series of full-scale cabinet fire teste was conducted by
jSandia,National Laboratories for the U.S. Nuclear Regulatory
Commission.” The cabirnet fire tests were: prompted by the : -
" potential threat tou. theé safety of a nuclear power plant by a
cabinet fire ia either the control room or in a switchgear
-type room.. Tne purpose of these cabinet fire tests was to
‘characterize the development and effects of internally”
.ignited cabinet fires :as a function of several parameters
"1be11eved to most influence the burning process. A primary -
:‘qoal of this test program wag to test representative and -
“credible - configutations and materials.  This series of
22 cabinet fire tests demonstrated that fires in either
benchboard or vertical' cabinets with either IEEE-383 quali- .
. fied cable or unqualified cable can be ignited and propa-. .
* .-gate. - However, fires with IEEE-383 qualified cable do not ..«
_propagate as rapidly nor to the extent that-unqualified cable ..
does. Furthermore, the results showed that the thermal en- .. :.
vironment in the test enclosure and adjacent cabinets is not :
..revere_enough to result .in autoignition of other combusti-. --..~
bles; although in some of the larger fires melting of plastic
 materials may occur. Smoke accumulation in the room appeared - ..
-to.be the most significant problem, as smoke obscured the - ,
‘view in the enclosure within minutes after ignition. - Essen-
_tially, a cabinet fire can propagate within a single cabinet; R
"however, for the conditione tested it does not appear that - . -}
‘the fire poses a threat outside the burning cabinet except .-
the tesulting smoke. .

B F T P2 U



CONTENTS

: : N N

EXECUTIVE SUMMARY . . ... . « « o ¢ « + .
INTRODUCTION . . . . . .

1.1 Background . . . 6 ¢ e o o o e s e & = e

ST 2 Program Objectives e e e e s e e s o e a0 .
“7-1.3  Previous Studies. . . . . . . . 0. e .
.21.4 "Program Approach . . . % < e o o o & o« .o o

'HETHODS AND MATERIALS . . &+« « o o o s o o o ¢ &
2.1  Test Facility and Instrumentation .
-~ 2.2 Selection of Test Materials and Equipment .
L.2.3 -Ignition Source Fuel Packet Screening Tests
2.4 ~Cabinet In Situ Fuel Scoping Testa: « o o o

:?EINVESTIGATION OF FULL-SCALE INTERNALLY IGNITED
 .CABINET FIRES--PRELIMINARY CABINET TESTS . .

4.2.2 Fire Spread (Outside the Burning

4.3 Development of the Enclosure Environment .
4.4 Equipment Damage e o o 4 o o e s e o 8 o o

~55;' CONCLUSIONS AND RECOMMENDATIONS. s .+ e s o » o a
S ) _

¥

3 1 Putpose . [ A 1 .c L] o . . ] . . [} . [} . ] * ]
3.2_Methodology . . : « ¢ « ¢ « o ¢ o o o « o o
3.3 Discussion of Tests and Results . . . . . .
3.3.1 "Tests in Vertical Cabinets . . . . .

3.3.2 Tests in Benchboard Cabinets . . . .

3.3.3 Summary of Resultg . .« « ¢ o« ¢ o o o
INTERPRETATION OF TEST RESULTS . . . . «.- 6 % &

- 4,1 Ignition of a Cabinet Pire . . . . . . . .
4,2 Propagation of a Cabinet Fire . . . . . . .
4.2.1 Rate of Development . . . . ¢« « o &

Cabinet) . . . ¢« ¢ & ¢ ¢« o ¢ o o o7&

”.7;: Rzrnazwczs Ce e e e e e N S
e ppaznnlx_nz,irzsr FACILITY AND Insrauuzurnrxon e
-"APPENDIX'B;‘fCABINET SCOPING TESTS . . . L -




. ,r_ . M;&‘J 5

" Plow Diagram for the Cablnet Flre Teet

nl -".:

Photograph o! the Translent Ignltlon

rre .:'
GEFS

' Arrangement for. the Electrical Ignition.

~

Heat Release Rate for the- Transient“.

‘(.'.

[N

‘'seoping . :

. A~.L

'Heat Release RaLe Plots for

- | R
.MwuHeat Release Rate Plots for Scoping :
'_Tests H6 through 9 e e e e ek

ol'cil " e e
l;,,- :

. Heat Release Rata Plots for Sc0p1n9> )
Tests *10 and 110 ;‘ . [} . LI ] “0?10.;-0 . . . -

General Arrangement Drawing for CAbinet
Fire Tests with Vertical Cabinete . .

zGeneral Arrangement Drawing for Cabinet

'Temperature Heasurements on PCT ﬂl e o o o
Tm—,

Heat' Release Rate and Total Heat Released .

ftom PCT *1 [ J D'.IO. L L] L] - ] * . 0 . .t _0 L] L ]

.o . .

'Description and Timeline for PCT #2 .

-
e

. l
*f S
; N
~vi- .

J?'Ptograﬂ . c%._.tl,o . . . . . -f.10~!ho . .
b : i
Floor Plan or the Sandla Pire Teet~racility

SD“ICQ FUEI Packet . 0 L] ‘s . . a ] }.. . :J

Source Appératus_“; e e e e ;7:,.;.v..; ..
Schematic of a Vertical Cabinet .Sggi}. . ;f
"'Schematic ,of -a Benchboard Cabinet . . . . .
Schematic ot ‘a; Mitered Benchboard ‘Cabinet. .
’:E\"& /: . .,

. Ignition Source. Screening Test ﬂS T e e e

';Tests #l through 5 . e .,,,._,‘. . . .V. .

_ Test Setup for Scoping Test #8 ~.f.?.‘.;,:£}

- Fire Tests With:Benchboard Cabinets .. . .
Descrlnrfon dnd Timel{neﬁforfpcr?ﬁl;;;af;..:

Photographlc Sequence of PCT ﬁl e e e e e

i T :
Test Setup for Scoping Test «c .\71. « .

13 i
. 3
BT :

. sg
13 gl
16 :
16 e t
17 g
"19 -

. 22 ...-:-: . ) . 1:3:. ¥ ;

. -33

‘38

- . 36 *

. 38

35




~ .. LIST OF PIGURES (Continued) . ..

i i {
g . ' Co
A i

~Photoqtephic Sequence for PCT #2 . . . . . .

Tenpetatute Heaeuremente in PCT #2 . . . . .

nHeet Releese Rnte end Total Heat .

Burn Pat ern for Pcr L

- Pictetial Sequence oE PCT #3 . . . .. C .
Tenperatute Meaeuremente in PCT #3. . .. . . .
| 26 - Heat Release Rate end Total Heat ) .
ReleaBEd ftom ch *3 . e & . K] ¢ . & o e e_o.e
27 | Heat Release nate for PCT #4A and PCT #ac . .
el (

.o .28 Adjacent Cabinet'end Enclosure- Tenperaturee

:*\'_:'_$~\.. e . fo: PCT *‘c - L ] Ii -. . L] L] L ] L] .‘ * .‘. L] L] . L] .o

. Adjacent Cabinet Wall Temperatures for h
- PCT #2.,. PCT #4A, end PCT #M4C . . & « « o o &

Adjacent CAbinet Air Tempetaturee tot
PCT *2 PCT “‘A. &nd PcT *‘c . o l'e:ﬁ-e [ .

Deacription and Timeliue tor PCT #S .,f ._;'.

.r"'

i?'Photoqtaphic Sequence ‘Df PCT QS e o o 'ej_e )

, Temperatu:ee in Cabinet A. the Burning - :
i C&binﬁt. PCT *5 . o: ¢ & s 2 2 s o e o e. e o @

i Adjacent Cabinet and Enclosure Tenperatu:ee.
PCT “5 L ] .. ® L] * i:‘.' L C. - . * e .4_‘0 -l ] [

Heat Release Rate and Total Heat ‘:@jfo_

" Burn Pattern to: PCT W5 o o o e e e e

.Photogtaphie Sequence of PCT #6 ;5. “ e e

L evid-

| s

Raleaged tor PCT &2 « e e e e e e e ... < o .

Released tton PCT e= ¢ ¢ s e e o o a o0 8 e

Description and Tlnel%ne tor PCT *6 .i,ia . .

", pags.
a9
w

40

- 42

45
46

a6

48

49

50

50

g2

s

KT

55 T

87

60

iy

Deectiption and Tlmeline for PCT ea . e e e . PR 1| ' ;

59

R R

T O

e
MR

¥




LIST OF FIGURES (Continued)

- Fiqure . L A SRR - o T f?age:ﬁﬁ?'
a9 - Temperatures in Cabinet A. the Burning A ' _
cabinet L] . . l‘ o - [ ] L] - . [ - - - . L] L L] L L 61
. 40~ Adjacent - Cabinet and Enclosure o . :
.7 .- Temperatures, PCT #6 . o .o e e e e B2

AHeat Release Rate and Total Heat _ _ _
Released ?rom PCT*G ¢ & o o e o o & e © o o - 62

~ Schematic of ;he ?ite Test Facglity'. . o . - .19

Photograph of the Entry Into the , . -
Test Enclosure s e 4 e e o 4 s s s e s e 4 e 80

Photographic Sequence of ST ﬁs.:; .‘.A. s s s e .AB71
Heat Release Rate ‘Prom ST #6. . . . e ... ;*69.:f

—

Photographic Sequence of ST #7 . . ; e e . .-l §6

_. Heat Release’ Rate;?ron ST 47. . . . Y. e e 91 <

: R - o
. Photographic Seﬁhence Of ST #8. . « « +. o « o« & 92

' Heat Release RaLe Prom ST #8. . . . . . . . . . . 93

‘ Photographic Se;uence of ST 69.;;'.'f3. o e o _:95f
. Heat Release. Raie Prom ST #9. . . . .. - . .Ajias
Photographic Sequenee of ST #10 . . :E. .« o o ;::797f"“

-'n 10 "Heat Release aake Ptom ST#0 . - . . . . ... 98
Photogtaphic Sequence of ST #11 e e e e 99 -

Heat Release Raie From ST *11 .

L
L
L)
.
L]
[}
.
*

100

. g e

Eﬂ.hé o s ;235‘-§§11-.



v
e
.

LIST OF TABLES

List of Cabil.iet Parameters . ; . .';-._. . 3

Hatrix of Scopin§ Tests . . . ; R

.. Standard Cable Bundle Descriptions

and Loadings . i . . .7l 0. . a0 e . .

-Matrix fo:~Preiiﬁinary Cabiﬁet‘Testé. e e e

Summary of Results for Vertical Cabinet

'Tests B T T T T T S P

Summary of Results From the Benchboa:d Cablnet
Tests Ll . * Ll L] . L] . - L - L4 . . L] L - .- L .

Results of Preliminary Cabinet Tests at SNL .

Matrix of Scoping Tests . . . . . . . . o .-

15

21

29

31

P.a‘ a.




-

‘the excellent work performed by D. Mike Ramirez in p-eparing -
for and assisting in conducting the tests. Also, for per-
.forming the posttest:clean up, it was a dirty job but some-
“one had to do it. I would also like to thank all the members

ACKNOWLEDGMENTS

'The efforts of mahy people who contributed to. the completion

orf this project are gratefully acknowledged. In particular,

of Division 6447 for ‘their technical input and assistance on
the test program. ’ '

!




" EXECUTIVE SUMMARY

A series of full=scale fire tests has been conducted as part
of the Fire Protection Research Program being performed  for
the U.S. Nuclear Regulatory Commission (NRC) by Sandia

*- National Laboratories (SNL). This series of fire tests has
been conducted to 1investigate the effects of internally
ignited cabinet fires on cabinets and rooms. .

The cabinet fire investigation was orompted by the potential

L e

B O

fire in either the control room or in a switchgear- type room.
The items of concern centered around: (1) the potential for
‘a cabinet fire to ignite, (2) the rate of development of a
fire in a cabinet, (3) the resulting. room environment pro-
duced by the fire, and (4) the potential for the fire to
spread to other cabinets and damage equ1pment and components
throughout the room.

The cablnetwf1re tests were performed in two phases. The
tests reported here, from the first phase of testing. focus
.on the development of the fire in the cabinet and the result-
ing environment in adjacent cabinets and the test enclosure.
In essence they are "Cabinet Effect Tests." Subsequent test-
ing, the second phase, was intended to provide confirmation
of .the first phase tests and investigate the effects of cabl-

baen completed and will be reported on at a later date.

terize the development: and effects of an 1nternally ignited
fire in a cabinet as ‘a function of several parameters be-
"lieved to most influence the burning process. This was done

sources.’and in situ fuel configurations.  The environments

in the fire, and of the other cabinets, components, and com-
bustibles located in the test enclosure were measured. A
primary goal of this test program was to test representative
s, and credible configurations and materials. The -specific
e objectives of the Cabinet Effects Tests were to: o

a. Identify crédibie ignition sources '"capable of"

1gn1 1ng a cabinet: fIIE‘

b. Determine what credible in situ fuel types, amounts,
~and configurations can result in 1qn1tion and propa-
gation of a cabinet fire;

threat to the safety of a nuclear power plant by a cabinet—"”’

net fires on a large control room size enclosure and arrange-
~ment. These second phase tests (Room Effects Tests) have -

The purpose cf the cabinet fire test pIOgraﬁ was to charac- -

-'\5\:{‘

_ by testing_ representatlve cabinets, configurations, ignition

.inside and in the vicinity of the cab1nets directly involved




EXECUTIVE SUMMARY

c. MAssess the effects of different {ighition source
" fuels and in situ fuels on fire development rate and
equipment damage;

d. Ertablish the effects of different cabinet styles
’ and.yentilation methods on fire development;

e.. Determine the development rate of the fire (heat
release rate); STLTLDT N TEE T

f. Investigate the environments developing within. andgf’

around the cablnets. and

9. Monitor the development of the ‘enclosure environ-

ment.

Initially. a series of five Screéning Tests and cleven .
Scoping Tests was conducted to evaluate specific concerns -

about the ignition sources and in situ fuel configurations.
These tests were conducted on a smaller scale (e.g., minimal

S

materials and instrrmentation) for a quick test turnaround. ..
These .tésts -provided wvaluable results and 1nput for .use- 1n“

-~

the subsequent full scale tests. -~—__ .
: o~

The six -full- scale tests, called the Prellmlnary Cablnet

Fire Tests, were conducted to 1nvest19ate how -an internally

ignited cabinet fire will develop and its effect on adjacent .

" cabinets and .le enclosure. Four of these six tests  were

conducted in vertical nuclear power plant cabinets, twotwith_;i

unqualified cable, one with IEEE-383 qualified cable, . and-
- one with a heptane pool. .The remaining two tests were con-.
., ducted in benchboard style cabinets, one each with unguali-
"fied and IEEE-383 qualified ~cable. . The effects of the
,g';follow1ng variables’ ‘on fire development were investigated
. (a) dlfferent ignition'sources, one each transient and elec-
-trical, ' (b) cabinet styles, (c) cabinet ventilation, = and
"(d) in situ fuel typés, amounts, and configurations. :

‘The results of the 22:Cabinet Effects Tests are not gener-

ally applicable because the results are so configuration and

test specific:. However, “the following CODClUSlonS cank be .
" made: :

1.. _Cabinet. fires can be idnited and propagate in"elther:ﬁ'
- ungualified or qualified cable with either of the

two 1gn1t10n sources tested (transient ‘and elec-
.trical). However. the qualified cable is much more
difficult to ignite and propagate.

i
g
i

.. o ; 1 co .
|
i
T




EXECUTIVE SUMMARY

.. It is possible to hawve a.rapidly developing cabinet

fire with either type of cable as the in situ fuel
and in either style, vertical or ‘benchboard, of cabi-

‘net. Although, fires with qualified cable tended to

be 1less 1intense than those 1involving wunqualified

..cable.

S I

Ignition, development rate, and spread of a cabinet

fire are dependent on ‘critical": (i.e., just the

-right combination of variables) ‘ignition sources,

4‘

5.

P

f.however.

for the

in situ fuel type, geometries, and amounts, and on

‘cabinet style ané ventilation. These “critical®

values are interdependent on many variables and
therefore no ‘“critical" values can be 1identified
based on these tests. However, it was found that
with unqualified cable, the range of values causing
ignition and fire spread was much wider than with
gualified cable. . .

For the enclosure conditions tested (i.e., enclousure

.size and ventilation rates), the thermal environment -

__in the enclosure produced by the fires was not severe '~
enough to ciuse autoignition of naterials, but the
thermal environment may be severe ‘enough to ‘cause.

equipment damage. Furthermore, it appears from these

tests that a fire will . not spread from the burning

cabinet to adjacent cabinets. However, under differ-
ent conditions. (e.g.,.single wall larger fires) a
cabinet fire could cause autoxgnltlon in an adjacent
cabinet and continue to propagate. . A double wall
"barrier between cabinets- appears to play a crucial

.role in preventing cabinet-to-cabinet fire spread

during the larger cabinet fires.

For- the enclosure conditions tested, dense »sﬁoké
accumulation in the room became a problem within

minutes - after . ignition, for all fuel types and
cabinet conflgurat1ons. . :

Essentially, the conclp51on °of the cabinet f1re tests is
that a cabinet fire can propagate within a single cabinet:

for the conditions tested, it does not appear that

"the fire poses a threat outside the burning .cabinet, __except

resulting smoke. Althcugh this test effort involvead

realistic ranges of parameters, it must be recognized that

other cabinet and fuel configurations may result in somewhat

different findings. ‘In addition,. because of the influence

of operatlon recponse and; overall safety system performance,

- conclusions regarding cabinet fires causing difficulty in-
the ability of the plant {to shut down cannot be made solely

from the fire test data presented in this report. :

-3~

.




EXECUTIVE SUMMARY

Based on the findings of the-Cabinet4Fire Test Program it is
recommended that the effectiveness of the following should
‘be investigated: —. T o

1. Detection zystems .in cabinets;’

2. Automatic gaseousf suppression. systems both inside
: and outside cabinets: S '

3. Manual suppression of cabinet fires;:
4. -Smoke control and purge systems:
5. Potential for fire spread in norlivided cabinets: and

6. Independence of réﬁote shutdown capability.




1. Im'nonvc'rmu
1 1 Background _ E o _ %15

A\series of . full scale cabinet fire teste was’ performed ag ©
- part of the Fire Protection Research Program. This program
fiis ‘being conducted for the U.S. Nuclear Regulatory Commig- .-
"sion (NRC) by Sandia National Laboratories (SNL). The Cabi-
‘net: Fire Test Program was prompted by the potential threat
to the safety of a nuclear power plant by a cabinet fire in
either a control room or a switchgear-type room. Although>~
there have been no fires in control room cabinets of operat-
ing nuclear power plants, there have been fires in cabinets.
. in othér parts of plants that have resulted in signlficant
—~damage ~'due to heat, smoke, and -corrosion.[l] Furthermore, -

based on probabilistic|risk analysiE\ a fire in a nuclear. .

. power plant represents!one of the greatest threats to the.

typical nuclear power plant can expect to have three to four

truly independent of the control room and that short circuite l:
‘and other electrical problems could potentially propagate
from the conttol room to the remote ‘shutdown area. T

~ber of concerns about cabinet fires. These . concerns cen-’
“tered around (a) the ability of a cabinet fire to ignite and
‘spread, (b) the rate of development of the fire in a cabinet,
- (¢) the resulting room environments produced by the fire, and
i (d) the potential for the fire to spread to other cabinets .
<f and damage equipment and components throughout the room.. In:
“the tests described in this report, concerns (a). (b), and .
-(d) iare: investigated.|{ Additionally, concern (c¢) was moni-
-.tored. but due to the relatively small enclosure size used ;.

_- fPart ‘of this report). , _
. i 1 ‘ : . : -
.2 Program Objectives ? o f_.5
"uffTo address the concerns ‘dercribed ahove the cabinet fire teet?.;c
. program was initlated. I The overall program objective was to -

> characterize. the fire| room development in electrical cabi--
- .nets and investigate the resulting room énvironment as a
- .. function of several . parameters that moet influence the
burning process.{3] The cabinet. fire tests were performed -

~are called the Cabinet Effects Tests. These are all the
_cabinet. fire tests that were conducted at SNL and - are
‘;teported ‘here. The second part of the testing was called
the koom Effects Tests and will be desc:ibed in a subsequen*

safety of a plant. Based on plant operating experience, a,vf.?

."% major fires during its lifetime.[l1] 1In addition, a recent :gf'?
study (2] has shown that not all remote shutdown areas are .

Due to the potential 1eve1 of risk the NRC staff had a num-e"A”

in-these tests, the results were validated by control room - - "ifif
testing performed as the second phase of - thie test eerieeﬁa; g

" in two parts: - Part 1, the tests discussed in this tepott.'“‘~“



" The purpose of the Cabinet Effects Tests (Part 1 tests) was
.. "to evaluate the potential for an internally ignited cabinet .
.~ fire to. occur and to investigate the development of the fire -

in the cabinet and the resulting environment- in adjacent
cabinets. This was done “...by measuring, for representa-
tive cabinets, configurations, ignition sources and in situ
fuel «configurations, the environments inside and in -the
vicinity of the cabinet directly involved-in the fire and of

other cabinets, components, and combustibles located in the- .. ‘i
test enclosure.“[3] .The Room Effects Tests (Part 2) were. .
~performed to provide confxtmat1on of the Part 1 tests and to’
1nvest1gate the effects of cablnet fires on a control room

51ze room and atranqement.

~—

Spec1f1cally,‘ the obJectives of the Cab1net Effects Tests.

(the tests described in th1s report) were to:

a; ldentify credlble iignition sources capable of ignit- Uf_"

ing a cabinet flre'

propagation of ! a cabinet f1re',

c. -Assess the effects of d1fferent ignitlon source fuels
“and in situ fuols on fire development rate and equip-- -

ment damage;

’ and ventllatzon methods on fire development'

N

lease rate):

S f. 1Investigate the env1ronments developing within and " "’

around the cab1nets. and

(secondary purpose)
!

A maJor goal of these tests was to make ‘them- as representa-
tive and credible as possible, yet not plant specific, so

that the results of the tests would be as realist1c .as pos- e

sible.

t

1.3 'Prefious“Studies'

—_— ] ‘\\

. Previous studies. both system studies aﬁB testlng, have shown "

that cabinet fires in nucélear  power plants can be a poten-
tial threat to the safety and shutdown capab1lit1es of ‘a

‘plant.(4- 7] - S ;

b. Determine what credlble in 31tu fuel types, amounts,
and configurations <can result in ignition -and "’

d. Establish the .effects of different; cabinet styles

e. ADetermlne the development rate of the fire (heat re-_

g. Monltor the development of the enclosure environment- .




fﬁ*«fm The first cabinet testing was performed as & result of NRC

concern about the proximity of redundant safety systems in .

B ~ adjacent control cabinets at Enrico Fermi Nuclear Power’

Pl plant, Unit 2. As a result, two tests and some support1ng'

..~ . analysis were performed in an attempt to resolve those con-
¥ ' cerns. The first test: [4] was a pool fire test with a simu-
' lated cabinet panel with which the utility hoped to determine
3 ~the conditions of safe shutdown components, which were inter-
.*. nal to the control panel, following a flammable liquid expo-
: sure fire.. The components survived the test; yet the use of
a simulated panel was:. questioned because the utility could
not evaluate the effects that the cabinet ventilation might
_fhave on enhancing damage or cooling the components. In an
““dttempt to resolve concerns raised in the first test about
.the cabinet internal temperature being high and the plume

nents in a cabinet could survive an external pool - fire.

.However, these firec did not address the possibility of
ignition of the in situ_cabinec fuels or the effects of a
fire on adjacent cabinets or the room. Haddam Neck nuclear -

power plant performed d4n analysis similar to Ferr1s as. part
of thelr evaluation of cabinet fires.[6]

Two cabinet fire tests [7) were performed for SNL by Lawrence
- Berkeley Laboratory to assess the susceptibility of electri-
cal cabinets to fire damage. The test cabinet used was not
typical of. nuclear power plant control cabinets (too small
and too light); however, it had two_doors, one with ventila-

. sisted of trash-type materials. The first test was intended
.to characterire the ignition source '‘and its effects on the

effects of the burnlng 1gn1t1on source on the in 81tu fuel.
;'external-(to the cabinet) transient fire source could result

conditions (i.e., cabinets, fuel loading, and test enclosure)
AWere not typical of those-found in a nuclear power plant.

“‘directly impinging on the cabinet, Fermi conducted..an oven-
:test and a plume analysis [5) was performed. Detroit Edison-
Co. concluded that the tests were bounding and that compo- .

tion grills at the top and bottofm. \\th\tests were performed
“with an external solid fuel as the ignition source which con-

test enclosure. In the second test, the cabinet contained an .
in situ fuel 1load (cables) in addition to the external igni-.
.tion source. The intent of this test was to evaluate the .-

‘These tests demonsttated that a-lardge, 14.13 kg (31.1 1b),-.

. in high temperatures and possible ignition in both the cabi--
-~ net - and the room. However, it must be emphasized that the .

'-,As part of the background 1nve&t1gat1on into the cabinet f1re L

. testing program, SNL initiated a study peérformed by Ebasco
- Services, Inc. to evaluate the current industry standards
and design practices related to cabinet and component setup
and to _conduct a detailed ‘analysis on the potential . effects-
‘of a cabinet fire- on3 plant safety. Part of this
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study was to analyze‘four plants to'detetmine the'pzesent
practices, with a very detailed analysis being conducted on

two of the plants. Some results of -this study, based on the °

two plants ‘analyzed in detALI' were:

_1.' "The probab111ty ‘of occurrence of a flre that does,‘

extensive damage to a control-. _panel is exceedingly
low due to the absence of 1gn1t1on sources ‘and the"
ease of detecting and suppress1ng £1res——but a. flre
cannot be tuled out.

2. A failure mode analysis of critical components when

subjected to fire environments showed that faults

" must be 1solated '
Pl i y
“in order “to evaluate the effects of a cabinet fire on the
;components and their ab111ty to function, Ebasco recommended
-“tests that investigate the following: (a) how long must the
" control panel fire progress until panel component  damage
. occurs, (b) how long must a control panel fire progress until
.the control room must bé evacuated, and (c) what is the rela-~

tive likelihood and extent of the spec1flc modes of panel _

component damage? o , —_—

The tests and system studies to date have only shown that
.cabinet fires can be a s1gn1f1cant threat and that the fires
can result in component damage that could- propagate shorts
"and faults. . ~ However, no full-scale, realistic cabinet fire

testing had been conduéted to investigate f1te development

L

rates or room effects of cab1net f1res.

'!.‘

-1.4 Proqram Approach

In order to make the tests as realistic and credible - as -

possible, ..a large amount: of background —research was con-

ducted.[2,8] Figure 1, the flow diagram, shows how and what -

background information was used in selectirig the ignition
sources, cabinets, and in:situ fuels. A detailed descrip-
tion of haw these materials were selected is desct1bed ‘in

the test plan [a]

]

'There are a large number of variables that could be investi-

~gated which could affect the cabinet burning characterlstlcs...
“ These. variables fall' into the following broad categories: -

ta)-.cabinet -details, (b) fuel materials, and (c) extarnal
variables... The cabinet. details are anything specific.to the
cabinet (e.g., size, style, etc.). Fuel material variables
,1nc1ude both the .ignition source and in situ fuel materials,
while external variables encompass all other variables af-
fecting the cabinet fire .(e.g., enclosure size and ventila-

+. tion, other cabinets, etc.). Due to the large number of _;:"

can propagate, whlch -means the :emote shutdown a:ean

-
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.- variables, only a few selected variables that were felt would
have the most pronounced effect on the burning process were.
investigated. The flow diagram, Figure 1, shows the three
categories of variables that were investigated ‘and ‘the tests
that were performed to determine the effects of changing the -
test variables. The flow diagram shows how the selected test
materials were investigated in the Screening and Scoping -
.Tests to enable us to reduce the number. of realistic and
credible full-scale. Preliminary Cabinet Tests. The results
: ) "of the Screening and Scoping Tests will be discussed. in
droees T Sections 2.3 and 2.4, while the Prellmlnary -Cabinet Tests
- will be discussed in Sect1on 3.0.

2. METHODS AND MATERIALS | - T A

2.1 Test Facility andTInstrumentation

e The Sand1a Fire Test Fac111ty 45\10cated at Sand1a Natlonal‘
. e Laboratories in Albuquerque, NM. ~The = facility is ‘housed
S=~.. . within - a 15.2 x 7.32 x 5.49 m (50 x 24 x 18 ft) - ‘quonset
while the other end comprises the instrumentation and storage
room as shown in Figure 2. The test enclosure (also called

the burn room) has a floor area of 55.7 m2 (600 ft2) with. a

maximum ceiling height of 5.48 m (18 ft). . The test: enclo-
- - ‘sure, constructed of concrete and plastered metal lathe, has
a volume - of 272 m3 (9624 £r3). Ventilation to the enclosure.
s prov1ded by a’ variable Vventilation system, capable . of
~supplying 113 m3/min. (4, 000 cfm). Typically, during a cab1net

'_(2500 cfm). As shown in Figure 2, the ventilation system has-
§ix exit ports along !each wall with the enclosure exhaust .

combustion products are exhausted out a 0.46 m (1.5 ft) cir--

vided by a 1.83 x,2.44 m (6 x B -£ft) door that is sealed priot

Appendix A. -

Scoping Tests; however, . approximately 100 channels of data’
"were recorded in all: the Preliminary Cabinet Tests. A wide
. variety of. instrumentation was required for measuring temper-
atures, heat fluxes, ‘pressure, mass losses, smoke densities, --
" ;-gas. concentrations, and heat release. rates. .The instrumen-
tation was monitored . . by an HP3497A data acqu1sit10n unit

by an HP216 computer system. Data was typically recorded at-
20-second ‘intervals. : ' B -

1 - . o

~-10-

building. In one end of the building is the test enclosure, -

fire test, the vent11at1on system was run at 70.8 m3/min.
vent located in the top center of the room where the air and -
cular exhaust duct. Six observation ports were located- im:’
the test enclosure to provide lighting to the room and allowﬁlq
video recording of the tests. Access to the room is pro- ..

‘to.-testing. The" test fac1lity is described in more detail- in.!

Instrumentation for the tests varied for -the Screeninq;and' 

capable of logging up to 100 channels of data and controlled-—~
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One of the most:important measurements required was the heat .~
release rate (HRR) measurement.  This was measured using _
oxygen consumption calorimetry,{9] in which the oxygen. con-__ -
~ centration, temperature, and velocity .of the effluents were
" .. recorded in the exhaust duct. A more detailed descrlption
of the. 1nstrumentat10n is provided in Appendix A.

i 2.2 selection of Test-Mater1als and Equipment

““Z'In this Section,the:matétials and eguipment that were used in
‘the Cabiret Effects Tests will be described. - .

The 1gn1t10n source fuels used in the tests were oné tran-

sient " and one electrical ignition source,. The transient jy
ignition source was made up of a-9.463 2 (2.5 gal) polyethyl= .~
ene bucket, with an opened 0.455 kg (16 o0z) box of. kimwipes,
and 0.946 £ (1 quart) of acetone placed 1in the bucket. One
half of the acetone was poured into the bottom of the bucket,
the bottle and remainder of the acetone were placed in the
bucket, and the cap was left off the plast1c bottle to simu-
late the bottle spilling. Also, 15 kimwipes were balled up
and put in the bottom of the. bucket. This ignition source,"
shown in Figure 3, was. ignited by an electrlcally jgnited gas ™\
; pilot lighting one of the kimwipes hanging out of the bucket.
fi” The electrical initiation arrangement, used only in the un- -
b quallfled cable fires, consisted of a terminal strip and 25 .
: o pieces of stripped (unjacketed) - cables shown in Figure 4.
L - This arrangement was ignited by prov1dlng ~165 watts -of. power
ﬂff\”- to the terminal strip resulting in an overheating at the con-
: ' nection and culmlnatlng in a fire. These ignition sources
_will be descrlbed 1n more detail in Section 2.3. :

One of the key obJectlves of this test ptogran was to.test -

tepresentative-type: electrlcal cabinets. In .order to ach1eve

" this objective, many.sources were drawn upon, as discussed in':’

. Section 1.4 (i.e., .GE, CE, Westinghouse, Ebusco, NRC input,

~utilities, and SNL survey), to obtain the most comprehensive ..

‘and accurate information”p0551b1e. In general, there are

4. three styles of electrical cabinets found in nuclear power
‘plants: benchboards, verticals, and consoles. Benchboard-
style cabinets are found primarily in the control room.

- .These cabinets contain systems. important to the control of
the plant and systems‘critical to safe shutdown: hence, the..
"safety of these cabinets is paramount.__Vertical cabinets
are found throughout the plant as termination cabinets, relay

“or- logic circuit cabinets, switchgear cab1nets. etc.. The

_ vertical cabinets also contain:. systems important - to plant

“"control-and safety..thus.!the;r safety is also critical. The
‘consoleé cabinets, found mostly in the control room, generally
contain computer gcocess1ng and operat1ng equipment, which

. ~is not . as vital to plant safety. Consequently, because of

their importance, only the benchboard and vertical cabinets

et mvemtm ow vt 5
A .o
f

-‘\i ’ - :. i "'12"_,._




“"the
Igni-

Photo-

3
of
t

ien
Source Fuel

igure
graph
Trans
ion
Packet

F
t

P

T

4 .-.
jement

Figure
Arranc

for

ica

1

Electr

the

1

Source

on

t

Igni

tus:

Appara




‘cabinets that were used in these teésts is given in Table 1
along with the cabinet parameters. All the vertical ‘cabinets

vendor, while the benchboard cabinets were constructed spe-
cifically for this test program to specifications typically
~used for nuclear power plant cabinets. Figures 5a, b, and c

~ cabinets tested.

,?1n situ fuels are primarily dependent on the control system

.was not possible. Based on the background studies and sur-
.veys, it became obvious that most of the cabinet fuels were

~able to represent all the fuels in the cabinets with cables,
which are the largest source of in situ fuels in cabinets.

"better-characterized as to their burning characteristics than
most other materials. Most plants (approximately 80. percent
based on an informal survey) use IEEE-383 qualified cable;

-however, some of the plants (approximately 20 percent) still
use unqualified cable in their control cabinets. Because

-.both types of cable are still found in plants, both types of
cable were used in the testing. L

the text and designated as "Q" cable in the plots and tables,

tape, and e'1.65—mm'(§5-mil) cross-linkezd polyethylene (XPE)

i gt R
AR .

the -Scoping Tests and one of the Pre11m1nary Cabinet Tests.
- A different qualified cable was used in one of the Prelimi-

--three- conductor, No. 12 AWG, with a 1.65 mm (65 mil) Hypalon
" ene (XPE) insulation, rated at 600 V. This “new" qua11f1ed
.cable was only used 1n Prellmlnary Cab1net Test #6. B

and tables, was a three- conductor. No. 12 AWG, with '20/10
- 45- mll (1.14- mm) polyvinylchloride (PVC) jacket.

The cable Emounts and cohfiguratione will be discﬁssed in

" test in the Cahinet Effects Tests. However, it should be

~14-

" were used- in the Cabinet Effects Tests. A list of the

‘were surplus cabinets obtained from a nuclear power plant ~

are schematics of some of the vertical and benchboard -
" The -in situ fuels . are the primary- source of fuel in. the .

‘'¢cabinets. -The amounts, types, and configurations of the

+in the cabinet and style of cabinets involved. Therefore, "

:spec1ty1ng a single in ‘situ fuel type, arrangement, or amount-

‘made up of plastics. (e.g.. cable insulation, components, wire..
“ways, wire ties, etc.). Therefore. it-was-considered reason-_

. : i T : S
“ThHe IEEE-383 qualified cable, to be called qualified cable in

was a three-conductor,. No. 12 AWG, with 0.76-mm (30-mil)
cross-linked polyethylene (XPE) insulation, silicon glass’

", jacket, rated at 600 V.  This qualified cable was used in all-
- ‘hary Cabinet Tests because the supply of the XPE/XPE -quali-.
‘fied cable was exhausted. The "new " qualified cable was a

jacket- (Hyp) and.a 0.89 mm (35 mil) cross-linked polyethyl-,

'The unqua11£1ed cable. de51gnated as. "UQ“ cable in the plots .

polyethylene/po1yv1ny1chlotide "(PE/PVC) insulation, and a -

more detail in Section 3 because they varied from test to

Furthermore, cables simplified the test setup and cables are .

i’
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i f o Table 1 - S
) ' o ;- T
'{_ List of Cabinet Parameters
. :; ' h '
' ‘ . 1'; b Ventilatiqn
S Size (m) Doors (m) Grills (m)
Type of ~ [fe]) : 43 [£t]
Cabinet L W H Size - 4 - Size
1,- Vertical = _ .914 x .762 x 2.29 .61 x 2.1 .
' s el -----«—_"-_;f:-:"-;.;_";‘7";[3"X‘_‘2‘.5"x. '7 -5]k LT - (2 X 7] 0 Open
1 - Vertical . . 1.22 x .914.x 2.29. 61 x 2.1 .369 x 344
. : {4 x 3 x 7.,5] {2 x7]. 4 [1.21 x 1.13}..
miet o e s B R |
L l -~ Vertical 1.52 x .%14 % 2.29 6l x 2.1 .369 x .344
,..,\. S . 15 x 3 x 7.5] (2 x 7] 4 fl.21 x 1.13)
-2 = Vertical 1.52 x ,914 x 2.29 .61 x 2.1 .369 x .344
‘ (5 x 3 x.7.5] / (2 x71 " 4 [1.21 x 1.13)
s , L . e
4 - Benchboara 1.22 x 1.83 x2.44 914 x 1.83 .305 x 5.58
- . (4 x 6 x 8] 1 [3 x 6]
[1.0 x 1.83] " "Blocked o
2 - Mitered . ‘ :
Benchboard See Drawing in Figure Sc¢ |
{ i :

Comments

No Door /

Ventilation Grills on

-Doors - 2 ea.-Top and

Bottom

Partial Partition
between:L.H. and K.H.
Sides of Cabinet

Back Vent Typically
2 ;

e A
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2.29m - GRILLS - 0.92 m I
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_ ‘i !
06im| | 06im .
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| Figure Sa. . Schematic of a Vertical Cabinet
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BENCHBOARD CABINET DIMENSIONS. -
WEIGHT OF CABINET APPROXIMATELY 1300 Ibs.

. Figure Sb. Séhematic'of a'Benchbqard Cabinet

—_—
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MITERED CORNER CABINET DIMENSIONS.
- CABINET WEIGHT APPROXIMATELY 1600 Ibs.

EiQure 5C. ;Schematic'of a Mitered Benchboard.Cabiner-

‘noted that based on the background survey, a maximum guel
loading for control cabznets. based on the cabinet floor
-areas, 1is 257,800 kd/m?2 (22,700 Btu/ ft?) with a typical
fuel loading of 170,340 kJ/mZ (15,000 Btu/ft?).[zl ' :

2.3 lgpltlon Source Fuel Packet Screenlng Tests

LENElS § ¥ order to- resolve the full range of concerns about cabinet
ke .fires, a. number of credlble ignition sources needed to be
7 ~=-___considered in initiating the internal cabinet fires. It~ was

‘not the goal of this study to demonstrate that a "credible.

‘ignition" source .could actually ignite: rather it was. to
S 1dent1fy possible 1gn1t10n gsources and evaluate their abllrty
.. to initiate a flre in cablnét in 51tu fuels.

Tfé,.<As_'discussed in Sect1on 1.3 and shown in Figure 1, many
SR sources were. employed in determining what were credible igni-
‘7., tion sources. - ‘After the review,.and in order to minimize the
number of- tests, it was concluded that one transient solid
~fuel . ignition  source and “one electrical 1ignition source
‘“shouid be employed in the cabinet fire tests. The tests that

_1n "detail in a report by Splet rer.[10]

-17-
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- were conducted "to evaluate the ability of the electrical -
1gn1t1on source ‘were performed separately and are discussed

-
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source fuel packets for their ability to ignite an in situ

fuel (cables),in nuclear power plant cabinets.- -From these
~. tests, a single transient ignition source was to be selected.. . _
The criteria used for evaluating the ignition source fuel -

packets were: (1) peak temperature, (2) sufficient burn.

e A total of five (5) Screening.Tests were pertormed with the
“purpose of evaluating two different - transient ignition’

duration, and (3) visual observation of flame height. Based

on these criteria, the most severe of the fuel packets tested
was to be selected for use in the Scoping Tests and later in
the Preliminary Cabinet Tests. ,

The transient'ignition dource fue1>packets (heat values cal-
culated useing values available in the literature ([11]) chosen

for testing were selected as discussed in the test plan [3]

and consxsted of the following:
- [

content approxlmately 30,800 kJ (29, 200 Btus)]-

2. 9.46 % (2.5 gallon) polyethylene bucket, 0.455'kg

(16 oz) box of kimwipes, and 0.946 & (1 qt) of
acetone [total heat content approximately 72 200 kJ
(68,500 Btus)] .

The Screening Tests were conducted in an actual cabznet ana.

. setup so that. the kimwipes and .acetone were placed in the box
“or bucket, depending on:the fuel packet belng tested. All
‘the Screening Tests were initiated by igniting one of the

ﬁkimwlpes with an electrically ignited pilot 11ght. " The

:z8creening Test setup and results are described in detail in
-a separate test report.{l12] Based on the test criteria pre-
-viously discussed, the outcome of these tests was that the

. fuel packet (previously. shown .in Figure 3), consisting- of -

_the polyethylene . bucket, ;kimwipes, and acetone, was the more

.flame height of 0.91 m (3 ft) and a peak flame temperature. ’
of 640°C, 0.46 m (1.5 ft) above the fuel packet. The fuel
burned steadily for approximately 35 minutes with -a  peak -
heat release rate—of 32.kW. In Fiqure 6 -the .heat release

that would be placed in the cab1nets.

.overheating at the point of connection on the terminal strip,
with ignition of the single stripped (unjacketed) cables
occurring at approximately 165 watts in ungualified cable.
This method of electrical ignition provides a relatively

- credible electrical ignition source for igniting the c¢abinet

fires based on the power requlred to cause ignition.

~18-~

= ‘Empty _computer paper box, 0.455 kg (16 o0z2) box. of'
kimwipes, and 0.9%946 % (1 qt)-._of acetone [total heat

. gevere of the ignition sources tested. It resulted in the -
largest flames and highest temperatures with an average .'*-

“rate produced by this ignition source is shown. Based on. the
observation of these tests, it was felt that this transient
~'~Euel packet would be capable of igniting the in situ fuels

:The ‘electrical ignition apparatus (shown in Figure 4) causes
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SOurce' Screening Test #5

ﬁlThtouqh these Screening Tests. we were able to select a tran—

Both appear capable of igniting in situ fuel (cable bundles)”
in a cabinet. Also, both ignition sources appear to ‘be -

information gathered (shown in Figure 1) R

b-w-:2.4 Cablnet In situ Fuel Scogjng Tests

A total of 11 Scoping Tests (ST) were petformed to- evaluate .
the ability of the selected ignition source fuels to. ignite

.T_Pigure 6.' Heat Reiease Rate for the Transient lgnitioh.s_iq~2

. slent ignition source .and an electrical ignition” source.j>-~

relatively credible based on _their size and the bavkground L

ard propagate a fire in a cable bundle and to select credibley-

in situ fuel amounts and configurations (i.e.., amounts and
configurations that -might be found in a nuclear power plant .

~19-




T scale. (i.e., minimal instrumentation and equipment) than the
' planned Preliminary Cab'net Tests for a quircker test turn-
_ around time, reduced.test cost, and increased total testing.
“"The-criteria for evaluating the Scoping Tests was somewhat
arbitrary in that there were no pass/fail requirements and

with each test the goals differed somewhat. Typically._the?fﬁ

‘"tests were evaluated to determine if the ignition source

ignited the in situ fuel and if the fire propagated. Results™’

- of the Scoping Tests are discussed in more. detail in a sepa-
rate test report [12] and in Appendix B. No Scoping Tests
- were conducted with the electrical ignition source. .

: The parameters of concern for these tests. focused on the
._ignition gource and the .in situ fuel. The transient igqnition
“.gource fuel packet discussed in the previous section was used

.% in most of the Scoping Tests. However, a similar fuel pack—

et, but with only 0.473 2 (1 pint) of aceton& instead of

0.946 & (1 quart), was used in ST #1 and #2 to.evaluate if°

a smaller ignition source was capable of igniting a cabinet -
fire. In ST #1 thtough 5 a vertlcal single bay cabinet -

measuring 0.762 x O. 914 x 2.29 m (2.5 x 3 x 7.5 ft) was used

while & vertical, single.bay, 0.91 x 1.22 x 2.29 m (3 x 4 X

through 11. The ignition source and in situ. fuel bundle were:

fuel source were the qualified cable and unquallfled cable
described in Sectlon 2.2 :

Table 2, a matrlx of the eleven cabinet fire Scoping Tests,

. results. ' The eleven tests can -be__broken down into three-
-_categorieS‘ (a) . Scoplng|Tests #1 through 5, were performed
to investigate the ability of the ignition source to ignite a

, cable bundle and the effacts of location/arrangement of the
- in situ fuels; (b) Scoping Tests #6 through 9, were cabinet

conflgutatlons to be used with unqualified cable. In the”

described , ,hA-,i

The Scop1ng Tests in category (a) used only a single- cable
bundle in- an attempt to ‘evaluate if the transient 1gnit10n
~:“§ource. could ignite the cable bundle and propagate- a fire in

‘cabinet had no doors so,that the fire could be videotaped
and to ensure adequate ventllatlon for the flre. .

As can be seen in Table'2~and 1n F1gure B, the heat.teleésé
rate for ST #1 and ST #2 is lower than that produced by only

gl;flu. the larger ignition source in the Screening Test (see Fig~- .

"Jure_ﬁx 1nd1cat1ng that - llttle cable insulation was burned-

E : Tl -20-

control cabinet). These tesié were conducted on a smaller.

© 7.5 .ft), nuclear power plant cabinet was used in ST #6

placed inside the cabinet. The cables used as the in situ .

~shows the variables nvest1gated and a brief summary.of the'

"fire propagation tests 6n qua11E1ed cable;, and (c) Scoping -
Tests #10 and #11. 1nvest1gated the in situ fuel amourits and

f-?g:" -followlng paragraphs,  the ‘tests and results will be'briéfly,q

‘1t. The setup for these tests is shown in Figure 7. The -
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Matrix of Scoblﬁg’?gsis

Standard ignition source was 0 946 L Acetone, 9.463 L polyethlyene

; i : : d Intense
H . Amount; of ~ Cabinet _ , -Burn L
a ; Cable in Situ Fuels ' Ventllatlon Peak HRR ° Duration “Test
Test # Type (KJ) Method (kW) {min) Result
st 0 117,000 No doors 24 15 Bundle did not
: s ' burn
"ST2 Q 117,000 No doors 27 17 No propagation
- ST 9 ,/111.000 " Mo doors 7. 18 Entire bundle
oo D ; ' consumed
STA4 Q . 117,000  No doors . . .82, .17 - Almost entire "
e ATEREE bundle consumed
STS v 117,000 No doors. 132 17 Entire bundle
consumed .
ST6 i 348,500. . No doors 82 25 No propagation
ST7 .9 348,500 poors closed 195 25 NO propagation
..ST8 Q 582,875 Doors closed 93 30 jhb propagation
ST9 barrleré Q 234,990 Doors open 74 20 No propagation
ST10 ug ; 611,530 Doors closed: 280 30 Propagated
R - . All burned
ST11 . UQ 611,530 Door open 506 . 20 propagated
" All burned
a

bucket, and 0.455 kg

box of klmwlpes——Scoping Tests 1 and 2 differed slightly ln that only 1 pint acetone was

‘uesd
Bxcludes ignition source.

Tests #1 though 5 conducted. in a 0 762 x 0.414 x 2.28 m cablnet and Tests #6 thodgh 11
performed in 0.91 m X 1.22 m-'x 2.29 m cabinet.

In tests wlth closed doors. ventllatlon is providéd through ventilatlon grllls.’

T
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i " Fiqure 7. Test Setup for Scoping-Test #4

ST #1-4 QUALIFIED CRELE "
ST &5 UNQUALIFIED CRBLE

.ﬁlﬁ‘ltlliilll‘[l

.
i

lll_lll'llllr

'.TIMé (MIN) e

?Fiahré 8. -Heat Release Rate Plots for Scoping' Tests #1
S through S 3 S . S




" In ST #1, the cable bundle was in a configuration which did
" not allow the ignition source fire to impinge on the cable
. bundle and in ST #2 the ignition source simply was not ade-
quate to ignite and propagate a fire in a vertical bundle of . .
qualified cable. -Consequently, for the-remaining tests the

" originally selected ignition source, with 0.946 t (1 gqt) of .
acetone, was used. In ST #3, the cable bundle was loosened

. .up to allow additional  air flow, and flames, through the -
" cables: In this test, the cable bundle. ignited and the fire
. propagated up the bundle. Scoping Test #4 was similar but

. with an even 1looser cable bundle arrangement (Figure 7).
- The cable bundle ignited and burned quickly in ST #4 _as =~

'~ shown by the HRR, Figure 8. Unqualified cable was used in.
.. ST #5 and was easily ignited by the transient ignition -
source and burned completely with a peak HRR of 132 kW.

--Once it was established that the ignition source could ignite
qualified cable (from ST #3 and #4), tests were needed to .
evaluate if a fire 1in qualified cable. would propagate’
. throughout a cabinet. Scoping Tests #6 through 9 used only
qualified cable with different in situ fuel 1ldading amounts -
and configurations to investigate if the fire would. propa-
gate from one side of the cabinet to the other. Different
.cabinet "ventilation 'methods, and even barriers were used;
~however, in none of the ‘tests with qualified cable. did the .
. fire propagate from the ignition corner bundle to the oppo- .-
.site side of the. cabinet. The cable arrangement wused in
8T #8 is shown -in Figure 9. Note the significantly higher
- . fuel loading than that used in ST #4 (shown in Figure 7).
, fThe ‘outcome of ST #6 through 9 is shown in Table -2 and
~ Figure 10 is a plot of the HRR from these tests. ‘The re- -
sultant HRR for all these tests is similar to that from:
ST #4 where only the corher cable bundle was burned, indi- -
cating that 1little more! than the- corner bundle actually
burned. - This was confirmed by the visual inspection of the.
‘cables after the test. ,Based on these tests, it appears.
that a fire in the tested qualified cable will not spread in
a vertical cabinet with the given ignition source.

The last 5coping Tests, .. #10 and #l1, uere conducted to .
investigate in situ fuel loading amounts and geometries for -
unqualified cable and to determine if a.fire in unqualified.
cable would-:spread -throughout a cabinet: The tests used .
- similar fuel 1loading amounts and-_configurations but with -
.different cabinet ventilation methods.~ .These tests demon-: = R
_ strated that for the configurations tested, a fire can propa- . R
P gate throughout a cabinet. Furthermore, it was noted ‘that A
-~ . -although the cabinet temperatures were higher due to- trapped
o heat with c¢losed cabinet doors (ST #10, ventilation grills
PPN on doors) the HRR was lower, as shown. in Figure 11. This. y
' ‘result is most likely because the fire was not getting suffi- =~
cient oxyqen due to the limired ventilation and therefore
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Figure 9{
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fthe fire aia not gtow as

““The enclosure air temperature in ST #11 (in the upper part of

. the test enclosure, ~3.35
Scoping Tests with a peak
after ignition. 1In both

,tne view with1n the room in approximately elght mlnutes.

large as it could have otherwise.
m up) was the highest of any of the. :
temperature of 136°C at 18 minutesi
of these tests, the smoke obscured

L)

“Figure 11.
' 11

A number of conclus1on

se0 |- -~ | R
- _ J3 ST #18- UNQULRIFIED CRBLE, [
- R CABINET DOORS CLOSED.
480 - ~ ) _ \ , ST #11- UNGUALIFIED CRBLE,
e / 5 \//),sr 11 CRBINET DOORS OPEN
. - . { . ) .
300 g - N -
”~ - . . 1 .
Z g / i
- Y 288 i
1 4 i : :
x i /. -
N |
188 | ' :
I A/
A
a A T W N B B
1e

CTIME (MIN)

- Heat Release Rate Plots for Scoplng Tests #10 and.jif?i

can be made as a .result of ‘the.

‘Scoping Tests that give|insight

into cablnet fire develop- -

‘ment -

and

1nput

The

intao the Preliminary - Cab1net Tests.

conclusions are as folloWs.

amount . of "jgnition source

'a. -There 1is a "crit1ca1"
fuel" that -is necessary to 1gn1te a cable bundle,
— part1cular1y qua11f1ed cable.
ST ' { -
b. Quallfled cable_flres (wlth the selected cable and -
_ignition source) in vertical cabineéts do not spread -

. throughout the cabinet. - : .
M i o ] ) ' o S N

c. Unquallfied cable in vertical cabinets will easily

ignite (with the selected- ignition and

. source)
propagate a fire in a single cabinet.

-25-
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-d. Burning rate (as .measured by the HRR) is affected by
the ventilation method (i.e., closed or open cabinet
.door) in tests using unqualified cable. Closed cabi-
net doors appear to result in higher cabinet temper- .
.atureé but also cause oxygen deprivatlon that appears:
'to limit the burnlng rate.

é. Swoke obscuration in the test enclosure occurs within
- - eight minutes in ungqualified  cable cabinet "fires 1“,
the conflgurations tested. :

£ NThe thermal env1ronment in the enclosure does not
.become severe enough to cause melting .of. componentsr
. or result in flashover. .

Furthermore, an 1mportant observation made during the tests ™
was_that when comparing the test czbinets loaded with in situ
, fuel (loadlngs are- based on survey information) to pictures
~of actual nuclear power plant cabinets, the fuel load appears .
‘to be small. As a result of the Scoping Tests, it appears -
that cabinet fires Ulth: qualified cable do not propagate
significantly. However, cabinet fires with unqualified cable
may be a real threat to the safety of a nuclear power plant, .~
from the standpoint of fire spread, and control room habit- ™"
ability, given the "critical"® conditions and confiqurations.

3. INVESTIGATION OF FULL-SCALE INTERNALLY IGNITED CABINET."
" FIRES--PRELIMINARY CABINET TESTS

I
'

S.l Purpose

This series. of testing, ‘designated the Preliminary Cabinet
Fire Tests, was conducted to investigate the potential for.
full-scale cabinet fires to ignite and propagate. These _.
-tests differed from the éarlier Screening and Scoping TestSf‘ﬂ
“-im that ‘(a) larger 1n situ fuel loads were tested, (b) more:
‘. ...cabinet . styles were_ tested, and (c) more - adjacent cabinet
-""and room- effects Were investigated. However, the primary
“purpose of these tests was to investigate cabinet. effects as -
-described in Section 1.2.! As previously stated, only inter-
nally 1gnited cabinet Elres were investigated because. they -
~ were deemed to be more of:a threat to a cabinet than external
fires. These tests were.performed with materials and setup L
--guch that they were as representat1ve of nuclear power plant SRS
. conditions as poss1b1e. _— T — o

3. 2 Methodology - 'E
The ﬁﬁterials used in the testingf were described- in Seéikf
e tion 2.2. " In this section the cabinet arrangements . ‘and

_--icabinet fuel loadin§ will be discussed. : -

Tl : i -26~-- " e
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enclosure is shown in Figure 12. cCabinet A is the cabinet
in which the fire was ignited, and cabinets B and C were
>+, placed on _ either side of cabinet A so that the effects of
boar the fire on adjacent cabinets could be_monitored. The front
<__Of cabinet D was approximately 3.66 m (i2.ft) from the front
. "of "cabinet A, and was placed there so that the effecls of
& the fire on a “remote” cabinet could be monitored..

—-~7.32 m
oL i 122 m
183m T e J-
o ol Vit m
ADJACENT
—1samel 'CABINET
IGNITION I 4] |
LOCATION
VERTICAL
762m CABINET
. ) (. o T
i B ;
- ; -
!
-~ t82m- _
' " "DOOR

‘ R T Al
Figure 12. General Arcangement Drawing for Cabinet
Tests With Vertical Cabinets

- cabinets is shown in Figure 13. 1In these tests there were
~only threé cabinets., due to their size. However,
side - of cabinet A where .there was no adjacent cabinet, a

“cent. cabinet.
lar "to “the previous .Preliminary Cabinet Tests and so the
fire would not burn differpntly due to heat losses through
‘the single wall. . o : e

" In situ
-.test to )
» .4ll the tests to make up the larger cable bundlesiqnd cable

1
!
'

4 a27-

H
|
1
i
i
1
1

The arrangement of the vertical cabinets inside the test

Fire

-‘_.‘ ] _. . . .' i . ) A A
"~ - The cabinet arrangement for tests with the benchboard-style
on the.

barrier was set up next to the cabinet to simulate an adja- -
This was done so the configuration was simi-

fuel 1loading -é:raégemehts and . amounts varied from
test: however, “standard cable bundles" were uesed in -
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S
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arrangements. There were two "standard cable bundles";: #1.-

consisted .of 12 single conductors, with the insulation,:
stripped out of the cable jacket., each piece 2.13 m (7 ft) -.
‘long; #2 consistéd of three jacketed 2.13-m. (7-ft) pieces of..
‘3-conductor cable tied .together. In Table 3, the standard =

cable bundles with their fuel 1loading are given for both

qualified and unqualified cable. The sttipped out eingle’

conductors were used because in many cases in nuclear power

'-_-_plant cabinets, the Jackets of cables. are stripped off as_

-‘-they “enter the cabinet! leaving only the insulator on the
conductor. Larger bundles of cable were made up of these

"standard bundles” which allowed for easier setup and better.

control of the cable configuration. Total fuel 1loadings in

_the cabinets are described in the test description sections..

In addition to the cables, plastic wire ways that are also
found .in cabinets werel used in the tests to hold cables.

. These. wire ways are made of a polyvinyl chloride (PVC) and

"are "gelf-extinguishing.” They are an open box type - -struc-

. fuel loads for the wire ways are also shown in Table 3.

F

gure 13. General Arrangement Drawing for Cabinet Fire
- Test With Benchboard Cabinets. :
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 ture with a cover . that snaps in place to contain the wires.
“These were described 'ip detail in the test plan.[3] The ~
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'ji Table 3

Standard Cable Bundle Descrlptlons and Loadxngs

i

/ : _ STANDARD CABLE DESCRIPTIONS

FUEL ‘ #1 ‘ . ' T %2

2.

LoaD. o 12 Conductors (stripped ... Three 3 Conductor Cables
PER . .. out of jackets) and tied .~ - tied together - 7' length
BUNDLE (KJ) {BTU] ’ : ' ’

T QUALIFIED. . [ 8820 - . 23,625
“JCABLE ~ - 7 .. .. ‘. .. .[8360] ' . : [22,.393]
(KJ) ([B1U] ! A ‘ '
UNQUALIFIED —~ — — == 7938 7 v oot T T 19,183
CABLE {75241 ' 115,183}
(KJ) [BTU]
"NEW" AND ! 9515 . 23.980
QUALIFIED o - [9018] ' ;o [22,728]
‘CABLE o |
(KJ) [BTU) J
"NEW" AND " ~ 9790 | i 23,747
UNQUALIFIED ' ; (92791 ' : : (22,5071
CABLE - _ - ,
(KJ) {BTU]
NOTES: 1
1. A plastic wire way ‘and cover were also used in. the ' tests, fuel loading for
'1.82 m (6 ft) piece of wire way and cover; 33, 760 kJ. (32,000 Btu).

-Heat wvalues for . calculating fuel loadings were based on total heat of combus-
t1on values from a report by Tewarson [13]




3.3 Discussion of Tests and Results

A total of six Preliminary Cabinet Tests were conducted to
evaluate the ignition and development of full-scale inter-
nally ignited cabinet flﬂes A test matrix of the. variables!
.investigated in this test series is shown -in Table 4. The
tests are descrlbed 1n detail 1n the followlng sections.

'f3;3;1 Tests in Vert1ca1 Cablnets

S I . ] :
7Aftota1.of four (4) Preliminary Cabinet Tests (PCTs)  were
conducted in vertical cabinets with differing types and v
amounts of in situ fuel. The test parameters are shown in- . i
Table 4. A summary of the results from these tests are shown o
in Table 5. Two types of cabinet ventilation, open cabinet
doors and closed doors with ventilation grills on the doors,
.were investigated with vertical cabinets, both in tests with
unqualified cable. Two of these cabinet fire tests in ver-
.tical cab1nets used ~unqualified ‘cable, one used qualified .
cable,  and one used a pan of heptane as the fuel source.in
the cabinet. These tests will be discussed in the following

_section. ~—

'PCT #1 was conducted with unqualified cable as the fuel, had
“closed cabinet doors, and was ignited with the standard’
transient ignition source discussed in Section 2.2. A com-
_Plete description of the test variables and a timeline des-~
cr1b1ng the highlights of ithe test are provided in Figure 14.
The fuel loading, shown in Figure 15a, was higher (in total) .
than had been used in any of the previously conducted Scoping
Tests due .to the larger floor area of the cabinet, although
the loading per. square meter of cabinet floor area was the
~same. The cabinet was set up so that the cabinet doors were ..
- closed ..as. shown in Flgure 15; however, the doors had top and . -
‘bottom ventilation grills to provide ventilation (this test
~was_similar to ST #10) In addition, eight meters and eight
..sw1tches were placed .in adJacent cabinets and around the en-
*closure to invest1gate how the fire affected components. 15]
"A pictor1a1 sequence of PCT #1 is shown in Flgure 15. Since
.the cabinet doors were closed, no pictures of the- -burning -
cables could be taken. Figure 15b was taken at 11.66 minutes-
after ignition and shows the smoke level beginning to obscure .
.the cabinets. The smoke took longer to obscure the cabinets
in PCT #1 than it d4id in ST #10. A possible explanation. for
-this is that PCT #1 ‘did not burn as fast ‘ds ST #10 (to be
-discussed). Plots of four temperatures that are indicative
of the thermal - development in the burning cabinet, the
adjacent cabinets, ‘and in. the enclosure are prov1ded in Fig-
ure 16. Thermocouple (TC) 37 is a measure of the air temper-
ature in the center of cabinet A, and shows a peak .of 305°C -
at 20 minutes . then quickly drops off. Thermocouples 82 ‘and .-
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“Table 4

Matrix: of Preliminary Cabinet Tests

! !

CAﬁINET

TEST # , “ IN SITU FUBL
: FUEL . TYPE VENTILATION' TYPE AMOUNT (KJ)

. - . . .. . N . LBTU]

PCT 1 Transient ' Vertical  Vent Grills uq 7.283 x 105

- , on Doors [6.90 x 105)

PCT 2 Transient»~-~Vertica1~»wuquoré Open UQt—w—wnlqoslwxwloﬁu—mw

; o : 1 x 1061

PCT 3. Transient Vertical Doors Open Q 1.055 x 106

, L (1 x 106)

PCT 4 Heptane Verticalf .Doors Open Heptane 56.78 % (.929 mZ pan)
‘ ; - / ) ' (15 gal (10 ft2 pan)])

. /

PCT 5 Electrical Benchbdard Door Open uQ 1.519 x 106

| | | ‘ Front Grill (1.44 x 106

PCT 6 Tfansient‘l‘ Benchboard Door Open Q 1.551 x 106

Front Grill,

(1.47 106)

b




spmmary of Resultshkﬁgm'Vertical Cabinet Tests

)

e

o S ) .
: : R . ! ‘ ' i . o o B : i :
A?BST.#. IN SITU FUEL PEAK HRR ; PEAK TEMPERATURES (°C)  IBURN ' OBSERVATIONS

/ .T‘('PE' S (kW) . V.ROOM- o AD'J.AQENT ‘CABINET DURATION (MIN) _
L l. P??M}J  _UQ / ;85h - .60 ‘  52 o " 40 ' Propagation,
i T T : R o , _ . obscuration

M S . . ... . .. 7. at 11 minutes
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* obscuration
at &6 minutes

' , PCT 3 j Q o 56 - 50 60 .25 . No_prdpagation.
- ¥ ' - o o / - - obscuration at
‘ ' ‘ 10 minutes

PCT 4R  Heptane 750 |- 115 P .

s oath

* - PCT 4C -~ Heptame . . 1900 ~~ 340 275 25
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" CABINET TYPE AND SIZE: VERTICAL CABINET 0.91 x 1.53 x 2 29 m(3xSx7.51) :
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CABINET.VENTILATION METHOD: ' DOORS CLOSED, DOORS WITH VENTILATION GRILLS,
A 2 TOP AND 2 BOTTOM
CABLE TYPE: UNQUALIFIED CABLE (PE/PVC)
IN/SITU FUEL LOADING: 7.84 x 105 kJ (7.43 x 1° Btw) B L L
- ¥ 562,712 ky/m? (49,550 Blu/) . !
o IGNITION SOURCE: PLASTIC BUCKET, BOX KIMWIPES, 0.946 # ACETONE .. . |
o .. 722204 (68450 Blu) e e e e
. i
[ '
u,
W
] . ! A
: - &
o
S0
&
- S
¢t 3
&\ *
i &
&
|
!
|
6 . 10 20 ' . %
- | " TIME (min) | 1

'@}Eiguré ;4;:-Dg§¢:ibtion:aﬁd,ijélingkdf




-

-3

fg e

- MRV EL PP




TC 37— CRB. R, CENTER RIR
TC 47—~ ENCLOSURE RIR, 3.35 m UP

~ T 300
o TC 82- CRB. C, CABLE BUNDLE
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Figure 16. Tempetétﬁté Measurements in PCT #1-

85 are located. in an adjacent cabinet, cablnet C (see Flg-
ure 12). TC 82 is in a cable bundle on the wall adjacent to
cabinet ‘A, ‘and TC 85 is the center air temperature. Both of
these temperature measutement are less than 90°C and peak
long after the peak temperature occurs in cabinet A due to
the thermal™ lag caused by; the cablnet walls. Enclosure tem-

release rate. (HRR) rises. ivery quickly up to 180 kW as shown
in Figure 17. After the HRR peaked, at approximately 11 min-

-results of ST #10, and the HRR, it appears that oxygen depri-
?=11mited .ventilation: prov1ded by the ventilation grills and

-cabinet, this~canno;'be confirmed. Based on the total heat
released, also shown:in Figure 17, it appears that ~47 per-
-cent of the total potentlal heat content of the fuel load was

.as shown by the curve of the total heat released. A posttest

-35.

- perature, as measured by TC 47 (3.3%m (11 ft)} up in the. .
center of -the test enclosure). does . not™.show 3‘51gn1f1cant}__.
‘rise and is steady throughou1 most of the test. - The heat

utes, it drops off slightly and rises again indicating addi-’
- tional combustion. The fire then slowly burns down. ~“Based .
.on  the temperature: measurements in cabinet A, TC 37, -the. -

vation..was -begihning  to toccur..in the cabinet due to the’

'chosed ‘doors resulting in-the steady burn rate of 1S5S0 tog.
160 kW.  However, because: there was no. oxygen probe in: the

‘mreleased The fire growth rate during the first 11 mlnutesf”_
of the test was .~20 kW/min or 0.33 kW/sec and was steady-




inspection of the cabinet in situ fuel revealed that all the.
cables on the right-hand side of the cabinet were combusted,
as shown in Figure 15. tlowever, the cables on the left-hand
side of the cabinet were only partially. combusted. The total
weight loss was 18.63 kg (41 1lbs) (this includes the ignition
source fuels), which is 73.5 percent of the available fuel.

The maximum weight loss :ate during the test was ~0.91 kg/mln_.T

(2 lbs/mln) “ The total heat released doés not appear to be - .

“*=- -consistent with the total mass -lost. An_ explanation for-

.- ... this 1inconsistency is that the heat- of combustlon value used
T .to calculate the fuel: 1loading was the ‘total- heat of

combustion ([13} and typically a cable: fire 'burns at ‘about L

50 percent ef£1c1ency %

g e - 28 | a8~ 48 s ea.
TIME (MIND

T A > W

'PCT #1 showed that a cab1net fire with: unquallfled cable as’
.. . the in situ- fuel can. . propagate in a vertical cabinet with
”;closed doors and ventilation grllls‘ yet} there is the poten-
tial for. oxygen deprivation occurring in the cabinet due to
. the” limits on ventilation. None of the seven meters or-
“switches experlenced short term damage (except those- in the
_bu:nlng cabinet), and. thelcesults of the inspection of these:
.'components 1s dxscussed in Jacobus' report.[15] Furthetmore.

"tent cabinets was- not severe enough to result in aut01gn1t10n
‘0f the cables or- components the environment in the éenélosure.

which obscured vision within 11 minutes after ignition.
-36- ' -
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5 RS a_result of discussion with NRC. the fuel loading amount’
" This test was conducted with unqualified cable, and open
sient ignition source was employed in igniting the cabinet

fire. Open cabinet doors are a legitimate configuration

test variables and a timellne showing the highlights of the

’fg;ﬁff“ " used because the fuel loading in PCT #1 still appeared to be

doors provided cabinet ventilation, and the standard tran-

in the. cabinet was changed in PCT #2 as shown in Table 4.

because in many real applications the cabinets contain no
doors--at all. 1In Figure 18, a complete description of the

~ test are provided. The narger ~~fuel 1load used in this
~-test, 1.05 x 106 kJ (1.0 x 106 Btu), shown in Figure 1%a, was.

too small based on pictures of real cabinets from operating

"plants. Eight switches and meters were also included in

remote cabinets.. S

- . N

: Flgures 18 and 19. - In fact, by nine minutes after ignition.

ag shown in F1gure "19b, :the entire riqht-hand side of the
cabinet was burning. It, is obvious from the plots of the
. cabinet temperatures, Figure 20, that the fire developed

E_COuple placement was different in this test (PCT #2) as com-

“in- 10 minutes to flame temperature (950°C). - However, TC 83,
the center air. temperature in cabinet C, only reached 82°C

cables ‘or components in the adjacent cabinets.‘ The tempera-
ture measurement in_ the cable bundle in the adjacent rcabinet

,"adjacenttcabinet_wall temperature (inside cabinet C). The
..wall temperature begins to'climb very rapidly at 8 minutes
to a peak of 280°C, which. is hot enough to melt many plastic
.- materials,—yet, not high enough to result in autoignition of
- cables_[16] or other components. The thermal environrient in
the enclosure, as measured by TC 47, ‘wag much higher than in

.

~7 minutes.,, S : g

The HRR plot shown in F1gure 21, provides a ‘good indication

fgrowth of- 128 kW/minute pr 2.13 kW/sec, which 'is substan-

*aga1n .at Figure. 20, ‘the peak temperature in the cabinet A
.0CCUrs almost 51mu1taneously with the peak HRR, and the peak

this test to investigate the effects of the fire on them.
-In addition, cable bundles were placed in the adjacent and-

..0f how :quickly the fire developed in PCT #2. Within 7 min-
‘utes  the HRR rose. from 100 kW to almost 1000 kW, a rate

- tidlly higher than that experlenced in PCT #1. In looking

d€ The fire in thls test developed very quxckly as is shown inzg

"fquicker and was much more severe than PCT #1. The thermo- -

pared to PCT #1; therefore, the thermocouple numbers are not.
"the same.- Thermocouple 24 shows the air_temperature in the.
center of cabinet A, with temperatures rising very rapidly

'which-does. not appear severe enough to result in melting the Hs

- -was. lost; although, TC 22 gives an indication of the inside. .

" PCT #1, and reached a peak of 182°C at 12 minutes after -
ignition. The enclosure temperature stayed above 150°C for-

.

enclosure temperature lagc a couple minutes behind. _the peak _

- g0
s . gTb,

g




i i CABINET VENTILATION METHOD.  DOORS OPEN, TWO OPENINGS DOORS 0. 61 X 2 13 m (2 x 7 ﬂ)

»CABLE TYPE: UNQUALIFIED CABLE (PE/PVC) P SR

1 054 x 105 kJ (9.99 x 105 Btu)
70,260 kdJ/1t2 (66,600 Btu/ft2)

IN SITU FUEL LOADlNG.

o .. IGNITION SOURCE: PLASTIC/BUCKET, BOX KIMWIPES, 09451 ACETONE
LT I TR0k (68,450 Btu). A Co
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TC 22- CAB. C, INSIDE WALL
TC 24— CAB. RA,CENTER RIR

TC 47~ ENCLOSURE AIR,3.3% m UP
TC 83~ CAB. C, CNETER RIR
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.. Figure 21. Heat Release :Rate and Total Heat Released. for
T peT k2 ‘ . COTITTEEEERT
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_HRR. A total of 8.39 x 105 kJ of heat was released as ..
.- shown in Figure 21, and all the cables in cabinet A appeared -
- to have -burned. . Based on the total heat release plot,
. approXimately 79.6 percent of the . potential heat available
- in the. -fuel 1load actually combusted. A total of 25.5% kg
“(56 1bs)- of cable insulation (including the ignition source)
wWas burned, representing ~73.5 percent of the cable insu- -
lation weight. The maximum burn rate  was 0.805 kg/min-
"(1.77 1b/min) which is-lower than that experienced in PCT M. .
“"These numbers are 'inconsistent because PCT #2 had -a hlgher
- peak HRR and a lower mass loss rate. One possible expnana-f'
tion is that the burning cabinet tilted against one of the ":.°
g adjacent cabinets during the fire,. thus offsetting the load- "

—- .. cell reading and resulting in bad mass loss data. In any. .-:
case,. the maximum :weight loss calculated ueing  the HRR and
...". total heat of combiustion valuve is 1.93 kg/min (4.24 lb/min) e

" .. Since the mass loss data appears inaccurate for this test, ..
it is not possible to compare the fuel burned from the stand-
point of "total heat released and total mass lost. However,

than PCT #1 since a greater percentage of the potential heat

of  combustion. was -apparently released. Monitoring of the

combustion gases showed. peak readings for CO,, CO, and hydro- -

carbons .0f '2.28 percent, 10,689 ppm. and. 10,400 ppm respec- ~

tively. All these combustion gases-.peaked at approximately
~-.the same t1me. ~11. mlnutes after 1gn1tion. ‘ . :

'PCT - #1 was a. result of. bqth the increase in the fuel loading,
"~30 percent, and also because of the increased ventilation in

as down to ~15.5 percent in the enclosure near . the
~ceiling. ' It should be noted that combustion cannot be -
maintained below 16 percent oxygen:; however, near the floor:
.the oxygen level was probably higher because that is where
.~ the ventilation inlets - are 1located. The smoke began to-
‘"~ obscure the view of the cabinets within nine minutes after
ignition of the fire; consequently, nothing could be seen in
" the enclosure. ' Based K on -the temperature readings. in the
~ enclosure, it does not ‘appear that there Wwas any burning.ffl‘
'ioutside the cabinet or in’ the "hot layer. -
i

.':deeo recordings and dats from the thermocouples located in
~w-cabinet A, the burning cabinet, . indicate _that the fire
.‘development - progressed as shown in. Figure. 22. First the
_.right-hand side of the cabinet, where the ignition sonrce
was started burned Next, - the fite burned acrose the

it does appear that- PCT #2 had a higher efficiency of burninq;;f;e“

.The large aifference in burn1ng rate between PCT #2 and. = '

the cabinet allowed by the open cabinet doors. Exactly how - . )
much each of those factors contributed to .the. increase in:" =
.~ the burning rate cannot ! be determined. All the parameters... '~

- measured -(e.g.,: HRR, temperdture. etc.), except for welght .. .
~loss’. data, . were significantly higher in PCT #2 than in -~
”previous tests. - In addition., the oxygen level in the room '




right-hand side and ignited cables on the top part of the.
left-hand side of the cabinet. The fire then spread across .
“from the right-hand side ana progressed down the left-hand " .
side. The reason the left-hand side started burning from the .
top down was because hot combustion gases from the right-hand =
o side were forced over to the top of the left-hand side by the
- door soffit. There was no burning .or damage to the cable
' bundles- located in adjacent cabinete B and C. Three compo-
- nents, . located in the enclosure and adjacent cabinets, were
.powered and monitored throughout the test. All components--
.~ ' performed as designed (the component highest up was 1.83 m
- .[6 ft] up -and 3.05 m (10 ft] away from the burning cabinet: .
‘-and  saw.-.a peak temperature of 9%0°C). The . results of the ™
component evaluation are described by Jacobus.[15) ' Lo

® .: A?- 2.29m
- C)‘+~' @ =

®=—

IGNITION| ¢

Y

152 m

ERR Jufﬁli . o :: if,
. - Flgure 22. ! Burn Pattern for PCT #2 .

_, ’ S [ i ) ’ ; T e DT
PCT #2° demonstrated that for:'a vertical cabinet with open' ‘.-
doors and with an in situ fuel loading of unqualified cable: "
that appears similar. to real fuel loadings in nuclear power .. .
plants, "the. fire will develop and spread rapidly throughout =

7. the burning cabinet.” | - -

;42-




However, even a fire as large as this did not have a signifi-
cant thermal effect (i.e. temperature rise that could result”
..in melting of cables or components) on the adjacent cabinets
~in-the configuration tested. It should be noted that in this
‘test each cabinet had a side wall which means there was a
-'double wall between cabinet interiors. 1In some plant appli-
“cations there is only a single wall and in some cases there
is no wall or barrier between cabinets which could result in
.. a more severe thermal ehvironment in the cabinet. The ther- .
~..mal environment in the enclosure near. the ceiling was severe -
+ i. enough to have caused meltinq of some plastics and the smoke
T“choncentration in the enclosure was very dense throughout the-

test. - ) P i

' Although previous Scoping Tests (i.e., ST #6 through 9) had~™
e already shown that a fire .in gqualified cable in a vertical
“. 7 .. .’cabinet would not spread, PCT #3 was conducted to determine ~
-1 .what effect a larger fuel loadlng of qualified cable in a
‘i.vertical cabinet would have on ignition and propagation of a
fire. - This . test was conducted with open:cabinet doors and
with an in situ fuel: loading of ~1.051 x 106 kJ (1.0 x
106 Btu) as -shown _in. Table 4. In Figure 23, a complete
‘description of the 'variables used in PCT #3 as well as a
- timeline providing the highlights that occurred duxing the
“ test is provided. The cabinet and cable setup used in this
test was similar to that used in PCT #2. The fuel loading
shown in Figure 24a varied somewhat from PCT #2 in that fewer °:.°
standard cable bundles were needed to make. up the fuel load: 7
.. ing because the qualified cable bundles were heavier. Also, .- -
e many of the cable bundles that were run from the right-hand
-~.: side of the .cabinet  toi the .left-hand side were run diago- _
-nally upward to enhance :the likelihood of the fire to propa- .

gate up the cables and spraad the fire to the left-hand side
of the cabinet. This method of loading the cables almost .
. succeeded in propagating the fire as shown in Figure.24b;. L

- the diagonal cables almost burned over to the left-hand sideﬂk_ B

of the cabinet.:‘

| o -.The resulting temperatuﬂes prodnced by the fire in the burn--.ﬁ
Ty " 1ing cabinet, the  enclosure, and—in .adjacent cabinets are'
"% . "7~ shown - in Figure 25. These thermocouple locations are the
#4277 Tm . -game as those used in PCT #2. In comparing these thermo-
' ~.couple readings to PCT #2 they are substantially lower. Even
“‘the burning cabinet air temperature, TC #27, only had a maxi-
mum temperature of 217°C. The other temperatures?monitored
by TCs B82,- 85, and 47, indicate that there was not a threat -
of autoignition or :damagé to cables or components in adjacent’;"
* cabinets or in the encloSuxe.i The HRR, Figure 26, for FCT #3°
shows that the fire only pxoduced a peak heat release rate of
56 kW, which is lower than was éxperienced in any of the pre-
vious ~Scoping Tests with qualified cable. . The total heat -
.released was only 0.65 x 105 kJ (0.61 x 105 Btu) which is
" slightly  less than_thatlreleased by the ignition source in -

S E




':‘*'TEsT#vPCT#s i I
R CABlNET TYPE AND SIZE ven*ncm. CABINET 0. 91 X 1.53 x 2,29 m (3 x5x7.5 m
o CABINET VENTILATION METHOD DOORS OPEN TWO OPENINGS 0. 61 x 2.133 m (2 x7 n)

:

! : .

e ;‘CABLE TYPE IEEE-383 QUALIFIED CABLE (XPEIXPE) o

' IN SITU FUEL LOADING '1.056 x 105 kJ (1 001 x 108 Btu)
.. 757,779 kdJ/m? (70 420 Btum?)

oo IGN'ITION sou‘ace. PLASTIC BUCKET, BOX KIMWIPES 0.946 2 ACETONE
- ' 4 O 72220k.l(684508tu) _ .

|

20

TIME (mln)
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Figure 24.

jal Sequence of PCT #3
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“ble explanat1on for ‘the unreasonably low HRR values is that
a valve used in the calibration process for the gas analy:zer

:and hence lower HRR levels measured than those actually en-

zer revealed no problems. Aside from the fact that there
was a possible malfunction, the fire did not propagate. The

"--ure 24d. Based on the weight loss data 14.6 percent of the

$:03.24 x 105°kJ (3. 07 x 105 Btu) of fuel assuming complete
“combustion. - S N - .

in a vertical cabinet with qualified cable has little poten-

. cabinet. . This is not to say that the fire would not spread
given a "critical" ignition source and in situ fuel configu-

tested, a fire in a vertical cabinet with qualified cable .is

thermal- environment. - It should be noted, however. as de-

‘10 minutes - after ignition of the cables, showing _that even

A equ1pment smoke damage. . :
. [ -

peratures exper1enced .in the enclosure and adjacent cabinet
air and walls during the: large fire in PCT #2 (1000 kW) and
the effect. an even larger cabinet fire might have on the
- thermal environments. Since it was impractical (and unreal-

e Cabinet Test #4 was conducted using a heptane pool in a cabi-
_ net to achieve a desired HRR " The purpose of PCT #4 was to
~produce a- cabmet fire using a heptane pool in a cabinet

... temperature- excursions in ;the encloﬁure\and ad jacent cabi-
_nets. Three tests were conducted using heptane pool . fires

_.’and PCT #4C. -The redson for three tests was because it took
" three tests to produce the desired HRR. In all the tasts

in the prévious ‘tests, {PCT: #2 and #3) was used
. 4_ .
. .—47:-:‘.‘ T
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Scteenlng Test HS wh1ch was ‘certainly unexpected.. One possi-
may have been left partially open allowing ambient air to mix
‘with the stack. sample. This would result in higher oxygen -
countered. However, a posttest calibration_of the gas analy- .
- weight loss data shows that 10.45 kg (23 1bs. ) of cable insu- -~ "
- lation  was burned .and a visual inspection:after the test -
- showed that most of the cables on the right-hand side of the -
‘cabinet were burned. However, none of the cables on the
“left-hand -side were burned although some of: the cables near
" the top of the cabinet were smoke damaged. as shown in Fig- -

cable  insulation was combusted which should corzespond to-
'”“brelihfﬁary Cabinet Test #3 again showed that a cabinet fire

tial to propaqate and spread throughout a ‘single vertical
’5:ation.““HoweverL with the in situ fuel and configurations‘

"not llkely ‘to propagate or result in damage to cable compo-
.nents or equlpment outside the cabinet . as a result of the’

‘gscribed. in the timeline, the smoke became very thick within .
iif the fire does not become large and propagate, it could“f“
result in problems w1th_ hab1tab111ty in the enclosure or

. PCT 84 was conducted because oE the concern ‘about’ high tem-

istic) to put twice as many cables in a cabinet, Preliminary -

.. that .resulted  in an ~2000 kW fire, and to investigate thef_Fﬁj'

-7 in cabinets to investigate the thermal effects of large cabi-
-.net - fires. These tests were designated PCT #4A, PCT #4B,

with the heptane. pools. the same cabinet . configurat1on used.~?.x




PCT #4A, in which 137.85 % (10 gal) of heptane was burned in.
two pans with a total area of 0.58 m2 (6.2 £t2), produced a .- =
"+ very intense fire with large flames shooting out the cabinet

~doors ‘and high temperatures in the enclosure and adjacent
~cabinets. - However, as the HRR shows in Figure 27, a peak HRR -
“of only 750 kW was reached. In PCT #4B 56.78 % (15 gal) of
_heptane in two pans with a total area of 0.93 m?2 (10 ft2) was
burned. . This test did not yield any useful data because the
.explosion relief doors of the burn enclosure activated due .
. to.the large initial pressure spike when the fire was ignit-
T éd. PCT H4C was the same configuration as PCT-#4B_but with
" . the relief. doors strengthened. The HRR in this test reached e
~1900 kW and is shown in Figure 27. This resulted in temper-_
, atures in and on the adjacent cabinet that were significantly

. higher than any tests with cable as the inm situ fuel source.
. . Adjacent . cabinet. xemperatures from PCT #4C, Figure 28, show:
"+~ that the peak temperatures of 560°C and 275°C, for the cabi—:" -

“ net wall and air respectively. The enclosure had a peak tem- " "

perature of ~320°C. During all of these tests cabinet A was -

essent1a11y at flame temperature.~

et oo 2,

N : vi.'.
LT,

2808

f
N
\
/

<. L 1sp@

© PCT #4R

L
.
—.
T
i
) /
- \
L
N
L
- .
=l
-

15, ze " 2s 387

.aIME (MIN)

‘ifffiguré;27. Heat Release Rate for PCT. #4A and PCT ﬁqc
T Based on a compatison of PCT #4A, PCT nud. and PCT #2, it
-~ . appears that the heptane pool fires burn more intensely than
- = cabinet fires with cable, in that even in the smaller (based

-on HRR) PCT #4A, the temperatures in the adjacent cabinets
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‘and enclosure were significantly higher ; than in PCT #2. .

“This is shown in Figures 29 and 30,.which; compare the adja- -
- . cent cabinet wall and air temperatures for the three tests. .
- Apparently, the larger flames in the pool. fire result in the -

higher ad;acent cabinet temperatures because of the radiant'

o "‘"-heat.

533 T —- - y
A - TC 22~ CRAB.C, INSIDE WAL TC 88— CAB.B, CENTER AIR g §
“E TC 47~ ENCLOSURE ﬁIR.% JC 83~ CAB.C, CENTER._R!R s
:- 500 3,35 m UP. : B
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fTIME (MIN)

~'Ff§ﬁf§‘28f Adjacent Cabxnet and Enclosure Temperatures for
' PCT #4C .

.. The following conclusions are based on the pool fire test{
‘results and an analysis of the test results: (a) pool fires -
“in“cabinets and cable ti:es in cabinets burn significzatly ..
.different, (b) based on the data and heattransfer calcula- ..
“tions, it appears that the heat transfer mechanisms. to adja- .
‘cent cablnets are dominated by radiation: from the cabinet .. -
walls, . (c) it -appears that a single. cabinet alone, will most - ¢
.1iXely burn differently than a cabinet with adjacent cabinets - ;
~due to the- heat transfer mechanisms, and (d) calculatioris
-.ueing the test data showed that cablinets with a single adja- .
‘cent” wall as opposed to, a double wall with an air gap can ..
result in temperatures. on the adjacent cabinet wall and pos-. . ;
sibly in the adjacent cabinet air that could lead to melting -, -
‘or._autoignition of combustibleg.- Although _the pool and
cabinet fires do not develop .and burn the same, these tests -
-have shown that single adjacent cabinet walls can regult in s
thermal problems in adjacent cabinets.
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.3;2{“}eets in.bencﬁboard Cabinets : | .

A total of two cabinet fire tests in benchboard cabinets were .

~-- conducted as shown in Table 4. . These two tests, one each - :
4 i  with qualified cable and unqualified cable were conducted to .~
?=_*‘<:nh1nvestigate the way a fire in a benchboard cabinet would - -
. ' ~develop A summary of the results from these tests are shown’

o in Table G.Q o I ‘ .

Table 6

5ummary of Regults From the Benchboard
Cabxnet Tests

. L

— < ';

S : ; - —_—

C:ja~+;l . -Test # i 5 e 6
) '-“iin_situ.Fuel Type ‘f . 'f - UQ o ,Q“f

- 'Peak HRR (kW) ., = 791 L 21s

“Peak .. .  Room 210 - CET118

‘- Temperatures Adjacent BV R T
¢°€C) i 7" Cabinet 100 S 38
ﬁrﬁ'Dgraﬁion'(min):' .20 . i 35

5¥Obeervations ' Prepagation of Propabation'l.zz m up,
- : : thé fire, " obscuration at

) obscuration at 11 min

.9 min . e
. P

Preliminary . Cabinet Test #5 (PCT #5) was  conducted with
o unqualifled cable as the fuel with a loading.of ~1.5 x 106 kJ
_(1.42 x 10°% Btu). TA- -complete description of the test vari-
-+ 'ables ‘and a . timeline showing the highlights of the tests are
_.provided in Figure 31.. 'A significantly larger fuel load
“than that used in previous .tests was used in PCT #5 because
.the floor -area of the benchbodrd cabinets was approximately Lo
“50..percent- higher .than ‘that in the vertical cabinets. Con- . .= i
sequently, the fuel: loadinq was --increased.- éo that the fuel - '
. loading per cabinet’ floor area was the same as that used in - -~
'BCT #2 and #3. The different cabinet geometry resulted in a -
. higher percentage of cables located near the ignition source, -
.as can be seen in Figure 32a. It should also be noted that,
'3\ ‘although it cannot be seen in Figure 32a, a; large amount of
--fuel ‘was. loaded under the bench. A different manufacturer's

tp utf | é_ -5 1.
T A .
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‘ TEST # PCT #5

CABINET TYPE: AND SIZE BENCHBOARD CABINET 1. 22 X 1 8’2 x 2. 44 m (4 X 6 x 8 ﬂ)

CABINET vsnnumon METHOD. ONE aonom FRONT GRILL OPENBACK Doon .
CABLE TYPE:. UNQUAL!FIED CABLE (PE/PVC)- ke o o
lN sn‘u FUEL LOADING 1519105k (144 x 10Btw)
oF L T41 %108 kd/m? (6.26 x 105 Btu/ft2)
- 'IGNlTl:ON SOURCE: :jE:Q.‘EQT-RICAL IGNITION APPARATUS = - D
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_Pigure Description and T1me11ne for PCT ﬂfS
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Sequence’ of PCT #5

Photograph

‘Figure 32
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..this test because the supply of the previous unqualified
cable was exhausted. Ascan-be seen in the photograph in
Figure 32,-a front ventilation grill and an open back door
“provided ventilation to the cabinet. ~The photographs in
" Fiqure 32 were taken through the open- back cabinet door.

e1ectr1ca1 1n1t1ation apparatus descrlbed in Section 2. 2.

H

' 7tr1ca1 initiation apparatus was turned on and occurred at a

"in_which plots of the data are shown irnclude the 15.33 min-
‘utes prior to ignition : of the cables. Figure 32 shows 'a

a 1light shining into the cabinet and the close range at

;1gn1t10n of the fuel. : —

“In ‘order to’ 111ustrate " the resulting thermal environment
that was produced by the the fire, a number of plots of -the
. temperaturé¢ in the burning cabinet, cabinet A,. are shown in
- Figure 33. These thermocduples, TCs 89, 90, and 91, were
located in the center of .cabinet A at 0.61, 1.22, .and 1.83 m

 the temperatures at TC 91 are higher because .of the air flow

~1.22 m (4 ft) deep at the time of maximum- HRR.. It.appears
"flames .outside the -cabinet were visible in some of the video

the temperatures of the combustion gases coming out of the
‘two:“cabinets were over. 400°C. Also the adjacent cabinet

‘environment in the enclosure as monitored by TC 47 shows peak

:f1re. Whluh was when the f1re was burning 1most intensely.

L _sq. o

ol
F L

?faitheuqh the same:compositionf‘PE)RvC) cabie.was used in-

power of ~165 watts.. All the subsequent figures for PCT #5

~ which the pictures were ‘taken, the smoke -obscured the v1ew-?-
. of the cabinets from the: front w1th1n 9 minutes after the"

(2. 4, and 6 ft) above the floor, reepectiVely.. As expected_

_replay: however, this observation is not conclusive because .

. ‘cabinet "are so 'high. The temperatures inside and on the..-.
-walls of cabinet B and the .enclosure temperature -are shownl
: Flgure 34, The adJacent . cabinet wall temperaturesf{
l(in31de) -reached almost 300°C while temperatures ‘between  the -

ltemperatures of 235°C at 12 minutes after ignition of the -

Ignition of the in situ fuel in PCT #5 was provided by the -

~Ign1t10n of the £1re ‘occurred 15.33 minutes after the elec—ﬂk

“photographlc sequence of this test, Figure 32b was taken at =7
476 m1nutes ‘after ignition (19.6 minutes after the electri--
~cal inrt:at1on device - was turned. on), - and Figure 32c was
“taken 10.7 minutes after ignition (26.3 minutes after test
start). Although the photographs do not show it bécause of . -

©  pattern in_the cabinet and because the soffit of the cabinet N}ﬁf:
" door’ ‘which results in a-"hot layer® in_the top of the cabi-_ ' .
~.net, resuvlting in higher temperatures. ‘This "hot layer" was .

- that. there was burning -in the top part of the cabinet.and'-“”te

;center air temperature peaked- at 100°C 30 minutes after the ﬂ'
“start. of the test (15 minutes after ignition). The thermal -

. The HRR for ‘PCT #S is shown in F1gure 35 Ftong - ‘with a plot,fgfxf‘
of the total heat released. This figure shows. a peak HRR of - =~
784 kWs. The"HRR-climbed.very qurckly up to the peak aud'igp
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then dropped off qu1ck1y. indicating that the fire burned .- _
'very 1ntense1y for . a. .short duration.’ Unfortunately. the .. -
Tass -data was lost durlng this test due to ~overheating of
-‘the load cells. Consequently. the mass loss. rate and total:
mass ‘lost -are not known.' However, using the HRR--to..calcu- y
‘late the peak mass loss rate.;a peak mass loss rate of ap- -
proxxmately 1.52 kg/min (0.6891 1b/min),occurred.~ The fire.
‘growth rate during the first 10 minutes after: ignition wasg
©71.9 kW/min, which is lower. than that observed in -PCT #2.-
‘The "total. heat released during this test .baséd on HRR is
‘7.4 x.105 kJ: (6.066 x 105 Btu) which is less than. 50 percent
of the fuel's potential heat of combustion. This percentage.
"of combustion is less than was’ ‘experienced for all the other
tests with unqua11freo cable which appears o6dd because of
the intense burning: and because a posttest inspection, ‘as-
‘shown in- Figure 334, :revealed that all the cable: 1nsulation
appeared to have burned. At approxlmately the same time as
the HRR-and. temperatures peaked out in the test, 30 minutes.
. .after the-start, the combustion gases also reached a maxl-;h
~_.mum, with values: for hydrocarbons “Co\\and COz of 6000 = m, ;-
6000 ppm and 0 7 percent by volume. respectively _-_.-_,lgv o

'; It is dxfficult to determine what effects each of the changes s
in - the setup (e g., - cabinet style, ignition _source,  fuel . °




- “amount, and configuration) had in causing the different HRR ~
(as compared to PCT #2), the lower than usual percentage of
fuel “combusted, and the short burn duration. However, the..
cabinet style had -a significant effect because of the venti-
" lation flow path (ventilation from both the front and back).
..--the larger total amount of fuel in the cabinet and near the
"ignit1on source, and the soffit over the back door, which
kept “the ' hot combustion gases in the cabinet.
the "hot. layer® in the cabinet enhancing combustion irn the
cabinet., -because of hignet temperatures, it appears that it
‘limited combustion due to a lack of oxygen,
lower amount of total heat released. The ignition source
“seemed to have little effect in changing the way the fire
“developed; it still ignited’' and propagated gquickly as it
-.would have with the transient ignition source. However, with
- the electrical ignition source there was a lengthy heat up
% - period,
S .'before 1gnition. S

. =" Figqure 36. . The fire spread from the. 1gnition source (just
- behind the ench) upward into the cables in the top part of
the cabinet first, probably because of the hot combustion

' gases.
of the cabinet were : dabove autoignition .temperature for

unqualified cable [16]_and some of the cables in the upper
- parts. of the cabinet. probably did autoignite.
e .M it . .o N i . )

" Figure 36. Burn Pattern for PCT K5
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and smoke was visxble for approximately four minutesra

. The manner in wh1ch the fire in PCT #s butned is shown in

"Temperature measurements show that the top four feet;;
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The thermal environment,in the top. of the ‘enclosure and in - -
the adjacent cabinets was severe enough to cause meltlng in
- some plastics. . However, the one component that did fail in
this test fa11ed as a result of a large deposit of soot, not
" melting.[i5) In addition, cable bundles 1located in the °
‘ad jacent cabinet and che outside—of the  barriers (whichk
experlenced temperatures of >300°C) d1d\show signs of melt-
ing, although there were no signs of p0551b1e autoignition = ,
- in the cables. :The cables were checked after the test, and . -
oo although the insulators ,had melted together, there was no
[ ”shorting of . the conductors This test demonstrated that a.
BT fire with unqualified cable in the configuration tested in a -
- benchboard-style cabinet could be ignited with an electrical’
-1gnitlon source and propagate qu1ck1y throughout a cabinet.
- Farthermore, the fire can result in a severe (€.g., thermala:-.u
and. smoky) “environment .in the.enclosure and adjacent cab1<i*
’nets that could cause additional problems.
I
"Even though previous tests (ST #6 through 9 and PCT #3) : had i
‘demonstrated that qua11f1ed cable (XPE/XPE) in a vertical
“mjcablnet would not propagate a fire, PCT #6 was conducted to
" "investigate if a different type of qualified cable (HYP/XPE) -
" ..~ would- propagate a fire in a benchboard cabinet. The standard:-. .
'transient ignition source described in Section 2 2 was used
- along with 1.57 x 106 kJ° (1.49 x 106 Btu) of in situ fuel.'. i
The test setup was very similar to PCT #5, -although 'a
.different. number. of cable bundlés were used because of the_,fZ:
dlfferent cable ‘'weights.; A complete description of PCT #6 . @~
,and a timeline describing the highlights of the test are
glven in Figure 37.7- A picture of the fuel loading is shown
in Figure 38a; as with PTC #5, the pictures were taken from

the back of the cab1net

The photographic sequence of the test is also shown in
_Eigure 38b and c, .taken-at 12 and 51 minutes, respectively.
- Smoke 'began to obscure the view- of- the. cablnets from the.
front of the enclosure within 30 minutes after ignition.  'In: °*
“Figure 39, plots of air temperature measurements taken in "
cabinet A, the burning cablnet are provided for TCs 17, 89,
.90, and 91, which were located on the inside. ceiling, and at
" 0,61, 1,22, and 1.83 m (2, 4, and 6 ft) from the floor,.
;irespectively;' It is obvious from the plots that the upper
. part .of the cabinet is hotter, due to the rising hot combus--
. tion ‘gases that are kept in by the. door soffit. However," )
the - temperatures were not as high as those experlenced in- - 7.
PCT #5 (see. Figure 33).5 although : the temperatures, in oL G
PCT #6. “at the ceiling (this was not ‘shown in- Fiqure 33) and
183 m (6 ft) up were almost as high (TC 91, 7003@1 It was
riot obvious from the video if there was burning in the ‘top °
- part of the ‘cabinet; it appears that the temperatures were
" high enough to aid:the fire in .spreading by heating 'thezrlﬁ
:cables in the top part of the cabinet. and possibly . causing. PO
-aut01gnition,, F1gure 384 shows the cabinet after the fire. =

_s8-
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TEST # PCT #6

CABINET TYPE AND SIZE: BENCHBOARD CABlNET 1.22 x 1.82x2. a4m (4 x6x8 o

CABINET VENTILATION METHOD: | iONE BOTTOM FRONT GRILL, L, OPEN BACK DOOR
'» CABLE TYPE., uzes 383 QUALIFIED CABLE (va/xps) S
",m SITU FUEL LOADING 1.551 x 105 kJ (1.470 x 106 Bw) - - ]' s

!

H
i

7. 26 x 106 kJ/m2 (6.390 x 105 Btu/f12)

IGNITION sounce PLASTIC BUCKET, BOX KIMWIPES, 0. 9462 ACETONE,
. 72,220 kJ (saasomu) RETE
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- wlsigure:39t Temperatures in Cabinet;AJ‘the'Burning Cabinet'

Note that the fire only burned the cables 1 22 m (4 ft) andlﬂi
up..and.the two bundles closest to the door were not burned. -

Plots of the temperatures inside the adJacent cablnet and
“,~enclosure are shown . ‘in Figqure 40. It is interesting to note
“that TCs 19 and 20, 1.22 m (4 ft) and 1.83 m (6 ft), respec-~-
._tively, on the ins1de of the adjacent cabinet wall have the
- same. pattern as the. air temperatures in cabinet A, indicat-
» -ing - there was 11tt1e burning in the lower part of cabinet A, . ..
" “The -air temperature inside cabinet B as measured by TC #93
shows  a peak temperature of 30°C-({the ambient -temperature at

- ~-.the start of this test was 15°C), while the peak enclosure
"_ air temperature was 3seC. : S

- -The HRR as calculated using oxygen - consumption calorimetry.- ;
“"shown in Figure 41, ‘reached a peak of 215 kW at 15 minutes
.after -ignition. fThis-HRR is significantly higher than that.
in any other qualified c¢able cabinet fire because the fire
spread throughout the top part of the cabinet, The total
heat- released is also shown in Figure 41, with a total of

2738 x 105 kJ- (2.25.x 105 Btu) of --heat released.. This
is only 15 _percent of the calculated total fuel potontialg
“heat of combustion, ' whilé the mass loss data. showed that -
~28.94 kg (63.67-1bs) of the total of -53.28 kg (117 2% 1bs) -~
" of fuel were .combusted, which is 54.3 percent of the fuel.
The reason for the discrepancy could.be that the heat of:
eSS NS SN -5 SRS
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ncombustion values selected to calculate the in situ fuel

:cabinet was not as high as originally thought. The. measure-
ment.. of the" combust1on gases was hot completed due to prob-
'ems with the gas. analyzer.

This - test demonstrated that for this type of qualified cable
‘in the test configuration, a fire can spread throughout a
. '8ingle- benchboard cabinet, although. the adjacent cabinets
and the enclosure were not threatened by the fire, except
for the smoke. A. S e S DR

'.3 3. 5“Summary of Results

i _
A total of six Prellminary Cabinet Fire Tests were conducted
as part of this test program to investigate the way an inter-:
< .. -~ nally 1gn1ted cabinet fire will ignite and develop and its
;7. - . effect on adjacent cabinets and the enclosure. A ‘summary of
I the results from these six tests is provided .in Table 7. In
- all the tests: with unqualified cable, the £1re was easily
. ignited and propagated. However, with the qualified cable
. the firesiwere difficult to ignite and. except for the fire
~ in the benchboard cabinet (PCT #6)," the\flres .did not propa-
- "gate. The one fire using the electrical initiation apparatus
'showed that a cabinet containing unquallfied cable could be
_ ignited by electrical overheating of a cable. In PCT #2 and
..#5 the ‘enclosure temperatures were high enough to cause
- damage to cables or, components located near  the cexlan.
while it appears. temperatures in the adjacent cabinets were

“ buildup in the enclosure was an obvious problem.: A discus- :

loading were too high, in which case the fuel loading in the =

never: high enough to cause problems. 1n all the tests, smoke e

';s;on_and_;nterpretation of, the cabinet £1re test- results 1s;;-

5prov1ded in the followlng sectiof.

}NTERPRETATION OF TEST RESULTS

%4;1 ﬁgnition of a Cab1net Flre

JAs stated’ at ‘the beg1nn1ng of this report, it was not the
“'goal of the test program to evaluate if-the ignition sources:

through surveys and background studies, . they are as credible -

“'In this: test ‘program. only -one transient' and one electrical
- ignition source were . tested The three series of tests,
"gScreen1ng. Scoping, and: Preliminary Cabinet Tests, demon- -
‘strated . that ignition of the  cabinet fire is dependent on -
" -three _variables"» (1) ignition fuel type, intensity and
- ‘location, (2).1in situ. fuel ,type, and (3) in situ fuel ¢geom-
- etry. Othér test variables do not appear to play a signifi-
: cant part.d o SRR S ' - ‘

i

.
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chosen to be used in the test program were credlble. althouqh%f

as. possible.  Rather, it was to. 1nvestiqate if the selectedf;th
lgnltionmsources were . capable of 1gn1t1ng a.: cabinet fire, = °
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The transient “ignition source fuel; tested wae capatbtle -of
“{gniting either type of in situ tuel. .qualified or unquali-
" fled cable; however, a “critical" ({.e.,” 2 combination :of.
parameters that makes up -a-—configuration that will burn)
- in situ fuel geometry was necessary to ignite and propagate
‘the fire in the cable bundle (ST #4 and 5). Furthermore, it

- appears that a-critical ignition source amount i3 necessary,

especially when igniting ‘qualified cable. A slightly smaller
c»transient ignition €&ource was not sufficient to ignite and

: ; ‘although it probably would have been sufficient to iqnite
. unqualified cable. o o i

. The . electrical 1gnition sounce employed in these tesis was

has been tested with qualified cable and appears capable of -
,.igniting and propagating a fire in. qualified cable.[10) -

[P L P

- ignite and -propagate a cable fire in an actual test has not

.. tion™ apparatus, as well the geometry. of the in situ fuel:
"_werei found «critical to the ability of . the electrical
'1gn1t10n source to 1qn1te and propagate a fxre. T

“Needless to -gay., the location of the 1gnition source _is
;cr1t1ca1 "to the 1gn1t10n ‘of a fire as it must be near the
"in situ fuel and impinge ,upon the fuel for long enough to

‘"sources were placed in a corner or along a wall, which make

© ‘was in the center of a cabinet,  _ : _g:
i . ! ' i ' '
- The - second important ‘'variable in the - iqnition of ‘a cabinet .

..-filre is the in situ fuel type. In this test program all
in situ fuels were represented by cable insulation, primar-
. 1ly because cables make up the bulk of the :in situ .fuels.
" - Three types of cable were tested, two qualified: an XRE/XPE -

(and- other previous: tests [17)) have shown that qualified. -
cable is difficult to ignite and keep burning even under the

-and propagate a fire'in qualified cable, while unqualified

"iiqnition ‘of a cabineét. fire. -Thig variable is very critical

‘the. fuel may burn for ‘a short time, 'but the fire will. not
~ _propagate (ST #1' and '2).7 A cable bundle in a ~horizontal
vt,conthuration is . much less likely to. propagate a: fire, even

2.1t it "ignited, than a ‘vertical “cable bundle, ‘particularly
;with ‘qualified cable.. Futthermore, as some of the earlier
;Scoping Tests showed (STg#a). the cable bundles that were -

i
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propagate ‘a fire in the qualified cable (ST #1, 2, and 3).f3wz.w'

=only used to ignite a fire in unqualified.cable, PCT #5. It_}'

However, the capability of the electrical ignition source tof_“

'been demonstrated. .The :arrangement of the electrical- iqni—_ef_"'

"allow the fire-to propagate. In these tests 'tﬁewignition.f,‘x

" the fire more intense (corner effects) than it would,i[;itﬁf-”

“"and an HYP/XPE, “and ' onejunqualified PE/PVC. These tests f”“”.
__-optimal - burninq conditioneé. Direct flame impingement for a_:ﬁf;’L
" relatively long duration (ten minutes) is necessary to lgnite . ..-"
cable is relatively éasily fgnited and will prOpagate a fire. e
. J:- I
In sltu fuel qeometry' is ‘the third 'variable affecting ‘the R

‘because if the in situ fuel is not in a “critical" geometry,. ..
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?wrapped very tiqhtly and wite tied every 0.30 m (1 ft) were‘
‘very--difficult to ignite, again particularly: with qualified
‘cable, because the flames and air could not. get to the inside
ecables.: -Therefore, the flre would not propagate. In addi--
tion, stripped cables were used in the area near the ignition
soutce, because the smaller single conductors with insulation:
were easier to ignite and acted much like tinder would.be in.
'a wood  fire in helping the fire to become larger. Strlpped
cables, however. are not uncommon 1n conttol Cablnets.

Consequently.,the tests revealed ‘that there wete thtee vari-
.ables critical to the ignition of a cabinet, .fire, and that
" for the particular lgnitlon sources, in situ fuel types and
’.geomettxes. that cabinet. fires can be ignited and propagated.
However, no measure can -be made or given that will assist in
determining if a particular ignition source, :inh situ fuel, or
fuel geometry is susceptlble to a cabinet fite. All that ¢can
‘be said is that g1ven the right conditions (i.e., sufficient
"ignition source,’ loose cable bundles, ‘etc.),. a fire can be .-
ignited ‘in a cabinet. It is the judgment of some people at
-Sandia, familiar with nuclear power plant cabinet 1nsta11a-~;_;
- tions, that the *right conditions" for\1gn1t1on used in this - -
‘test proqram do not vary widely from. many of those found 1n~.[5 o
" actual power plant xnstallat1ons. Sl Tedliome

‘ 4.2~ Propagation of a- Cab1net Fire

" 4.2.1 Rate of Development
o In evaluating the results of these tests. it appea:s that a11
“.the variables - investigated have some- effect on ‘the develop-
jment tate of the cabinet fire, although some variables (e.g..-
the ignition source) have-a -much less:.significant 1mpact on
the .rate . of -development. In situ fuel . type. amount, ~and.
. configuration are large factors in the development rate. In .
m'addition. cabinet geometry appears to play a significant -
;;oze in the fire development. o - -

Often more than one vat1ab1e was changed_jxom test to test
.thus making it difficult, to determine what effect each of:
the variable changes had on the development rate of - the
BRI . £ire. Even thouqh the.- electrical- ignition apparatus was -

;'*i,'“' onlyusced inm orie " test, it does not ‘appear that for thé
IR ignition: sources tested that . they have a significant effect,
- on_ the rate of development (aftet the fire is ignlted).

In situ fuel type obviously has ‘3 large effect -on the devel-'
T opment .rate because qualified cable is made to be flame
[ resistant and has passed IEEE-383 qualification tests, while ~ '

-unqualified ' cable has . K not passed I1EEE-383 qualification )

‘testsi-—A measure Of .the rate of development is the- derzv-~f"'
R ~ ative of the heat release rate, This 1§ essentially the-
. . acceleration of the fire, but it is an indication of the
' ‘growth rate of ‘the fire. The growth rdate during the growing

-66-
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128 kW/min and 5.6 kW/min, respectively,. while they. are .
"71.9 kW/min ‘and 16.5 kW/min for PCT #5 (benchboard cabinet, i
‘“unqualified cable) and PCT #6 (benchboard cabinet, qualified
_cable), respectively. These growth rates ehow, ignoring -

“'many -times faster than ai fire in qualified cable. In situ a

:simply because with higher 1loadings, additional fuel is
favailable and, for a given cabinet, fuel loadings are more
" derise to combust and therefore the fire can grow quicker and
: 1arger. The fuel amount was increased in PCT #2 (over that
~-.used in PCT #l); however, since the fuel configuration and
‘cabinet ventilation were .also changed, it is difficult to

the fire in PCT:#2 develop so ‘quickly. "Fuel configuration
"is critical to the development rate of the fire, espec1a11y

‘vertical..cable much quicker than a horizontal cable. There-
fore, the more cables that are in a vertical or diagonal

- ~Furthermore, the way ~in. which the cables -are bundled
. important to the development ‘rate. The tighter a- cableﬁ
. -...bundle is wrapped, the less air and flames can penetrate and
- burn. the cables, and the slower the fire development rate
'will be. -Also, in these tests, many of the insulators were

G actual installations. |

Cablnet geome;ry. more specifically the style of cabinet,
-~ -had ‘a significant impact on the rate of development of the
"' fire, the potential for the fire to spread and ultimately
"the 'size..of the fire. ' There are two differences in  the -

" - 'stage of the fire for PCT #2 (vertical cabinet; unqualified .
_..cable) and #3 (vertical —cabinet, qualified cable) ' are .-

"other factors, that the fire with unqualified cable develops .

“ifyel .amount is important to the ‘development rate of the fireasu

“-~determine. what part the increased fuel loading had in makinq.;;jﬁ;‘
. with quelified cable, because a. .fire will propagate up a .

configuration, the ore likelihood that the fire will spread." 

fscrippeg. out of the cable, resulting in "tinder" for the .-~
fire to burn. This type of cable-configuration is ‘common in_ -

f~ggpometties . between benchboard and vertical cabinets that-,é- 
" affect. the fire development. They are the location. of "the .

ventilation and the size of the door soffiti On the verti-
¢dl - cabinets, . all the ventilation -wag provided from the
“front, while with the benchboard cabinets, :the ventilation
was ptovided by the back door and by a ventilation gzill in

" fire developed, the benchbecard cabinet could ‘provide more -
ventilation; but more importantly, the. front grill on ‘the. -
-~benchboard cabinet provides cooling air to the cables under.
. theé "bench which_ could prevent burning.  Also, cabinets with’
- closed doors and .ventilation grills or no véntilation grills .
‘can have a fire that will develop quickly up to a point, then

the fire will become oxygen controlled and will no 1longer
grow as in PCT #1. The door soffit is important because the
temperature in -the top part of the cabinet, the hot smoke

on the size of the door soffit. The vertical cabinets had a .
. very smal}_;9ffit, theregore. only a small smoke layer formed

- . . - - i . . ) o ;\\\ .
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" the front of the cabinet. Consequently, if a large- enough.:rf

"layer that develops ‘in the cabinet, appears to be dependent ok
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,."~ . in the cabinet. In the benchboard cabinet, the soffit was.
..« = falrly substantial and a deep hot smoke layer formed in the
“'© 7 cabinet which provides radiative feedback to the in situ.
.--fuel 'in the cabinet, thereby possibly increasing the rate of
- development: although the smoke 1layer also can slow the =
" development rate (PCT #5) by reducing the oxygen content in
. the upper part of the cabinet. However, the fire growth
. rates for PCT #2 (vertical cabinet) and PCT #5° (benchboard -

cabinet) do not bear this out as they are essentially -the |
..~ same. This could be .because the vertical cabinet was 25 per-
.. cent smaller . than the benchboard cabinet, thus providing
-~~~ additional radiative feedback and higher temperatures in the
.Evertical cabinet. Co o

o The development rate of the fire is dependent on 0 many of
““the “variables 1nvestigated that it is impossible to select
-one.or two factors as critical to the rate of development..
. The tests have demonstrated, however, that given a_sufficient _
“ignition source and a "critical" cable amount and configura-' . -
tion, that a fire can rapidly propagate throughout either a '~
vertical or benchboard style: cabinet. Specifically, the .-~
tests conducted in this program- have shown that- -a fire. -.°
. ignited with either source, in either style. of cabinet, and
"/ with unqualified cable, can result in a rapidly developing"
-"-and large fire. While fires with qualified cable can de-
. velop rapidly up to a point (PCT #6), they will not grow as
‘'rapidly nor as large as fires with wunqualified cable.
Another conclusion that:-can be made about the growth of the S
fire is' that closed cabinet doors can  prevent the fire (up S |
to a point) from growing too large. However, this does
result -in. _higher temperatures within the closed cabinet"
. which may: result in. "flashing" should.the cabinet doors be
- opened. L S T oo : '
N RS

‘A few of the regulatlons spec1fied in IEEE 384 can have an
effect on minimizing the development rate of the fire (e: g..
‘barriers "between cabinets. “canning components,® and tying
_ cable bundles at ‘specific 1ntervals). while other regulations
. specified (e.g.. 6-inch air space) do 1little to impede or;
_slow’the development rate .of the fire. L T wn

. 4 2 2 Fire Spread (Outeide the Burning Cabinet)

iJThe potential for the fire to spread within the burnlnq
iicabinet is dependent on the growth rate of the fire and the
variables -discussed in the previous section. However, the
potential for the fire to spread outside the burning cabinet
s X dependent on other variables. as well as. the fire growth
rate and the variables discussed above.. :

Fire spread to an adJacent cab1net<is very dependent on. the
location of. the adjacent <cabinet and on the barrier(s)
. between the cabinets. All the .tests in this series were
'conducted with double walls (a wall for’ each cablnet) and an

- hﬁ‘ : ~68-




" air gap (~2.54 cm [l inch)) be.ween the cabinets. . Actual -
nucleéar . -power plant applications, where there are no walls
‘(barriers) between cabinets, partial walls, or single walls
as well as double walls, could result in very different situ-
ations. Also, the location of the adjacent cabinet (e.g, on
the side or behind the burning cabinet) could also affect
the potential for the adjacent cabinet in situ fuels to be - .
ignited because of its prox1m1ty and the way it receives S
heat. : _ -

. Thé_tests»infthis series, with double walls.?ahowed that the
~ailr temperature inside ‘the adjacent—cabinets, even in the
“-largest fires (PCT #2 and #5), never got “high enough to auto-
ignite cables or components, although theé adjacent cabinet
~wall did get hot enough to melt some cables. An analyeis of
" . the situation demonstrated that if the cabinets had shared a
‘common wall (in the larger test fires), that the adjacent
~cabinet wall temperatures could have been high enough (600°C) L
to. cause autoignition of cables on the walls even though the ..
air temperature in the adjacent cabinet would not have been
" -very high. ' It should be noted that even if the cabinet wall '
“'was high enough to result in autoignition, in situ fuel would
have to be located on the wall to spread the fire from the
#‘burning cabinet to an adjacent cabinet. In adaition, tests
._conducted -with partial barriers in the cabinet showed that
.the barriers do 1little to prevent the spread of the fire
' (w1th unqua11fied cable) _ _

Howevet. one of the regulatlons specified in IEEE 384 willf.
- aid in preventing the fire from spreading from cabinet to.
cabinet by autoignition of materials on the cabinet wall. .
" The regulation specifies that terminal blocks "and wire ways~"
are to\be mounted at 2 54 cm (1 ‘inch) from a batrier._ .-

The likelxhood for one of the cabinet fires tested to spread
outsxde “the cabinet “to .somewhere in the upper part of the D
room (e.g., a cable tray) is small. In none of the cabinet -
efire tests that were conducted was there any burning outside
“the cabinet more than half a. .meter (PCT #5). It. should be
noted that -all the cabinets tested had solid metal tops with °
- no--penetrations. Cabinets with open tops or large penetra- - .=
=" tlons could result in propagation above the cabinet, particu- .
larly'for unqualified cables. Furthermore, the temperatures
in the upper part of the enclosure .were never higher than_4ﬁi
235°C and thact was in one of the largest fires (PCT #5). A ..
- - similar fire in actual power plant rooms containing similar °
~ cabinets 'would probably be even less likely to- propagate
.. because- of the larger room slze. Therefore, in these tests
there is no possibility for any materials in the "hot layer*
to- autoignite., Also, the enclosure in which these tests were ST
conducted is smaller than most nuclear power plant rooms and Coen
t‘e temperature in these tests was never even close to flash- S i
over temperatute (600°C‘;




Consequently. although there is a potential for one of the
“larger fires to spreadi from cabinet: to cabinet given a
iveritical" configuration, for the configuration and condx-;
:3’tions tested, it was not a problem. Furthermore, for fires
" of the size tested, there is little possibility of the fire.

" spreading to the room. ' . . A

—_—

A'f4.3 Development of the Enclosure Env1ronment

.V*were considered in this test program were the thermal effects
. .and the smoke effects. The thermal environment was moni-..
tored, while the smoke environment was only visually observed
" (an attempt was made to measure -smoke density with a smoke '
mgturbidimete;, but was - unsuccessful because of the larqge
~ 'amount ~of soot). ~ All the.variables that have been pteviA :
. ﬂously discussed have arn effect on how the enclosure environ- . :
"I'ment ‘develops. .In. add1t1on. the enclosure size, geometry,

vfthey were varied in the subsequent test series (Room Effects
;ﬁdrests) [14] S :

‘gFor the vatlables and confxguratlons that were investigated-
- in ‘this test series, the. cabinet fires never resulted in  a
. thermal env1ronment that was a potential hazard for . autoxgnx-'
~tion of . materials in the: enclosure. In many of the tests,
cables . and components were located thtoughout the enclo-
sUre. [15] only 1in ‘the. case where a component was hung in
‘the-hot combustion gases:above the cabinets or exiting. the
“enclosure did .a component become damaged (from melting). -
" Although, .as. previously mentioned in PCT #5 (unqualified

"cable), some of the- cables outside. .the burning cabinet ‘did..:
.show sxgns of melting (with no shont1ng of conductors) ..

" .“for ‘a: few minutes.  As noted before, the test enclosure was .
"~ smaller. than most'roomé‘of concern in nuclear power plaats.
Furthermote, the ventilation rate in.these tests was approxi-~

"~ than would be found in most nuclear power plants. It. appeats.
that this higher ventilation rate would tend to push- thef'
smoke and_ heat out of the test enclosure.. .

:The smoke "env1ronment 1n the : enclosgfe was’; oniy visﬁéilyf~-
. monitored in the tests; however, it wag~gbvious, -in all, the’
tests with unqualified and qualified cable.'that'the enc¢lo-

" ignition of the cabinet: fire. It should also. be noted that

“: - smoke Was. pushed out relatxvely quickly. Yet, the’ smoke,

i;The effects. of the fire nn the enclosute ‘environment that .

“ ‘and vehtilation rate are factors- in- the: development of the .
- enclosure environment.. However, none- of the three factors
"just mentioned were varied in this seties of tests although -

‘* Moreover, in the two tests (PCT #2 and #5) that resulted in
~."large fires, -the high temperatures only stayed above 200°C - -

mately 15 room changes :per hour (rm ch/hr), which is higher .. ... ' %

't gure became filled with smoke within 8 to 15 minutes after =

because of the high ventilation rate in the ‘enclosure the:gA

"still filied the .enclosure Although there is no quantlta-gfd

.ttve data on the densxty and development of’ the smoke layet




(there is in the subsequent test series [14]). it is obvious ;
that. smoke can gquickly obscure the location of the cabinets-

_addition, in one of the tests, sufficient smoke accumulated
“in . the enclosure to cause one of the components in the '
- -enclosure to fail as a result of a large deposition of soot
“”jon the . component.; i : L .
" _ , :

~the. thermal.. env1ronment in the enclosure from the resulting
fires: is .not “a concetn ‘and is not a threat to other equip-
rment.4 It -should be noted this statement is only about the -
-'fires tested. However,.the smoke environment in--the. enclo- .
. sure can becomé very severe within minutes, resulting in -

‘above smoke-purge rate ‘(typically about 10 rmch/hr)_ were not
sufficient to preVent smoke .accumulation in the enclosure. '
i : :
1

4. 4 ' guipment Damage:

' Many components and cables were located in adjacent cabinets
and in the enclosure to. investigate the potential for damage,
The results of the :component damage investigation were
reported by Jacobus [15] and therefore will not be discussed
here.. The cables that: were placed on top of and inside ‘of

one of the cases was the cable found to. be melted (PCT #5).
\_However. the . catkle jacket was only slightly melted and .the
the conductors were not -shorted together. Therefore, in none
‘of the tests would there have been electrical shorting of a
cable outside the burning cabinet. ~

5._ ONCLUSIONS AND RECOMMLNDATIONS

" As a’ result of the the three series of tests conducted as;
part -of - this ‘test program, a number -of conclusions can be

-test. program. -Those _concerns were about the development .
raté of the-fire, the development of the room environment,’
and .the potential for the fire to spread outside the burning
cabinet. - S , 5

The conclusions are as follows. R —:

‘However,  the . qualified cdble is much more, difficultff'
to 1gnite and-propagate. ' . . '

- o2, It is. possible to have a rapidly developinq cabinetﬁi

e T _ fire with either type of cable as the in situ fuel

ey . ;:,; T

and the fire, making any operation very difficult. n. .

.Consequently.“even in the relatively small-test enciosure.;an

- problems with fire fighting and with operator response.s.&_'
These tests also demonstrate that even ventilation rates "~

~. adjacent cabinets were inspected after the tests and in’ only R

© madei” The conclusions that are presented are related to the - . -
_dreds~ of concérn that were -raised at the beginning of the “:-

fi. Cabinet fires can be ignited and propagate in eitherf*F
unqualified or qualified cable with either of the two ]
- ignition sources tested (tran51ent and electrical)i ”




and in either style, vertical or benchboard, of cabi-
net. Although, fires with qualified cable do;not
- become very large. ‘ - e . R S 1

3.-—Ignition, development rate, and spread of a cablinet
““fire are dependent on “"critical" (i.e., just:the.
right combination of varfables) ignition sources, -
- in situ fuel type, geometries, —“and amounts,-_and on.
“cabinet style. and ventilation. - These *“critical*
values are interdependent .on many varliables . and
" therefore no “critical" values can . be identified
‘based on these tests. However, it was found that
‘with unqualified cable, the range of values . causing -
ignition and fire spread was much wxder than with?
quallfled cable. ' . . T

. -
i -
i

For the enclosure condxtxons tested (1 e.., enclosure
size and ventilation rates), the thermal environment @
in the enclosure _produced by ‘the fires was not severe -
" enough to cause autoignition .of materials, but the
thermal environment may be severe enough to cause '’
equipment damage. Furthermore, it appears from these
‘tests that a fire will not spread from the burning-
cabinet to adjacent cabinets. -However, under differ-. -
ent conditions (e.g.. single wall. larger fires) ayb
cabinet fire could cause autoignition in an adjacent
i cabinet and continue to propagate. . A double wall :-
~~_barrier betweern cabinets appears to play a crucial =
role'71n preventlng cabinet-to-cabinet £1re spread .
dur1ng the\larger cabinet fires: E

5.. For the enclosu:e condxtlons tested, dense smoke
- _.accumulation in the room became a problem within min-
utes after ignition, for all fuel'types,and cabinet -
conflgurations.. : :

: If

_ Essentlally. the conclusion of “the- cabinet ‘fire . tests is
~.that a cabinet firé can propagate wlthln a. single cabinet; - -:
~.howéver, for the conditions tested, it does not appear that
."the fire poses.a threat out51de the burning cabinet, except
:.for -the resulting smoke. | Although’ this test effort involved
tealistic .ranges_ of: parameters, ‘it must be;recognlzed that
‘othet ¢abinet and fuel -configurations may -result in somewhat
dlfferent f1nd1ngs.ﬁ In, addition, because of the influence
of- opetat1on response and overall safety syStem performance.
cbnclu51ons teqarding cablnet fires causing. difficulty in-
the.. ab111Ly ‘of “the’ plant to shut down cannot: be made solely
trom the £i:e test data’ pfesented in thls teport ' : e

T e— e

1t should be noted that in many of the Scoplng Tests and.all .
“of the Pre11m1nary Cabinet Tests the in situ fuel loadlngs;
.(based on loadlng per square meter- of cabinet floor area)™
- wére higher than. that obtained in the background study. This
’:was because fuel leadlnqs in cablnets based on the backgtound

o z
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study. ‘when loaded in the ¢cabinet appeared 11¢ht (e;ga. not a
-lot of cables in the cab1net) B

'Based on the find1ngs of the Cab1net Fire Test Progrdm it%ie"
_recommended that the effectlveness of the following shou1d~‘_
»be 1nvest1gated° S
»1:" Detect1on systems in cab1nets'. if_“:, QA.”,—;f

2. Automatic gaseous suppress1on systeme both 1nside and
outs1de cabinets; !

Manual suppression of cabinet fires'“?
Smoke control and purge systems- ._ﬂ_; .
Potential for fite spread in nond1v1ded cabinetS' and

Independence of remote shutdown capabillty.-
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. TEST FACI L:ITY AND INSTRUMENTAT ION

.




' »-fA_ 1-- acilitx ‘ i,; .

The Sandia Burn Facility. located at Sandia National Labora-
tories, Albuquerque,: NM has been used for a number of test
programs associated with the Fire Protection Research Pro-
gram. °"This.was the facility to be used for the Preliminary -
-~ Cabinet Tests. In Figures A-1 and A-2 schematic views anda
- pictures of the test enclosure are presented. The Facllity
-+ itself 1is. an earth-covered bunker 15.24 m (50 ft) 1long.
", 7.32 m (24 ft) wide, and 5.49 m (18 ft) high in the center-
~ This bunker. has been partitioned into two enclosures, each
T 7.62 m (25-ft) long. The outer enclosure is.-used to house

e various instrumentation Fnd data conditioning equipment. Qs

o Tbe burn enclosure has anfloor area of 55.74 m2 (600 ftz) and_
~volume of 272 m3 (9.624 ft3) The burn enclosure has . a sys- =
tem of ducts which provide inlet ventilation air through BeV~ .
eral vents located around the perimeter of the chamber.’ The4§;*
ventilation air is forced from the outer .chamber (which is+ .
vented to the external: environment) and into the. burn cham- . .
. ber. The 1n1et ventilation rate for these tests was approxi-:
' “mately 70. 79 m3/min (2,500 ft3 /min)_or the equivalent  of 1S °
..~ room alr changes per. hour. The burn “Chamber operates under a-
- .slight positive pressure during tests. - Combustion pfoducts™" " .
and through-flow air are vented out from the burn chamber
-~ ~through an opening in the top center of the burn ‘chamber.
" ~This opening is connected to a 0.46-m (18-inch) diameter hor-
" -izontal stack which houses instrumentation for analysis of
the exhaust gases.: Six windows with lights provide lighting*-
-uand there is a porﬁ for a video recorder. - : o

Instrumentation 173‘

A wide vatiety of instrumentation was used for measuring??i.'
‘temperatures, heat: fluxes, pressure 1losses, gas analysis, -
- and heat release rates. The instrumentation is monitored by.. -
. an  HP3497A "data acquisition unit and an HP216 computer ::°
‘"?system capable of :handling up to /100 channels. Typically
... during these tests data' was taken: at 20 second intervals. °
"The. following instrumentation was employed‘in the testinq.’,

.Heat release rates (HRR) ‘were measured indirectly through'
.- 'use-of oxygen consumption calorimetry.: This system for mea-
- suring.’ oxygen, temperature, and velocity of the effluents :
AN “was incorporated into the exhaust duct of the facility: " The -...
T ‘concentration of “oxygén . in the exhaust gas was monitored
“s- " through ‘a Beckman model 75% paramagnetic gas analyzer. - Ven-
tilation flow rates were monitored through the use of pres-
" gure probes in both the inlet and outlet flow streams. . These -
 pressure..readings were converted to velocities through the . i
~Bernoulli equation for fluid flow, and in turn to volume flow ~°
‘rateg through the cross sectional- area. {Traverses 0f both

JO S S
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velocity ‘readings were representative of average values.).

.,enclosure environment*‘ o é- i

. zers were supplied by Beckman Instrumentation Co.. The CO
"and COj. analyzers were 'nondispersive infrared analyzers, .
model 865, while the hydrocarbon. analyzer was a model 400

- magnetic~analyzer. g.;; : , ‘ ,"

" were monitored. All thermocouples used for. surface and air
The locations of the 60 thermocouples on and in the cabinets
varied depending on the test being performed.pp

‘made-- using : Hy-Cal - water cooléd calorimeters\ capable of
measuring 340.67 kJ/m2 osec (30 Btu/ft2 egsec) placed at 0.6l m
(2. £t) and 3.05 m (10 ft) from the burning cabinet. In
raddition, calorimeters were located in the burning cabinet.

.adjacent and separated. cabinets, and the flux from the hot
, layer to the cabinets. - :

- i

 for- surface- temperature measurement, and some were powered
;and monitored for functionality. : L oo

:-1 the  order of 681.82 kg, (1500 1bs). Total mass 1loss of

-.this purpose and were attached to the bottom of the cabinet.

‘Static pressure measurements were made in the lower part ‘of

-:Enclosure gas temperature measurements were made with a se- .
" “ries of 20 sheathed thermocouples, Type K, 0.05 cm (0.02 in),
. located in the upper part of the enclosure at 3.35 m (11 ft)

-and 4.57 m (15 ft) as shown in Figure-A-1. These measure-:
- ments were used to characterize the development of the

x‘{The concentrations of carlon monoxide (CO). carbon dioxidei;;
“'(COZ). hydrocarbons (HC). and oxygen (02). were. continuously -
"monitored in the exit duct by gas analyzers.”,hll the analy-~

temperatures- were Type K, 0.05 cm (0.02 in) sheathed type,f*

Z'Heat flux measurements. both convective and . radiative.'uereff

.Fluxes of particular concern are those from the fire to the .

small components and other combustible materials (i e., other“n
" cables) were placed at different locations in the test enclo- -.
.. sure for’ qualitative assessment. of damageability of those. -
-~ components - or sources. ; These items were also instrumented .=

Source cabinet mass loss rates were monitored for all cabi-:'f
,_nets with an in situ fuel loading. Cabinet weights were on

~the test. enclosure. .The pressure measurement was located in @ =

the inlet and exhaust ducts were conducted to ensure that-_fﬁ”

\a

flame -ionization detector, and the Oy analyzer was a para--_.;;

N . . \ : - .
"Surface temperatures were measured w1th~thermocouples placed.n_g
on the cabinets (faces, eides, backs). 1In addition, the air . .

_temperatures. in .the burning cabinet and adjacent cabinets .

| .approximately 45.45 kg (100 1bs) was expected. Note that the .
~ ~three _cabinets -in each tést were required to be independent -
" for welighing. Interface and Celesco load cells were used for




Smoké density measure-.

a.stagnant region of the enclosure.
.ments were made in the exit duct in so

to, the

no;

me of the cabinet fire

due .

using ‘a. smoke turbidimeter.
turbidimeter

design -of -the

tests

1good,
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"B.1 Purpose o ' o ; L ' W
fThe ‘purpose of the. 5copinq Tests (ST) was to evaiuate”theg

_;abllity of the selected ignition source fuels to ignite and
’rptopagate ‘a fire in a cable bundle in a cabinet. in adai-

%tests.’ they were performed with a minimal amount of equip-
“‘ment and 1nstrumentation for quick test turnaround time -
: The Scoping Tests were not pass/tail type tests because it"-
" was not necessarily a fallure or a_pass when the lgnition
source did not ignite the cables. .The criteria for evalu- -
ating the tests ‘varied from test to test dependinq on what .
new requirements were set. Basically, the tests were evalu-,
ated to determine if the ignition source fuel 1ignited the
- in situ fuel (cable bundle) . and if the fire propagated’
- withip the cabinet.  :  ; : o - :

tion source fuel packet which was selected . in the Screening
Tests  (described in. a separate test report [1}). No Scoping
_Tests ‘wére- conducted with the electric ignition source'
apparatus as it was unavallable at tgit txme.

“~

on at an earlier date [1]

A _B 2 Test Setup %f .5-;

The test arrangement for ST #6. through 11 included th@ tran-ﬁ'
.sien% ignition source fuel packet, a nuclear’ power plant cab-

[

‘"and . a_propane’ pllot light. along with the cabinet in situ’
*Euels (cables) T ’ - LT » . . )
- For’ ST ﬁe. #10, and #11. the in situ. fuel loads and con-
.. flgurations were based on, surveys and pictures in an attempt .
. to make. .them as representat1ve of actual installations as
. -possible.

and in situ fuel' were 1nstrumented (with. thermocouples) and

;and ntopane p1lot Itght,-‘_ _ Lo
b - 2o

The cabinet for these tests was located in the center of the
~sandia Fire Test. Facility.. In addition to the thermocsuples

el T . . - i
PO - . : . et L

i . N
i S -g4-.

_-tion._these tests were to aid in selecting credible in situ .
fuel amounts - and ‘configurations. Since these are "scoping .

All the Scoping Tests were conducted with the tramsient igni- -

:i.ThIS. appendlx focuses; prlmarily on the results .of ST «G*gkefa
“through 11, as the results of ST #1 through 5 uere reportedﬂ :

inet;~0.91 x 1:22'x.2.29 m (3 x4 x 7 £ft), a pilot relighter- -~

In ST #6, #7, and #9 smaller fuel 1loads were -
tested. First, the in situ fuel arrangement .was placed in’ .
"the cabinet in the desired configuration. Next, the cabinet *

“-the trans1ent ignltion source was placed in the bottom right- f?‘

- hand side "of: the cabinet. ., Finally, the test was started uhenf{;«
the ign1t1on source: fudl was 1gn1ted by the pilot reliqhter_5j1ﬁ

located in. the cabinet.f there were .thermocouples in the',f‘




" enclosure to monitor the enclosure environment. - Also, calo-
rimeters and pressure transducers were used to monitor heat
fluxes and the pressure in the enclosure. A system of velo- .
city probes, thermocouples, and gas analysis for indirectly @
measuring the heat release rate (HRR) was also employed. o
The cables ‘used as in situ fuel in these tests were an .
IEEE-383 qualified cable and an—ungualified cable. The”"
‘"qualified cable. was a 600 V, three-cdnductor, No. 12 AWG, A
cross-linked  polyethylene - (XPE) insulation with a cross- 5?
© . 1linked polyethylene jacket rated at 600 V. The unqualitied.
" - _c¢able was a . 600 V, three-conductor, No. 12'AHG. polyethylene/
polyvinylchloride (PE/PVC) with a  polyvinylechloride (PVC) .
jacket rated at 600 V. : The ~larger cable bundles in- the
".cabinet were made up of smaller "standdrd cable bundles. {*
.The "standard cable bundles"'were designated -as #ls or #2s;’
“the #ls were. made up of {12 single conductors (with insula-:;;e
*Ftion) stripped out: of the cable jacket, each piece 2.13 m : 7"
(7°£t) - long, while "the! #2s consisted of 3 cables (the
3 conductor cables) of wire tied together. ' .

= l
A 8.3 Discussion of Results

-'Table'B—l}- a matrix of the eleven Cabinet Scoping Tests,. o
~“shows the-.parameters investigated and .a brief summary of the = - .-
‘results. The eleven tests can be broken down into three cat- - .
.egories: (a) Scoping Tests #1 through 5 were performed to ‘
.. investigate the ability of the ignition source to ignite a -7

'Tcable~bund1e and the effects of location/arrangement of the - .
‘in situ fuels. . (These results are only shown in Table 1 for .
completeness and will not be discussed here.) - (b) Scoping
.L~Tests #6 through 9 ‘were' cabinet fire, propagation tests on
.. - qualified cable, and (c) Scoping Tests #10 and #11 investi-

. -.gaced the in situ fuel" amounts and configurations to be used
with unqualified cable.: v .- :
— l

\Scoping Test #6. was: conducted to determine if a fire ignited
in the corner cable bundle would propagate  to: other cable-
.bundles in .-the cabinet. : Figure B-1 shows "before,* "“dur- -
ing. -and "after" pictures of ST #6. The. in situ fuel in
the cabinet is the qualified cable, with a total fuel locad
-of - 348,520 kJ  (330,350. Btus). - This is approximately -~
312, 628 kJ/mz_ (27,530 Btu/ftz) The fuel locad in .. the
Ecabinet is. based on-a survey of four different sources shown
. iniFigure 1 of this report. The 1loading:. in the cabinet
. appeared to . be light :(i.e., compared to: photographe of-
actual cabinet fuel loads. this test cabinet .doee not appear : 7.
to:be., heav11y loaded) 'The test was run. with no doors on
the cabinet in ordeéer "to ensure adequate ventilation. ' The
_ufire was ignited using. the transient ignition source. Only
--the cable bundle directly above the’ ignition source " (the - .
. main bundle) burned completely. The bundle to the left of -

.




v__Matrlx

~ Amount Jof

Cabinetd.

B

“of Scbp1ng Tests =

-f“ ”‘Intense

?

PRI Burn’ i ST
y Cable ‘In Situ Fuels® Vnntilat1on Peak HRR “Duratlonf, Test -
2 sze! ' (KJ). ‘Method : ; (KH) _(min) | Result
: . al: . R . M
QT “117.,000 ,Nobdoo:sj 29. | 15 . Bundle d1d not
- ” o B R W ‘+ burm ;
' §T2" = 117;000 No doors 27 1? ‘-ANo propagation zf
Voo g e e T __ oy ) . , o i : . ‘
117,000 No doors ( 77 . '18/ - Entire bundle !
- omEa s : S S RSP vl ; consumed ‘
S - - 117,000 No doors - -82 - 17 - - Almost entire ' . I
e e e R S AU ..bundle consumed -
IV | | . . s S |
i sTS uQ 117,000 . 'No doors 132 17 Entire bundle
- e : : ' ' ___ consumed
ST6. . . : Q. 348;500‘( No doors 82 25 No propagation
. i . ) : ‘ . ! ) . ) . )
v sT7. .“‘_I?.. g 348,500 Doors closed 95, 25 No propagation
- . .grg- - ’//Q o 582,875 Doors closed 93 30 'No propaqatlon
ST9 ba::xe: Qe 234,990 L Doogg_gpen ) _;Z{_;mm”m 20 No ptopagatlonm
STlO 'UQ”" ’ ”511 530 Doots closed 280, 30 P:opaqated
' L S ; ‘ ' All burned
Lot - ,ii ! o ‘
STLL uQ 611;530;= | Door open 506" 20 _ Propagated
. _~ ; . - All hurned

1

aScandard igni:xon .'SOULCEe was

bExcludes ignition source.

Ini

'1'°A11 tests performed in 0.9l m x 1 22 mx 2. 29 m (3 x 4 x. 7 S £t) cabinet. .
d tescs uith closegbdoors.:ventllation is provided tnc ugh ventilation g:llls

1 qt Acetone. 2.5 gallon polyethlyene bucket, and 16 oz. box
THof” Kimwipes - Scoping Tests 1 and 2 diffe:ed slightly in that only 1 Plnt acetone wasmused.
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the main bundles was damaged but not severely burned; how- =
ever, the cover to the plastic wireway deformed and fell
into the fire. There was no horizontal propagation of the
"fire in any cable bundles. Soot was deposited on the cables - %
in the top left-hand side of the cabinet; yet, they were not .-
damaged.. . The Heat Release Rate (HRR) produced by this fireA;-“
ﬂis shown in Figure B-2. N E
In ST &7 the in situ fuel cable, confidﬁ:ation, and:fuel loadA;;
-amount were exactly the same as in ST #6. The only differ- -
- ence in. this test was that doors were put on the cabinet.- ;
-.The doors each had two ventilation grills, one near the top
f,of-the door and the other near the bottom. The reason for '
- putting the- doors on and closing them during the  test  is?
that it was assumed that the closed .doors would produce
" higher temperatures -in the cabinet which might contribute to
“the propagation: of: the fire.i Aga1n.‘on1y the main corner
‘bunhdle: above . the - ignition soltce was completely consumed.’
1h Figure B-3, two "before" pictures and one "after" picture - -
of ST #7 are shown." The cover of the plastic wireway to the
left of the main bundle fell into the fire. There was, how-.
‘ever, a higher. level of soot deposition (as compared to =
ST# 6) on the cabinet walls and cables in the top of: the
cabinets' Also, the cables in the top of the cabinets ...
" showed slight degradation and discoloration; yet, no cables
-but the main bundle burned. There was no horizontal propa-
gation of the fire. lThe HRR plot of this test is shown in
Figure B 4.u. ; i T CoL- o Dore
Because the fuel loading appeared light [2]. (e.g., not many
- ~.cables in the cabinet) in the two previous tests, the fuel 6 . .
‘,?~ 1loading. was ‘increased -in ST #8. The in-situ fuel was: *
s-'qualified cable, with a total fuel 1load of 582,875 kJ . .~
. (552,450 Btus), This - - is  approximately 522,827 kJ/m2 -
. {46,040 Btu/ftz) " “The - fuel loading and cable configura-
g. tion in this test were based on pictures of actual NPP
A'~c6nttol room cabinets. This test was run with the cabinet
" doors - closed as in ST.#7. The "during" picture, shown iun -%
) -Figure‘B-s, shows the highest smoke output rate during the ===
" test. - The - smoke- - level. in the cabinet ;never descended
~further  than 1.22 n (4 ft)’below the cabinet ceiling.  The
=, room did not f£fi11 with emoke. As in all other tests, .the
.. main cable bundle directly above the ignition source burned:
:In addition,:. the cable bundle and the plastic wireway to theé
‘left of .the :main bundle, burned. However, no: other cable-im -
.the cabinet- burned.: . There was significant, heat and smoke .}
4qmage ‘to the cables An_the top of the cabinet and to those .-
on"ithe .left-hand side . of. the cabinet. It was assumed that .-
- the higher fuél loading with the closed cabinet doors might*
_énhance the potential for the fire to propagate; -however,
~ this was not observed. The HRR for ST #8 is shown in Fig-
.ure B-6. S : : ; S
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CABINET TYPE AND SIZE:
YERTICAL Cﬂaxm. 3°%4°n?.5°
CABINET VENTILRTION METHOD:
DOORS CLOSED, 4' VENTILATION GRILLS,
© 2 ToP- 2 aon'on. EACH 14.5°x13.5°
- CABLE TYPE:
‘msn'u FUEL LoADINGs
ssz'«e BTU (562,873 KI)
46,848 BTU/FT2 (48,572 KI/FT2).
JGNITION SOURCE: ~ ..
PLASTIC BUCKET,. BOX KIMHIPES, 1 QT.
_RCETONE, 68,43@ BTU (72,228 KI)
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The in situ fuel was

or. the cabinet fire to- propagate. :
234,930 kJ

he.qualified cable. with a fuel 1loading of :
222,740 Btu). which ; is approximately 210,766 kJ/m?

-only purpose of this test was tc determine if the hori-
zontal barrier would propagate the fire from the right-hand:
side of the cabinet to .the left-hand -side.: In Figure B-7 a’
'"before.” “during,” and "after” picture of ST #9 .are shown.

cables in the cabinet were burned. There was thermal damage- -

shown in Figure B- 8.

'Figure B9~ shows "before," “during."

possible. ~The purpose of this test was to investigate the .
- differences - in burning between qualified and unqualified
“‘cable w1th ‘all other parameters remaining the same. The

“ithe: fire, the smoke 1ével; in the cabinet appearecd to descend
_to ‘floor level because smoke was exiting the bottom vents of .
the. cabinet. Then the. room ‘began to fill with smoke and
obscured _the view of - the: cabinet. The fire in the cabinet

- pletely consumed. The residue- visible in the cabinet, Fig<
‘ure B-9, 1s;all charred matter. - In addition, the. -cabinet

“ of -the . cabinet. The. resulting HRR from this fire is shown"
in Figure B-10. _;5¢ L : ) , _

“ The arrangement used "in ST #11 is the same as that used in
" ST #10. The only difference being that the cabinet doors"

of this test are shown’ in Figure B-11, The purpose of this
test was--to. evaluate what' effect the cabinet ventilation had
"on..the fire: development. .Again, the smoke level quickly
deecended to the floor. obscuring 'Ehe\\gabinets in the en--

4

L e

. Since it did not appear that the fire would propagate in the:.
.configurations tested. Scoping Test 9 was conducted to in-"-
:vestigate if internal horizontal barriers (e.g., strip chart
ecorders. ‘mounting plates, etc.) would enhance the potential

" The  main bundle directly above the . ignition source was .
_burned; also, the cables; below the partition. in' the right-wz;
hand —~8ide "of the cabinet were burned. .However, - no other -

. (i.e, melting) to -the cables below the center and left-hand-
'I*side partitions. Again, 'the fire did not pfopagate horizon-*x
tally .even with the partitions.: The HRR for this test‘is‘

(18,560 Btu/ft?). The fuel 1load ir higher because the

: and "after" pictures of
: ~ST-#10.. The in situ fuel . was unqualified cable (PE/PVC) with ~
T a total fuel load of 611,530 kJ (579,650 Btus). This {s ap-

- proximately 548,491 (48,300 Btu/ft2). The .fuel loading and . -
cablefconfiguration was as much like that used in ST #8 .as -

‘. test was “run with doors on and closed as in ST #8. During =

‘temained - open during . this test. Before and after pictures.

_““closure. The HRR, shown.in Figure B-12, “shows that the_fire -
burned much quicker ‘than ST mlo and it appears that in this

.-appeared to die down. then began burning intensely again.. .. -
During - the "second burnihg." flames were observed_shooting ..

* From. the ventilation grills of the cabinet. and between the ..

" cabinet doors. All the cables in the cabinet were com-

was badly damaged with:warped doors and .extensive corrosion f-"

\f.
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'VERTICAL CABINET, : 3;&4 x?.8°, ux'm

i FAN - INTERNAL PRRTITIONS 0
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L : ' : ‘ _msrm FUEL LOADING:
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' s o : T 7l1e,56€ BTUFT2 (19, 580 KI/FT2)
- ’ . AL - e . IGNITION SOURCE: = :
- R .l .. PLASTIC BUCKET, BOX KIMMIPES,1 GT. -
T ' ' .~ RCETONE, 68,458 BTU (72,228 KI) '
o ! t : i
' ‘ |
) . - / :
2 1 '] t . 2

TIME

23
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,’Photograbhic Seq¢en¢e .of'-.‘ ST #10 .
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DOORS CLOSED, 4 VENTILATION GRILLS.-

2 TOP~ 2 BOTTOM, EACH 14. 5'x13 5°
‘CRBLE TYPEs * '

UNQUALIFIED CABLE (PE/PVC)
INSITU FUEL LOADING:

573,630 BTU (611,338 KI)

46,300 BTU/FT2 (50,960 KI/FTZ)
IGNITION SOURCE: .. T

- PLASTIC BUCKET,- POX KIHHIPES. 1 aT.

. ACETONE, 68,458 BTU (72,228 KJ)
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: S CHBINET .TYPE AND’ sm:. et
Lo ! VERTICAL CABINET, 3°x4°x?.5° .. |
27 . CABINET VENTILATICN METHOD:
' ' DOORS OPEN, ‘TWO 21° xe4- OPENINGS
CABLE TYPE: o

UNQURLIFIED CRBLE m:xpvc:
INSITU FUEL LORDING:

579,650 BTU (611,538 KI)
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: - IGNITION SOURCE:
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"test - there was no restriction of oxygen to the fite as .
occurred in ST #10..: All the cables .in. the cabinet: were
:completely consumed. PR IR Sen LT ; i

....... O R L i

As a.tesult ‘of the’ Scoping Tests;'the following conclusions
’were made' . .

ifThere is a critical amount. of "ignition source fuel"ﬁ

_7%' larly qualified cable. . .,;.__- nf

i
i
|

b, Qualified cable fi:es in ve:tical cabinets wili not
spread. R o TRV AR R I v

Lo P 1--! S B '; -|'» LA Al

L€ Unqualified cable in; ‘vertical cabinets will easily:

“ignite (with “the- selected.: ignition . source) ' and R

propagate a fire' ' o ’

: :a
l : :A:

~d. Burning rate (HRR) is affected byl-the ventilation
method (i.e., tlosed ‘or open’ cabinet door) in tests
using unqualified cabie. PR ;»-LL - 155

,-.- S

- Smoke ObSCUtathh in the test enclosure occurs within
five minutes 1n unqualified cable cabinet fires.ﬂjv

f_g S In situ fuel amounts when\ioaded in cabinets. based
—~ . on survey information. appear liqht.sig;;fﬁ :

A S ; - L
f;;gj;;g.; Oxygen deprivat1on‘ appears to control burning in o
S ~-fites with closed cabinet doors.' . _
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Tl o ’ ABSTRACT

.7 - of this test series investigated the effects of various cabinet parameters
“i7---on a cabinet fire. The second part of the test series, described here,

. investigated the effects of such a fire on a large (18 3x12.2x6.1-m or
: 60x40x20 -ft) enclosure , v

: Five tests’ involving a fire in a control cabinet were conducted under Part

" cabinet configuration, and enclosure ventilation rate on the development
of the enclosure environment. Although fires as large as 1300 kW

typically less than 150°C, with significant vertical thermal

.?[ . stratification observed. The most significant impact on the test .
7. -enclosure environment was that dense smoke, in all cases, resulted in
4w . -total obscuration of the enclosure. within 6-15 min. of fire ignition. .

Enclosure ventilation rates as high as 8 room air changes per hour were
~+ . found to be ineffective in purging the smoke from this large enclosure.
B Similar obscuration problems had also been observed in the Part 1 tests,
n 7 . which utilized a smaller enclosure mith ventilation rates as high as 15

room air changes per hour.

Sh——

R BT IVIT

"2 of the test series. These tests investigated the effects of fuel type, .

resulted, enclosure peak temperatures (outside the fire plume itself) were -

:This }époft presenté the findings of the second part of a two-part series o
of full-scale electrical cabinet fire tests conducted by Sandia National
Laboratories for the U.S. Nuclear Regulatory Commission. The first part

Com e
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Exccunvc SUMMARY .

- AS* part of the U. S. KRC- sponsored Fire Protection Research Program, a two--:
-part “series of full-scale electrical control cabinet fire tests was
_conducted by Sandia National Laboratories, Albuquerque. The first part of
~this test series, referred ‘to as the Cabinet Effects Tests,-investigated
the eéffects of various cabinet parameters on fire development. The second .,
part of the test series, .the primary subject of this report, is referred
- to as the Room Effects Tests. These tests investigated the effects of a
- cab{net fire on a very iarge (on the order of actual control room size) -
- enclosure. : e

The cabinet fire testing was prompted by concerns on. the part of the NRC
staff over. the potential effects of a cabinet fire on the ability of a
plant to achieve and maintain a safe shutdown state. Electrical control
cabinets, particularly control. room cabinets, often represent a single-

compromising a single control cabinet by fire could potentially resu]t in
. loss and/or-spurious operation of multiple safety system components.-
Historically a number of fires have occurred in electrical cabinets (see
st - Reference 1). While none of these incidents-has involved a control room
T~~~ _cabinet or resulted in critical degradation of safety features, this
o ~ historical evidence illustrates the potent1a1 for cabinet fires to oceur. -

e 1i5f~;ln total, the ‘two- part series of cabinet fire tests addressed Four: aspects e
TR of electrical cabinet fires- B .

‘3- ..The ability of a cabinet fire to ignite and spread '
L .- The rate of development of a cabinet fire
“The effects of a cabinet fire on the room environment .

The potential for propagating fire and/or fire damage beyond the.';'3
cabinet of origin e o

s In addressing the final aspect, propagation of fire and fire damage beyondﬂ -
the cabinet of fire origin, only a limited investigation was performed. -

With respect to propagation of fire, only the potential for spontaneously

. igniting an adjacent cabinet separated by a solid -double-walled barrier . .:
" :. was -investigated. The potential for spreading fire through a single-wall:.: -

- barrier, or throtugh cdbles that penetrate the cabinet surfaces, was not

1described below. -

S ,;As a result of the two part test series, a number of observations and'-= 2
~~_ .7 conclusions were documented. With respect to the_initiation and -
S Adevelopment of a cabinet fire. e

« For cables that do not pass the IEEE- 383 fiame -spread test standard -'T
{unqualified cables), cabinet fires are_easily ignited and

point vulnerability of multiple safety systems or components. - Thus™ve 7 : i

. Ay
investigated. The results with respect to each of these aspects are;:;_'w-:$
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propagate readily, generally resulting in combustion of all .=
combustible materials within the cabinet. . It was also demonstrated
that even a low-intensity (170-W) electrically heated fault point
could result in full cabinet fire involvement for unqualified

“cables.

For cables that pass the IEEE-383 flame spread testinq standard

. (qualified cables), self-sustaining fires that resulted in- full::
involvement of the cabinet were somewhat more difficult to induce.
=7 However, given the proper.circumstances, such a fully involved '
- cabinet fire is possible, as demonstrated in Test 23. 4

_Peak fire intensi*ies observed for both qualified and unqualified :
cable cabinet fires were approximately 1300 kW (Test 23, qualified . i
 cable, 1235 kW peak heat release rate; Test 24, unqualified cable,"
- . 1300 kW peak heat release rate). These fires represent very.

i?tense fires. which typicaiiy grew to peak intensity within 10
min. - . -

Because of the rate of development and eventuai intensity of the

.~ observed fires, efforts to suppress these fires with hand- held

-7 extinguishers cannot be expected to be very effective beyond -

- approximately 5 min after ignition. This implies that early .-.:
detection and- suppression will be the key to minimizing the effects a

- of a cabinet fire ) - o

. Nith respect to the effects cf a cabinet fire on the room environment

.. .« Peak temperatures at ceiling level (20 ft) direct]y above . the fire f'
T e ;ource vere observed to reach as- high as 262 C during a cubinet
: ire. : .

'-‘AThermai environments in the test enclosure ‘induced as a result of a
fire confined to a single cabinet, were observed to reach no higher
-than 150°C peak temperatures outside the immediate fire plume.:
_(Many -plant situations exist in which groups of cabinets are
- .. ventilation- isolated from the general enclosure by solid or vented
<. .~ barriers. In such situations temperatures within these areas can
- “~.be expected to jexceed 150°C. However, this situation was not: -
'.directly investigated ) L ' .

. A significant degree of verticai therma] stratifi«ation ‘was.

- enciosure

+ The peak temperatures observed depend strongly on the .ize of the
._enclosure and on the ventiiation rate provided throughout the

'course of the‘fire.

. "No attempts were made under this effort to investigate the effects
of securing enclosure ventilation such ‘as might be expected as a
response to fire under certain fire 1soiation strategies. = LT

4 _
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The buiid -up of smoke : in the enclosure and the deposition of soot

" of the test series. Typically, within 6-15 min smoke had totally
. ;. obscured visibility thioughout the test enclosure. In the smaller .
~_enclosure ‘used in the Cabinet Effects Tests, ventilation rates of :
15 room afr changes per hour were typically used. For the large-
-~ test enclosure used in the Room Effects Tests, ventilation rates as’
-~ high as 8 room air changes per hour were used.  In each case these
. rates -were insufficient to effectively purge smoke from the
-~-. enclosure.. In the case of the Room Effects Tests, times in excess’
- of one hour after completion of a test; at high ventilation rates,
were required to purge’ smoke from the enclosure. It is anticipated ok
* that due to.this rapid build-up of a thick smoke layer, operator -7
‘ effectiveness uouid be severely hampered under such conditions. R

;.Hith respect to the propagation of fire beyond the cabinet of fire origin- o

- A 50|id steel, doubie waii barrier was quite effective in reducing
'; adjacent. cabinet temperatures, both surface and air, below typical
. spontaneous -ignition temperatures for most materials.. Thus the
- spontaneous cabinet- to-cabinet spread of fire through such barrier
.- configurations is considered unlikely. This conclusion relates
- only to the ‘actual spread of fire between cabinets. . The’
environments observed indicated that other damaging effects; -smoke - -
and high temperatures for éxample, may threaten electrical - -....
equipmeni in adjacent cabinets, even though flames may not actuvally. ... -7 .
propagate. In particular, it is anticipated that integrated -
~circuitry based control components will experience calibration“
. drifts and/or faiiure at the temperatures observed

. Hany potentiai fire spread paths were not inVestigated Spread
paths associated with cabinet partitioning barriers, which were not
investigated, include single-wall barriers and barriers susceptible - .= .
to warping that might :allow flames to pass the barrier. Based on .o _
the results of these tests, partial or incomplete barriers and .- .~
" unsealed cable penetrations can be expected to allow further spread
- of fire, given a fully involved cabinet fire. The vulnerability of -~ .
cables .in raceways above or below a-burning cabinet was also not - - .
investigated

Y . T e

Hith respect to fire induced damage to remote cables and components.

B No significant damage wis observed for cable bundles located in
_ adjacent cabinets (separated by a double-wall barrier) or in other .
- -..enclosure locations., Both visual and insuiation integrity checks“f" )
. . were made foiiowing reievant tests. . RSN

:T“J”Heavy soot deposition throughout the enciosure was observed in most~ RS
., tests.. In some casés this soot was found to be heavily loaded with
;~'chiorides,[7] adding the potential for highly acidic solutions to-




--=2.. . One.exception involved a strip chart
.One.additional insight was obtained uhicﬁ wasAnot a'part of the.briginal l

A; The detector in the source cabinet detected smoke from the electrical’

- after -fire ignition, after the fire intensity had peaked. This experience .
{11ustrates the effectiveness of in-cabinet detection systems. Area-type -

.;V‘probably would represent the worst ‘possitle detector site, given'-the:
© - location of the fire.. ... o . L o

* form in the presence of moisture (such as that _resulting from
suppression activities). e - : .

in ‘these environments was found -
(in the absence of moisture).[7] -
= ) recorder that jammed due to
" deposition of soot on mechanical parts. . High-voltage equipment was
not 1investigated.. Also, the vulnerability of cables in raceways
directly above or below a burning cabinet was not investigated.

. Low-vo]tége.equubhént present
generally to remain functional

objectives of the program. This .involved the effectiveness of - smok@«~
detection for this type of fire.- During the final cabinet test, two smoke
detectors were placed in the enclosure and monitored for actuation. One
detector_was placed within the source cabinet and one in a remote cabinet. -

ignition apparatus used in this test approximately 1 min after visible
smoke first appeared and approximately 5 min prior:ta open flame ignitien. "
The .detector located in a remote cabinet did not activate until 10 min.-

detection systems can be expected to lag in time the response of the-in- .
cabinet detector, though the detector located .in the remote cabinet -

-y,
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1. INTRODUCTIOH

A two- parf series of full scaie cabinet fire tests was conducted as- part

" of the Fire Protection Research Program. This program is being conducted

for the U.S.-Nuclear Regulatory. COmmission (NRC) by Sandia National

“Laboratories,  Albuquerque . (SNLA). ~ The Cabinet Fire Test Program was

. prompted by the potential :threat to the safety of a nuclear power plant : -

.posed by a cabinet fire in either a control room or a switchgear-type

: room. Although there have been no fires in contirol room cabinets of

_* operating nuclear power plants, there have been fires in cabinets in other
““parts of plants, and these cabinet: fires have resulted in significant -~

~damage from heat, smoke, and corrosion [1]} Furthermore, based on past -

probabilistic risk analyses, a fire:iin a nuclear power plant represents -

. one of the more significant potential threats to the safety of a plant, - -7+
“and, -based on plant operating experience, a typical nuclear power plant = '
can expect to have three to four major fires during its lifetime.[1] In

LET “addition, a recent study_has shown that, given the possibility of multiple -~

- -spurious equipment operations (such as might be induced by a cabinet

- fire), remote shutdown may be rendered ineffective 12}

- Because of the perceived ievel of risk, the NRC staff expressed a number
_of concerns” about cabinet fires. These concerns centered on (a) the ... .
-ability_of a cabinet fire to ignite and spread, (b) the rate of = .’
development of the fire in a cabinet, (c) the resulting room environments
*produced by the fire, and (d) the potentiai for the fire to spread to . ..
other cabinets and to damage equipment and components . .throughout the room. = |

. The first series of hRC*sponsored tests, called the Cabinet Effects Tests

. and described in Volume 1 [3], investigated concerns (a), (b), and {d).
‘The second sertes of tests, described in the present volume and called the -
- Room Effects Tests, validated the results obtained in the first series and - -

*investigated concern: {c). ;; . fa_ - N

TThis report Wi describe the general outcome of the Room Effects Tests. "
"Only sufficient data have been processed and evaluated te interpret the.

results of these tests and:to permit comparison with the Cabinet Effects
 Tests. - Further analysis of the data that are not used for this report;
- such as air velocities or combustion product concentrations, may be ‘
~ accompiished at a later date. :

RS Erg!iwi_ély_le& f?? D S
"Previous system studies and testing have shown. that cabinet fires in ':>_;g
"nuclear power plants represent a potential threat to the safety and R - &

shutdown capabilities of a plant. The relevant work performed prior to- ..~ i
|

the Cabinet Fire Test Program is discussed in an earlier report associated v« . &+
with this effort [3] S




R T Dt RIS N

““~Based .on the Cabinet Effects Tests. a number of conclusions were reached,_
" as. follows. . _

Cabinet fires can be 1gnited and can propagate in either IEEE- 383- :
qualified or -unqualified cable, with efther of the ignition---
- sources tested (transientl and electrical). However, ignition and :
o propagation are less likely to occur 1n IEEE 383 qualified cable. -

involving unqualified cables. (This observation has been modified
as a result of the rcom effects tests in that one particular test
using qualified cable resulted in a fire as intense as any observed,

"+ A cabinet fire, with either IEEE-383- quathied or -unqualified @
.cable as the in situ fuel, in either a vertical or benchboard-style == -
- cabinet, can develop rapidly (in minutes). However, in tests with *. .

squaTifted cable, the fires did not become as.large as those

with unquaTified cable) : : o e

Ignition, development rate, and spread of a cabinet fire depend onlf
- critical combinations of many interdependent viriables (ignition

source, . in situ fuel geometry  and amount, cabinet styTe,

ventilation, etc.). Hence, the course of any given cabinet fire is - .

substantially unpredictable unless, as is unlikely, the values of

all these variables are known in advance. Even then, it would be” L

difficuTt to predict the exact course of the fire.‘~

For the encTosure conditions tested in the Cabinet Effects Test

- series (enclosure size and ventilation rate), the thermal - =
environment produced by the fires in the enclosure was not severe. =~ "l

enough to cause autoignition of rémote materials, but the thermal

environment may have been severe enough to cause equipment..damage.  ':};,s;.
Furthermore, it- appears from these tests that a cabinet fire will: .

" not spread from the burning cabinct to adjacent cabinets. However,

.under different. conditions (e.g., a single wall, larger fires), a

cabinet fire could potentially cause autoignition in adjacent

cabinets and continue to propagate. Based on measurements‘offif;f‘
- barrier surface temperatures, the. double-wall barrier between ..
‘cabinets used in these tests appears to have played a crucial role .

wti;;.in preventing -cabinet-to-cabinet fire spread during the larger .
““cabinet fires. '.The effects of cable penetrations in the cabinet:

- < 'surface and the potential for spread of fire through such -

N penetrations were not investigated.

For the enclosure conditions tested, dense smoke accumulation in - 3
‘the room became a problem within minutes after ignition, for ail -g-v';?
. fuel types and cabinet configurations._ T .

-

A"l}consisting'of a pTastic bucket, paper, and 1 qt ofiacetone

6

. EssentiaTTy, the general conclusion at the end of the Cabinet Effects s
Tests (VoTume l) wWas that a cabinet fire can propagate within a singTe s




icabinet, kowever, for the conditions tested, it does hot appear that tné
fire -poses a threat outside the burning cabinet (except for the smoke).™
~Other cabinet and fuei configurations may result in a compieteiy differenth

“outcome.

A]though these conclusions are significant the tests ‘on which they are
_based have not been replicated or validated except as described hereafter
in the present volume. The most significant data to be obtained from the-
Room Effects Tests (Part:II as described in this document) are the effects:
- of smoke on the control-room-size enclosure. It is also of interest to
note that one particular test in this second series (designated Test 23) .
=~ resulted in a"qualified cable cabinet. fire whose intensity exceeded that .
.-of any. fire experienced during any previous gualified cable cabinet fire :
test. This particular test provides a graphic. demonstration of the .
inherent variability of fires and the potential pitfaiis of:'
over-generaiizing the results of a iimited series of fire tests. -

Bk e P RIEALTS Sriey SUE e




# 2 MATLRIALS AND METHODS

Mutual-Research Center (FMRC) test site in Rhode Island. The entire test

~in.-) thick Marinite? I panels to. simulate the-concrete walls encountered
in nuclear power plants. The concrete slab that makes up the foundation
- of the test building served as the floor of the.enclosure. A forced-:
.ventilation system with six inlet ports “and one outlet port provided
“ventilation rates of from 1 tc 10 room air' changes per hour. A detai]ed
description of the test enclosure is provided in Reference 4..
. . L .o : . . '
U The control room mockup, presented schematically in Figure 2, inciuded six
"real" electrical control cabinets (three benchboard styie, one mitered-

remainder of the mockup was constructed of Marinite 1 panels bolted to

room mockup.

" The following’ instrumentation fnstalled in the test enclosure enahied the
monitoring of temperature, heat flux, heat release rate, mass loss, smoke -
density, gas pressure, gas ve]ocity and gas concentration. : '

"f:’thf: 31 aspirated thermocouples
U89 bare bead thermocouple

E;“;f 4{9 smali sphere caiorimeiers
e 9 largefsphere calorimeters ST
« 6 smoke turbidiheters (smoke density meters) | : j.ﬁ;fﬁ?.

¢ 9 three dimensional Velocity probes } ,.;» e

monoxide)

~'2,Mari§§te;i‘is a registered trademark of the'Johns-Manvilie Corporatioan;

N . : R

The ‘enclosure used for the tests described here is located at the Factory -
:'enciosure is itself housed within an outer building and thus isolated from -
the external environment. The enclosure, shown in Figure 1, is 18.3.m -

1f%¢:3 long, 12.2 m wide, and 6.1 m high (60 ft x 40 ft x 20 ft). The interior. -
surfaces of the enclosure’s ceiling and walls are lined with 2.5- -em-(1-

>~ . corner benchboard style, and two single-bay vertical style). The .

o Q:\; metal framing materfal. The overall height of the mockup was 2.4 m. (8“%
ft).-- Figure 2 gives ‘the actual dimensions of each section of ihe control * i

. 9 gas sampling ports (for oxygen. carbon dioxide, and carbonfi,.

_ A more detaiied description of the instrumentation and of the measurements - -
taken during the tests is contained in Reference 4. S .ﬁ\b i
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2.2 ‘Yest Materials and Arfangements -~ . L

.é{Z'XKZControl Room Mockup

,}aThe control room mockup, photographs of which are shown in Figure 3, was.-
> used to simulate the effects of cabinet arrangement on the development of o

a cabinet fire in the control-room-size test enclosure. The mockup did .
~ not represent any particular control room, but its dimensions and
.- arrangement were based on a survey of plant control rooms, and its
. configuration is generic. [3 5]

el

Af? 2 2 2 Cabinets ’

S AN the vertical cabinets used in the contro1 room mOCKUp were surplus‘
;. cabinets obtained from a nuclear power plant vendor, while the bénchboard
" - cabinets were constructed specifically for. this test program to .
‘specifications typically used for nuclear power plant.cabinets.[3,5]
: . Figures 4 through 6 provide dimensional data on the primary cabinets that .
T Were used ‘in the testing _ T

e 2 2 3 lgnition Sources

'fTwo ignition sources were used in the tests, one transient and one -
", electrical. The transient {ignition source was made up of a 9.5-1 (2. 5-
~ gal) polyethylene bucket,; with an open 0.5-kg (16-0z) box of Kimwipes,3
and 0.946-1 (1 qt) of acetone placed in. the bucket. One half of the
acetone was poured into:the bottom of the bucket, the bottle and remainder
of the ‘acetone were placed in the bucket, and the cap was left off the
!- . plastic bettle to simulate the bottle spilling. Also, '15 Kimwipes were
" 'balled up and put in the bottom of the bucket. This ignition source, ~_‘:
r; .~ shown in Figure 7, was ignited by an electrically ignited gas pilot Iight e
S~ setting fire to one of the Kimwipes hanging out of the bucket. " This -
.. 1ignition source burns at an intensity of =40 kW. (This source can- be .
..._compared to the peak fire intensities of 1300 kW observed during testing.) o
A more detailed description of this ignition source is provided in ;;_Y&~“
. References 3 and 5. ' The electrical ignition source consisted of a ' -
terminal strip and 25 pieces of stripped. (unjacketed) cables, shown in
Figure 8. This source was ignited by providing =165 W of power to the .
terminal strip, resulting in overheating at the connection and culminating-x\
. in a fire. The selection and use of these ignition sources are described
1n more detail in References 3 and 6. . o

~— Lt . - o . '
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used n the testing.

‘ “jacket, rated at.600 V.
.—in the plots--and tables,: was three-conductor, No.. S
‘polyethylene/polyvinylchloride (PE/PVC) insuiation;_and a 45 mii (l 14 mm) SR

flgure 8. Photograph of Electrical Ignition Source

. - . \\\\¥<\
2 2 4 In Situ Fueis : N

The -in situ fueis were the primary source of fuel in the cabinets [5]
was considered reasonable to represent all the fuels in the cabinets: with S
~Most; ™

s . S . l

i_icab]es, which are the largest source of in situ fuels;in cabinets. - ,
- plants use IEEE-383-qualified cable; however, some (u20%)[5] operating

-plants still use unqualified cable in their control. cabinets. Because
both types of. cabie are, stiil found in piants, both types of cable were

he- 1EEE-383 ualified cable, called qualified cable in the text and,f,
desighated as “Q" cable in the plots and tables, was three-conductor, No.

“s§1icon glass tape, and a 1.65-mm (65-mil) cross-linked polyethylene (XPE)
The unqualified cable, designated as "UQ" cable

polyvinylchloride (PVC) Jacket

.- The . fuel loadings and their arrangements in the cabinets were designed to- 7
be ‘generic to.nuclear power plant (NPP) cabinets (as described:in’ '~
Reference 3), in order to make the applicability of the tests as wide as. * *

_possible.  The fuel configurations used in these tests were as-similar as
possible to those’ in the Cabinet Effects Tests.[3] e

S 1

‘12 AWG, with 0.76-mm (30-mi1) cross-linked polyethylene (XPE) insulation, fj;f;

12 AWG, with 20/104_:,5.5
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Cable bundles, similar to those used to make up the in situ fuel load in
- the burning cabinet, were placed at eight other locations in the
enclosure.” One bundle was placed on each adjacent wall in the adjacent .. :%
cabinet, and one bundle on each opposite wall in the adjacent cabinet.’
The remaining four bundles were placed on top~of various cabinets and -
: - cabinet mockups around the enclosure. The purpose of placing these cable:
bund]es was to 1nvestigate the room vnvironment effects on the cables.

2. 3 !LabtnetJnstrumentatjon

: In addition -to  the 1nstrumentation installed in the test enc]osum,
described in--Section :2.1 -and detailed by Nowlen in Reference 5, the”
cabinets-in the control room mockup were themselves instrumented with .-
free-air or. surface-mounted thermocouples, heat flux gages, and .
bidirectional pressure flow. probes. The general arrangement of this .
instrumentation is shown in Figure 9. A few other cabinets were lightly .~
“{nstrumented with thermocouples; however, only the cabinets shown in. -
f»Figure 9 were heavily instrumented because they were in the genera]

S

16
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"DISCUSSION OF CABINET ANG CONTROL ROOM FIRE. TESTS - -
T : o . .

ive cabinet and contrel rcom fire tests, identified hereafter simply as
est"21. through Test 25, were conducted at the FMRC test facility.. (Note.
.that Tests :1-20 inVOIVed simple fuel sources and are described -in
Reference 4. ) Tab]e l summarizes the test setup for Tests.21 through 25

Pl
+

i, Aiv ‘ ? Table 1

Cabinet and Control Room Tests 21 Through 25
FE Test Setup Summary

Parameter -~ . . 21 22 - 23 24 25

e !

Locatjon of Ej A L
" Benchboard Cabinet A X X =
Vertical Cabinet C | = * : .
N i

|

-~ Janition Source
. Gas Burper. - - 1% o
~ Transient-Source !: : D S -

Electrical Source | :: . : SR R SR

In Situ Fuel: - ' - . :
ciPropylene <= = o peehes X X - 4
Qualified Cable | HED R : ¢ :

Unqualified Cable = 'i°° S s X

Veiitilation Rate =~ ' i
.1 Room Change/hr -
-.8 Room Changes/hr

§ 5 n r Iests jn Bgng oard Cabinets (Tests g; ZZ)

Test 21 used a 0 91 m- (3 -ft-) diamete;; propylene sand bulner in the |
benchboard Cabinet\A_4 " This test wasalso reported on briefly by .
"~ “Nowlen.[4] A description of the test and a timeline of the events that .
- occurred during the test:are provided in Figure 10. Thée purpose of this
~ test was primarily to provide data with a known heat source and rate to..
‘dse 1in validating enCIOSUre instrumentation, previous fire tests (Cablnet

4 Note that tests 21 25 foilowed a series of 20 enclosure fire tests in
the large-scale test facility“ hence, high test numbers

SEEUNE
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: Effects Tests), and fire models. - However, the data are also useful for;

.- investigating the effects of a cabinet fire on an. enclosure. The _room
" ventilation rate of one room change per hour (rm ch/hr) is typical of many™

. nuclear power plant control rooms. The expected actual heat release. rate
_ (HRR) and calculated HRR are shown in Figure 11. o g

~The - calculated HRR,. evaluated using the method-described by Nowlen,[4] is
not -steady because of vartation in the ventilation flow rate and other.
factors. The calculated values do, however, follow the general behavlor
- and magnitude of the HRR profile, which was based on gas flow rate.: .

.. The lnterior of Cabinet A was essentially at flame temperature because of-
“the.large -flames produced by the burner. Adjacent cabinet temperatures '
are shown.in Figure 12. Cabinet B, the adjacent benchboard cabinet| had a -
~peak wall temperature at TC #155 of 235°C and was still rising when the

“burners were shut off. This temperature could potentially damage cables :
n the wall but wouid not have ignited them. : Air temperatures in Cabinets -

,°C,. and D were:all less than 100°C when the burners were shut off. ;

| | ' | = —— EXPECTED
CALCULATED

Ch T T mE (min)

-37Fignre 1. 'Expected and Calculated Heat- Release Rates
S . During Test 21 '

S

20




The enclosure environment is depicted by Figures 13 and 14, the enclosure .. .
- temperatures:and enclosure optical density. The enclosure temperatures at -
_Sector 25 did not rise over 100°C, although-they were still rising when
- the burners were turned off. The vertical temperature stratification in
the enclosure was not significant in a 0.305- to 1.82-m (1- to 6- ft) range ...

- (but it:was significant when the total room height was considered)..: Also, -
. as shown -in Figure 13, there was no obvious hot laye-, using the typica]

- definition of a “hot layer" as a sudden, large (>100°C/m) temperature
. Jump. The smoke obscured the view inside the enclosure within 10 min _
after ignition. The smoke layer could be seen descending from the ceiling 7~
"during the test, as shown in Figure 14. 'The smoke was always denser.near..
the upper part of the enclosure.. However, even at the 1.82-m (6-ft)
élevation, -the. optical density (Figure 14) was indicative of very poor

visibiiity conditions that developed quite quickly

e
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: -Figure 12. Tempefatnre§sin Noninvolved Cabinets During Test 21 -

e

5-5.'Sector 2" is a designation used to identify the instrument tree iocated
at the. physical center of the test enciosure (see Reference 4).
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This test demonstrated that with a gaseous fuel (propylene), a fire
- growing to a peak rate of 516 kW results in only a moderate._rise in ;
_. enclosure temperature. The observed enclosure peak temperature outside ™
- the fire plume of less than 100°C would not generally be assumed to result g
~in problems for most equipment, with the possible exception of integrated ~
circuits. The smoke accumulation in the enclosure -obscures. the view.
= inside” the enclosure within 10 min and is potentially a~ major problem.
© previous testing at FMRC has indicated ‘that the smoke-generating. proper-" '
** - ties of propylene are quite similar to those of many types of cable -
- insulation so that similar enclosure effects were expected for the fires
of s1m11ar magnitude 1nvolvtng cable insu]ation.

thest 22 employed the same;setup as Test 21 except . that the burner was ‘§\~';?
programmed to grow to 1000, kW in 8 min. This test was also designed to o
. provide data- for computer code, enclosure instrumentation, and previous

,F‘timeline of the events that occurred in the—test are provided in Figure
15. - The expected profile and calculated heat-rélease rates are.shown in.
" Figure 16. It should be inoted that in this ‘test, the propylene fuel
. inventory was insufficient’ to maintain the. desired gas flow rate. At
 approximately 12 min after ignition, test personnel observed that gas
pressure had faTTen from the initial value of 175 kPa to 133 kPa (25 psig .
to 19 psig). ~ Further observation of the gas pressure indicated that gas.. . -
pressure decreased steadily throughout the remainder .of the burn.. At the~ s
.time of scheduled burner shutdown, a pressure of approximately 91 kPa (13 ..
- . psig) was reached.. Thus, the calculated HRR shown in Figure 16 accurately
”-~reflects the actuaT fire behavior observed.

Temperatures in the adjacent cabinets are shown in Figure 17. The peak

“ wall temperature in Cabinet B {s higher than in Test 21 at 360°C. The

' temperature appears to have. peaked before the burners were turned off.

.- This is most likely a result of the failure to maintain the desired gas

.. flow over the course of the test. Temperatures in this range would not be -

_ expected to result in autoignition of either qualified or unqualified.
cable, although damage to cables or components is likely to occur at these -

.. temperatures. Again, as in Test 21, the adjacent cabinet air temperatures S

~ -were all less than 100°C, with the air in Cabinet B reachlng a maximum of o

. 80* C at 14:30. min after 1gn1tion o L ‘

: -The peak encTosure temperature in this tests was 107°C near (5 97 m [19 ft -

-~ 7 in]) the ceiling at Sector 2-(the room center location). As in Test 21,

" the temperatures were stratified vertically with a peak temperature at the
0.3 x H level, 1.83 m (6 ft), of 62°C. These temperatures are shown in CLoaa

Figure 18 for Sector 2.  The smoke layer descended from the ceiling at a .

- steady rate, eventua]ly obscdring the view inside the room wtthin 10 min.

hboa ab et F' 'T ts (Tests 23 and 24

AT Test 23 was the first Room Effects Test in which a real" fuel was burned
- 'IEEE 383 74 quaTif:ed cab]e (XPE/XPE) was placed inside a benchboard style

2

"'test (Cabinet Effects Tests) validation. A description of the test and a 11[13 e
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cE e o L Durlng Test 22 :

cabinet and used to make up the in situ fuel configuration - The ..
_configuration was arranged as nedrly identical as possible. to the
e 7~ configuration in Preliminary Cabinet Test- 5-{3]. The in situ fuel loading -
Y- for Test 23 was 1.55x106 kJ (=1.47x106 Btu). “Ignition source. for, this . :
TT~--  test was the transient. source (i.e., a bucket, a box of Kimwipés, and -7

0.9 A (1 qt) of acetone).. The cabinet was provided with- a bottom front =" %
~ventilation grill, and the door in the rear remained open during the test. o
" Room venti]ation was set at 1. rm ch/hr (0.38 m3/s or 800 ‘ft3/min). :

o After 1gn1tion, the fire began to propagate rapidly up the ignition bundle
-and ‘quickly spread throughout the cabinet. Unlike. any previous cabinet

© o test performed at SNLA with qualified (XPE/XPE) cable, the fire spread .-
:---throughout the éntire cabinet, consuming all the cable. This is -
... attributed to two potential factors. First, as fires are inherently
difficult to reproduce it has been conjectured that the cables were
‘arranged in d "critical" configuration due to seemingly minor differences. . -
.. It also appears that the soffit above the open cabinet door led to the
© . formation of a "mini"™ hot layer within the cabinet that enhanced the T
- thermal feedback tc the cables, thus accounting for the much higher: .. "'

-~intensity than that observed with qualified cable_in a vertical cabinet. .

- with no such doorway soffit. This event illustrates the influence of the. R

'so-called critical configuration described in the Cablnet Effects' .

, Tests [3]
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T description of Test 23 ‘and a timeline showing the events that occurred
- during the- test are provided in Figure 19. Figure 20 is a sequence of
- photographs taken during the test. The heat-release rate (HRR) in this .
 test rose rapidly in =10 min to a peak of 1235 kW, then dropped off within
~another 10 min, as shown in Figure 21. This fire was the most intense
fire encountered up to this point in the test effort. ~This fire intensity
exceeded that observed in any of the cabinet effects tests, with either -
qualified or unqualified cables. Only Test 24 of this series, involving‘*\~ :
unqualified cable in an identical configuration ‘and described below, =~ -
resulted 1n a more intense fire. . .

_ The air inside the burning cabinet, as shown in Figure 22, was effectively A
"7 at flame temperature until the fire began to. burn down at . around 20
- ‘minutes.  However, the upper left wall temperature (TC 145) stayed at .
. . around 700°C. until well. after observable fire activity ceased. The -
. continuing high temperature was most likely due to a hot spot caused by
. smoldering cables..  Adjacent cabinet air and wall temperatures. are shown
.. in Figure 23, The peak adjacent cabinet wall temperature was 272°C at
_ 11:15 min after ignition. As shown in Figure 23 at 11:15 min, the wall™
temperature dropped sharply .to approximately cabinet air temperature (TC .~
.147). _The reason for the sharp drop in temperature appears to be because.
“the- thermocouple on the wall (TC 155) came loose from its attachment to
"2 the wall. . The adjacent cabinet wall temperature would have gone higher, :
=+ ~but how high is unknown. The peak cabinet air temperature was 114°C in-
“+.. Cabinet B at 16:30 min after ignition. Total cable weight burned during
this test was 49.55 kg° (109 1b). '

L The enc]osure temperatures for Sector 2 (temperatures at other ]ocations
Hri .are very similar) are shown in Figure 24. The peak temperature, 132°C, in-
"= .7 - the enclosure at Sector 2 was at the 5.97-m (19-ft. 7- in) level at 13 15
' min after ignition. As: shown in Figure 24, there is some vertical = .
_-temperature stratification in the enclosure. The peak temperature at the j'.i
.1.83-m(6-ft) level was B87°C at 15:30 after ignition. During the test, . -
Lo the smoke began to obscure the view at the 1.83-m level at 9 minutes.. The o
' RS optical densities at-Sector 2 for three different levels are shown in .
- 07 Figure 25. The vision distance with a bright light at-an optical density- ~;;
of 2 m-] is »0.86 m. (Unit of optical density is reciprocal meters, i.e.,

-~ meters to the -1 power, although conversion to visibility distances is not :
'; a linear operation.[4]) An observation made after the test was that there
. was a.thick deposit of soot on the cabinets and floor. Also, it took a Ay

" long time (1 hr) to purge the smoke from the enclosure after the test.

" Cable bundles in other cabinets, on top of other cabinets, and in other ',,
~locations throughout the enclosure did not experience any damage. - e

7 In Test 24 unqua1if1ed cab]e (PE/PVC) was placed inside a benchboard Py

.- ~cabinet. - The in situ fuel configuration for this test was the same as for - =
... PCT-5. of the Cabinet Effects Tests. As in PCT 5, the ignition source was

" electrical, ‘provided by a simulated high -resistance buildup. Again the
:fuel loading was - 1.47x106 kJ (w1.44x106 Btu). The room ventilation was ;

~maintained at' 1 rm ch/hr -lgnition of the cables occurred at a power of . -

:2? S LT
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170 w through the circuit used to provide the high resistance bui]dUp‘J,
The fire burned and propagated in much the same manner as it did in PCT 5.~
A large quantity of soot was deposited on the cabinet, and nn the walls
and floor of the facility. Figure 26 provides a description. and a-
- timeline giving the highlights of Test 24; Figure 27 is a sequence of
photographs i1lustrating .this test. The curve shown in Figure 28 reveals -
: . that _the heat-release. rate peaked at an intensity of 1300 kW 27:30 min @

.:1nto the test, 12:10 min after ignition. It took approximately 6 min for -
the fire to become large enough to register on the instrumentation, -but -
véry shortly thereafter the HRR peaked, indicating an extremely high rate -
-6f ‘combustion.” The mass-loss instrumentation did .not function properly
“during Test -24, so no data were recorded from which the rate of mass loss
“tould be. computed However, posttest examination showed that—the total

mass -Joss was 50 kg (110 1b). Once the combustibles had been exhausted
the fire died out as quickly as it had risen. . et
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S Flgure 29 is’ a p]ot of temperatures inside Cabinet A during Test 24. .

. shows that the cabinet’s interior ‘essentidlly reached the f]ame
~-temperature once_the fire began to spread. Flames were, in fact, observed
“coming out of the cabinet pear the top of the door.
- combustion of the gases in.the top of the cabinet,

Figure 30 is a plot of
. temperatures inside Cabinet B, the adjacent cabihet during Test 24.

postignition, respectively) }

“(temperatures at other Tocations were similar to those at. Sector 2).:
“the 5

:was . 75°C at 32:16 min (14:25 and 16:54 postignition, respectively)..
ertical temperature . strat1f1cation is apparent, but.not as much as in
Test 23 with qualified cabld. - The temperatures seen in Test 24 are below

Figure 32 indicates the gradual descent-of the

- of integrated. circuits. ,
Smoke comp1etely obscured the vwew f '

smoke layer as the test progressed

T35

T

There appeared to be

The
~ peak- temperature in Cabinet B rezched only 90°C.at 34 min, but the right
" cabinet wall recorded a temperature of 319 C at 32 30 min (18 40 and 17 101-

=~ Figure’ ‘31 is a plot of air iemperatures at Sector 2 of the’ test enc105ure ST

5.97- (19-ft 7-in) elevation, the peak of 121°C was reached at 29: 45_,,_».'.-.-.?'

inj<at 1.83-m (6 ft) abové the floor, the highest temperature recorded -
-Some .

~damage levels for most equipment and cables, with the possible exception:. ,Vii’ y
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from “thé “front of the enclosure ‘of ‘the 1. 8 -m (6 ft) 1eve1 beginning é

somewhat at variance with the plot, which shows _an optical density of 1 m-
1 at 27 min, or 12 min after ignition, shortly prior. to the time at which °

smake ‘was visually observed to obscure vision. - . .
‘-:.SignificantIy more soot was observed to have been deposited on the floor

Effects Tests. There are three likely causes, which may have operated

-7. fuel; or (3) the low ventilation rate (1 rm ch/hr) compared to the Cabinet

7.~ As in Test 23, no damage to cables outside the burning cabinet. was -
:%observed o : l .

~“ﬂie3;3- Vertical Cabinet Fire Test (Test 25)

—_—

" The last teSt'performed was Test 25; in which unqualtfied cable (PE/PVC)QQ;-

' -approximately at 15 min after ignition. . This visual observation is o

. and cabinets than had been seen in Test 23 or in any of the Cabinet_ﬁ5

. ‘separately or in combination to produce this result:. (1) the recorded

.. .. relative humidity of 71%. (this parameter never reached that value in the . -
:.Cabinet Effects-Tests), (2) the use of unqualified cable as the in situ ~

.?Effects Tests. This discussion is carried further by Jacobus in Reference e

was burned inside a vertical cabinet. The in situ fuel arrangement and .- -

-~ amount were approximately the same as in- PCT 2.[{3] Approx1mate]yf~s

| f‘il 05x106 kJ (1.0x106 Btu) of cable insulation was loaded into the vertical’
cabinet. The doors to the cabinet were left open throughout the test.

(in PCT 2, the equivalent test from Part 1 of the test series, a transient

rate of 8 rm ch/hr (6400 ft3/min) to investigate the effect of high -

~cabinets- - ! . : e

~ Figure 33 is a description and timeline, showing significant events during'
Test 25.  'Figure 34 is ‘a sequence of photographs taken during the test ...
. (times shown are after ignition). The heat-release-rate curve shown in -
" "Figure 35 shows an 840 kW peak at 22 min into the. test, 6:20 iin after

. ignition.. . This {s compared to the approximate peak HRR of 995 kN seen at :
- 12 min after fgnition in PCT 2. The fire appears to have spread much more :
, quickly fn this test than it did in Test 24, when peak HRR was not reached
-until 12 min after electrical ignition, The fire grew very quickly yetl.t
died down slowly,- compared with Tests 23 and 24. .The most probable causes
_of this difference in fire. behavior were that in Test 25, the fuel was-
“more widely dispersed horizontally, and there were fewer_ vertical cable
“runs in the cabinet; thus,;.fit reached a Tower peak HRR .sooner and burned
at a lower rate for a 1onger period.

.. -In this test, a smoke detector was mounted on the ceiling of the cabinet
‘directly above the electrical ignition source. A second detector was also -
+.. placed on the. ceiling of remote cabinet "F", as shown in Figure 2. The .
B purpose of the smoke detector was to determine when a typical in. cablnet

i
%:.;

sl I

_Ignition was induced by simulated electrical high-resistance heat buildup .
ignition source was used). Room ventilation was maintained at an exchange “5>F

ventilation rates. The fire propagated in much the same way it did in PCT ' :-:
a8y consuming most of the cables except,a few near the}flomr of the-.
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. detector . would- detect smoke from an electrical ignition source such as . °

that used here. . Smoke was visually observed, ¥n-a very small amount,. from = 7.

“"the electrical ignition source at 9.5 min after the source was turned on - o

S 77" or'6 min prior to actual ignition. The detector within the source cabinet.

~ . . - signaled smoke. detection at' approximately 10.5 min after the source was

- oD .turned on, or-approximately:1 min after visual detection of smoke.  The

- second detector in the remote cabinet did not activate until 25.5 min .
after the source was turned on, 10 min after actual ignition. This-. i

~ experiment showed only that the .in-cabinet detector -(source cabinet) could:

~ detect smoke from the electrical fgnition source before a fire actually -

- started. -:Had the doors on:the cabinet been closed, the smoke might have .-

. been’ detected earlier (dueito smoke accumulation in the cabinet). Also,

- this detector -had been placed in-the optimum location, based on pre-event

”lknowledge of the fire source 's locatien, for detection of the source..:_'

N Figure 36 shows temperatures recorded at three different locations within
-Cabinet C (the subject,cabinet) during Test 25. Generally, these .
..temperatures are substantially lower than the corresponding temperatures ..
:~ {n the earliér tests (400¢ versus 800°C). "Again, the_most probable cause - °
--'was the great horizontal dispersal of the fuel in the benchboard cabinet. ...
~ Figure 37 portrays the air .temperature at the high center location in -
" Cabinet B (the cabinet nearest.the subject cabinet) during Test 25. This’
- parameter Tnever exceeded 25 C, which was reached at 34 min 1nto the test
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(18 ‘min after ithtibn) Note from. Figure .2 that there were no cabinets‘
mmediately. adjacent to Cabinet C, so there are no data available on’
emperatures in adjacent" cabinets '

,Figure 38" shows temperature profiles at Sector 2 of the test. enc1osure B
“during Test 25 (similar to the profiles . at other locations). @ Peak
.- temperature- at the 5.97-m (19-ft 7-in.) level was 62°C at 25 min (9 min
after ignition). At the 1.83-m (6-ft) level, the peak was 32°C at 27 min
= (11 min after ignition). Overall, the. temperatures experienced were = -
relatively low. As usual, there was some vertical temperature -
~ stratification in the enclosure. The higher ventilation rate in this -
. test, pumpiry 6400 ft3/min of cold air into the enclosure, may have held : -
. temperatures. down, - Figure 39 depicts the recorded optical density data
“for Test 25. -Visual observations were that smoke did not begin to obscure = :
" ‘the .view at the 1.83 m (6 ft) elevation until 30 min (14 min after
";-_ignition) the data indicate obscuration at this level _beginning at 23 min: &
;7 (7 min after ignition). This disagreement between optical density
- . instrumentation data and visual observation is more pronounced in this -
test. than in any of the others. This discrepancy may be a result of the -
-~ . partitioning effects of the cabinets. Measurements were made at the room - - -:
<"center in front of the cabinets, while observations were made from the =
backside viewing windows. : Optical deriSiti€s appear to be lower in this o
test, presumably because of the high ventilation rate. S
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Tests® in showing that, for similar configurations, .the fires could be

- duplicated and burn in much the same way. In addition, with both types. of —
- ignition sources, the tests; provide confirmation that the threat of .
spontaneous_ (non-piloted) ignition to an adjacent cabinet (assuming a .

" These "Room Effects Tests provwded validation of the “Cablnet Effects .

" double wall-between cabinets) from high temperature either on the adjacent - :;'

" cabinet wall or in the adjacent cabinet—is- small. Typical adjacent -~ % :
\\\;»fcabinet air temperatures during the fire were 1éss than 120°C. For_most - .- .-
- equipment, -with the possible exception of integrated circuits, these"-

" temperatures will probably not result in operational failure.- Some types
- of sensitive contrel circuits could be expected to experience calibration

- shifts at these temperatures as well, : Adjacent cabinet wall temperatures . -
< reached as high as 360°C,' which may cause failure of cables. and of .-
" equipment mounted very near ‘this wall. Again, the double-barrier cabinet;g
. . wall configuration was most likely responsible for moderating. wall .. =

.- temperatures. It was also demonstrated during this test phase that given =~
the right configuration of cabinet, ignition source, and in situ fuel, :the
1EEE-383 qualified cable (XPE/XPE) could result in a quxckly propagating '

intense fire ‘that. would burn a]] the fuel in the cabinet

5Conc1usions re]ating to the’ effect of a cabinet fire on a contro] raom-
isize enclosure are as fo]iows ~ . '; .

’-?ft The  smoke begins to obscure the view inside the enclosure'_
- . within 6 to 15 min after ignition, even in tH‘”Targe enclosure. .

- effectively purge the smoke from the enclosure. It appears . -

- be required to purge the smoke from the enciosure. This aspect -
. . Was: not fuiiy investigated : Lf

-;f;. No true uniform “hot iayer. as often indicated by a ;i
T significant temperature discontinuity, developed in the !

stratification. Peak temperatures (near the enclosure ceiling ,

"~ given fires on the order of 1 MW in. intensity. This -
- temperature does not.pose a threat from autoighition. The -
~;: .enclosure temperatures in these tests were lower than those in

" ‘the Cabinet Effects. Tests because of the larger enclosure °
volume, even though lower relative ventilation rates were used.--- :

‘cabinets. from. the: general enclosure, as i5 often done for. -
ventilation purposes. : Such isolation of cabinets could result
in -significantly higher Tocal . temperatures, because one is in

45

The time to obscuration is slightly 1longer :at the higher ,A~,5
< _ .. ventilation rate, presumably due to enhanced dilution of the Lo
: :ifﬂ - r-smoke.. -A ventilation .rate of 8 rm ch/hr was not: high enough to - .

“:’enclosure; rather .there is significant vertical temperature ;-

) "ﬂ ‘outside . the -fire plume) are typically less. than 150°C even ;;-

These tests did not .investigate the isolation of -groups of ~ .

- effect créating a small room within the larger enclosures— .. . .

”;that significantly ‘higher air exchangeirates and ai..lﬁ“*f
‘- reconfiguration of the system with inlets at floor level will .- -




;;The amount of soot deposition from burning cable fires (which'
“could cause. shorting in . some components in the enclosure)
-.appears to be a function of fire development rate, ventilation ;
. rate, and humidity in the enclosure. In all cases fairly heavy - =
“-soot deposition throughout the enclosure was observed. .
Further, .it was found that in the case of unqualified cables - -
this soot was heavily loaded with chlorides, raising the ~
possibility that if combined with moisture a highly acidic . .-
“solution could resu]t (see Reference 7) T

- It should be noted that these tests are veny configuration specific, that}

. is, with different cabinet types and configurations, in situ fuels-and.-

- Toadings, -and ignition- sources, the fires could have burned- quite :

_ ~.° differently.” The data from these tests should be extrapolated with care. -

aa - Test 23 was particularly significant in this respect. As a result of the.

.= - cabinet Effects Tests, it. was-initially concluded that use of IEEE-383--:

s ... . qualified cable would significantly reduce the potential intensity of a .
;7 .2 . cabinet fire. The intensity of the fire in Test 23, 1235 kW peak release

- rate, was exceeded in both test series only by Test 24, at 1300 kW. This

test  clearly demonstrates the. inherent variability of fires, and that, :-

“~-given_the proper circumstances, ¢ quite severe fire in qualified cables 1s -

-a realistic possibi]ity : ; _ o

"No effort was made to determine the capability of a nuclear power plant to

- shut down in the event of a cabinet fire. In addition (although there are
~-. "data .available), no effort was made to evaluate the combustion-product:
- - ..gases -and their effects on operators. For the configurations tested, it :®
+:_appears that the most significant problems with respect to the enclosure -

. environment that could arise are those related to obscuration of :the view -
within the: enclosure and to the inability to purge. the smoke from the
enclosure.. Due to the rapid build-up of smoke and the resulting-.
degradation of visibility conditions, operator,. effectiveness in such-
-situations would be severely compromised probab)y to the point of =
*“essentially no effectiveness . ) el e

Cables that were placed in adjacent cabinets and throughout the enclosure;
. showed no sign of significant damage externally or internally - (except
- ... large deposits of soot). Cables in adjacent Cabinet B experienced some .:
. melting of the jacket (of one cable on the right uall), although there was .
.. no shorting -of the. internal conductors and no sign of potential i
" autoignition. - Hhi]eladjacent cabinet temperatures did not pese an™ -
autoignition problem, some sensitive items of control equipment,. -
particularly those based on integrated circuits, may experience -  -:i"§g
" calibration drifts and/or failures at the observed temperatures.: This. = 4
- question wis not directly investigated.. ~This series of tests did nntv';; 3
. address the potential for spread of fire beyond the cabinet of origin.
. through- cables penetrating the cabinet surfaces. - Given the intensity of
— - the observed fires this potential cannot_ge\discounted ‘
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