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-, ABSTRACT_..
LA series of fuil-scale cabinet fire tests was conducted by 3

*'Sandia . National Laboratories for the U.S. Nuclear Regulatory
:'Commission.” The cabinet fire tests were: prompted by the .

potential threat tu; the safety of a nuclear power plant by a

iiignited: cabinet fires as a function . of several parametere
“believed to most influence the burning process. A primary

‘ctndible- configurations . and materials. This series of

vironment in the test enclosure and adjacent ‘cabinets is not

bles; although in some of ithe larger fires melting of plastic

. ‘view in the enclosure within minutes after ignition. - Essen-
-tially, a cabinet fire can propagate within a single cabinet:

the resulting smoke. b ' AN

R TR T VI A

.."{

7 cabinet fire ia- either the control room or in a ‘switchgear.:
-type room.. Tne putpose of these cabinet fire tests was tc’
‘characterize the development and effects of internally ‘3

Zgoal of this test program was to test :epresentative and ﬂa=3"

‘"22 cabinet fire tests. demonstrated that fires in either
benchboard or- vertical'cabinets with either IEEE-383 quali--
. . fled cable or unqualified cable can be ignited and propa-. -
i .~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- ...«

. ‘ihevere._enough to result in autoignition of other combuati-]3rﬁ'ﬂf ,
~ materials may occur. Smoke accumulation in the room appeared,_fﬁulf‘

..to.be the most significant problem, as smoke obscured  the "-

“however, for the conditions tested it does not .appear that,I“Q
‘the fire poses a threat outside the burning cabinet except .:
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< .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 1nvest1gate the. effects of internally
,1gn1ted cablnet f1res .on cablnets and rooms. e

The cablnet fire investigation was prompted by the potential_
threat to the safety of a nuclear power plant by a cabinet -

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 ih 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 cabinet fire 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'effgcté of cabi-
net. fires on a large control room size enclosure and arrange-

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

‘The purpose c¢f the cabinet fire test prograﬁ was to charac- :

terize the development: and effects of an: 1nterna11y ignited
fire in a cabinet as :a function of several parameters be-

"lieved to most influence.the burning process. This was done
. by testing_ representatlve cabinets, configurations, ignition

sources.'and in situ fuel conf1gunat10ns. 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
and credible configurations and- materials. The -specific
objectives of the Cablnet Effects Tests were to: B

a. Identlfy credible 1gn1t10n sources capable . of -

1gn1*1ng a cab1net f1re..'

" b. Determiné what credlble in situ fuel types, amounts,
: - and configurations can result in ign1t1on and propa-
gation of a cablnet fire;

. ment. These second phase tests (Room Effects Tests) have - .

-'\,‘\\_‘

.inside and in the vicinity of the cab1nets directly involved

TR,
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EXECUTIVE SUMMARY

] . . -

c. Assess the.'effects" of diffarent igﬁifion gource
" fuels and in situ [uela ol fire development rate and
‘equipment damage;

Lo d. Esrtablish the effects of '‘different cabinet styles

L ey " and ventilation methods on fire development;

e.. Determine the: development rate of the flre (heét
release ;ate); e -

f. Investigate the environments developing within. and -~
around the cab1nets. and . -

" g. Monitor- the. development of the ‘enclosure environ-
ment. : ' '

Initially. a series of five Scredning Tests and cleven ..

Scoping Tests was conducted to evaluate specific concerns - - -
about. the ignition sources and in -.situ fuel conflguratlons S
Thaese tests were conducted on a smaller scale (e.g., minimal 1S
materials and 1nstrvmentat10n) for a2 quick test turnaround. . S
These .tésts -provided wvaluable results and 1nput for .use - 1n” . R
the subsequent full- scale tests. -—_; . 3 Ce
The six -full- scale tests. called “the Pre11m1nary Cablnet
Fire Tests, were conducted to 1nvestlgate how -an 1ntetna11y
R ignited cabinet fire will develop and its effect on adjacent
v ‘ cabinets and ihe enclosure.  Four of thése six tests were
i;.“j conducted in vertical nuclear power plant cabinets, two:with - = ..
“ -+  unqualified cable, one.with IEEE-383 qualified cable, . anc¢- "
TR - 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
”;J:followxng variables -on fire development were investigated

; .. (@) dlfferent ignitionisources, one each transient and elec-

. -triecal, (b) cabinet styles, (c) cabinet ventilation, . and

{(d) in situ fuel types. amounts, and configurations. :

—

2 01 XA AT ettt o0 13 » . __
e s o e R R e —_ Y
DY TRV F SRR Wt N S R I R e y >
- - PR : : R o e
! . . .
Ay

o mmemone 13
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i .' '..‘.. LI SR L
I ' . . ) .

b

L.

.~

‘The results of the 22 Cablnet Effeots Tests are not gener-
ally applicable because the results are so configuration and
test specific: However.“*the follow1ng conc1u51ons can be ... -.Trgl
" made: S _ o R

-1l..._.Cabinet. fires -can be ignited and propagate ‘in either .
unqua11f1ed or. quallfied cable with either of the "
. two 1gn1t;gp sources tested (transient ‘and elec-
" - .- .trical). 'HéWwever, the. qualified cable i§ much more
difficult to ignite and’ propagate.

i
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EXECUTIVE SUMMARY

T . 2.1t is possible to have a. r\pzdly developlng cablnet
. o fire with either type of cable ~as the in situ fuel
—~— i ~and in either style, vertical or “benchboard, of "cabi-~
| ' ‘net. Although, fires with qualified c¢able tended to
be 1less intense. than those 1involving- unqualified

..cable. : : :

- 3. Ignition, development rate, and spread of a cabinet
_— ‘fire are dependent on tcritical"“ (i.e., just the_
; o -right combination of variables) ‘ignition sources,
e - in situ fuel type, geometries, and amounts, and on
e "cabinet style and ventilation. These *critical®
oL R values are interdependent on many variables and
T therefore no [Mcritical"” wvalues 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 wider than w1th

quallfled ‘cable. |~

———

4. TFor the enclosure cond1t1ons tested (i.e., enclousure .
.size and ventilation. rates), the thermal environment - -
in the enclosure produced by the fires was not severe: .’

L enough to ciuse autoignition of naterials, but the
R thermal environment. may be severe -enough to ‘cause.
l?;'_ equipment damage. Furthermore..lt appears from these
R , " tests that a fire will -not spread from the burning
o cabinet to adjacent cabinets. However, under differ-
ent conditions. (e.g.,.single wall, larger fires) a
cabinet fire could cause -autoignition in an adjacent
e cabinet and ‘continue to propagate. . A’ double wall
) "“"barrier between cabinets- appears to play a crucial

.role in preventing cabinet-to- cablnet . fire spread
durlng the larger cablnet fires. .

5. For: the enclosure conditions tested, dense -'smoke '
accumulation in the room became a  problem within -
minutes - after .ignition, for all fuel types and
cabinet configurations. : : e

¥~ Essentially, the conclusion of the cabinet. fire tests is
:=that .a_cabinft fire can propagate within a single -cabinet;
*Thowever, for the conditions tested, it does not appear that
"the firé poses a threat outside the burning .cabinet, except
for the resulting smoke. Althcugh this test effort 1nvolved.
realistic ranges of parameters, it must be recognized that
other cabinet and fuel configurations may result in somewhat
different findings. ‘In addition,. because o0f the influence
of dperatlon recponse and: overall safety system performance,
- conclusions regarding cabinet fires caus1ng difficulty in"
the "ability of the plant ito shut down cannot.be made solely -
from rhe fire test data presented 1n this report. ’ .

-3~




BXECUTIVE SUMMARY

‘Baged- on the findings of the Cabinet Fire Test Program it is
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reconmended that the etfectwvnness of the- followinq should
.be investxgated' m— . - :

Detection systemé;in cabinets;’

Autdmatic gaseous suppression systems both. inside " .

and outside cablnets.

Manual suppres"1on of cablnet f1res.

.Smoke control and purge systems:

.Potential for fire spread in nontivided cabinets: and

“"Ihdependencé of réﬁote shutdown capability.
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1 1 Background : .; . _ ' @[3

'zA\series of . Eull scale cabinet £ire tests wag: performed ae“j
< part of the Fire Protection Research Program.  This program.
*iis -being conducted ‘for the U.S. Nuclear Regulatory Commis- .

:8ion (NRC) by Sandia National Laboratories -(SNL). The Cabi-~
‘net: Pire Test Program was prompted by the potential threat
to the safety of a nuclear power plant by a cabinet fire in

there have been .no fires in control room cabinets of operat-
ing nuclear power plants, there hive been fires in cabinets.
in- othér parts of plants that have resulted in significant.
-—damage ‘due to -heat, smoke, and -corrosion.{l1] Furthermore,
based on’ probabilistic | risk analysis\ a fire in a nuclear. .
. power plant represents|one of the greatest threats to the.
safety of .a plant. Based on plant operating- experience, a
. typical nuclear - power plant can expect to have three to four

truly independent of the control room and  that short circuits

fx:om the control room to the remote ‘shutdown area. .
- . Lr .- . .
,Due to. the potential 1eve1 of risk the NRC staff had a num-

‘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,

- (c) the resulting room environments produced by the fire, and
- (d) the potential. for) the fire to spread to other cabinets".

Part 2 of this report)

" : . . : L

Program Objectives " -1.5 :

program was initiated.f The overall program objective was to
‘nets and investigate .the resulting room .énvironment as a
burning process.(3] The cabinet. fire tests were performed -

are called the Cabinet Effects Tests. These are all the

;7 .cabinet. fire tests that: were conducted at SNL and :are
“;reported ‘here. The sécond part of the testing was called

‘the Room Effects Testsland will be described in a aubsequene..

?report. - CR R

either a control room .or a switchgear-type room. Although*\~'

< major fires during its:lifetime.{1] In addition, a recent j;; 3
study (2] has shown that: not all remote shutdown areas are .. -ifh
)

‘and other -electrical. prbblems could potentially propaqatenfﬁf5’%

».~ and ~damage equipment and components throughout the room.. In: %,
"the tests described in this report, concerns (a), (b), and . .. ;i
-(d) iare: investigated.{ Additionally, concern (c) was moni- i
. tored, but due to the relatively small enclosure size used ;. :
"in ‘these tests, the results were validated by control room.. ..
testing pe:tormed as :the second phase of : thie test setiesf:g

" To address the concerns derctibed above the cabinet fire testijfilg"ﬁi
Lccharacterize the fire|room development in electrical cabi--" ‘
'"_ function of several parameters that most influence the.;»'”

“in two parts:- Part 1, the tests discussed in this report.;“'



3 : . R

"i"The purpose of the .Cabinet Effects Tests (Part 1 tests) was

. 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
"7 viecinity of the. cabinet directly invélved-in the fire and of

.¥* . other cabinets, components, and combustibles located in the. :'. "
test enclosure."[3) ;The Room Effects .Tests (Part 2) were. 7. |
--pecformed to provide conflrmatlon of ‘the Part 1 tests and.to"

invest1gate the effects of cablnet fires on a control room
s1ze room and arrangement; : :

— . l

(the tests described in this report) were to:

ing a cablnet flre'

propagatlon of:.a .cabinet fire;

c. -Assess the effects of different 1gnit1on source fuels

e A .and in situ funls on fire development rate and equip-- -

-ment damage;

"and ventllatlon methods on fire development'
lease rate); -

around the cabinets; and
i

(secondary purpose)

‘A major goal of these tests was to make them as representa-

sible.

_1.3 Prev1ous Studles

that cabinet fires in nudélear , power plants can be a poten-
tial threat to the safety and shutdown capabilit1es of ‘a

- plant: (4- 7Y L

“to evaluate the potent1a1 for an internally ignited cabinet .
=~ fire to.occur and to investigate the development of the fire -

o Spec1f1cally,' the obJectives of the Cablnet Effects Tests.
- a. ldentify crediblen1gn1tzon sources capable of ignit- L

.o b. Determine what cred1b1e in s1tu fuel types. amounts,.
' and configurations can resudlt in ignition -and~-

d. Establish the :effects of different: cabinet styles - '
e. ~Determ1ne the development rate of the fire (heat re-"_
f. Investigate the environments developing withinnand”:'

c: ‘Monltor the development of the enclosure environment e

tive and credible as possible, yet not plant specific.'so'.@
that the results of the tests would .be as’ realistic as pos—

L : — ,
. Previous studies. both system studies and testing. have shown -




i7~.." The first cabinet testing was performed as & result of NRC

{~-:.  concern about the proximity of redundant safety systems in .~
s '-'adJacent control cabinets at Enr1co Fermi Nuclear  Power .
Yo plant, Unit.-2. As a result, two tests and some supportingr

e . 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
A . 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. questloned because the utility could
not evaluate the effects that the cabinet ventilation might
.\gave on enhancing damage or cool1ng the components. In an

"attempt 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 firee did not address the possibility of o
ignition of the in situ cabinet fuels or the effects of a
fire on adjacent cabinets or the room. Haddam Neck nuclear

"power plant performed 4dn analysis similar to Ferrxs as. part
of thelr evaluation of ¢abinet 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 ddamage. 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-

“with an external solid fuel’as the ignition source which-con-
- sisted of trash-type materials. The first test was intended
.to characterize the ignition source 'and its effects on the

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

o effects of the burning ignition-source on the in situ fuel.
""external-(to the cabinet) transient fire source could result

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

'-,As part of the background invest1gatlon into the cabinet f1re
-~ testing program, SNL initiated a study pérformed by Ebasco
Eh Services. Inc. to evaluate the current industry standards
and design practices related to cabinet and component getup

and to _conduct a detailed ‘analysis on the potential. effects--'ﬁ

3“{i: of @ cabxnet ‘fire' on ! plant safety. Part of this

= :;' . \\T?': |

'c,'- . . . . : [
- - . : '

27- o

fdirectl? 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 bottom. ‘Both_tests were performedn

”.‘These tests demonstrated Ehat a--large, 14.13 kg (31.1 1b),-.

:ﬁhin high ‘temperatures and possible ignition in both the cabi--
“~net-and the room. Howevefr, it must be emphasized that the .
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study was to analyze £our plants to! determine the present
practices, with a very detailed analysis being conducted on

o two plants ‘analyzed in detall' were:

M _1.' ‘The. probability ‘of occurrence of a fxre that does
o . extensive damage to a control._panel is exceedingly

s g ease of detecting and suppressing £1res—-but a fire
' cannot be ruled out .

subjected 'to fire environments showed that- faults

" .must be 1solated . . o .
Pl - i . .

_ . v
In order to evaluate the effects of a cabinet fire on the
,components and their ab111ty to function, Ebasco recommended

" control panel fire progress until panel component - damage
e .occurs. (b) how long must a control panel fire progress until

“component damage? § ) . —_— .

The tests and system stud1es to date have only shown that
.cabinet fires can be a significant 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 conducted to investigate fire development
rates or room effects of cab1net f1res. :

|

1 4 Program Approach

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

i7Z . background information was used in selectirg the ignition
RS sources, <cabinets, and in;situ fuels. A detailed descrip-
TN tion of haw these materials were selected is described -in
h the tvst plan la] - .

There are”a large number of varlables that could be investi-

”:qated which could affect the cabinet butning characteristics...
“~ These. variables fall: into the following broad categories: -

:(a): cabinet- -details, b) fuel materials, and (c) extarnal
fvariables.' The cabinet.details are anything specific.to the
:cabinet -(e.g., size, style. etc.). Fuel material variables
.include both the ignition source and in situ fuel matetials,
- 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

el

.~

two of ‘the plants. Some results of ~this study. based on ‘the.

low due to the absence of 1gnition sources ‘and the"

ﬁi ' 2. A failure mode-analysis of critical. components when’

giﬁ' ) R can propagate, whlch -means the remote shutdown arean

.“téests that investigate the following: (a) how long must the

.the control room must bé evacuated, and (c¢) what is the rela-
tive 11ke11hood and extent of the spec1f1c modes . of panel

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

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

-
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ﬁv variables, -only a few selected variables that were felt wonld
have the most pronouticed effect on the burning process were.
1nvestigated The flow diagram, Figure 1, shows the three
categories of variables that were 1nvestxgated ‘and ‘the tests
that were performed to determine the effects of changing ‘the’
mTL test variables. The flow diagram shows how the selected test =3
I . materials were investigated in the Screening  and Scoping- -}

... Tests to enable. us to reduce the number..of -realistic and. °!
S credible full-scale. Preliminary Cabinet .Tests. The results
T ' " of.-the Screening and Scoping Tests will be discussed. in
e Sections 2.3 and 2.4, while- the Prelxmlnary -Cabinet Testb
2 7 will be discussed in Section 3.0.
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2. METHODS AND MATERIALS ' N : S s

iﬁ.i . 2. 1 Test Facility and Instrumentatlon

e . The Sandxa Fire Test Fac111ty 4s\gocated at Sandia Natxonal
» . ~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
N building. 1In one end ‘of the building is the- test enclosure, -’
while the other end comprises the instrumentation and storacge
o ‘room as shown in Figure 2. The test enclosure (also called
e B the burn room) has a floor area of 55.7 m2 (600 £t2) . with.a’
,}? : maximum ~e111ng height of 5.48 m (18 ft). . The test: enclo-
P ~ - ‘sure, constructed of - concrete and plastered metal lathe,’ hds
A a volume - 0f 272 m3 (9624 ££3). Ventilation to the enclosure
prov1ded by a variable- Ventilation system, capable :of:
supp;y1ng 113 m3/min. (4.000 cfm). Typlcally. during a cabxnet
= 5__ fire test, the ventilation system was run at 70.8 m3/min.
T (2500 cfm). As shown in Figure 2, the -ventilation.system has-
§ix exit ports along !each wall with the enclosure exhaust .
vent located in the top center of.the room where the-air and’
combustion products are exhausted out a 0.46 m (1.5 ft) c1r—-'
enlar exhaust duct. Six observation ports were located- in:
the test enclosure to provide lighting to the room and allow
video recording 6f the tests. Access to the room is. pzo—
vided by a 1.83 x,2.44 m (6 x B ft) door that is sealed priot
‘to-testing. The: test facility is described in more detail- in

Appendix A. .. :

Instrumentation~?3f the tests varied Eoi .the Screening and .
500ping Tests; however,. appréximately 100 channels of data .~
"were recorded in all;the Preliminary cCabinet Tests. A wide

. vatiety of: lnstrumentation 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 acquisitxon ‘unit .
capable of logging up to 100 channels of data and controlled»**:‘“”
by an HP216 computer system. Data was typically recordea at T
20-second ‘intervals. :

/—

~-10-
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One of the most: 1mportant measurements required was the heat JRPRSELIRERH
.release rate (HRR) measurement. . This was measured u51ng - g Ll
oxygen consumption calorimetry,[9] in which the oxygen. con-_..
. centration, temperature, and velocxty'of the effluents were
" . recorded in the exhaust duct. A more detailed- description
of ‘the. 1nstrumentat1on is provided in Appendix A. v

' 2 2 Selectxon of Test.Mater1als and Equipment

¥V

wTIn thls section the materxals and equ1pment that were used in
"the Cabiret Effects Tests will be described. . -

The ignition .séurce fuels used in the tests.were one tran—~ L
sient "and one electrical ignition source, The transient fﬁ'igf
ignition source was made up of a.9.463 ¢ (2.5 gal) polyethyl:= '
ene bucket, with an opened 0.455 kg (16 o0z) box .of. kimwipes,
and 0.946.2 (1 quart) of- acetone placed 1in the bucket. One
;% ©-.. half of the acetone was poured into the bottom of the bucket,.
LN - the bottle and remainder of the acetone were placed in the
' bucket, and the cap was left off the plastic bottle to simu-
o late- the bottle spilling. Also, 15 kimwipes were balled up
3 and put in the bottom of the. bucket. This ignition source,"
shown in Figure 3, was- ignited by an electrically ignited- gas‘”w
pilot lighting one of the kimwipes hanging out of the bucket.
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i{' : The electrical initiation arrangement, -used only in the un- -
ﬁﬁgNl. . quaL1f1ed cable fires, consisted of a terminal strlp and 25
e " . pieces of stripped. (unjacketed) - cables shown in Figure 4.
§§>;; -+~ This -arrangement was. ignited by prov1d1ng ~165 watis -of power
AT ‘to the terminal strip resultlng in an overheating at the con-

.nection and culmlnatlng in a fire. These 1gn1t10n sources
w1ll be descrlbed 1n more detail in Section 2.3.

o One of the key ob3ect1ves of this- test progran was to. test -
tepresentative-type: e1ectr1ca1 cabinets. In .order to’ achleve
" this objective, many.sources were drawn upon, as discussed 1n
e - Ssection 1.4 (i.e., .GE, CE, West1nghouse. Ebasco, NRC 1nput
"f&:, -utilities, and SNL .survey), to obtain the most comprehensive .. R
“'_. ‘arid accurate information..possible. In general, there are . °
ti'.three styles of electtical cabinets found in nuclear power
plants: benchboards, verticals, and consoles. Benchboard- AL
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 cablnets is paramount.___Vert1ca1 cabinets
;- -are found throughout the plant as termination cabinets, relay L
i “or logic circuit cablnets. switchgear. cablnets, etc..  The -f'
; vertical ‘cabinets also contain:. systems important: to plant
‘control-and safety; thus,|their safety is also critical. The
i- ‘conscle cabinets, found: mostly in the control room, generally .
IR contain computer processing and operatzng equipment, which
[~ .. =15 not. as vital to plant safety. - .Consequently, because of
j-quf. _their_importance. only the benchboard and vertical cabinets-
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" were used- in the- Cabinet Effects Tests. A list of the
cabinets that were used in these tests is ‘given in Table 1
along with the cabinet parameters. All the vertical ‘cabinets

‘were surplus cabinets :obtained from a nuclear power plant’ ~

vendor, while the benchboard cabinets were constructed sge-
cifically for this test program to specifications typically

. used for nuclear power plant cabinets. Figures 5Sa, b, and ¢~
are . schematics of some - of the vertical and benchboard .

'- cabinets tested. '

“"The -in situ fuels  are the primary- source of fuel 1n the .
. .. 'cabinets. -The amounts,” types, and configurations of the.
. ,7in situ fuels are primarily dependent on the control system
“v..I.win the cabinet and style of cabinets involved. Therefora, -
' "specifying a single in'isitu fuel type, arrangement, or amount:

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

- ‘made up of plastlcs (e.qg.. cable.insulation. components, wire..
" ways, wire ties, etc.). . Thecefore. it-was_.considered reason-_

: .abJe to represent all’ the fuels in the cabinets with cables,
which are the largest source of in situ fuels in cabinets.

Furthermore, cables simplified the test setup and cables are i~ -

""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;

-hcwever, some of the plants (approx1mate1y 20 percent) still
use ungualified cable in their control <cabinets. Because

f'.z,both types of cable are still found in plants, both types of

cable were used in the testing.

'." .. - - ‘ 1 ' ’ ’ .. : - - . - ..
"The 'IEEE-383 qualified cable, to be called qualified cable in
the text and designated:as “Q" cable in the plots and tables,

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

tape, and a 1.65-mm' (65-mil) cross-linked polyethylene (XPE)

“. jacket, rated at 600 V.:' This qualified cable was used in all-

the -Scoping Tests and dne of the Prelxminary Cabinet Tests.

"7~ A different qualified cable was used in one of the Prelimi-
- - .hary Cabinet Tests because the supply of the XPE/XPE -quali-.
o ‘fied'céblé was exhausted. The ‘'"new " gqualified cable was a

"mthree conductor. No. 12 AWG, with a 1.65 mm (65 mil) Hypalon
jacket (Hyp) and. a- 0.89 mm (3% mil) cross linked polyethyl-‘

“ene (XPE) insulatlon..rated at 600 V.  This "new" quallfied
. cable was only used 1n Pre11m1nary Cab1net Test #67." .

' The unqua11£ied cable. de51gnated as. "UQ" cable in the plots-.

and tables, was a three- conductor. No. 12 AWG, with- 20/10

polvethylene/polyvinylchlokide "(PE/PVC) 1insulation, and a

© - 45-nil (1.14- mm) polyv1ny1chloclde (PVC) jacket.

Thé cable amounts and configurations will be discussed in

more detail in Section 3 because they wvaried. from test to’

' test in the Cabinet Effects Tests. However, it should . be

. -14-
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Table 1 - Tt -
: L4 . . }
’ E R . . §

List of Cabinet Parameters i ' A - l
B A _ : Venéilatiop'.- - | ! Cy
~ Size (m) ¢ | poors (m) © Grills (my e

Type of ! L (g > [Et) N3 R S
Cabinet . L W H . Size - Size . - Comments - RS

E

~ No Door /

.

. 1,- Vertical ~  .914 x .762 x 2.29 .61 x 2.1 .

'.. . e s .' G eeme e _:';--'1~-_;:7"‘;;;':'7",[3'-'X‘,'2‘05“x. '7 -SL T l T [2 p.4 7] - . 0 Open ’ 3 e

"1 = Vertical . . 1.22 x..914.x 2.29. 61 x 2.1 - - 369 x .344 - Ventilation Grills on

. A x3x 70512 02 x 71 .. 4. [1.21 x 1.13).. .-Doors - 2 ea:. Top and
.o o , ' Bottom v

‘ -
1 - Vertical 1.52 x .914 x 2.29 ‘.61 x 2.1 369 x .344
: s {5 x 3 x 7.5 2 (2x7) 4 [L.21 x 1.13) 1 i

.2 = Vertical 1.52 x .914 x 2.29 . 61 x 2.1 .369 x 344 Partial Partition. -

[5 x 3 x.7.5) <02 2xT710 Y 4 1121 x 1.13] betwecen:L.H. and R.H.
v /s ) . =+ _ _  Sides of Cabinet

s . PN

- . -~

et Do Ll e ‘ : ) .
4 - Benchboard = 1.22 x 1.83 x-2.44 914 x 1.83 . .305 x 5.58 ' Back Vent Typically . f
s - . [4 x 6 x 8) T ) -3 xs6} o ey o
(.0 % 1831 Bleekeat oo L 0N e
. 2 - Mitered ‘

Benchboard ~ . See Drawing in Figure S5c
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. Schematic of a Vertical Cabinet.:y.m..
Schematic of a.Benchbqard Cabinet

.0.61m

BENCHBOARD CABINET DIMENSIONS. -
WEIGHT OF CABINET APPROXIMATELY 1300 Ibs.

1.80 m<

SIDE VIEW

—~1.42m

0.61m

Figure Sa.

.Figure Ssb.

l———1.52m

244 m




-—— 1.98 m i !

J - - 1.80m - fi !‘ ———1.98 m
o Y TOP VIEW

MITERED CORNER CABINET DIMENSIONS.
CABINET WEIGHT APPROXIMATELY 1600 Ibs.

Figure Sc. Schematic of a Mitered Benchboard Cabinet

‘noted that based on ;he'Background survey, a maximum fuel
loading for control. cablnets. based on the cabinet floor
-areas, is 257,800 kJ/m?. (22 700 Btu/ ftz) with a. typical
fuel loadlng of 170, 340 kJ/m (15,000 Btu ‘Eely ., {31 ° :

.. 2.3 ,Ignltlon Source Fuel Packet Screenlng Tests

_'%~~‘-In _order t&- resolve the full range of_concerns about cabinet
b .fires, a.number of credlbie 1gn1t10n sources needed to be

.ODNM- -
.

DS con51dered in initiating the internal cabinet fires. It was~'*

g-”*' not the goal of this study to demonstrate that a ”credlble.
el "ignition" source .could actually ignite; rather it was. to
¥ - identify possible 1gnit10n gources and evaluate their abllity
e, to initiate a f1re in cabxnét in sxtu fuels.

N sources were- employed in deCermlnlng what were credible 1gni-
Y -tion sources. - After the réview,..and in order to minimize the
» number ofr tests, it ‘was concluded that one transient solid
- fuel . ignition = source and “one ‘electrical ignition source
,’should be employed in the cabinet fire tests. The tests that
. were conducted to evaluate the ability of the electrical -
& 1qnit10n source 'were performed separately and are d1scussed
._1n "detail in a report by Spletzer [10]

- . . —

e
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S ‘As. discussed in Sectlon 113, and shown in “Figure 1. many




A total of five (5) Screening. Teste were performed with the
..purpose_of
.. source fuel packets for their ability to ignite an in situ
) -From. these .
. teslB, a single transient ignition source 'was ‘to be selected.... %

criteria used for evaluating the ignition source £uel“ffw;_7
burn. . - :

evaluating two different . transient

“fuel. (cables) in nuclear power plant cablnets. .

The
packets were:. (1) peak .temperature; (2) sufficient g
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 fuel packets (heat values cal-
"~ e¢ulated using values available in the literature- (111). chosen
for testing were selected as discussed in the test-plan (3]

and consisted of the followinq'
e |

- fl.'fEmpty computer paper box. 0.455 Xxg (16 oz)

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

2. 9.46 % (2.5 gallon) polyethylene bucket,
) (16 oz) box of  kimwipes, and 0.946 2 (1 qt) of
“acetone ([total heat content approximately 72 200 kJ
(68, 500 Btus)]

The Screening Tests were conducted in an actual cab1net
.setup.so that.the: kimwipes and .acetone were placed in the

ignition-

box. of R
kimwipes. and '0.946 % (1 gt)y-_of acetone [total heat _ .

0.455 kg

and.

box
All

or

hucket,

depending on‘the fuel packet be1ng tested.

‘the Screening Tests were

initiated by

igniting one of

the

" kimwipes

with

an

electrically

ignitea

pilot

light.

The

"f”ﬂw

7
i

* ..::8créening Test setup and results are described in detail in

-a separate test report.[1l2)]

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

" gevere of the ignition sources tested.

It resulted in the ..

flames

-and highest

temperatures .

with’

an

average . -

é?t:J largest
P .flame height of 0.91 m (3 f£t) and.a peak flame temperature

© of -

‘)40°c.

0.46'm (1.5 ft) above the fuel packet.

The: fuel -

‘=L burned steadily for
'ﬁé, heat release rate—of 32.KkW.

"observation of these tests,

approximately 35 minutes with-a-

“rate produced ‘by this ignitlon source is shown.

' , peak
In Figure 6 -the heat release

it was.felt that this transient

._j-fuel packet would be capable of igniting the 1n situ fuels

that would be placed in the cabinets.

The electrical ignition apparatus (shown in ‘Figure 4)
.overheating at the point of connection on the terminal
with ignition of the single stripped (unjacketed) cables
occurring .at approximately 165 watts in unqualified cable.
Thie method of electrical 1ignition  provides a relatively
- credible: electrical ignition source for igniting the Cabinet

strip.

";_ fires based on the power required to cause ignitlon.

R o ;. ~18-

Based on.the

causes
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B Figure 6.' Heat Release Rate for the " Transient Ignitioh.ﬂ
: Source' Screening Test #5 )

el

iThrouqh 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-
relatively credible based on _their size and the background -
information gathered (shown in Figure 1) L= ot

'ﬁ'wiz 1 Cabinet In Situ Fuel Scoping Tests

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

in situ fuel. amounts and configuratzons (i.e., amounts and
configugagions that ‘might” be found in a nuclear power plant : .

.‘ . . P ° \,:
. . . C ~.
. < . . .

-1
!
!
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~scale. (i.e., minimal. instrumentation and equipment) than the

.. _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 difﬁered somewhat. Typically, the o

tests -were evaluated to determine if the ignition source

ignited the in situ erl and if the fire propagated. Results

of the Scoping Tests are discussed in more detail in a sepa-
rate test report [l2) and in Appendix B. No Scoping Tests
. were conducted with the electrical ignition source. }

=z The 'parameters of concern for these tests. focused on the
..-ignition source and the .in situ fuel. The transient ignition
“.source fuel packet discussed in the previous section was used
in most of the Scoping Tests. However, a similar fuel pack-~

while & vertical, 31ngle .bay, 0.91 x 1.22 x 2.29 m (3 x 4'x

thcough 11. The ignition source and in situ.fuel -bundle were

described in Sectlon 2.2

Table 2, a.matrix of thé eleven cabinet fire'Scoping Tests,

-_categorieS'" (a) Scop1ng|Tests #1 through 5 were performed
to investigate the ab111ﬂy of the ignition source to ignite a
~ cable bundle and the effircts of location/arrangement of the
- in situ fuels; (b) Scoping  Tests #6 through 9, were cabinet

Tests #10 and #11. 1nvest1gated the in situ fuel amoutits angd

described _‘L

' The Scoping Tests “in category (a) used only a sinqle cable
ﬁbundle in- an attempt to . ‘evaluate if the transient 1gnit10n
.?source 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 ventllation for the flre.

"As can be seen in Table ‘2- and in F1gure B, the heat release
rate for ST #1 and ST #2 is. lower than that produced by only

the larger ignition source in the Screenlng Test " (see Fig-- ;'37

'T”i-ure 6) . 1ndlcat1ng that llttle cable insulation was burned

]
T 4,”;-20,

control cabinet). These tesfé were conducted on a smaller

. configurations "to be uséd with unguaiified cable. In the:
-followlng paragtaphs.-the ‘tests and resu}ts.wzll be'briefly,q

planned Preliminary Cabinet Tests for a quicker test turn-

et, but ~with .only 0.473 ® (1 pint) of aceténé instead of

0.946 .2 (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 through 5 a vertical 51ng1e bay cabinet .-:° I
measuring 0.762 x 0,914 x 2.29 m (2.5 x 3 x 7.5 ft) was used

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

" placed inside the cabinet. The cables used as the in situ .
fuel source were the qualified cable and unqualified cab1e~

_shows the variables invéstigated and a brief summary.of the* .

results. " "The eleven tests can -be_.broken down intoc three" .

"fire propagation tests o¢n qua11f1ed cable; and (c) Scoping - .-

it. The setup for- these tests is shown in Figure 7. .The

- B O
y o S e el
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Matrix of Scoping Tests -

; ;
C ;e oo

; . : a - . Intense
e X ' ! i ‘Aamount; of b.c Cabinet : . © -Burn i
v ST : -, Cable In Situ Fuels '~  ventllation Peak HRR ~ Duration  -Test
L Test 1> Type (xJ) ____Method (kv) . (min) Result
- S S 0 . - 117,000 No doors . 24 15 Bundle did not
.. . -y : : burn
Eo - “o'sT2 @ 117,000 . No doors 27 - 17 - No propagation
I - .o ;/117.000 .~ . Nodoors' ' 17. . 18  Entire bundle
G ) Coen R : . _ . ' consumed
- ) 5T4" Q - » 117,000 _  _  No doors .. ... 82:. . ..17 - Almost entire— - e
B et e ; Co bundle consumed
STS uQ 117,000 No doors 132" 17 Entire bundle
o ' . . . _ consumed .

k ST6 i 9 348,500. . No doors 82 25 Na propagation

o : : . ' . . o
N sT7 . L Q ’ 348,500 poors closed t 95 25 " No propagation

! . . . . ’ ‘ ’ ' ',.

..ST8 - - Q 582,875 poors closed 93 30 .;Qo propagatlion
SfS barrler§ Q 234,990 ! Doors open 74'_ 20 ~ No propagation

- .. . ST10 C uQ 1, 611,530 ' poors closed: 280 ° 30 ' Propagated

veo ' o C : E . All burned

! ' ' ST11 . iup. 611,530 poor open . 506, - . 20 Propagated

' ' ' - " All burned

: 2 standard ignition source was 0 946 L Acetone, 9.463 & polyethlyene bucket, and 0.455. kg !
! box of klmwlpes—-Scoping Tests 1 and 2 differed sllghtly in that only 1 pint acetone was
j o t b‘used _ S b o

Bxcludes ignition source.
. . , € Tests #1 though 5 conducted. in a 0 762 x 0.414 x 2.28 m cabinet and Tests 86 though 11

.. . performed in 0.91 m X 1.22 m-'x 2.29 m_cablnet. . . -
- . ’ . In tests with closed doors. ventilation s provided throuqh ventllation grllls._




L Fit ks
PSS sty
IR p s
T s
AN -0,
; A

g U A oy

.
e T

Test #4

ing—

-4 QUALIFIED CABLE -
¢S UNQURLIFIED CRBLE

ST #!
sT

*

-

\‘.’o/\.-

. r’-'.’
I

10

38

‘2B’

TIME (MIND

“#1

Tests

Plots for Scoping

Rate

Release'

through 5

‘Heat

-22-




" In ST #1, the cable bundle was in a configuration which dia
.. not allow the ignition source -fire to impinge on the. cable
" . bundle and in ST #2 the - ignition source simply was not ade-

" 'qualified cable. -Consequently, for the—remaining tests: the

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- looser cable bundle arrangement (Figure 7).

. ST #5 and was easily ignited by the transient ignition
source’ and burned completely with a peak HRR of 132 kW.

qua11£1ed cable (from ST #3 and #4), tests were needed to
qualified cable with different in situ fuel léading amounts

and configurations to :investigate if the fire would. propa-

.‘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 used in
8T #8-is . shown :in Figure 9. Note the significantly higher
- fuel 1loading than that used in ST #4 (shown in Figure 7).

cating that 1little morei than the- cornmer bundle actually

‘cables after the test. ,Based on these tests, it appears.
that a fire in the tested: qualeied cable will not. spread in
a vertical cabinet with the given ignition source.

investigate in situ fuel ;loading amounts and geometries for -
unqualified cable and to determlne if a.fire in unqualifiead.
. ~cable would~-spread ‘throughout a cabinet: The tests used

- similar fuel" load1ng amounts and-. onfigurations but with -

LR ;_strated that for the configurations tested a flre can propa--
“uT. - gate throughout a cabinet. Furthermore, it was noted -that
77 . -although the’ cabinet. temperatures were higher due- to- trapped
N heat with closed cabinet doors (ST #10, ventilation grills
e T on doors) the HRR .Was lower, as shown, in Figure 11. This

PO cient oxygen due to - the limited ventilation and -therefore

R ..., . ot . coL "' . .
s i
cal
et . . +

i ~-23-

" originally selected ignition source, with 0.946 2 (1-qt) of .

"-{The cable bundle ignited and .burned quickly in ST #4 _as .
shown by the HRR, Figure 8. Unqualified cable was used in_

Once it was established that the_ 1gnition source could 1gnité‘

evaluate if a fire in qualified cable- would propagate:
. throughout a cabinet. Scoping Tests #6 through 9 used only -

gate from one side of the cabinet to ‘the other. Different

‘The 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 1is_ similar to that "from:

ST #4 where only the corher cable bundle was burned, indi- " ;

burned. - This was confirmed by the visual inspection of the.
The 1last Scoping Tests,.. #10 and #11, were cdnducted' to -,

different cabinet ventilation methods.~ These tests demon-:. ®

'ﬁ,;.. ‘regsult is most likely because the fire was not. getting suffi-._ﬁ.q

' quate to ignite and propagate a fire in a vertical bundle of . -
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ﬁthe fire did not grow as large as- it could have otherwise.
“The enclosure air temperature in ST #11 (in the .upper. part of ,
-~ the test enclosure, ~3.3% m up) was the highest of any of the %, ~
Scoping Tests with a peak temperature of 136°C "at 18 m1nutesu.
after ignition. In both of these tests, the smoke obscured
the view with1n the room in approximately elght mxnutes.
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A number of conclusionsl can be made as a .result of ‘the.
Scoplng Tests that g1ve'1n81ght into cab1net fire .develop-- -
‘ment -. and 1nput into. the Preliminary - Cabxnet Tests. The °
conclusions ‘are as follows. T o R
There is a’ "critlcal" amount . of "ignition source
fuel" that .is necessary to ignite a cable bundle,
partlcularly qua11£1ed cable. : :

" b. Quallfled cable flres (w1th the selected cable and
: _1gn1t10n source) .in vertical cablnets do not spread .
throughout the cab1net. - : .

i .
c. .Unquallfied cable in vett1ca1 cab1nets w111 easily.r
.. _ ignite (w1th the selected: ignition source) and
‘propagate a fire in a single cabinet.

T Lo

[
]
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_..:cabinet .
- ""and@ room- effects Were .
vpurpose Of these tests wdg to 1nvest1gate cabinet. effects as -

;_:-\cabinet ‘fuel loading- will be dlscussed

“d. Burning rate (as measured by the HRR) is atfected by
the ventilation method (i.e., closed or open cabinet
.door) in tests using unqualified cable.

to limit. the burn1ng rate.
é.. Smoke obscuration in the test enclosure occurs wlthln
”:;ﬁ' ‘the configurations tested.

,-f. rThe thermal env1ronment in the enclosure does not

, Or result in flashover.

.Furthermore.
was-_that when comparing the test cabinets loaded with-in situ

N fuel (1oadings’ are. based on survey 1n£ormation) to pictures
. of actual nuclear power plant cabinets, the fuel load appears
‘to be ‘small. As a result of the Scoplng Tests, .

51gniflcantly However, cab1net fires with ungualified cable

may be a real threat:to the safety of a nuclear power plant, ..
-~ and control room habit-

from the standpoint of fire spread,
abil1ty. given the "critical" condxtxons and confiqurations.

"3, INVESTIGATION OF FULL SCALE

' FIRES—-PRELIMINARY CABINET TESTS
3.1 Pu_rm&e : ' -
This series”of testing,
.Fire Tests, "’

‘designated the Preliminary Cabinet

" full-scale cabinet " fires to ignite and ,propagate. N
_-teéts differed from the earl1er'5creen1ng and Scoping Tests
"'in that ‘(a) larger in situ fuel loads were tested, (b) more:

(c) more - adjacent cabinet

styles were tested and
However, the primary

1nvest1gated
only inter-

‘described in Section 1.2.! As ‘previously stated,

‘nally 1gnited cabinet flres 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

* - ..-guch that they were as répresentatlve _of nuclear power plant y*fﬁ-

. conditions as p0851b1e. - - —

‘ 3.2 Methodology S -i

LN

'_The

tion 2.2, cabinet

“In this’ section the

.o
[}

-26—~-:'". el e

Closed cabi-= ~

net doors appear to result in higher cabinet temper-. . .
.ature but also cause oxygen deprivation that appears’

-eight minutes. in. unqualified  cable cabinet ‘fires 1n o
.become severe enough to cause melting .of.. components”

it appears -
that cabinet fires with gualified ' cable do not propagate:

INTERNALLY IGNITBD CABINET."

was conducted to 1nvestzgate the potential for. .
These -

materials used in the testlng were descrlbed in Set-:f'
arrangements.  and

an 1mportant observation made during the tests™ "
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: The arrangement of the vertical cabinets .inside the test
" 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
the fire on adjacent cabinets could -be_monitored. - The front
of -cabinet D was approx1mate1y 3.66 m (12.ft) from the front
""of ~cabinet A, and was placed there so that the effects' of
_the fire~on.a_“rgmote".cabihet could be monitored.

-r

732m
. » | ;
. Sod t22m ¢
1.53m -
B L J
. | ol ¥2zm
: ADJACENT
e 157 m— . 'CABINET
IGNITIONI 21 !
LOCATION .
. VERTICAL
762m .. CABINET
' T -
8 i
— ;
)
- 182m: " _; )
! “ “DOOR

. ST e ST ]
Figure 12. General Arcangement Drawing ‘for Cabinet Fire -

Tests With Vertical Cabinets

The cabinet artangement foL tests with the benchboard style '
h.cabinets is shown in Figure 13. 1In these tests there were
.only threé  cabinets, . due to their size. However, on the,
1 szde of cab1net A where there was no- ‘adjacent cabinet.

‘cent cab1netr This was done so the configuration was simi- "

lar-"to-"the previous Pre11m1nary Cabinet Tests and so the
fire would not burn dlfferently due to heat losses through
£ the single wall, .. . ; e e

"In situ fuel loading arraﬁgements and amounts varied from

.test to test: however, "standard cable bundles" .were used in -7 7

' .all the tests to make up the larger, cable bundles and cable

-27-
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arrangements.  There were two "standard cable bundles": #1--
consisted .of 12 single conductors, with the insulation,-
S 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. oﬂ»ih
*" -3-conductor cable tied .together. In Table 3, the. standard -
.cable bundles with their fuel loading are given for - both
qualified and unqualified cable. The stripped-out single”
_ conductors were used because in many cases in nuclear power
':4p1ant cabinets, the Jabkets 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 Lo i
"standard bundles” which allowed for easier setup and better i
control of the cable configuration. -:Total fuel loadings in ° :
the cabinets are described in the test description sections..--
‘In addition to the cabies. plastic wire ways that are also .
found- .in cabinets were! used in the tests to hold cables.
. These. wire ways are maée of a polyvinyl chloride (PVC) and ,
"are "self-extinguishing." They are an open box .type -struc- =
.. ture with a cover.that snaps in place to contain the wires.
“These were . described 'ip detail in the ‘test plan.[3] The.’
iuel loads for the wire vays are also shown in Table 1

7.32m - o

1.82m

S E MITERED
BENCHBOARD
CABINET

N i STANDARD -
N BENCHBOARD .

N LB x . 1 . . - N L
\\ i A . ;
N/ IGNITION
E LOCATION

16T m

/

. REMOTE
. " |vERTICAL
tm - camiNeT

(2]

it
-12m :
N . DOOR

M“Eigure“13. General Arﬁangement Drawing _for Cdbinet:.Fire '
T .7 - -Test With Benchboard Cabiqets. : ‘
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’ !
A - o g Standard Cable Bundle Descrlptlons and Loadlngs i
i LT .. STANDARD CABLE DESCRIPTIONS.f‘ )
' : FUEL j - 1 . I ETE -;
" LOAD. -~ 7 " 12 Conductors (stripped ..., Three 3 Conductor ‘Cables
; PER . © out of jackets) and tied’ . . tied together - 7' length
- BUNDLE (KJ) [BTU] ' = : . : .
e “MNQUALIFIED; N 8820 . B . 23,625
Syt LU YUCABLE T T LD il . . [8360) . (22.393]
o (KJ) [BIU] Lo - :
- — ....-—-.-——- e owm. .- UNQUABIFIED-_-.{.— - mee » memw o= . - 7938 . - s - ;. ‘ - .o .- - . I ] ..._19 . 183 -
| CABLE [7524] ' _ . [18,183]
N (KJ) [BTU] : Co
.o o : . S
, o "NEW" AND i : 9515 . . : 23.980
' QUALIFIED - - [9018] ' : | [22,728]
"CABLE = . . : / :
(KJ) [BTU] L ' B/
. , - ) / )
"NEW" AND ° o . 9790 ' / 23,747 .
UNQUALIF.IED ) . [9‘279] ’ . : [22,507]
- ..CABLE"’ A S -
(KJ) ([BTU] i

! :

: NOTES : . |
Z;} ) ";1. A plastic wire way ‘and cover were also used in. the tests, fuel loading for
PUL : '1.82 m (6 ft) piece of wire way and cover; 33,760 kJ.(32,000 Btu).

2.~ -Heat values for.calculating fuel loadings were based on. total heat of combus-
LT tlon values from a report by Tewarson. [13]
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"~ 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 firfes. A test matrix of the.variables:
.investigated in this test. series is shown -in: Table 4. The..
.tests are described in detail in the follow1ng sections.J;

'ﬁggﬁll- Tests in Vertlcal Cab1nets | .
7.A total .of four (4) Preliminary Cabinet. Tests (PCTs) .ware
csonducted in vertical cabinets with differing types and

amounts of in situ fuel. The test parameters are shown in-" .- . i
- 'fable 4. A summary of the results from these tests are shown ‘-R
in Table 5. Two types -of cabinet ventilation, open cabinet i
doors and closed doors with ventilation grjlls on the doors, .. |
-vere investigated with vertical cabinets, both in tests with DSOS
unqualified cable. Two of these cabinet fire tests in ver- '-g“:'ﬁ
.-tical cabinets’ used unqualified ‘cable, one- used qualif:ed g
cable, and one used a pan of. heptane as the fuel source.in’ ”'"fg
the cabinet. These tests will be: dlscussed in the follow:ng ",1 i&
sect1on. e _ . . A gﬁ
_ ; R
PCT #1 was conducted w1th unquallfled cable. as the fuel bad ' "nﬂ
“closed cabinet doors, and was 1gn1ted with the:  standarad - L4
transient ignition source discussed in Section 2.2. A com- B -..Gé
.Plete- description of -the test variables and a timeline des- e

e ol

cr1b1ng the hlghllghts of ithe test are provided in Figure. 14. ;
The fuel loading, shown in. Figure 1%5a, was higher: (in total) . :
than had been used in any of the previously conducted Scoping ;ufwf'f
Tests due .to the larger floor area of the cabinet, although ) ‘f
the, loading "per. square meter of cabinet floor area was -the. '<f“fﬁﬁf

Ly

.same. The cabinet was set up so that the cabinet doors were .
- -closed..as, shown in Figure 15; however, the doors had top and .-
‘bottom ventilation grills to provide ventilation (this test

-was_ similar to ST ﬂlO) " In addition, eight meters and eight -
sw1tches were placed .in adJacent cabinets and around the en- .. -7
f*closure to investxgate how the fire affected components.‘lsl R

z

"A pictor1a1 sequence of PCT #1 is shown in Flgure 15. Sincé
.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 obscuze-,.rq«p'-
.the cabinets. The smoke took longer to obscure the -cabinets : ..
in PCT, #1 than it did in ST #10. A possible explanation. for o S
" 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 m1nutes .then quickly drops off. Thermocouples B2 and A\ < {0441
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-Tablewd'

Matrix: of Preliminary Cabinet Tests

TEST # IGNITION CABINET L IN SITU. FUEL -
: FUEL "~ . TYPE VENTILATION' TYPE AMOUNT (KJ)
] . [ . . » .. LBTUJ
PCT ‘Transient ' Vertical  Vent Grills uQ . . 7.283 x 105
’ on Doors [6.90 x 105)
PCT . Trénsient~_—~Ve:tica1~-uuquors Open UQ'~»—M~1705&wxm105~~w~
i N - {1 x 108]
PCT Transient . Vertical Doors Open Q 1.055 x_106
: i {1 x 106} T
PéT ‘Heptane . Vertical/ .Doors Open Heptane 56.78 2 .(.929 m? pan)
: : ' . / g ) {15 qal.(10'ft2 pany)}
PCT Electrical  Benchbéard Door Open uQ 1.519 x 102
| ‘ ' ' Pront Grill [1.44 x 108)
PCT Tfansiénp " Benchboard Door Open Q 1.551 x 106;
' ' - . [1.47 x 108]

Front Grill,

i
1
i
)
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_ TYPE.
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aults From Vertlcal Cablnet Tests
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; PEAK TEMPERATURES (°C)
ADJACENT :CABINET-
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- IBURN

" OBSERVATIONS
DURATION (MIN) T
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No propagation,
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TEST # I/ PCT #1 ‘
CABINET TYPE AND SIZE VERTICAL CABlNET 0.91.x 1 53x 2 29 m(3x5x7.5 ")

CABINET VENTILATION METHOD DOORS CLOSED DOORS WITH VENTILATION GRILLS

270P AND 2BOTTOM

CABLE TYPE: UNQUALIFIED CABLE (PE/PVC)

IN/SITU FUEL LOAD!NG 7.84 x 105 kJ (7 43 x 195 Btu)
K T L,5862,712 kJ/m2 (49,550 tu/n)

IGNIT!ON SOURCE: PLASTIC BUCKET BOX KIMWIPES 0.946 ¢ ACETONE
72 220 kJ (88 450 Btu) e e e

I o 30

" TIME (min)
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TC 37- CAB. A, CENTER AIR
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Figure 16. Tempefature Measurements in PCT #1

85 are located 1in an adjacent cabinet, cabinet C (see Fig-
ure 12). TC 82 1s in a cable bundle on the wall adjacent to
cabinet A, and TC 85 is the center air temperature. Both of
these temperatute'measurements are less than 90°C and peak
long after the peak temperature occurs in cabinet A due to
the thermal” lag caused by the cabinet walls. Enclosure tem-

perature, as measured by TC 47 (3.3%5.m {11 ft}] up 1in the

center of the test enclosure), does . not>-show a significant
rise and is steady .throughout most of the test. The heat
release rate (HRR) rises ivery quickly up to 180 kW as shown
in Figure 17. After the HRR peaked, at approximately 11 min-
utes, it drops off slightly and rises again indicating addi-
tional combustion. The fire then slowly burns down. Based

on  the temperature. measurements in c¢abinet A, TC 37, the

results of ST #10, and the HRR, it appears that oxygen depri-
vation. was beginning to :occur..in the cabinet due to the

‘limited ventilation provided by the ventilation grills and

closed doors resulting in the steady burn rate of 150 to

160 XW. However, because. there was no oxygen probe in the
cabinet, thisg cannot be confirmed. Based on the total heat

released, also shown in Figure 17, it appears that ~47 per-
cent of the total potential heat content of the fuel load was
released. The fire growth rate during the first 11 minutes

‘of the test was ~20 kW/min or 0.33 kW/sec and was steady

as shown by the curve of the total heat released. A posttest
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inspec11on o£ the cablnec in situ £ue1 revealed that all the.
cables on the right-hand side of the cablnet were- combusted,
as shown in Figure 15, . However, the cables .on the left-hand
side of the cabinet. were only partially. combusted. The total
-we1ght loss was 18.63 kg (41 1bs) (thls includes the 1gn1t10n
source fuels), .which 1is ;73.5 percenc of the available fuel.
The. maximum weight loss rare during the test was ~0.91 kg/min ...
N € lbs/mzn) - The total heat released does not appear to be..:
7 consistent with the total mass -lost. An_ explanation for: °
» .- ... this nconsxstency is that the heat- d? combustlon value used -
T™—.. .to calculate the fueli loading was the cOtal heat .0f
T combustion [13) and typically a cable fire burns at about
WL 50 pexcent eff1c1ency ; . )
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«Figure 17.  Heat.Release %ate and Total--Heat Released From -~

TTee BCT #L Tr o P e e

) ; :
PCT #1 showed that a. cablnet fire with: unqua11f1ed cable as-
the in situ- fuél can. propagate in a vert1cal cabinet with
.cloaed doors and ventilation grllls' yet thete is the poten-
“tial- for. oxygen depr1vat10n occurring in the cabinet due to’
ithe 11m1ts on ventilation. None of the seven meters or-
;~sw1tches exper1enced short term damage (except those. in the
) 'burnlng tabinet), and. the iresults of the inspection of these:
\bomponents is dlscussed in: Jacobus' report.[15)] Furthermore,
although the thermal-envitonment in the enclosure and adJaﬁ_.
cernt cabinets ‘was- not severe enough to result in aut01gn1t10n
7. 'of the cables or: components. the environment in the éncélosure
. was severe from a habitability standp01nt. due to -the smoke
which obscured vision within 11 m1nutes after Jgnltlon. .
5 36— -

P



. A8 a result of dxscussion with NRC, the fuel loading.amount"
" in the. cabinet was changed in PCT #2 as shown in Table 4.
"This test was conducted with unqualified cable, and open
doors provided cabinet ventilation, and the standard tran-
sient ignition source was employed in igniting the cabinet
fire. Open cabinet doors are a legitimate configuration
because in many real applications the cabinets contain no-

test variables and ‘a timellne showing the highlights of the

-test, 1.05 x 106 kJ (1.0 x 106 Btu), shdwn in Figure 19a, was.
“used because the fuel loading .in PCT #1 still appeared to be
too small based on:-pictures of real cabinets from operating-
.. Pplants. . Eight switches and meters were also included in
this test to investigate the effects of the fire on them..
-In addition,- cable bundles were placed in the adjacent and-uz
remote cablnets.. . o T _ PR ;“ “'

K\

s The f1re in th1s test developed very qu1ck1y as is shown in‘ﬂ
h=:F’1gures 18 ‘and 19.. - In fact, by nine minutes after ignition.
“as” shown in F1gure 19b, . the entire right-hand side of the
"_rfcab1net was burning. It is obvious from the plots of the

... cabinet " temperatures, F;gure 20, that the fire developed
.. quicker and was much more severe than PCT #l1. The thermo- -
- .couple placément was different in this test (PCT #2) as com-
pared to PCT #1:; therefore, the thermocouple numbers are not:

center of cabinet A, with temperatures fTélng very rapidly
"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-

adJacent cabinet wall temperature (inside cabinet C). The
.wall tempecrature 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 environment in
the _enclésure, as measured by TC 47, 'was much higher than in

- ignition. The enclosure temperature stayed -above 150°C for"’

~7 minutes.._ fd , ! .
- The HRR plot shown 1n F1gure 21 prov1des a ‘'good indication

u:of how qu1ck1y the fire developed in PCT #2. Within 7 min-—
‘utes ' the HRR rose. from 100 kW to almost 1000 kW, a rate’
‘growth of-'128 kW/minute br 2.13 kW/sec, which 'is’ substan-
-tidlly higher than that experlenced in: PCT #1. 1In 1looking

»0CCUrLs almost - 51mu1taneouely with the peak HRR, and the peak.

. doors--at. all. In Figure 18, a complete description of the ' . R

test are_ provided. The larger fuel load wused in this'oz.._V

the same.- Thermocouple 24 shows the air temperature in the.ﬁlﬁ

“‘which--does. not appear severe enough to result in melting the Dk

7 . ture measurement in_the cable bundle in the adjacent ¢cabinet . - 7 uifi
.. .Twas- lost; although, “TC .22 gives an indication of the inside. =%,

. PCT #1, and reached a peak of 182°C at 12 minutes - ‘after.- .

\egaln .at .Figuré.20,:-the- ‘peak temperature in .the cabinet-A -~

'enclosure temperature laga a couple minutes:  behind._the peak .




ETEST# PCT#2.")
B CABINET TYPE AND snze-
CABINET VENTILATION METHOD ! DOORS OPEN, TWO OPENING

CABLE TYPE: UNQUALIFIED CABLE (PE/PVC) ; ;- g

VERTICAL 091x151 x229m\dxax:

o .. INSITU FUEL LOADING: 1.054 x 105 kJ (.99 x 105 Btu) P DA o
j . 70,260 kJ/112 (66,600 Btu/ft2) ' oo L

o o IGNl'i'lON SOURCE: PLASTlC/BUCKET BOX' KIMWIPES, 09461 ACETONE o L
Do LT T L 72220 kJ (68,450 Btu). 5 cor UL i

v
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- . HRR. - A total of B8.39 x 105 XJ of ‘heat was released as-
jffﬁu - shown in Figure 21, and all the cables in cabinet A appeared.
fio.... > -to - have -burned. .. Based on the total heat release plot,
approximately 79. ¢ percent of the.potential heat available ;
-in_ the..fuel ‘load actually combusted. A total of 25.5 kg
/(56 1bs)-of cable insulation (including the ignition source)
i Was burned, representing ~73.5 percent of the cable. insu- ..
.ﬁ?lation weight, The maximum burn rate . was 0.805 kg/min- -
'q'(l 77 lb/mln) whxch ‘is-lower than that experienced in PCT M1,
““These numbers are  inconsistent because PCT #2 had -a higher
- peak HRR and a lower mass loss rate. One possihle explana-3
o tion is that the burning cabinet tilted against one of the
“.f+*  adjacent cabinets’ during the fire,. thus offsetting the load—-
cell reading and resulting in bad mass loss data, ‘In any..
. c¢ase,. the maximum : weight loss calculated using - the HRR and
..... total heat.of combustion value is 1.93 kg/min (4.24 1b/min).

. Since the mass 'losé 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.
it does appear that - PCT #2 had a higher efficiency.of burning -
than PCT #1 since a greater percentage of the potential heat-uw
of - combustion. was -apparently released. Monitoring of the -
combustjon gases showed. peak readings for CO,, CO, and hydro-
carbons ;0f '2.28 percent, 10,689 ppm, and. 10,400 ppm respec~
tlvely All these . combustion gases-_peaked .at approximately
-the same time, ~11, mlnutes after 1gn1tfon. ' .

The large dlfference 1n burnlng rate between PCT #2 - and
"PCT-#1 was a.result_ of .both the increase in the fuel loading,
"~30 percent, and also because of the increased ventilation in.
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... &
“-rmeasured (¢.g.. i BRR, temperature. etc.)., except for weiqht:"---’-_'~
. losg’. data, “were .significantly” highet in. PCT #2, than in "

previous tests. - In addi'tion, the oxygen level in the room -~
was' down to ~15.5 petcent . 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 ig where
* the ventilation inlets - are located. The. omoke began to-
“~ obscure the view of the -cabiriets. within nine minutes after -
ignition of the. f1re. consequently, nothing could be seen in
~ the enclosure. @ Based on -the temperature teadings in- the
.enclosure, it does not appear that there was any butning
outside the cabinet or in’ the "hot layer . .
I L

. Vldeo recordings and datd from the . thermocouples located in
;'»-cabinet A, the bufning. cabinet,. indicate _that the fire.
.idevelopment - progressed as showh' in. Figure. 22. FPirst, the
. right-hand side of the cabinet, where the ignition source
7_was started, burned. Next, -the fire burned across the

i -41-
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L tiqht hand side. and iqnlted cablea on the top part of the
left-hand side of the cabinet., The fire then spread across-
“trom the right-hand side ana progressed down the left-hand’
: .8ide. - The reason the.left-hand side started burning from the..:
i ;.-:, top down was because hot combustion gases from the tlght hand |
RCT side were forced.over to the top of the left-hand side by the
LUT-.door soffit. There was no burning ,or damage "to the. cable
- bundles--located in adjacent cabinets B and C. - Thtee compo-

-nents, . located in:the enclosure and adjacent cablnets, were
... powered and monitored throughout the test.  All" components“”
- "performed as designed” (the component  highest .up was 1.83 m.
3.0 [6 £t] up rand 3.05'm (10 ft] away from the burning cabinet
<k and saw..a peak. temperature ‘of 90°C). The. results of the
component evaluation are described by Jacobus [15] I Lo
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PCT #2- demonstrated that for:a vertical cabinec with. open
doors and with an in situ fuel loading of unqualified cab1e~
that appears similar to real fuel loadings in nuclear -power -
- plants, "the. fire will develop and spread rapidly throughout
'n;the burninq cabinet. S
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However. even a fire as large as this did not have a signiti-
cant thermal effect (i.e. temperature rise:that could result™
..in melting of cables or components) on the adjacent cabinets.
“in-the configuration tested. 1t should be noted that in this’
“test ' each cabinet had a side wall which means there was a
‘ double wall between cabinet interiors. In some plant appli—.;?
.M'Mf 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- - .
:h enough to have caused melting of some plastics and the smoke-
~concentration in the enclosure was very dense throughout the

test. - v i : .

T T Although previous Scoping Tests (i.e.., ST #6 through 9) had~™
B dlready 'shown that a fire .in qualified cable in a. vertical
... ..cabinet would not spread, PCT #3 was conducted to determine ~ "
i B what effect a larger fuel loading of qualified cable in.a
- vertical. cabinet would have “on ignition and propagation of a
“fire.:. This. test was conducted with open:icabinet doors and
“with an - in situ fuel: loading of ~1.051 x 106 kJ' (1.0 x
‘106thu)' as -shown in: Table 4. In Figure 23, "a complete
description” of the “'variables used‘ in PCT. #3 as well as a
_~t1me11ne providing ‘the hlghlights that occurred during 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-«a
.. ing because the qualified cable bundles were heavier. Also,'..
... many .of the cable.bundles that were :run from. the right-hand
‘1~5551de .of the .cabinet toi the left-hand side were run diago- .o
-nally upward to enhance:the likelihood of the fire to propa- . - .-
gate up the cables- and spread 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;. T
 the diagonal cables almost burned over to the left-hand side §§_ .

of the cabinet.:_

The resulting temperatuﬂes produced by the fire in the burn--.m
" "ing cabinet, "the ;enclobure,  and-—in .adjacent cabinets are! =
% - 'shown -in Figure 25. These thermocouple locations are the '
HESEEA “f“- same as those used in PCT #2. In' comparing these ‘thermo- RNty
N .couple readings . .to:PCT #2 they are substantially lower. - Even S
‘the burning cabinet air temperature, TC #27,:-only had a maxi- ~ !
mum temperature of 217°C. The other temperatures monitored
by TCs 82,. 85, and 47, indicate that there was not a threat - -
of autoignition or :damagé to cables or components in adjacent’““”
. cabinets or in the enclosure.. The HRR, Figure 26, for'.PCT #3=:1 - *
trehows ‘that the tire only produced a peak heat release. rate of o
56 kKW, which is lower than was experienced in any of the pre- .
"vious “Scoping Tests with. qualified cable.-, The total heat -
vreleased was only 0.65 x 105 kJ (0.61 x 105 Btu) which is
1'slight1y less than that released by the ignition source in




CERL E CABINETTYPE Ario'éze VERTICAL CABINET, 3.5
CABINET VENTILATION METHOD: DOORS OPEN, TWO OPENINGS 0.5'1‘ x 2133 m (2 x7 m C AT
LT ;'CABLE TYPE: IEEE-383 OUAUFIED CARLE (XPE/XPE) R S NN ."' ) z’ ‘
: . IN SITU FUEL LOAD!NG. '1.056 x 106 kJ (1.001 x 108 Btu) -+ o | BRI

.. 757,779 k3/m? (70,420 atumz) ' =1,§. =

4

PLASTIC BUCKET, BOX KIMWIPES, 0. 946 1 ACETONE

RS R c;m-nonsounce.
. o 72220 kJ (68 450 Btu) -
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creen1ng Test HS wh1ch was certaxnly unexpected., ‘Oone~possil
Ble - explanation for ‘the unreasonably low HRR values is that
a valve used in the ‘calibration process for the gas analyzer
may have been left partially open allowing ambient air to mix -/

rand hence lower HRR levels measured than those actually en-
" countered. However,' a posttest calibration_of the gas analy- .
.zer revealed no problems. Aside from .the fact that there _°
was a possible malfunction, the fire 3id not propagate. The
-weight loss data shows that 10.45 kg (23 1bs. ) of cable insu-

#, 7 - showed that.fost of the cables on the right-hand side of  the -
i, . cabinet .were burned.. However, none of. the cables on the
T ~left-hand -side were burned although some of:the cables near
..~ the top of the cabinet were smoke damaged, as shown in Fig--
- "s-ure 24d. Based on the weight loss data 14.6 percent of the
" cable. 1nsu1atlon was combusted which should correspond to-
. 3.24 x 105°kJ (3.07 x 105_Btu) of fuel assuming complete

combustion.

L]

~Preliminary Cabinet Test #3 again showed that a cabinet fire’
"in a vertical cabinet with qualified cable has little poten-
tial to propagate and spread throughout a ‘single vertical
.cabinet. . This is ‘not to say that the fire would not spread
.. given a "crltlcal" ignition source and in situ fuel configu-

jratzon. " However, with the in situ fuel and configuratxons=
ﬂtested. a fire in a vertical cabinet with qualified cable .is

‘not 11ke1y ‘to_propagate or result in damage to .cable compo-
nents or equ1pment outside the .cabinet . as a result of the"
-thermal- envitonment. - It should be noted, however, as de-
“scribed.in the timeline,. the smoke became very thick within. .
‘10 minutes - after ignition. of the cables, showing.. that even

result in ‘problems with habltabllxty in the enclosure or .
equlpment smoke damage. i = - R
.PCT #4" was conducted ‘because of the concern about high tem-.
peratures experienced .in the encléosure and adjacent cabinet
air and.walls during’ thei large :fire in PCT. #2 (1000 kW) and
. the effect.an even larger cabinet fire might have on the
- thermal environments. S1nce it was impractical (and unreal-
istic) to put twice as many cables in a cabinet, Pre11m1nary :
- Cabinet Test #4 was conducted using- a- heptarie pool in a cabi-=
.net to achieve-a desired HRR. The purpose of PCT #4 was to
' produce -a- cabinet fire uging a heptane pool in a cabinet
A--that resulted .in an ~2000 kW' fire, and to investigate the-.
_temperature- excursions in;the enclosure: and -adjacent -cabi- -~
“nets. Three tests were condueted usind\heptane pool. fires
"in cabinets to 1nvestigate the thermal. effects of large ‘cabi-
.net .fires, : These ‘tests were designated PCT #4A, PCT #4B,'
‘and PCT #40.. :The reacson for three tests was because it took
'three tests " to produce the desired HRR. In all the .tests

in:the prévious tests (PCT #2 and #3) was used.‘:
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with the stack. sample. This would result in higher oxygen ... -

“latiom~.was burned and ‘a .visual inspection'after the test .

T 1f the fire does. not become large and propagate, it could-: ”:

with the heptane pools, the same cabinet. configuration used.~}”_)




PCT #6A,.-in which'. 37.85 & (10" qal) of heptane ,was burned in.
two pans.with - a total area of 0.58 m2 (6.2.ft2), produced a

.:doors 'and high temperatures in the enclosure and adjacent
“cabinetg: - However, as the HRR shows in FPigure 27, a peak HRR'
~of only 750 XW was reached. In PCT #4B 56.78 % (15 gal) of
heptane in two pans with a total area of 0.93 mZ (10 £t2) was
burred. .This test did not yield any useful data because the
aexplosion relief. doors of the burn enclosure activated due
: to.the large initial pressure spike when the fire was ignit-
“ed. PCT #AC was the same configuration as :PCT-H4B_but with

" atures in and on the adjacent cabinet that were significantly:
hzgher than any tests with cable-as the in situ fuel source.

essentially at flame tempetature.-
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. appears that the heptane. pool -fires burn more 1ntense1y than
..cabinet fires with cable, in that even in the smaller (based
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* very intense fire .with large flames shooting out the cabinet'

- the ‘relief. doors strengthened. The HRR in this test reached o
~1900 kW ‘and is shown in Figure 27. This resulted in temper- . ::

8 5 - 15. 28 - 25 3@

- on HRR)_EQT ﬁdh._the temperatures in’ the adjacent cabinets .

T 'iu Adjicent . cabinet. xemperatutes from PCT #4C, "Pigure- 28, show.[ﬁu.-
. - 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 -

. Basm! on a comparison of PCT #4A, ‘.PCT #AC,- and PCT ﬂZF it e
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and enclosure were 'siqniticantly hiqher, than in PCT 2. -
“This is shown in Figures 29 and 30,. -which; compare the adja-"
- . cent cabinet wall and ajir temperatures. for the three tests, .~

_-higher ad;acent cabinet temperatures because of the radiant o
heat : : .

-

508 - , = .
TC 88~ CAB.B, CENTER RIR| -’

[ 1¢ 22- crn.c, Insxnz HaL -
TC 83~ CAB.C, CENTER.AIR |:

. "L TC 47~ ENCLOSURE AIR,
3,508 3.35 mUP.

400
380

280

TEMPERATURE (C) ¥ -

.Yaa

14 LML l..].l lllll.lllll.l-l l‘lTl'*l'

e

TTiME (MIN)

Figure-28. Adjacent Cab1net and Enclosure Temperatures tor
' ' PCT HﬂC .
..The following conclusions are based on the pool fire tesb
‘results and an analysis ,of the test results: (a) pool- fires "
.. in~cabinets’ and cable fires in cabinets burn significazntly ..
;.different, (b) based onithe data and heat! transfer calcula- ..
“tions, it appears that the heat tranefer mechanisms. to adja-- .°
‘cent cabinets are dominated -by radiation: from the cabinet. - -
:walls, . (c) .it -appears that a single. cabinet alone, will. most’ . :
.. '11Xely burn differéntly than a cabinet with .adjacent cabinetg -~ -
~.due to the- heat transfer mechanisms, and ‘(d) calculatiors
:.. using the test-data ‘showed that cablnets 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 pog-..-
sibly in the adjacent cabinet alr that could lead to melting R

cabinet fires:do not develop.and burn the same, these tests . ::
-have - shown that single adjacent cabinet walls can result in‘r-"
thermail problems in adjacent cabinets. ) . :

]

- Apparently, the larger flames in the pool-fire result in the'&fiﬁ?

or-_autoignition of combustibles.- Although _the “paol . and_,;.”_g-i
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5 3 2 Tests in Benchboatd Cabinets - R L

A total of two cabinet fire tests in- benchboard cabinets were-
- conducted as shown. in Table 4.. .These two. tests, oné each
-with qualified cable and,unqualified cable were conducted tod
:.investigate the way.a flre in a benchboard cabinet would.
develop,. A summary of the results from these tests are shown"

Tin Table'G.. SR |--3

et

i .

; Table 6

Summary of Regults From the Benchboard . ' --'}
Cablnet Tests Lo

- .

S e . <.
LT )

-t . ' . .
.... i N . :‘..-'. .. Test * ‘ i 5 =~ ‘\.‘.\ ' .. 6
L In S1tu Fuel Type ff , 'f uQ : ' QL o
‘ -f]eeak unn'(kW) S e L 215 - o
: ‘peak .. ...  Hoom - 210 - L ET 11 5
: ‘- Temperatures Adjacent I S 7.
- @(°C) vy o cabimet U7 100 <. . T a5
‘Burn Duration (min) " . 20 . i 135
;obeervations - ' Propagatlon of Propagation 1.22 m up.
©«. - thé fire, "~ obscuration at .
- ~ obgcuration at 11 min

.9 min . —
. o N

.

(eSS e S

Pre11m1nary Cabinet Test #5 (PCT #5) was, conducted with
T unqualified cable as the. fuel with a loading; of ~1.5 x 106 kJ°
.,r(l 42 x 105 Btu). “A-complete description of the test vari-
~i'ables ‘and a.timeline show1ng the. highlights 6f the tests are
_.provided in Figure .31.. "A significantly larger fuel load
“than that used in previous.tests was used 1n PCT #5 because
the floor..area of the benchboard cabinets was approximately

g

gequently, the fuel: loading was --increased. so that the fuel

-G'.f'g 'PCT-#2 and #3.. The different cabinet geometry resulted-in a

S . higher percentage of cables located near the .ignition source,;
o ..as can be seen in Figure 32a. It should also be noted that,
although it cannot be seen in Figure 32a, a-large amount of -

51— - SR

—_——— .

“50..percent- higher..than ‘that in the vertical cabinets. Con- [ .7

- loading per cabinet’.floor area was the same as .that used in R

:7 fuel was loaded under the bench. A difterent manufacturer's T
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CABINET TYPE AND SlZE. BENCHBOARD CABINET 1. 22 X 1 8’2 x2.44m (4 X 5 X 8 ﬂ) . iz
CABINETVENTILATION METHOD' ONE BOTTOM FRO"JTGRILL OPEN BACK DOOR Y, . |
CABLE TYPE. UNQUALIFIED CABLE (PE/PVC) Cee 1 o O : ,

INSITUFUELLOADING 1519x106k.1(144x1osetu) S L _ T
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-this- test because the supply of the previous unqualified

3prov1ded ventilation to .the cabinet. -“The:. photographs in
" Figure 32 were taken through the open back ‘cabinet door.

electrical initiation apparatus described in Section 2.2.

. Ignitlon of the fire ‘occurred 15.33 minutes after the elec-
-trical initiation apparatus was turned on and occurred at a

',1n which plots of the data arc¢ shown iriclude the 15.33 min-
‘utes " prior. to ignition : of the cables.. Figure 32 shows -a

‘taken 10.7 minutes after ignition- (26.3 minutes after test

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

T -
; ’which the pictures were ‘taken, the .smoke .obscured the view.. :
..of the cabinets from the front within 9 minutes after the'

1gn1tion of the fuel. .; ‘ , R

In oxder to 111ustrate the resulting thermal . environment
- that was produced by -theé the fire, a number of plots of -the
. temperature in the burnihg cabinet, cabinet A,. are shown in
- . Figure 33. These thermocouples, 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

-net, resvlting in higher temperatures. ~This '"hot layer" was

AR 4& ~1.22 m (4 ft) deep at the time of maximum: HRR.. It.-appears f:;-#fn
-that. there was burning -in the top part. of the cabinet and = G,
"flames .outside the -cabinet were visible. in some 6f the video
. replay; however, this observation is not conclusive because.

the temperatures of the combustion gases coming out of the

“two:“cabinets were over . 400°C. Also the adjacent cabinet
center air ‘temperature peaked at 100°C 30 minutes after the

;:env1ronment in the enclosure as monitored. by TC 47 shows peak

’zfire. whith was when. the fire was burning most intensely.

i

- R

(although the same comp051t10n. PE)PVé) cable. was'used"in5:

cable was exhausted. Asican-be seen in the photograph in.
‘'Figure 32,-a front ventilat1on grill and an open back door -

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

(2. 4, and 6 ft) above the floor, respect1Ve1y.. As expected.

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

.photographic sequence of this test, Figure 32b was takern at - e
~ﬁ16 ‘minutes ‘after ignition (19.6 minutes after the electri--
.cal initiation device ' was turned. on), - and Figure 32c was.

?fatart). Although the photographs do not show it'BecaUSe of . =

.. pattern in ‘the -cabinet ‘and, because the soffit of the cabinet m;5”~f g
“--door ‘which” results in a. "hot layer"_in\the top of the cabi-._nf

.‘cabinet -are so 'high, The temperatures inside and on the.

-walls of cabinet B and -the-enclosure temperatdre -are shown;
~in./ Figure 34. The _adjacent . cabinet wall temperatures :.
i(inside) -reached almost 300°C while temperatures .between .the -

~“gtart.of the test (15 minutes after ignition). The thermal -
“‘temperatures of 235°C’'at 12 minutes. after ignition of the -
. The - HRR for PCT #5 is shown in Figure '35 along - ‘with a plot,r7:"'

of the total heat released. This figure shows.a peak HRR of L
784 kWs. The HRR: c11mbed very quickly up to- ‘the peak and' R
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j PCT #s

‘then dropped off QUICKIY. indicatino that:tne'fire'burned
‘mass.-data’ was lost durinq this test  due to overheating- of

ztho load cells. Consequently, the mass loss.rate and total
mass ‘lost--are not known.' Howéver, using the HRR--to..calcu-

7.4 x.105 kJ*(6.066 x.105 Btu) which is less than.50 percent

"of - combustioh is less than was ‘experienced for all ‘the other
tests with unqualiflea cable which appears 6dd because of

appeared to have burned.. At approx1mate1y the same time-as

6000 ppm and’ o 7 percent by volume. respectively...;_‘; _;;v

| THR' (KT

S SR

Heat - Release Rate andg.’ Total Heat Released From c

the HRR-and . temperatures peaked out in the test, 30 minutes .. -..
‘». .after the*-start, the combustion gases also reached a maxi- . &in
. -mum, with values.for hydrocarbons, CO\\gnd COz of 6000 = m, -

"; It is difficult to determine what effects each of the changes | e e
in the setup (e q., cabinet style. ignition source,  fuel .’

RN

<very 1ntense1y Eor i a..short duration.  Unfortunately, thel55~3

‘late the peak mass 1loss rate..a peak mass loss rate of ap- .- %
proxzmately 1.52 kg/min (0.6891 1b/min). occurred. - The fire. ::%i
- growth rate during the first 10 minutes after-:ignition. wag “#
'71 9 _kW/min,: which is 1lower..than -that observed in -PCT #2," .7i%.2
The-’total heat released during this test .baséd on HRR .is -~

of .the fuel's potential Jheat of combustion. This percentage. - AN

the intense burn1ng and. because a posttest .inspection,. as-ifhfi“”
‘shown in- Figure '33d, srevealed that all the ctable. insulation.




' i< Figure 36. . The fire ‘spread from the - ignition source (just ---

- - RS

- (as compared to PCT #2). théllﬁber"than'usual percentage of

. ‘fuel “combusted, and the short burn duration. However, the ...
' cabinet -style had -a significant effect because of the. ventia- oo
~-lation flow path (ventilation from both the front.and back).ilys
.-.the larger. total amount of fuel in the ¢abinet and near the’ R
“jgnition source, and the coffit over the back dcoor, which . =%
Zkept™the hot combustion gases in the cabinet. Rathepnthan.gﬁf
the - "hot.-layer” in the cabinet enhancing combustion in the ¢
c¢abinet., -because of higher temperatures. {t appears.that  § A
‘Iimited combustion due to a lack of oxygen, resulting -in a i
Idker,gmqunt-bf total heat released. The ignition source’
seemed to have 1ittle effect 1in changing the way the fire
developed; jt still ignited’ and propagated quickly as ic .
~would have with the transient .ignition source.. However,.with '~
the electrical ignition:source there was a lengthy heat up. "
_period, and smoke was visible. for approximately four minutes.
;.pefqre:ignition; A e Co

—

.-.". The manner in which the fire in PCT #5 burned is shown in
- behind the: ench) upwarad into the cables in the top part of
the -cabinet first, probably because of the. hot combustion .-

. gases. ‘Temperature measurements show that the top four teet.J;;"f

e of the cabinet vere-: above autoignitionﬂ,témperatu:e- for-a<~.fz
L ~unqualified cable {16] and some of the cables in the upper ~
g AL parts. of the cabinet. probably did autoignite.
R — et
Yool TUTEOT DT | SN
‘ s -_.:.__;., . ". oo : ; ' - : i . . /1 -
g S A oLl - : :
.. " - i . . . H

"Flgure, 36. -Burn Pattern for PCT K5
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C famduntgfand'nonfiguraflon)‘had“infcausinq-the different HRR : -l
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The thermal environment-in the top of the enclosure and in-
the adjacent cabinets was severe enough to cause melting in :
' 'some plastics. . -However, the one component that did fail in i
"this test failed as a result of a large deposit of soot, ‘not
“melting.[i5)  In addition, cable bundles 1located in the
adjacent cabinet and cthe outside—of the barriers (whicl: -
...experienced: temperatures of >300°C) dld~8h0w signs of melt-_ i
-.ing, although there were no signs of possible autoignition’ .
- in the cables. :The cables were checked after the test, and. . ¢
although the insulators .,had melted together, there was no :
shorting of-. the conductors. .This test demonstrated that a.
fire with unqualified cable in the configuration tested in a_:
:-benchboard-style cabinet .could be ignited with an electrical’:
-1gnit10n source and propagate quickly throughout a cabinet. i
Furthermore.-the fire can result in a severe (€.q., thermal«...i
..and, smoky) "environment .ih. the.:encldsure and adjacent cab1<1”-f
neis that could cause addit10na1 problems.
b S
_‘Evon though previous tests (ST #6 through 9 and PCT #3): had .
ﬁgdenonstrated ‘that qualified cable (XPE/XPE) in a vertical .
.. cabinet would not propagate a fire, PCT #6 was conducted to
“: investigate if a different type of qualified cable (HYP/XPE) e
’.-—would propagate a fire in a benchboard cabinet. The standard:--: '
- 'trénsient ignition source -described in Section 2.2 was used !
,aleng  with 1.57 x 106 kJ° (1.49 x 106 Btu) of in situ fuel -
The test setup was very similar to PCT- #5, although :'a .. =)
-different. number. of cable ‘bundleés were used because of the.uf
~-different cable we1ghts.| A complete description of PCT #6 ..
.,and a timeline describing the highlights of the test are .
“Nglven in Figure 37 A picture of the fuel loading is shown
in Figure 38a; as with PTC #5, ..the pictures were taken from
the back of the cabinet.. . : : : .
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The photographic sequence of the test is "also shown in
F;gure 3eb and ¢, .taken-at 12 and 51 minutes, respectively. SN
-Smoke-'began to obscure ‘the .wview: of- the. cabinets from the.
front of .the enclosure. within 30 minutes after ignition. - In:_ ‘¢
"Figure 39, plots of air .temperature measurements taken in T
cabinet A,- the burning cab1net are provided for TCs 17, 89, .
.90, and 91, which were located on the inside.ceiling, and at = 7,
";' 0. 61, 1.,22,-.and 1.83 m (2, 4, and- 6 ft)- from the floor,.

: respectlvely. It is. obvious from the plots that the upper’

part of the cabinet i hotter, due to the .rising hot combus--

- X

: “tion : ‘gases that are kept. in by the’ door soffit. - However,: :
! the temperatures were .not as high as those experlenced in. - %
SPCT. #5 (seé. Figure 33).. ‘although ; the temperatures, . in

,PCT #6, at the ceiling- ' (this was not shown in-Figqure 33) and, R

183 m (6 ft) up .were almost as high (TC 91, 700°C) It was .

.not obvious :from: the video if there was burning in the ‘top ~

part of the cab1net"1t appears that the temperatures were

" high enough to aid: the fire in .spreading by heating ‘the:. -

*-...cables in the- top part’ of the cab1net and possibly . causing C ot
-autoign1tion.p Flgure 38d shows the cab1net after--the fire, ' - =
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I TEST#' PCT#G ;

' CABINET TYPE AND SIZE:. BENCHBOARD CABINET 1. 22x1 82x244m(4x6x8ﬂ)
BTN CABINETVENTILATION METHOD: . 'ONEBOTTOMFRONTGRILL OPENBAC&DOOR :
LT e CABLE TYPE., IEEE 383 QUALIFIED CABLE (HYP/XPE) o I SR R
R L : b o T =
Tl e U INSITU FUEL LOADING 1551 105k (1470 x 105Bt) = =, - R
CL R IR T e S 1 726X 109ky/m? (6.390 x 105 Btu/tt2) S
o IGNITIONSOURCE " PLASTIC BUCKET, BOX KIMWIPES, 09462 ACETONE, = =~ - .
L o , 72220kJ(684508tu) R B = ol
5
(3,3
0.
t
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Figdre 36;

t PCT #6

Sequencec o
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| : . .~ TC 17~ CAB. A, CEILING _ o

A _ f\ . . TC 88~ cAB. A AIR, .61m UP kS

A l | T TC 98~ CAB. A AIR, 1.22m UP I
seal- . -/ MNAp ' TC 91- CAB. A AIR, -1.83m UP

. TEMPERATURE (CY' -

TIME (MIN)

et Fiqure '39. Températures in Cabinet;AJ-the'Burning Cabinet

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

r-.-.,_

,Plots of ‘the - temperatures inside the- adJacent cabinet and
,--eaclosure are shown .in Figure 40. It is interesting to note
... that TCs 19 and 20, 1.22 m (4 ft) and 1.83 m (6 f£ft), respec=-
. tively. on the ins1de of the adjacent cabinet wall have the
e same. pattern as the. air temperatures in cabinet A, indicat- S
; 1ng there was llttle burn1ng 1n the lower part of cabinet-A., . ..

‘-~...

. “the start of this test was 15°C). while the peak enclosure
". air temperature was 35°C o : B

-~ -The HRR as calculated u51ng oxygen- consumptlon calorlmetry.-
"shown in’ Figure 41, reached a peak of 215 kW at 15 minutes
.after “ignition. This - HRR. is significantly higher than that.’
indny other qualified ¢able cabinet fire because the fire -
spread throughout the top part of the-cabinet,- The total LT
;heat released is‘also shown in Figure 41, with a“total of % :
£2738 %105 'k3- (2.25.x 105 Btu) of --heat released.. This :
:.is only 15 _percent of the calculated total fuel potential :
- ‘heat of~ combustion, : whilé the mass loss data. showed that
- 28. 94_kg (63.67-1bs) of, the total of -53.28 kg . (117 22‘1bs)
" of fuel were .combusted, which is 54.3 percent of the fuel.,
The reason for the .diserepancy _could - be that . the heat of:#:
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combustion values. selected to calculate the in:situ fuel -
gloadxng were too high. in which case the fuel loadinq in the
¢ The. measure-

sTh1s ‘test demonstrated that for this type of quallfied cable
in ‘the test con£1gurat10n. a fire can spread throughout a
"“‘34ingle- benchboatd cabinet: although .the adjacent cabinets .
and the enclosure were not threatened by the fire. except
for the smoke. . o s R eyt

3.3, 3‘"Summary of Results
Ry - . ) .
A total of s1x Pre11m1nary 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
effect on adjacent cabinets and the enclosure. A summary of
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 fires:iwere 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 1n1t1at10n apparatus
s "showed that a. cabinet containing unquahfied cable could -be
i ignited by electrical overheating of .a cable.,. In PCT #2 and’
I 3.#5. the ‘enclosure temperatures were high -enough to cause
- damage to cables or’ components located near . the ce111ng. Pl
while it appears. temperatures in the adjacent cabinets were : -
. never: hlgh enough to cause problems.  1In all the-tests, smoke
=bu1ldup in the enclosure was an obvious problem.: A d1scusﬂ
. sion.and_.interpretation.of the cabinet flre test- results 1s
?prOV1ded -in the followlng sectiof. —
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ZH_INTERPRETATION OF TEST RESULTS

;4'1 Ignition of a Cabxnet Flre

As ‘stated’ at ‘the begxnnxng of this report, it was not the
:goal of the test program to evaluate if.the ignition sourceS'”
-'chosen to be used in the test program were credlble. although™
through surveys and background studies, .they are as_credible -
as. possible.  Rather, it was to. 1nvestigate if the-selected’ e
K agnltionwsources were . capable of 1gn1t1ng A cab1net fire, . .". :
. In this‘'test program. only .one transient' and one electrical . 7"
-~ignition source were. tested The three series of _tests, ;
;;Screenlng, Scoping, “ahd: 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., Other test variables do not appear to play a siqnifi--

: cant part.d R BRI )
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-The transient 1gnition source fuel tested “wag capable ot
7 igniting either type of in situ fuel,: qualltled or unquali-
© fled cable: however, a ‘"critical. (i.e..,” "2 combination.of.
- parameters that makes up -a- configuration that will burn)i
. .in situ. fuel geometry was necessary.to ignite and .propagate
'the fire in . the.cable bundle (ST W4 and 5). .Furthermore, it
-:=appears that-a-critical ignition source amount i3 necessary,
“especially when igniting qualified cable. "A slightly smaller
J~translent 1gnition\§ource was not sufficient to ignite and "%
. propagate -a fire in the. qualified cable (ST #1, 2, and 3)..5»
-7 although it . probably would have been aufficient to ignite
Lo unqualitied ‘cable. o )

- X
i

Theuelectrical 1gnition source employed in these tests was
: L’only used' to. ignite a fire in-unqualified.cable, PCT #5. It
. . ~: has been tested with qualeled cable and appears capable- of
2+~ {gniting and propagating fire in. qualified cable.[10] -
' ‘However, the capability of the electrical ignition source to- Q.;,._,
- ignite and .propagate a cable fire in an actual test has not 7%
. been demonstrated. .The :arrangement of the electrical- igni- -
gu.tion ‘apparatus, as well the geometry. of the in situ fuel
‘. were : found critical to the ability of ..the electrical
' 1gn1tion source to 1gn1te and propagate a fxre. .oy
Needless to-say. the locatxon of the 1gnit10n source _is
crit1ca1 ‘to the 1gn1t1on of a fire as it must be near the
in’ situ fuel and impinge .upon the fuel for long. enough to
~"allow the fire-to propagate. In these tests the “ignition.
"jsources ‘'were placed in a corner or along a wall, which make -
“the fire more intense -(corner effects) than it would if_ it‘..
‘'was in the. center of a cab1net R .&ﬁ . o
'The " second important ‘'variable in the-ignitibn'of“a cabinet .
<fire ‘is the in situ fuel:' type. In this test program  all
in situ fuels were represented by cable insulation, primar-
ily because .cables make up the bulk of the :in situ .fuels’
" - Three types of cable were tested, two qualified: an .XRE/XPE . ...
"‘and . an .HYP/XPE, -and: one |‘unqualified PE/PVC. These ‘tests f”
(and- other previous'; tests [(17]) have shown that qualified.:
cable is difficult to ignite and keep burning even under the
... -optimal - burning conditions. Direct flame impingement for a .
" relatively long ‘duration (ten minutes) is necessary to ignite ;
~-and propagate a fire'in qualified cable, while unqualified
cable is relatively éasily ignited and will propagate a tlre.

.o [ .
[N R AN -
RS TP ARENY S i

“In situ £uel. qeometly is ‘the thirad variable afcecting the
- {gnition~of a cabinet. fire. :This variable is very critical '~ -
_because if the in'situ fuel 'is not in a "critical" geometry, - o
"the. fuel may burh- tor ‘a short time,.'but the fire will. not-r
propagate (ST #1'and '2)." ‘A cable bundle in a —-horizontal™
_ .confiquration is. much less likely o propagate a fire, even
1t it ignited, "than a ‘vertical “cable bundle, ‘particularly -.
with ‘qualified cableh Furthermore, as some of .the earlier
_45coping Tests showed (ST ﬂa). the cable bundles that were -

-65-
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'wrapped very tightly and uire tied every 0 30 ™ (1 tt) were'
'very- difficult to ignite, again particularly: with qualified
cable.,because the flames' and air could not. get to the inside
:¢ableg. . Therefore, the: f1re would not propagate. - In addi-
tion; stripped ‘cables.weré used in the area near the ignition
source,- because the smaller single conductors with insulation- :
_rwere'easier to ignite and acted much like tinder-would.be in ... .
a wood-fire in helping the fire to become .larger. Stripped .’ :
cables, however. are not uncommon 1n control cabinets. :

Consequently. the tests revealed ‘that there were three vari-.?
-ables’ critical to the ignition of a cabinet, .fire, and that &
“for the patticular 1gnit)on sources. in situ fuel types and "
geometries, ‘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, :ih situ fuel, or
fuel geometry is susceptlble to a cabinet fire. All ‘that ¢an
‘be sald is that given the right conditions (i.e., sufficient ~ .
‘ignition source,’ loose- cable bundles, ‘etc.),. a fire can be . i
ignited ‘in a .cabinet. It is the judgment of’'some people. at .
Sandia, femiliar with nuclear power plant cabinet 1nstalla-~-‘
. tions, that ‘the "right conditions" “FToriignition used in this: '
“test program do not vary widely from. many of those found 1n-.n" .
" actual power plant 1nsta11ations. L R

- 4.2* Propagation of a Cabinet Fire

"~ 4.2.1 Rate of Development
In evaluating the results of these tests, 1t appears that all
‘.tha variables. 1nvestigated have some- effect on the- develop—
“ment tate of the cabirnet’ fire, although some. variables (e.g.,”
..ithe-ignition source) have-a- -much less:significant 1mpact on
.:the- rate . of “development.! 1In situ fuel . type, amount, " and.
configuration are large factors in the development rate. In
“addition, cabinet geometty appears to play a significant
ru:e in the fire development - : :

Often more than one variable was . changediirom test to . test
.thus making it difficult, to determine what effect. each of:
thé variable: changes. had on the development rate of - the

e fire.‘ "Even though the.. electrical- ignition apparatus was '
:g'~“;,"‘ only-"used {n  ore . test, ‘it does not appear that - for theé: - ..
IRERA ignition . sources tested that.they have a significant effect .“

' _on_ the rate of developmentn(after the fire is ignited)

T opment .rate because "qualified cable is made to be £lame
" resistant and has passed IEEE-383 qualification tests, while-
v _ unqualified .cable has not .passed I1EEE-383 qualification g
.. . . testsi-—A. meéasure of.. the rate of development is the deriv- '™,
.+ . ative of the heat release rate. ‘This is essentially the-
.. - . -acceleration of the fire, but it is an indication of the
'growthprate_of'the-tire; _The growth rate during the growing

. _ . - | ... 3 :. .;-.66.7
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. j:'.,Z.'cable) and ‘#3 . (vertical <cabinet, qualified. - cable) - are
: 128 kW/min - and. 5.6 kW/min, respectively.- while they . are

simply - because with higher  loadings, additional fuel is
’“available and, for a given cabinet, fuel loadings are more
- derise’ to -combust- and therefore the fire can grow quicker and
o larqer. The fuel amount was increased in PCT #2 . (over that

wused in PCT #1): however, since the fuel configuration and

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 d1agona1

configuration, the more likelihood that the fire will sp:ead
- ~Furthermore, the way -in. which the cables -are bundled-

%j,_iQ'Q\bundlé is wrapped, the less air and flames can penetrate and

Cab1net geometry. more specifically the style of cab1net;
-had ‘a significant. impact on the rate of development of the

actual 1nsta11at1ons.

\531 -'cabinets,..all the 'ventilation -was ‘provided from the
. front, while with the' benchboard cabinets, :'the ventilation

. clogsed doors and’ .ventilation grills or no ventilation grilis
the fire will become: ‘oXxygen .controlled and will no longer
temperature in -the top part of the cabinet,- the hot smoke
on the size of the. door soffit. The'vettical cabinets had a

~ 0

T e e
.. R T : BN L

"stage ‘of the fire for PCT #2 (vertical. cabinet; unqualified .’

'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_ show, ighoring -
-;,_other factors, that the’ fire with’ unqualitied cable develops ",
‘many -times- faster than ai fire in qualified- cable. In situ - .
‘*fuel .amount..is important to the 'development rate of the fire -

. ‘cabinet ventilation were.also changed, it is difficult to . . .:&
'"determine-what part the increased fuel loading had in making .:: .

. important to the development ‘rate. The tighter. a- pableﬁ

. burn. the cables, and the slower the fire development rate -
will be.- -Also, in these jtests, many of the insulators were =~ - "%
~str1pped out of the cable, resulting in "tinder" for the .- ™
fire to ‘burn. This type of cable- configurat1on 15 ‘common 1n_'”'

B flre. the potential for the fire to spread- and ultlmately'
the "size..of the. fire. ' There are two differences in :the -
geometrles . between. benchboard and vertical ‘cabinets that. .
affect the fire development. They are the .location. of “the .-
_ventilation ‘and the size of the door soffiti. On the verti- .. :

‘'was provided: by the back door and by a ventilation grill in’ .
- the front of the cabinet. Consequently, if a_large ‘enough. I -
" fire developed, the benchboard cabinet couid provide more - -
~~ ventilation; but more -importantly, the. front grill on ‘the. ..
"~ ..benchboard. cabinet provides cooling air to the cables under.”
: .~the-bench which_ could prevent burning. - Also, cabinets with"

. -can have a fire that will develop quickly up to 'a point, then '
grow as in PCT #1. The déor soffit is important because the '
"layer that develops iin the cabinet,. appears: to'be'dependent"'

L.overy smal}_eoffit: therefore, only a small smoke layer formed f

. with quzlified cable, because a..fire :will propagate up ‘a.

.
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¢ .. in the cabinet. 1In the.benchboard cabinet, the soffit was.
2 = failrly substantial and a deep hot smoke layer formed in the
" ‘cabinet which provides .radiative feedback to the in situ;
_-fuel 'in the cabinet, hereby possibly.increasing the rate of&m i3
S development' although the smoke layer -also can slow the n.'?‘
e 77 7 development rate (PCT #5) by reducing the oxygen content in;vu!
- the upper part of the; cabinet. However, - the fire growth-: ..
. rates for PCT #2 (vertical cabinet) and PCT 45" (benchboamd~
cabinet) ‘do not bear- this out as they are essentially’ -the .
‘game. This could be. because ‘the vertical cabinet was 25 per-’
cent gsmaller . than the- benchboard cabinet, thus providing .

vettical cabinet

,rhe development tate of the fire is dependent on' so many oE
“the, variables: 1nvestigated that it 'is. impossible to select
.one.or _two factors as critical to the rate of development.
: Thé 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 .

"7 7" tests conducted in  this program- have shown that.-a fire.
- ignited with either source, in either style.of ¢abinet, and

- with unqualified cable, can result in a rapidly developinq
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
fire is' that closed cabinet doors can prevent the fire (up
to a point) .from growing too 1large. However, this does
result -in. higher tempefatures within "the. closed cabinet-
. opened. S : e T

\.

effect 'on minimizing the development. rate of the fire (e.qg.,
‘barriers ‘between cabinets, "canning components," and tying
. cable bundles at spec1fic ‘intervals), while other regulations -
. gpecified (e.g.. 6-inch air space) do 1little to impede .or; -,
" _slow. the development rate .of the fire. e T _ﬁ :

.'z 2 Fire Spread (Outside the Burnan Cabinet)

ficabinet is. dependent on the growth rate of the fire and the
wvariables -discussed. in the previous section. However, the
potential for the fire to spread outside the burning cabinet
“ds dependent on other variables. as well as, the fire growth
rate .and 'the variables discussed above.. -

~-
—

Fite sptead to an ad3acent ‘cabinet 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 ualls (a -wall for- each cabinet) and an

~ “ﬁ' too-68- -

-~ additional radiative.feedback and higher temperatures in the f’ﬁfh”

A few of the regulations: specified in IEEE-384 can have.an .

‘Th“ p°te"tial £or ‘the: fire to spread within the burning LA

vertical or benchboard style:- cabinet. Specifically, the‘f?;;':'A

which. may:result in. "flashing" should the cabinet doors: be ‘ng'f"
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air gap (~2.54'cm [1 inch)) be.ween -the cabinets. .. Actual.-
nucléar .power plant. .applications, where there are no walls
(barriera) between cabinets. partial walls,. or single walls
as well as double walls, could result in very different situ- =
ations.: Also, the Jocation 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
heat. - . . ;A . '

The tests in ‘this series. with double walls, ehowed that the .

“-largest fires (PCT #2 and #5), never got“high enough to auto-
ignite cables or componehts, although thé adjacent cabinet
~wall did get hot .enough to melt some cables. "An -analysis 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)

to. cause autoignition of cables on the walls even though the
air temperature in the adjacent cabinet would not  have beén

"havé to be_ located on the wall to spread the fire from the
~'burning cab1net to an adjacent cabinet.  In addition, tests -
-'conducted ‘with partial barriers in the cabinet showed that
.the barriers do 1little to prevent the spread of the fire
’j(thh unquallfled cable) ) ..

- i

' The regulation specifies that terminal blocks “and .wire waysvﬂﬁ
-are tosbe mounted at 2.54 cm (1 ‘inch) from a barrier._ e

outs1de -the cab1net "to .somewhere in the upper part of the
.fire 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- - :.:

tions 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.
235°C and thact was. in one .of the largest fires (PCT #5). A

. #imilar fire in actual- power plant rooms containing similar =
e _cabinets .would' probably be even less likely to- propagate

. because- of - the ‘larger room size. Therefore,- in these tests
‘there "is no possibility for any materials in the "hot layer*
. to aut01gnite., Also, the-enclosure in. which these tests were

over temperature (600°C‘:

e o .

_air temperature inside :the adjacent-\cabinete. ‘even in the - - :i"*

-very- high...' It should be noted that even if the cabinet vall}”x
‘was_high enough to result in autoignition, in situ fuel would '~

e However. one of the regulat1ons gpecified in IEEE 384 willf:J"t'
- aida in preventing the fire' from. spreadingfrom cabinet to.
cabinet by aut01gn1t10n of materials on the .cabinet wall.

The like11hood for one of the cabinet fires tested to spread_ o

room (e.g., a cable tray) is small. 1In none of the cabinet : -

;Ehe -temperature:in these.tests was never ‘even close to flaeh- ;"""iﬁ,‘.




Al - Tiees . R _*_'.__.
Consequently, although there is a potent1a1 for one of the
fires to spread, from CablHECi to cabinet given a
“critical” confxguratlon, for the configuration and condi-.
tions tested, it was not .a problem. Furthermore, for fires -

——.

spreading.to the room. ' |

"'h34.3 Development of the Enclosure Env1ronment

Tho~e£fects of ‘the £1re an. the enclosure env1ronment that
“were. con51dered in this test program were the thermal effects’

-.ttoxed. while the smoke environment was only. visually observed-
(an attempt was made, to measure .smoke density with a smoke -
turbid1meter. but was -unsuccessful because of the larqe
amount Jof. soot). - All the.variables that. have been ptev1-

‘.-ment ‘develops. .In. ‘addition, the enclosure size, geometry.

=_envlosure environment. : However, none- of the three: factors .
“just mentioned were varied in this series of tests although -
- they were vac1ed in the subsequent test ser1es (Room Bffects
Teuts) [14] L _.' L g : ; }
For'the var1ab1es and conflgurat1ons that were investigated
in “this 'test. series, the cabinet fires never resulted in’a
thotmal enV1ronment ‘that was a potential hazard for. auto1gn1—-
‘tion of. materials in the: enclosure. In many of the tests,:
cables and compOnents were located- throughout the enclo-’
sule, [15] Only in "the. case where a component was hung in,
the-hot " combustion gases ;above the cabinets ‘or ex1t1ng the
“.enclosure did .a’ component become damaged (from “melting).
_Although, .as. previously mentioned in PCT #5 (unquallfled
"cable), some of the- cables outside ..the butnzng cabinet.: d1d
-,show 51gns of melting. (with no shortlng of conductots)
.f 5. * Moreover, in the two tests (PCT #2 and ‘#5) that.resulted .in
g w0 lange s fires, -the  high tempecatures only stayed above 200°C
: ,' for -a: few minutes. , As noted before. the test enclosure was
smaller. than most rooms ot concern in nuclear power plants._
Furthermore, "the vehtilatzon rate in.these tests was approxi-’
mately 15 room changes’ pet hour (rm ch/hr), which is higher ..
. than would be found in most nuclear power plants. 1It- appears
that' this higher ventilat1on rate would: tend to push - the *
moke and_ heat out of the test enclosure.. .

Sl -n‘

Thv smoke enVironment in the : enclosufe was'; only V1suaily
+:monitored in: the tests..howeVer. it was\obvious. din all, ‘the -
L tests with-unqualified and qualified ‘cable, that’ .the . ‘entlo:

i 7" - pure. became filled with smoke within 8 to 15 minutes after:’

S “ignition of the cabinet! fire. It should also. be noted that

:%r;u; “:.gmoke was pushed out relatively quickly. Yet,  the smoke

of the size tested, there is little possibility of the tirex;:f

.and . the smoke etfects. The thermal environment was moni-..

ouhly discussed have afn effect on how the enclosure envxron—_,f

and vehtilation rate'are factors- in- the  development oi_the_.'"'”

because of the high veritilation rate in the enclosure. the.;*

stLll ‘filied -thé .epclosureé. Although there is no -quantita-- -

;';f t1ve data on the dens1ty and development of’ the smoke layet N
: ) P e

- 4-..'-.._'_
Y .




: (the:e is in the subsequent test secles [14]5. it is obvious ; ..
'that smoke can quickly obscure the location of the cabinets-

and ~ the- fite.;

making

any operation .very difficult. In%

. addition,

in one of the tests,

sufficient. smoke accumulated }

" in" the enclosure to cause one of the

‘components

in the f

on.:the ; component.; A : i

e P N !
- "‘ m...-;. . ! R )
]

‘ment.. ‘It :should be noted this statement is only about the
’flres tested. However,.the smoke environment in--the.-.enclo-

sufficient~to preVent smoke .accumulation. in the enclosu:e.
i : :

4 4 Eguipment Damagu i '

- R !

- Many components and cables were located in adjacent cabinets

and in the enclosure to. 1nvest1gate the potential for damage,

: repocted 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 £ound\to be melted (PCT #5).
However. the : catle Jacket was only slightly melted and .-the
" the conductors were not:shorted together. Therefore, in none
:of the. teésts would there have been electrical shorting of a
cable out51de the burning cabinet.

o K
i -

..part*® -0f this ‘teét program, .a number -of conclusions can be

.:ate of . the- fire. ‘the development of the room env1ronment
~and . the potent1a1 for the fire to spread outside the burning
cabinet. - LT g -

The conclusions are as follows. o :o -.g_g.

to 1gn1te and propagate.

fi:e with either type of cable as the in situ £ue1

-71- Sl

:enclosure to fail- asg a result of a large deposition of soot;_“

‘Consequently,"even in the relatively small test'enclosure.;:;ﬁl
sthe. thiermal environment -in the enclosure from the resulting ' .
flres“is .not aconcern ‘and is not a threat to other equip-

. Bure’ can becomé very severe within minutes, resulting in =~

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

‘above "smoke- -purge rate ‘(typically about 10 rmch/hr)_ were not

The. results of the :component damage investigation were

. adjacent cabinets were :inspected after the tests and in only 5c§j¥-m~

5._ CONCLUSIONS AND RECOMMENDATIONS o v._q¢ -"EQ.‘;
: As a result of the the three series of tests conducted as:

2T -mades The conclusions that are. presented are related to theiji.
‘areas of concern that. were--raised at the: .beginning of’ the . .
-Those concerns were about the development.

S, Cabinet £ires can be’ ign1ted and propagate in either' ;

Sl oz unqualifled or quaLified cable with either of ' the two.
S \‘“ignition sources' tested (tran51ent .and. _electrical)i ™~ ..
T However.,the qualified cable is much more, difﬁicult n

"2' It 1s possible to have a rapldly develop1ng cabinet
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'and in efther’ style, vertical or. benchboard of'cabi-'
net. . Althouqh fires w1th qualified cable do not
- become very latge. S . . i N

L

3,-~Ignition, development .rate, and spread. of a cabinet . : .
“-ifire are dependent on "critical". (i.e., just:the . 17 .
right combination of vaETableg) ignition sources,
+.in situ fuel-'type, geometries, :and amounts, _and on .
"cabinet style. and ventilation. - These ‘“critical"
_values are interdependent -on many 'variables .and
“ytherefore no - "critical" wvalues can.be identified
""based on_these tests. However, it was found that
‘with unqualified cable, the range of values.causing -
ignition and ftire spread was much wlder than with
qualifxed cable. e . L T
For the enclosure condltlons tested (1 e., enclosure
51ze 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
equlpment damage. Furthermore, it appears from these
‘tests that a fire will not spread from the burn1nq
cabinet to adjaceht cabinets. -However, under d1££er-.p
ent conditions (e.qg., single wall, larger fires) a:."
cabinet fire cduld cause autoignition 'in an adjacent-
. cabinet and -continue .to propagate. .'A double- wall :
ffﬁ*—-baCCIQI between cabinets appears to- play- a crucial -
role " in preventxng cabinet-to-cabinet flre ~spread

B dur1ng the\Jarger cabinet fires:

S.. For the enclosure condxtlons tested, densé esmoke

o accumulat1on in the room became a problem within min-.

T utes after ignition, for all fuel types .and cabinet-
configuratlons.. — ';

ESbEHtIBIIY. the conclusion ot “the” cabinet ‘fire  tests is '
.that a' cabinet fireé can propagate’ wlthxn a. single cabinet; -’
however. for the conditions tested, it does not appear that. -
“the fire poses-.a threat butside the burning cabinet, except
ffor'the tesulting smoke. | Although ‘this test effort -involved
realist1c rdnges . of. parameters. it must benrecognized that.
othe?f "¢abinet and flel - -configurations may :result in somewhat
dﬁfferent flndlngs.u In, addition, because of the 1nf1uence
of. operat1on response and overall safety syStem performance.
codclusions regarding ‘Cabinet fires causing! difficulty ‘in: -
*”“the abilxty ‘of~ the’ plant to shut down cannot:be made solely

trom the £ire test data’ presented in thxs report.

.
..,

-wlt should be noted that 1n many of the. Scoplng Tests and all.
“of the Prelimxnary Cabinet Tests the in situ fuel loadlnng;
.(based on. loadirng per square -meter- of ‘cabinet floor -area).”-
_3wern higher than.that obtained in. the background study. This -
‘_was because fuel leadlnqs 1n cablnets based on the bacquound
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=lot of'cables in tne cabinet) L S

—

"'}be 1nvesthated'
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i;‘ Detection systems in cabinets; e
N~ . ] . ’ .

RN Automatic gaseous supp:ession systems'both inside
: out81de cabinet5° A T ' ' : :

_5. Manual suppression of cabinet fires.'3

-l .\_- x'.." ‘ e :

4, "Smoke control and purge systems. ._;ﬂp ..
.t:i-ISd_ Potential for fire’ spread in nond1v1ded cabinets-

6-

Independence of remote shutdown capability.-
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*Based on the findings of the Cabinet Fite Test Proqram itﬁisA1
‘recommended that the effectiveness of the following should
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A 1‘~Facilit1 ' ' Cm i

‘The Sandia Burn Facility. located at - Sandia National Labora—"
“tories, - Albuquerque,; NM has been used for' a number. of testi:
‘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 and . .
. pictures of the test enclosure are presentead. The Facility:
- -itself 1is. an earth-covered bunker:  15.24 m (50 £t) 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:
“7:62 m(25-£ft) long.  The outer enclosure is.-used to house:
’ various instrumentation Fnd data conditioning equipment pEE

- The burn enclosure has a f£loor area of §5.74.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 sev—-ll-_ufm
. eral vents-located around the perimeter of .the chamber.’ ‘The =4 ¥

ventilation.air is: forced from the outer .chamber (which is: . ¥

vented to the external: envxronment) and into.the burn cham--. “..-
. ber. The 1n1et veritilation rate for these tests was approxi-':
‘mately 70.79 m3/min (2,500 ft3/min)_or . the equivalent of 15 :. ..
T, room air changes per. hour. The burn “Chamber operates under a-‘ ;.

-.8light -positive pressure during tests. .Combustion product{TQ;

~and through-flow . air  are vented out from the. burn. chamber S
. w7 through an Opening in’ the top center of the burn chamber. & -

"-.This opening is connected to a 0.46-m (18-inch) diameter hor- B
- .. izontal stack which houses instrumentation for analysis of. -7
the exhaust gases.: Six-windows with lights provide lighting}*
..and there is a porﬁ for a v1deo recorder. o

fInstrumentation Jé;i'

A wide variety of instrumentation was used for measuring??af
ttemperatures, heat-: fluxes, pressure losses,  gas .analysis, -
/7-.and_heat release rates. The instrumentation is monitored by.- -
... an .. HP3497A 'data acquisition unit and an HP216 computer .':".

" Tsystem capable of - handling up to 1100 channels. Typically
. during these tests data’ was ‘taken . at 20 second intervals.
"The- following instrumentation was employed-in the testing.,w ‘

'.Heat release rates (HRR) ‘were measured indirectly through;
. .-'use.of “oxygen consumption calorimetry.:' This system for mea- <7
’~,suring oxygen, temperature, and velocity of the effluents - ;
“"wag incorporated into the exhaust duct of the facility.  ‘The" ..
‘concentration_ of Toxygéh . in. the exhaust -gas_ was monitored
- through ‘a Beckman model 755 paramagnetic gas analyzer.u Ven~
-tilation flow rates were monitored .through the use .of pres-
27 sure probes in both the inlet and outlet flow streams. . These Sy
.. pressure..readings were ‘converted to velocities through the .7
;" -Bernoulli equation for fluid flow, and in turn to volume flow ="~
fue rates through the cross sectional area. {(Traverses of both -~ !

o
~
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‘Enclosure gas temperature measurements were made with "a g€~ i 14
“"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
. endlosure environmentJ: . o -

- . L . L 3 s

_aThe concentrations of carton monoxide (CO). carbon dioxide
./ (€02), hydrocarbons (HC)., and oxygen (Op), were continuously -
"monitored in the exit duct by gas analyzers... All the analy-" . . - &}
zers were supplied by Beckman Instrumentation Co.. The. co .. i
"and COy. analyzers were nondispersive infrared analyzers, _QV*
model 865, while the hydrocarbon analyzer. was a model 400
~ flame- ionization detector. and the O3. analyzer was a para-.u
L magnetic analyzer. R : - T ’ CoLE

Lt - - LY

'“"Surface temperatures were measured wifh\thermocouples placed E
on the cabinets. (faces; sides, backs). In addition, the air.f'
_temperatures. in .the burning cabinet and adjacent cabinets L
"wiere monitored. All thermocouples used for. surface and air

temperatures- were Type K; 0.05 cm (0.02 in) sheathed type.:
The lé6cations of the 60 thermocouples .on and in the cabinets B
VdIIEd depending on the test being performed e TR

'g_Heat flux measurements, both convectlve and radiative. were - °
*imade-- using : Hy-Cal - water cooléd calorimeters. capable of ’
measuring 340.67 XJ/mzosec_ (30 Btu/ft2esec) placed at 0.61 m
(2. £t) and 3.05 m (10 ft) from the burning cabinet. In
addition,  calorimeters were located in the burning cabinet.
Fluxes of particular concern are those from the fire to the..
“.adjacent. and separated. cabinets, and the flux from the hot
:;layer to' the cabinets. : :

~ i

_Small components.and other.combustible‘materials (i.e., other - -
cables) were ‘placed at different locations in the test enclo- - .. ;71 ¢
.. sure for’ qualitative assessment. .of damageability of. those.’
'-components or sources."; These items were also instrumented : %"
.for-- surface- ‘temperature measurement, and some were powered
and monitored for functionality L :
o Source cabinet mass lostrates- were monitored for. all cabi»:.f?_.q
.-~ mets with an in situ fuel loading. Cabinet weights were .on . '~
. the - order of 681.82 kg, (1500 .1bs). Total mass 1loss of .. -
e approximately 45.45% kg (100 lbs) was expected Note that the-"“
j“-three cabinets ‘in each tést were required to be independent. -
for. weighing. .Interface and Celesco "load cells were used for
thls purpose and were attached to the bottom of the cabinet.
Static pressure measurements were made in the lower part ‘of .
tha test enclosure. .The pressure measurement was. located in =%
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a.stagnant region of the enclosure.

'Smbké"deﬁhitYLﬁéaéure—-

ments were made in the exit duct in some of theﬁcabinetﬁfire

-turbldimeter.

using a. smoke
design -of --the turbidimeter

tests

However,

and the

measurements weré acquired.
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B 1 _Purpose .?5
The purpose of the 8coping Tests (ST) was to evaluateithe
ability of the selected ignition source. fuels to ignite and’
propagate 'a fire in a cable bundle in a cabinet. ' In addif
- tion; these tests were to aid in selecting, creédible in situ -
zfuel  amounts and -configurations. . Since these are_"scoping
htests. they were performed with a minimal -‘amount of equip—
;ment and- instrumentation for quick test turnaround time.

The Scoping Tests were not pass/£a11 type tests because it
'was not necessarily a fallure or a pass when the ignition:
source did not 1gnite the cables. .The criteria for evalu-
‘ating the tests varied from test to. test depending on what .
.. -hew requirements were set. . Basically. the ‘tests-were evalu-,

"ated to determine if thé ignition source fuel ignited the

- within the cabinet. i

All the Scop1ng Tests Were conducted with the transxent 1gn1—
tion source:fuel packet. which was selected.in the Screening.

.Tests uere-~conducted with the electrical, ignition source
' apparatus as 1t was unavaxlable at ant tlme. .

on at an earlier date [1]

%&f”ﬁ._, B 2 Test Setup Ef .f.g

}Euels (cables) S i ' - o

. £igurat‘ons were based on, surveys and pictures in an attempt .

"'to make..them as representative of actual installations as
.-possible. _.
tested., First. the in situ fuel arrangement .was placed."in’
‘the cabinet in the desired configuration. NexXt, the cabinet °
and in situ-fuel’ were 1nstrumented (with. thermocouples) and
-the transxent 1gn1t1on source was ‘placed in the bottom right-
- hand side"of: .the cab1net.. Finally. the test was started when

and nropane pilot 1ight.~., . oL
l-"';- . _,—

The cabinet for theSe tests was located in the center of the
~sandia Pire Test. Facility In addition to .the thermocouples

— T e ce 1 o e
~—~—. .-
——

e LY. ) .é
P e S -
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Tests . (described in. a separate, test report [1]). No Scoping_

For ST HB. #10.'an5 ﬂll; the in situ, fuei "loads and con-.

eals

in situ fuel (cable bundle) . and if ‘the- tire Ppropagated’

~The test arrangement for ST #6. through 11 included the tran-r
.8len% ignition source flhel packet, a nuclear power plant cab-'~
:-inet, 0,91 X 1:22°%,2.29 m (3 x-4 x 7 ft), a pilot relighter- "
,i'and’..a_ propane’ p1lot 1ight. along with the cabinet in situ’ .-

Thxs appendix focuses; pr1mar11y on the results .of .S8T ﬂﬁ“fuﬁ"
" through 11, ,as the results of ST #1 through 5 were reported;

In ST #6,  #7; and W#9 smaller fuel 1loads were'i;"“

.the ign1t1on source’ fudl 'was 1gn1ted by the pilot relighter 4;-

located in. the cabinet ' there were .thermocouples in_ .the " -l



P o .

“ - enclosure to monitor the enclosure environment. - Also, calc-
rimeters and pressure transducers were used to monitor heat
fluxes and the pressure in the enclosure. A system of velo-Tk
.-city probes, thermocouples. and. gas.. analysis for indirectly
measuring the -heat release rate (HRR) was also employed. o

e - s g
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The cables used as - in situ fuel in these tests were an.
IEEE-383 qualified cable and an—ungualified cable.. The',,J
“~qualified cable: was a 600 V, three.conductor. No.,lz AwG.;;Q;'“
cross-linkead - polyethylene - (XPE) insulation with a Cross- ./ -
linked- polyethylene jacket rated at 600 V. - The unqualified].;.:~
_¢able-was a.600 V, three-conductor, No. 12 AWG, polyethylene/ : .~
polyvinylchloride (PE/PVC) with 'a .polyvinylchloride (PVC). -
jacket rated at 600 V. : The larger cable - bundles in- the
. cabinet were made up of smaller "standard cable bundles.;
_The "standard cable buhdles”'were designated ‘as #ls or W26}
Y,the #1s weré¢.'made up:of ;12 single conductors (with insula-j,:;
-tion) stripped out: of the cable jacket, each piece 2.13 m ¢ "
=(7°£tYy - long, - while " thei #2s _consisted of 3 cables (the
3:conductor cables) of wire tied together. . ) - -

R

I
B 3 Discussion of Results

i
Table B l . a matrix- of _the eleven Cabinet Scoping Tests., e
“shows’ the-parameters investigated and a brief summary of the;e;:, ~
‘results. The eleven tests can be broken down into three cat- - . =i
.eqgories: (a) Scoping ,Tests #1 through S were.- performed to .-
.. investigate -the ability of the ignition source to ignite a . 7.
~"cable-bundle and the. effects of location/arrangement of the ..
" "in situ fuels. .. (These -results are only shown in Table.l for
.completeness and will mot be discussed ‘here.) - (b) Scoping-
,;~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 unqualeied cable., ;1- . SRS )

'~8coping Test #6. wasH conducted to determine if a fire ignited-}_;, :
in. the corner cablée bundle would propagate . to: other cable ... i
.bundles in .the cabinet. : Figure B-1 shows. "before,* "“dur- .

inq. -and . "after"'pictures of ST #6. The. in situ fuel in
the cabinet'is.the qualified cable, with a total fuel load i
..0f -: 348,520 kJ (330,350, Btus). - This is approximately -
31...528 kJ/mz . (27,530 Bru/ft?). The fuel load in .. the
,“cahinet 1s..based on-a survey of four different sources shown
i ini:Figure 1. of this’ report. The 1loading:. in the cabinet
}appeared to'. be light (i.e., compared to: photographs of
actial cabinet fuel loads. this test cabinet .does not appear : 7
~to be heavily 1oaded).’ ‘The test was run. with no doors on .
‘the cabinet in ordér “to’ ensure adequate ventilation. ~ The
m.fire was ignited using.the transient ignition source. Only
“:-the cable bundle directly above the’ ignition souicde " (the - -.
. main bundle) burned completely. The bundle .to the left of " -




. Amount /of
"In Situ-Fuels

" cabinet?:

Ventllatxon

Peak HRR

.. Intense .|
©UBarn’ YL
~.Duration

/g, Test' . -

S Tyge' (KJ). _+ _iMethod : (Kw) (min) Result
g i . U o . . L .
CQ +117,000 No.doors " 24, | 15 .'Bundlé did- noe
- "h.yb S I RN P by 2 e o -T'-i‘tburn -
117 000 No doors 27 17 No propagation
G e, R Tl s e T et w “5. R .l; - - . , ., .‘
. ;ST3 " 117 ooo No doo:s 77 "18/ ; Entlre bundle
A et - P RORENE S e P consumeq -
I R : Lt I RN e
T T T sTe TLEQ m“““"“““f;}i?ing; : No doors : -82- 17 - yhlmost entireﬁ? .
AR S S -...-__u__ENMM_.m“f,;_;..m“mue__- S - .:~_UMum_bund}e:consumed.
i STS uQ 117,000 . No doors 132 17 Entire bundle.
@ - “% : 1 . : . . _. .consumed
- N . ot . . . . "A . ) ,‘ - . ' . .
; . ST6. . . Q. 348,500 No doors 82i ‘25 No propagation’
§, Loy, sTT . . é.. L 348,500 Doors closed 95. 25 No propagation

F"’”'”'QSTBV . ;/ 582,875 -

Q
srs barrlers Q 234 990

Doors closed’

Doors open

93

" 30.

20 e

'No propagation

]
No ptopagatlon_

) iswioi s uQ’ ) 511 530 Doors closed , © 280, 30 Propagated

Co T kP . R ‘ , ' All burned
STLL| - ,7.UQ 611;530a= | Door open 506" 20 Propagated _ ,
' . Lo ::' ; ‘ - All burned ,'¥ﬂ
f-? aStandard 1qn1t10n -source was . 1’ qt Acetone, 2.5 gallon polyethlyene bucket. and-16 oz. box

bExcludes ignition source.
.CAll: tests performed in 0.91 m x 1 22 m
dIn\tests with closed;doo:s,x

X 2.29 m’ (3 x. 4 x. 7 S tt) cabinet. R
.ventxlation is provided thtqrgh ventilatxon gnills.y

“tiof kimwipes - Scoping Tests 1 and 2 differed slightly in that only 1 p1nt acetone was used.
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the main bundles was damaged. but not severely burned:; how- ..k
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 - - .iW
~damaged.._ The Heat Release Rate (HRR)- produced by this £ire.;;?
jis _shown:: in Figure B-2. _ i :
g \ ’ : ..--

‘In ST #7 the in situ fuel cable, configunation. and fuel load,;g
amount were exactly the :same as in ST #6. - The only aiffer- - '
ence in.this test.was that doors were put on .the .cabinet.-
The'doors each had two ventilation gtills, one ‘near the top
_of ‘the door and the other near the bottom. The reason for :
putting the " doors :on an8 closing them during the -test  is:
"that it was assumed that the closed .doors would produce
" higher temperatures in the cabinet which might conttibute ‘to
"the propagation: of.i. the fire,i. Again, only .the main corner
%bundle above - the - ignition solitce was’ completely consumed.:‘. R
~TA.Figure, B-3, two “before"” pictures and onme "after" picture - "
.0f ST #7 are.shown.” The cover of the plastic wireway to: the’
; PR ~left- of the main bundle fell into the fire.. There was, how-.
- BEUTIRDR ‘ever, a Mhigher: level:  of soot deposition’ (as - compared to
b ''ST# 6) .on the cabinet walls and .cables in the top of: the
- “"cabinets. Also, the cables in the top of the cabinets. .-
““’showed slzght degradation and discoloration; yet; no cables. |
-but the main bundle burned. There was no horizontal propa-:
-gation of the fire. The HRR plot of this‘test is shown. in
Figure B~ 4."_ ; S P e S

\“

Because the fuel loading appeared lxght [2] (e.g., not many - -
. *".cables in the cabinet) in the two ‘previous tests, the. fuella'ﬁ
'j=~1oad1ng was - ‘increased -in ST #8. The in-situ fuel 'was’ 7"
‘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- .
- .tion in this test  were based on pictures of actual. .NPP
;.7control.. room - cabinets. .. This test was run with the cabinet b
: doors- closed - as . in ST, #7. The "during® “picture, shown in -
. ‘-Figure B-5, shows the ‘highest smoke output.rate during the"
* test. - The - smoke- level in. the cabinet -never descended
~further - than 1.22 m (4 ft) below the- ‘cabinet -ceiling. The .
o room did not  £i11 Wwith emoke. As -in ‘all other ‘tests, .,the .
...main cable bundle directly above the ignition source burned..
In add1t1onr the cadble bundle and the plastic wireway to the
‘left of .the :main bundle, burned.- However, no: other cable-in
the cabinet- burned.; .. There wag significant,. heat and smoke - .
jdamage ‘to the cables .in. the top of the cabinet and to those .
onTithe -left-hand. side of ‘the cabinet. It was assumed that,."ﬁff
the higher fuél loading with the closed cabinet doors might®
.‘énlance 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 _— oo . o .o

VW e = -—




H
.
)
.

e
e N :

els Pae XAk s
el

~ |

kit vsarrcnd CABINET 3° xa"x7 50 AR 4
S {:.% . CABINET VENTILATION:"No poors’ " -
. g PR 2~ 19"x84" -OPENINGS =~ ' '
R T " CABLE: IEEE-383F QUALIFIED (XLPE) '
i --.: INSITU FUEL LOADING:
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;.;_:“ ' Lo ;[‘ VERTICAL canrnst 3‘:6'x7 5' 3
i L " CABINET.VENTILATION: DOORS' CLOSED . '

e s ; 4 VENTILATION GRILLS, 2T0P, .|'.
' P70 2 BOTTOM EACH 14.5"x13.5". . 1;

CABLE"IEEE-JBS QUALIFIED (XLPE)

A _ . INSITU.FUEL LOADING: f
i o e -~ f.. 330,350 BTU.(348,510 KJ). )
S . ; :5 727,530 BTU/FT2 (29,050 KI/FT2]
R e Icurrtou SOURCE: " ©, - - -
e i « 7T UiUPLASTIC BUCKET,BOX KIMWIPES, | . ..

* 1 QT. ACETONE, 68,450 BTU
(72,220 KJ) . .

I R 1 1 . '1>'~1

20. 25 ' 30 35 48 .2 45:
TIME (MIN) f?‘?f

Fiqure \B-q.".“-\ _Heat Release Raté‘)i?:om s'r *7
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CABINET TYPE AND SIZE: o
" YERTICAL cnafuer. 3’x4°%?.5°
CABINET VENTILHTION METHOD: ol

DOORS CLOSED, 4: VENTILATION GILLS.
2 ToP- 2 NTT(H. EACH 14, 5':!3 s¢

WCHR.ETYPE:

-QUALIFIED. CABLE (XLPE\
‘xnsxru FUEL LOADINGs

552,448 BIU' (582,875 KI)

" 46,040 BTU/FT2 (48,572 KI/FT2) .

'chITon SOURCE: = "7 0 ..

PLASTIC BUCKET,.. BOX. KII‘H‘IPES. 1 QT.
.ACETONE, 68,4350 BTU (22,220 KI)'

et

25

TIME (MIN)
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ERie Since it did not appeat that the fire would propagate in. the
.2 . configurations tested. Scoping Teést #9 was conducted to in- i
gveetigate if internal horizontal barriers (e.g., strip chart - ..
irecorders, mounting plates, etc.) would enhance the potential .;
‘for.  the . cabinet fire - to- propagate. The in situ fuel was
‘the.qualified cable. with a fuel 1loading of 234,990 kJ
(222,740 Btu). which "' is approximately .210,766 kJ/m
i7 (18,560 Btu/ft2), .The fuel 1load it higher because " the .
‘only purpose of this test was tc determine if the hori--
_.zontal barrier would propagate the fire from the right-hana:
slde of the cabinet to .the left-hand -sicde.: In Figure B-7 a’
-"before. “during,” and "after” picture of ST H9 .are ehown.f
The - main bundle directly above the : ignition source was :
_burned;. also, the.cables; below the partition. in- the right-a;.,.
“hand —gide-"of the’ cabinet were burned. However,  -no other -
cables in thé cabinet were burned. There was thermal damage- :
. I(i.e,. melting) to_the cables below.the center and left-hanad-
”;?~side partitions. Again,-‘the fire did not pfopagate horizon--
~.ta11y .even with' the partitions: '~ The HRR for this test is

shown in Figure B- 8'

R Y R

i Fiqure B-9- shows "before i "during," and "after" pictures of - ¥
_ “'ST-#10... The in situ fuel.was unqualified cable (PE/PVC) with 7
“ a total fuel-load of 611,530 kJ (579,650 Btus). This is ap- .
" - proximately ' 548,491 (48,300 Btu/ftz). The .fuel loading and . .. "i%
cable'configuration was as much like that used in ST #8 .as —
possible. The  purpose of this test was to investigate .the .
- différences - in burnihg between qualified and” unqualified
“‘cable wlth ‘all other parameters remaining the same. The
. test was “run with doors on and closed as in ST #8. During
c’the: fire, the smoke lével; in the cabinet appearcd to descend
to floor level because ‘smoke was exiting the bottom vents of .
the. ‘cabinet.. 'Then the. foom began to fill "with smoke and
obseured . the ‘view .of- the: cabinet. "The fire in the cabinet
appeared to die down. then began burning intensely again..

;-During the "second - burnlhg."‘ ,,,,,

"~ﬂ cabinet doors. All the: cables in the. cabinet vere com-
< pletely consumed. The .residue: visible in the cabinet, . FPigs:
-ure_B~9, 1is;all-charred matter. - In addlition, the- cabinet

. was badly damaged with:warped : doors and .extensive corrosion
“of -the. cabinet.’ The. resulting HRR from this fire is shown

in Figure B-10. ,;3 i

“ The arrangement used "in ST W11 ia the same as that used in
" ST #10. The only difference being that the cabinet doors™
temained - open during. thié test., Before and after pictutes.

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
o descended’ to the. floor. obscuring Tnns\gabinets in the en- ,
__““closure. The HRR, shown.in Figure B-12, “shows that the_fire - -*

butned much quicker than ST ﬂlo. and it appea:s that in thia CoLe
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~ VERTICAL' caaxr&:r..s"m x?.5°,
- INTERNAL PRRTITIONS, . .
CF!BINET VENTILATION METHOD: ..

OPEN DOORS,THO 19°x84° G’ENINZS
CF!R_E TYPE:

. QUALIFIED CABLE (XLPE)
;NSITU FUEL. LORDING: - - B

- 222,748 BTU' (234,998 KI)
18,56 BTUFT2 (19.588 KJ’/FTZ)
; IGNITION SOURCE:s ° T

.. .PLASTIC BUCKET, - BOX mexpes | OT.:'

© RCETONE, 68,458 BTU (72,228 KI)
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- VERTICAL CABINET, "3'x4"x
CABINET, VENTILATION METHOD: -
_DOORS CLOSED, 4 vem-xmrxou auu_s. .

2 Top- 2 BOTTOH, EACH 14 5'x13 3° -

‘CABLE -TYPEs * ' }

- UNQUALIFIED CABLE (PE/PVC)

INSITU FUEL LOADING:

.3?3,638 BTU (611,338 KI)

[

T 48,300 BTUFT2 (S0, 388 KJ’/‘FT2)
IGNITION SOURCE: .. ' e

PLRSTIC BUCKET,- BOX KII‘NIPES.

lQT.

- ACETONE, 68,458 BTU (72,228 KI)
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CBBINET .TYPE AND’ SIZE:

: VERTICAL CRBINET. I’'x4°%?.3°

CABINET VENTILATICN METHOD:

CABLE TYPE: :

UNQUAL IFIED: ‘CABLE. (PE/PVC)

INSITU FUEL LOADING: - -
579 §se BTU (611,538 I(.T)

‘ 48,300 BTU/FT2 (%8, SSB KJ/FTz)

IGNITION SOURCE:

DOORS OPEN, ‘THO 21° xB#’ OPENINGS

m.nsnc BUCKET, BOX KIH'IIPES. 1 oT.

RCETONE. 68,458 BTU (72 228 KI)

)
H . s’
i

"'.TIME“'(MIN)




:"teat there was no' teetriction of oxyqen to the fife as. e
occurred. in ST #10..;.All . the cablee in the cabinet were={g5-
uompletely consumed. I : 2o ﬁ?r:;

ns:amresuit‘of the Scobing Tests{
were made.ﬁj,

K. There is ‘a_ critical imount ot | "ignition source fuel”ﬁ
Ef‘that is’ ‘necessary to ignite: a cable bundle, pa:ticu-
larly qualified ‘cable’ :

. .
I,'

‘ T
1

b, Qualified cable fires in vertical cabinets wili not':'
spread ;! il L .hm.ﬁ",. ar!a!-:,. 2

i
X

N 3 "
:

I

..‘.. ...' —— .!_. ','l

-----

'{>. Unqualified cable in; ‘vertical cabihets will'easily
“ignite 1 (with  :the- selectedu ignition .source) and .
propagate a fitem - ; A ;‘i SRR _"

a. Burning rate (HRR) is affected by4 the. ventilation
method (i.é:, tlosed ‘or open’.cabiret door) in tests
using unqualified cable. P S

; i vt ¢ .||' _! .. ..i:‘. BRI

. Smoke Obscutatloh in the test. enclosure occurs with1n B

five minutes 1n unqualified cable cabinet fires.h:~

: - L _ ) R
P 5 In situ fuel amounts whe;~ioaded in cabinets. ‘based
: . on survey infbrmation. appear libht.c-egﬁrﬁ wjgg:@ﬁ

, o i . o :
SRS - P Oxygen deprivation appears -to . conttol butning in:'
- "“"”iafires with closed cabinet doors. Cae
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. potential threat to the safety of a nuclear power plant by a 7~
. .cabinet fife~.in either the control room or in a switchgear '
-type toom. The purpose of these cabinet fire tests was to i -
characterize the development and effeéts of internally . -°
ignited cabinet fires as a function of several parameters . -
believed to most- influence the buining process. A primary .
_-goal of ‘thic test program was to test representative and ° -
“'éredible configurations and materials. This series of i -
22 cabinet- fire tests demonstrated that fires in ejther
benchboard or vertical cablnets with either. IEEE-38) quali- 7
fied cable orf 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 cabinete is not -
sevete enough to regult in autoignition ot other combusti- ;-
bles: although in some of the larger fires melting of plastic.,
~-~..materlals 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-it
- however,. .for the .conditions tested it ddes ‘ot appear that
the. .fire- poses. a threat outside the burninq cablnet except
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T . 5~-' ABSTRACT )

"This report presents the findings of the second part of a two-part series -l
of full-scale electrical cabinet fire tests conducted by Sandta National ~
Laboratories for the U.S. Nuclear Regulatory Commission. The first part

.fu%.--of this:test series investigated the effects of various cabinet parameters
.. ,-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) enc1osure.: . s

Five tests 1nvolv1ng a fire in a control cabinet were conducted under Part

"2 of the test series. These tests investigated the effects of fuel type, .
cabinet configuration, and enclosure ventilation rate on the developmentf

of the enclosure environment. Although fires as large as 1300 kW .
resulted, enclosure peak temperatures (outside the fire plume itself) were- -~

‘typically less than 150°C, with significant vertical thermal

. stratification observed. The most significant impact on the test .
-enclosure environment was that dense smoke, in all cases, resulted in

" - 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.
Similar obscuration problems had also been observed in the Part 1 tests,

. which utilized a smaller enclosure with ventilation rates as high as 15

room air changes per hour.
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" the effects of various cabinet parameters on fire development. The second .
. - to as the Room Effects Tests. These tests®investigated the effects of a’

" cabinet fire on a very large (on the order of actual control room size) -
- enclosure. <. s',. S :

" .Historically a number of fires have occurred in electrical cabinets (see

"_cabinet or- resulted in critical degradation of safety features, this:

mcunve SUMRRY
yAs part of the U.S. NRC spon ored Fire Protection Research Program, a two-
-partseries of full-scale electrical control cabinet fire tests was
-conducted by Sandia National Laboratories, Albuguerque. The first part of
~this - test series, referred ‘to as the Cabinet Effects Tests,-investigated

part of the test series, .the primary subject of .this report, is referred

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 cafe shutdown state.  Electrical control
cabinets, particularly control.room cabinets, often’represent a singie-“

point vulnerability of multiple safety systems or components. . Thus v~ fa 3

compromising a single control cabinet by fire could potentially result in
loss and/or- spurious operation of multiple safety system components..:

Reference 1). While none of these incidents-has involved a control vocm. -

historical evidence 11lustrates the potential for cabinet fires to occur.

f:;.iln total, the ‘two- part series of cabinet fire tests addressed four aspecis S
- of electricai cabinet fires: -

! '3- ..The ability of a cabinet fire to ignite and spread _
L i+ The rate of deve]opment of a cabinet fire

i'ilThe effects of a cabinet fire on the room environment .

cabinet of origin

(s In addressing the final aspect, propagation of fire and fire damage beyond; o
the cabinet of fire origin, only a limited investigation was performed. '

With respect to propagation of fire, only the potential for spontaneousiy =
fgniting an adjacent cabinet separated by a solid -double-walled barrier ™

;- was .investigated. The potential for spreading fire through a single-wa’il~.:":
- barrier,” or throtgh cables that penetrate the cabinet surfaces, was not = “jfiv
investigated, The results with respect to ,each of these aspects a\e:,; o eWaiE
'.Zdescribed below. '\\\“_; . S e

.‘,{As a result of the two part test ‘series, a number of observations and'-f" RO &
. conclusions were documented. With respect’ to the initiation and .- s
: .lsdevelopment of a cabinet fire. Pl RfER

For cables that do not pass.the-IEEE- 383 flame spread test Standa|d s

{unqualified cables), cabinet fires are.easily ignited and:

The potential for propagating fire and/or fire damage beyond the "~-3:;fﬁl
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propagate readily, generaiiy resuiting in combustion of a]i;;*
combustible materials within the cabinet., It was also demonstrated.
that even a low-intensity (170-W) eiectricaiiy heated fault point. -
s cog}d result in fuii cabinet fire invoiVement for unquaiified

-~ cables. . n' : , o .

Fbr cables that pass the IEEE-383 flame: spread testing standard~?
_ (qualified cables), self-sustaining fires:that resulted in- full:: £
involvement of the cabinet were somewhat more difficult to fnduce. : i ¥iliy
*  However, - given the proper.circumstances,- such a fully involved T

" cabinet fire is possibie, as demonstrated in Test 23. R <

.Peak fire intensi‘ies observed for both qualified and unqualified -
cable cabinet fires were approximately 1300 kW (Test 23, qualified ..:
_cable; 1235 kW peak heat release rate; Test 24, unqualified cable, .-
- 1300 kW peak heat release rate). These fires represent very. . !
intense fires, which typically grew to peak intensity within 10;
min. . . e .

P

. Because of the rate of development and eventual,intensity]of the‘;
~~ observed fires, .efforts to suppress these fires with hand-held..
" 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.;- :

- of a cabinet fire.‘ - S S

: Nith respect to the effects cf a cabinet fire on the room environment°f5'.

- & Peak temperatures at ceiling level (20 ft) direct]y above .the fire f._
e :ource were obserVed to reach.as. high as; 262 C during a cubinet- &
ire . . . A :

e 'Thermai environments in the test enciosure induced as a resuit of ajv S
- fire confined to a single cabinet, were observed to reach no highér - il
.~ -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 ¥
- .7.be. expected to ;exceed 150°C. 'However;'this situation was not: -
"directiy investigated ) ‘ '

.- A significant degree of verticai thermai stratification ‘was- '1 ;

. enclosure = .

' H t . - . T -:"L

« The peak temperatures observed depend strongly on the size of thegﬁ

.. enclosure and on the ventilation 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 isolation strategies. -

2.



-~ high as 8 room air changes per hour were used.

4
k3
4

: ",1he build- up of smoke: in the enclosure and the’ deposition of soot

In each case these

. rates -were f{nsufficient 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.”  ~i--gtl
* that due to.this rapid build-up of a thick smoke layer, operator - -{;3: i

‘effectiveness would be severely hampered under such conditions. o

i

: "*f'spontaneous ignition; temperatures for most materials.. Thus the

-investigated

™

No significant damage was observed for cabie bund]es located in :
~adjacent cabinets ‘(separated by a double-wall barrier) or in other- . .
-, .enclosure locations. -Both visual and insulation integrity checks;;n'**

- were made following relevant tests.

~ spontaneous cabinet- to-cabinet spread of fire through such barrier
g”configurations is ‘considered unlikely. This conclusion relates
“ only to the ractual spread of fire between cabinets. . The’
environments observed indicated that other damaging effects; smoke::
and high temperatures for éxample, may threaten electrical - .. .. °:
equipment in adjacent cabinets, .even though flames may not actually. ..l.-<-.7
.. propagate. In particular, it 1is anticipated that integrated :
_ "circuitry based control components will experience calibration“
-. drifts and/or faiiure at the temperatures observed

. Many 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 " .

~ the results of these’ tests, partial or incomplete barriers and .- - e

" unsealed cable penetrations can be expected.to allow further spread

. : of fire, given a fully involved cabinet fire. The vulnerability of ' .~ ‘& K&

cables .in raceways above or below a~burning cabinet was also not - . .5 K

Hith respect to fire induced damage to remote cabies and components

«

%g?particu.ate were observed to be significant problems in both parts’ %%
= of the test series. Typically, within 6-15 min smoke had totally :
.. - obscured visibility ttroughout the test enclosure. In the smaller . .
—.enclosure -used in the-Cabinet Effects Tests; ventilation rates of -
“ 15 room air changes per hour were typically used. For the-large-
test enclosure used in the Room Effects Tests, ventilation rates as’

-.Hith respect to the propagation of fire beyond the cabinet of fire origin° B

A so:id steel, doubie wall barrier was quite effective in reducing :
- adjacent. cabinet temperatures, both surface and air, below -typical

f“Heavy soot deposition throughout the enclosure was observed in mostu s
. tests.. In some casés this soot.was found to be -heavily loaded with
. chlorides,[7] adding the potential for highly acidic solutions to-




; G _; form in the preSence of moisture (such as that resu]ting from
GRfl, <+ suppression activities) .

M -
Croa
; : .

« Low- voltage equipment present in’ these environments was- found,zf.
generally to remain functional (in the absence -of moisture) [71..:%
. 'One. exception involved a strip chart recorder that jammed due to .-
deposition of soot on mechanical parts. . High-voltage equipment ‘was

:_not investigated.. Also, the vulnerability of cables in raceways -
directly above or below a burning cabinet was not investigated

L One additional insight was obtained which was not a part of the original
O objectives of the program.. This .involved the effectiveness of - smok®«~
R detection for.this type of fire.- During the final cabinet test, two smoke
R detectors were placed in the enclosure and monitored for actuation. One
: detector_was placed within the source cabinet and one in a remote cabinet.
~ The detector in the source cabinet detected smoke from the electrical-:
<. 1ignition apparatus used in this test approximately 1 min after visible’
~~... . smoke first appeared and approximately 5 min prior-to open flame igniticn.v
: The -detector located in a remote cabinet did not activate until 10 min.
-.after -fire ignition, after the fire intensity had peaked. This experience .
“illustrates the effectiveness of in-cabinet detection systems. Area-type -
detection systems can be expected to lag in time the response of the- in-;
.cabinet detector,  though the detector located .in the remote cabinet
“ probably would represent ‘the worst possible detector site. giVen the
L location of the fire.n: - : : R
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ZgA two- parf series of fuil ‘scale cabinet fire tests was conducted as: part
=i of the.Fire Protection Reskirch Program. This program is being conducted
o 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 ..
“x room. Although there have been no fires. in control room cabinets of = . :
_.* operating nuclear power plants, there have been fires in cabinets in other e,
““parts of plants, and these cabinet' fires have resuited in significant - .:..-
_damage from heat, smoke, and corrosion [1]° Furthermore, based on past. - :
probabilistic risk analyses, a fireiin a nuclear power plant represents - 7

. one of the more significant potential threats to the safety of a plant, . T
“‘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
LI ‘addition,. a recent study has shown that, given the possibility of muitiple--
“righe. -spurious equipment operations (such as might be induced by a_ cabinet
T fire), remote shutdown may be rendered ineffective 2]

" Because of the perceived level of risk, the NRC staff expressed a number
.of concerns” about cabinet fires. These concerns centered on (a) the ... .oi/CK
-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 . .:l.-
other cabinets and to damage equipment and components throughout the room.

. The first serfes of NRCasponsored tests, cailed the Cabinet Effects Tests -
.- and described in Volume-1 [3], investigated concerns (a), (b), and {d).
‘&The second series of tests, described in the present volume and called the
- Room Effects Tests, validated the results obtained in.the first series and -
yinve.tigated concern; (c). §§ : . TR . R
}This report wiii describe the general outcome of the ‘Room Effects Tests.
Only sufficient data have been processed and evaluated to interpret the .
; results of these tests and; to permit comparison with ‘the Cabinet Effects . . s
" Tests. - Further analysis of the data that are not used for ‘this report; - .-
- such as atr. velocities or combustion product concentrations, may be - .
: accompiisbed at a 1ater date. AR

L R Jﬂif oo , R
:‘:"_l 2 E[gngug §Ludjg§ T L S ) ' § -k

"Previous system studies and testing have shown. that cabinet fires in

"nuclear power plants represent a potential threat to the safety and . -
shutdown capabilities of. a plant. The relevant work performed prior to .~ . = i
the Cabinet Fire Test Program is discussed in an earlier report associated -sg
with this effort [3] D _ RS

SR s . N -
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'Lll Based ‘on the Cabinet Effects Tests, a nuwber of conclusions were reached v
T as. foiiows. . . .

qualified or -unqualified cable, with either of the ignition—f:}

- ‘cabinet, can develop rapidly (in minutes). However, in tests with
....qualified cable,. the fires did not become as.large as those

.under different:. conditions (e.g., a single wall, larger fires), a_-

<
-—

R

Cabinet fires can be ignited and can propagate in either IEEE 383‘-f

sources tested (transientl and electrical). However, ignition and -
propagation are less 1ikeiy to occur in IEEE- 383 qualified cable. e

A cabinet fire, with either IEEE-383- quaiified or -unqualified'f,-
- cable as the in situ fuel, in either a vertical or benchboard-style .. = &

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._m ]
with Unqualified cabie) :

Ignition, development rate, and spread of a cabinet fire depend on“-’-
- critical ‘combinations of many interdependent viriables (ignition
source, .in situ fuel geometry ‘and amount, cabinet style, 7
ventilation, etc.). Hence, the course of any given cabinet five is - ~. '/
substantially unpredictable unless,. as is unlikely, the values of
all these variables are known in advance. Even then, it would be ...-
difficuit to predict the exact course of the fire. ' L ;;

For the enciosure conditions tested in the Cabinet Effects Test
- series (enciosure size and ventilation rate), the thermal -
environment produced by the fires in the enclosure was not severe.
enough to cause autoignition of rémote materials, but the thermal oL
environment ‘may have been severe enough ‘to cause equipment.damage.. - ¥ .
_ Furthermore, it- appears from these tests that a cabinet fire will- g
.not spread from the burning cabinct to adjacent cabinets. However,

cabinet fire could potentially cause autoignition in adjacent
cabinets and continue to propagate. Based on measurements - of’
barrier surface temperatures, the.double-wall barrier between .. .
cabinets used in-these tests appears to have played a crucial role- .-:
..in preventing -cabinet-to-cabinet fire spread during the- Targer . -
cabinet fires. ' The effects -of cable penetrations in the cabinet: - -
- surface and the potential for spread of fire through such-
penetrations were not investigated , .

“For the. enclosure conditions tested, dense tmoke ‘accumulation in . - bk
“the room became a problem within minutes after ignition, for all ...
fuel types and cabinet configurations o %

m—

" Essentiaily. the general concitsion at the end of the Cabinet Effects"szf‘ﬁflwf.

(Volume 1) was that 2 cabinet fire can propagate within a sing]e ;J:ﬁ{f}f

e,

"f"l}consisting'of 4 piastic bucket, paper, and 1 qt of,acetone

.5'7'
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“cabinet; however, for the ‘conditions tested
: fire .poses a threat outside the burning cabinet (except for the smoke).-

“;Other cabinet and fuel configurations may result in a compietely differentﬂ
A]though these conclusiohs ‘are significant ‘the tests on which they are
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)

~over generaiizing the resuits of a iimited series of fire tests.

it does not appear that theng 4

" based have not been replicated or validated except as described hereafter =

resulted in"a"qualified cable cabinet: fire whose intensity exceeded that . -~
~..of any. fire experienced during any previous qualified cable cabinet fire =~ = :."
test. -This particular. test provides a graphic.demonstration of the - :
inherent variability. of fires and the potential pitfaiis of=fv

,_..w_.,:.ri““"ws.z semrwee—y
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=" long, 12.2 m wide, and 6.1 m high (60 ft x 40 ft x-20 ft). The interjor: .-

22,15 Ig;; Eggj]j;x gnd Inst[umggtgtign
tThe enclosure used for the tests described here is located at the Factory

fenclosure is ttself housed within an outer building and thus isolated from -

. in. -) thick Marinite? I panels to.simulate the-concrete “alls encountered °. .

"of the test building served as the floor of the.enclosure. A forced-};i

= '.

- The follow1ng instrumentation installed in the test enclosure enabled the

. fff? 31 aspirated thermocouples

;_~;;= O 9 three dimensional velocity probes ﬂ ,.;m e e

-'Z,Mariﬁite;l-is a registered trademark of the.Johns-Manville Corporation;::,

Mutual-Research Center (FMRC) test site in Rhode Island. The entire test -
the external environment. The enclosure, shown in Figure 1, is 18.3.m "-f’ﬁ
surfaces of the enclosure s ceiling and walls are Tined with 2.5-cm-(1- .- =)
in nuclear power plants. The concrete slab that makes up the foundation :{# ‘"

.ventilation system with six inlet ports: and one outlet port provided " 3
“ventilation.rates of from 1 tc 10 room air changes per hour. A detailed i

description of the test enclosure is provided in Reference 4..
—

The control room mockup, presented schematically in- Figure 2, included §ix ;;ﬁ:ﬁ i
"real” electrical control cabinets (three benchboard style, one mitered- -~ GHIM
corner benchboard style, and two single-bay-vertical style). The :. %'l
remainder of the mockup was constructed of Marinite I panels bolted: to - il
___metal framing material.. The overall height of the mockup was 2.4 m.(8 il
ft) - Figure 2 gives the ,actual dimensions of each section of the control *7 -t
room mockup. : sl . ;

-

monitoring of temperature, heat flux, heat release rate, mass loss, smokeﬁf
density, gas pressure, gas velocity and gas concentration' : i

59 bare bead thermocouples

: ‘.‘1-_ n".'."',

e 5{9 small sphere calorimeters

St e e ey

.9 large-sphere calorimeters

« 6 smoke turbidimeters (smoke density meters) ' -‘;'§$;ﬁé;

. 9 gas sampling ports (for oxygen, carbon dioxide,'and'csﬁbdnf;d REAUI
monoxide) . _ |

. A more detailed description of the instrumentation and of the measurements ! “;Tf*:

taken during the tests is contained in Reference 4, . e

—
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‘2.2 l Control Room Mockup
_;~The gontrol room mockup, photographs of which are shown in Figure 3,. was -
> used to simulate the effects of cabinet arrangement on the development of
a cabinet fire in the control-room-size test enclosure. The mockup did .
~.. _ not vepresent any particular control room, but its dimensions and
it - rarrangement were based on a survey -of plant contro] rooms, and 1ts
Taede confiquration is generic. [3 5]

.._\“

R glaae ‘Cabinets -

f;f. 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]

fi?v,ff' were used in the testing.

e 2. 2 ! Ignition Sources

;fTwo 1gn1tion 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

" of Lhe ‘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,
- shown in Figure 7, was ‘ignited by an electrically ignited gas pilot Jight:::

.'£fu"compared to the peak fire intensities of 1300 kW observed during testing.)

terminal strip and Zs.pieces of stripped.-(unjacketed) cables, shown in

terminal strip, resulting in overheating at the connection and culminating
. in a fire. The selection and use of these ignition Sources are described
in more detai] 1n References 3 and 6. S

- . - . B . . _ L '
. \...

\-

. \

i Ay

-ﬂf"-': 3.K1mwtne is:a_regtstered trademark of the Kimber]ey-Clorkaorporation. 

Figures 4 through 6 provide dimensional data on the primary cabinets that .

Tacetone was poured into:the bottom of the bucket, the bottle and remainder :

" A nmore detailed description of this- ignition source is provided 1in ;ﬁ_
" References -3-and 5. . The electrical ignition source consisted of a .~

Figure 8. This source was ignited by providing ~165 W of power to the ..

e AT 1he vertical cabinets used in the control room mocKup were surplus o

’_-

f%iit'= setting fire .to one of the Kimwipes hanging -out of the bucket. ™~ This’ 151
L ignition source burns at an intensity of =40 kW. (This sotrce can be .
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:-'*'ﬂig.".ﬁ"zf;z.r. In Situ Fuels | | i

o The;in.situ-fuéls'wére the primary source of fuel in tﬁe_cébinets.[Sif.Iffi:fhcf:

. .was considered:reasonable to represent all the fuels in the cabinets:with - " -
of in situ fuels:in cabinets. iMost

. cables, which are the largest source
- plants use IEEE-3837qua]1fied cable; however, some (w20%) [5] operating -7

.plants still use unqualified cable in their control. cabinets. Because
.pqth_types_ofﬁcable.arQ;sti11 found in plants, both” types "of cable weré’
:used;{p*lhé ;e§t1ng.;;='r Ple e - S

he:: EEE-383 qualified cable, called qualified cable in the text and.:. .
‘desichated as Q" cable in.the plots and tables, was three-conductor, No: e
112 AVG, -with-0.76-mm (30-mil) cross-1inked polyethylene (XPE) fnsulation, . .
“si1icon glass tape, and a 1.65-mm (65-mil) cross-]inked;po1yethy1ene (XPE) -:°"
- Jacket, rated at.600 V. The unqualified cable, designated as "UyqQ" cable -,
L-in the - plots--and tables,; was three-conductor, No.. 12 AWG, with 20/10- .-
. po]yethylgne/ponvinylch]oride (PE/PVC) insulation,_and a 45-mil (1.14¢mm)_"_';¥
2 -polyViny]ch\orid (PVC) Jacket. : - e {—-ﬂ.j:fﬁ
'”j:-Then{uglj1badings ahd their arrangements..in the'cabinets-were.de$1gned.t0m
X beﬁQeneF1E;td_QUClear.pbwer plant (NPP) cabinets (as described: in "
N Reference 3), in order to make the applicability of the tests.a§"wide-as~ﬁ,=j'f
possible.-,The-fue\ configurations used in these tests were as-similar as - "

LA

%~ possible to those’ in the Cabinet Efects Tests.[3]  -- - . ... w7
- 3 “,\.:.i“ | '15 . | | - h_ | - '.. -
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Cable bundles, similar to; those used to m.ke up the tn sttu fue] load tn

. the- burning cabinet, were placed at eight other locations in the :
~-enclosuré.” One bundle was placed on each adjacent wall in the adjacent .
- cabinet, and oné bundle on each oppostté‘?a]] in- the adjacent cabinet.
Jhe remaining four bundles were placed on top~of various. _cabinets and -

. cabinet mockups around the enclosure.  The purpose of placing these cable::
bundles was to 1nvesttgate the room environment effects on. the cables.

mm_mstmemm

5-In addition .to .the . 1nstrumentation insta]ted 1n the test enclosure;

.described  in.-Section :2.1.-and detailed by Nowlen 1in 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
instrumented with thermocouples; however, only the cabinets shown in. -
“Figure 9 were heavily instrumented because they -were in the genera1 K
f;location of the fires. . L . A e

B T

1
. ot v Je
. Tl H
- S amase . - ot
L I O SR U
G DTN p Vil

.
=

A

Vot 01
Y

T )

v

. hon FRRr e e e 3 o o
it ke o e, CABER F R B 2t FURARONE I GNP




x i 5 .
i o
™ G .
\l . N :
- . : ' i
VERTICAL CABINET °'C’ ) o
4 X - AIR THERMOCOUPLE .
rc’z‘i.zz > - SURFACE THERMOCOUPLI -
. . ' 4. D= HEATFLUX | -
. co- BI-DIRECTIONAL PRESSUFIE
1C20 /YA HF2 ., " B
TCI XA HF4 . P ' )

TCI9%

- TC1 )R BP2

TC17

TC1S5. 16

 MOCK-UP

CABINET 'D’

. -Figure 9.

TC9.107cp TC5.6
XTC13TC12> g '

HFS

———

BEN
CA

X
HF1

CHHBOARD

;5 < .

X
JTE18 wA

BENCHBOARD
CABINET '8’

BINET ‘A"

' Schemai

Tc

SRBBPl

il

.

%
TCH4 .

ic bf.Cabinet'.Instr"ument.atitj)n-' Layout - | S RT

~




P S

E ' i B
j__:? DISCUSSION Of CABINET AND CONTROL ROOM FIRE TESTS

I’

Test 21. through Test 25, were conducted at the FMRC test facility (Note
.that” Tests :1-20 . inVolved simple fuel sources and are described - in
Reference 4. ) Table 1 summarizes the test setup for Tests 21 through 25

l-:
H

i .3 'f Table 1

Cabinet and Control Room Tests 21 Through 25
' Test Setup Summary

- . - G i : Test o
Parameter - A 3 I 2 -~ 237 A

-—
e 1

-Location of Fjre i , B .
" Benchboard Cabinet A™ - X X=X .- X
; . SN
|
i
'

_ Vertical Cabinet C
_m.Ig'jtjon Source

"Gas Burner.- :
" Transient- Source
-~_Electrical Source_

":Prupylene o
Qualified Cable el
‘Unqualified Cable-

Vg tj]ation Rate
: .1 Room Change/hr ..

-.:.8 Room Changes/hr“_;f

g s Egrn r !ests jn Bgnghboard Cgbjnets (Tests gl gnd 2 l _
Test 21, used a 0. 91 i (3 -ft- ) diametex_propylene sand burner in “the |
benchboard Cabinet\A.4 " This- test was —also 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. ~ The purpose of -this’

~+..  test was primarily. to. provide data with a known heat source and rate to.

: iise in validating enclosure instrumentation, previous fire tests (Cabinet

Seq o "

)

4 Note that tests 21 25 followed a series of 20° enclosure fire tests in
the large scale test facility. hence, high test numbers.
[




TEST #: | 21 PROPYLENE BURNER IN CABINET A", GROWING FIRE TO 516 KW IN.
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Effects Tests), and fire models. However, the data are also useful
_-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:
nuclezr power plant control rooms. The expected actual heat release. rate

.. (HRR) and calculated HRR are shown in Figure 11. .. :

+The.- ca]cu]ated HRR,. evaluated using the method-described by Now]en.[4] 1 :
: .- not -steady because of variation in the ventilation flow rate and other.
e ~'. factors. The calculated values do, however, follow the general behavior

AL and magnitude of the HRR profile, which was based on gas flow rate.- e

The interior of Cabinet A was essentially at flame temperature becaUSe of~—
7“the large -flames produced by the burner. Adjacent cabinet temperatures“j
are-“shown -in Figure 12. Cabinet B, the adjacent benchboard cabinet} had a 14
peak wall temperature at TC #155 of 235°C and was still rising when the . % i
burners were shut off. This temperature could potentially damage cables. i - .
on the wall but wouid not have ignited them.: Air temperatures in Cabinets .-

8, C, and D were- all less than 100°C when the burners were shut off. Cde

1o ' ce Tan e L1 . . o
. ' . i I : ., H ' ' .- .

P o -
EAORRY

700 N T Y a—
' ' ' ——— EXPECTED °
CALCULATED

SHHR(RW)

C T M (i)

“UFigure 1. .Expected and Ca]culated Heat- Release Rates .
R During Test & R
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The enclosure environment is-depicted by Figures 13 and 14, the enclosure .
-.temperatures and enclosure optical density. The enclosure temperatures at ;
. Sactor 25 did not rise.over 100°C, although-they were still rising when

* +---the. burners were turned off. The vertical teMberature 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 typicai
- 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:
Jiw "during the test, as shown in Figure 14. ‘The smoke was always denser.near..

TN 2y AR o AN B

ot 2wy TR Wt o

o

S5

. . Ca
AL T S RS b

-
— e N3

::the ‘upper part of -the.enclosure.. However, even at the 1.82-m (6-ft) v
iz“élevation, -the.optical. density (Figuré 14) was indicative of very poor . H
'visibiﬂity conditions that developed quite quickly i ' ,é
400 PR 1 11 — f
';:f‘~f * CHANNEL KEY: ' : .
_ o ‘ 152+ CAB D' CENTER AIR o ' -
AR . 800 |- 155« CAB ‘B° HIGH RIGHT WALL - o Co -1
- g : 157 CAB '8’ HIGH CENTERAIR T -
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E . 200 '
A e R
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- . .
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w . .
= 100 P
.0 L l
i . 5,
ST e TIME (min)

"..Figure 12. Tempefature;iin Noninvolved Cabinets.Doriné_TEEt”Zl': ‘9:;f£;

“*3-5 *Sector 2" is a designation used to identify the instrument tree located
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.:
rgrowing. to a peak. rate of 516 kW results in only- a moderate..rise in ?‘
.. enclosure temperature. The observed enclosure peak temperature outside T
. the fire plume of less than 100°C would not generally be assumed to result,
... 1in problems for most equipment, with the possible exception of integrated -
circiits. The smoke accumulation in- the enclosure -obscures- the view:
ml inside” the enclosure within 10 min and is potentially &~ major problem.
U previous testing at FMRC has indicated “ihat 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 similar magnitude involving cable insulation '

: ;fTest 22 employed the same.setup as Test 21 except . that the burner wa"

~§ai7 i .: timeline of 'the events that occurred in the—test are-provided in Figure
' Figure 16. It should be inoted that in this ‘test,. the propylene fuel

¥ inventory was .insufficient’ to maintain the. desired gas flow rate. Al
approximately 12 min after ignition, test personnel observed that gas .

- .. psig) was reached.. Thus, the calculated HRR shown in Figure 16 accurately
':-;reflects the actual fire behavior observed.

“ wall temperature in Cabinet.B is 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

cable, although damage to cables or components is likely to occur at these -
- 80’1 at 14230 min after ignition.
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

Figure 18 for "Sector 2. The smoke layer descended from the ceiling at a

'-'.‘32 Bgngh oard Ca binet Fire Tests (Tests 23 s nd 24)

-+ programmed to grow to 1000,kW in 8 min. This test was also designed tn.-" N
. . previde data- for. computer !code, enclosure instrumentation, and previous: - .. .. =&
-"test. (Cabinet Effects Tests) validation. A description of the test and a .i.:: v

“#ime. . pressure had fallen from the initial value of 175 kPa to 133 kPa.(25 psiqg-. - = .0i.
" to 19 psig). ' Further observation of the gas pressure .indicated that gas.. ... -4
pressure decreased steadily throughout the remainder.of the burn.. At thes™ -~
-.time of scheduled burner shutdown, .a pressure of approximately 91 kPa (13 .- "

Temperatures in the adjacent cabinets are shown in Figure 17.. The peai~-'

':f;fflou over the course;of the test. Temperatures in this range would not be;f:!if
_ expected to result in autoignition of either qualified or unqualified. ™

- . temperatures. Again, as in'Test 21, the adjacent cabinet air temperatures
" -were a1l less than 100°C, with the air in'Cabinet B reaching a maximum oi s

The peak enclosure temperature in this tests was.107°C near (5 97 m [19 ft‘ﬁ-’iﬁ:;"” :

0.3 x H level, 1.83 m (6 ft), of 62°C. These temperatures are shown in_-"-

steady rate, eventually obscdring the view inside .the room within 10 min. ;_f*

o Test 23 was the first Room Effects Test in which'a "real® fuel was burnedfl-fﬁ'{.
“.... " IEEE-383-74 qualified cable:(XPE/XPE) was placed inside. a' benchboard-style’

“'15. - The. expected profile and. calculated heat-rélease rates -are.shown in. f.ftf'¥;5
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"~ cabinet and used to make Up the in. situ fuel configuration " The ..
.coanQuration was arranged as nedrly identical as possible. to the *

~o..for Test 23 was 1.55x106 kJ (w=1.47x106 Btu). >lgnition source. for, this-J: |
.test was the transient. source (i.e., a bucket, a box of Kimwipes, and -

[ After 1gn1tion the fire began to propagate rapid]y up. the 1gnition bundle}
-and -quickly spread throughout the ‘cabinet. ~Unlike.any previous cabinet
.~ - 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 't reproduce it has been conjectured that :the cables were
1arranged in d "critical" configuration due to seemingly minor differences. . °
i. ‘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 . i
- thermal feedback to 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 {llustrates the influence of the. . .
'$0- ca%lﬁd critical configuration described in the Cabinet Effects" S
Tests 3 N . . P

" TIME (min)

,Figure i8 Aspirated Thermocouple Measurements at Sector 2
. ' Durlng Test 22 :

configuration in PrelimInary Cabinet Test 5:{3]. The in situ fuel 1oad1ng“f

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.',f“:'”tﬁb
. Room venti]ation was set at l.rm ch/hr (0.38 m3/s or 800 ‘ft3/min). L

—, _._'.




A 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'*\~ o
unqualified cable in an identical configuration ‘and described below, '-g,i
resulted- in a_more intense fire, _ £ 1

.. The air inside the burning cabinet, as shown~in Figure 22, was effectively S
T at flame temperature until the fire began to. burn down at .around 20 . ° i
‘minutes. - However, the upper left wall temperature (TC 145) stayed at . O
. . around 700°C. until well. after observable fire activity ceased. ..The - - . "
. continuing  high temperature was most likely due to a hot spot caused by -~ 7.
. snoldering cables.. Adjacent cabinet air and wall temperatures. are shown = .
. in Figure 23." The peak adjacent cabinet wall temperature was 272°C at . l
. 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.
l.,the thermocouple on the wall (TC 155) came loose from its attachment to
~the wall. . The adjacent cabinet wall temperature would have gone higher, :
“:bit 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). ' :

;j The enclosure temperatures for Sector 2 (temperatures at other locations
.are very similar) are shown in Figure 24. The peak temperature, 132°C; in-
the enclosure at Sector 2 was at the 5.97-m (19-ft: 7- in) level at 13 15 i)
min after ignition. -As: shown in Figure 24, there is some. vertical = "../-&Hj
_-temperature stratification in the enclosure. The peak temperature at the j.¥=” 0y
. 1. 83-m‘(6 ft) level was. 87°C at '15:30 after ignition. During the test i
the ‘smoke began to obscure the view at the 1.83-m level at 9 minutes. The'ﬁ'
optical densities at-Sector 2 for three -different levels are shown in AR
= Figure 25 The vision distance with a bright light at-an optical density .
of 2ml {s »0.86 m. (Unit of optical density is reciprocal meters, i. €y
-~ meters to the -1 power, although conversion to visibility distances is not
j 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_
"~ ldng 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 ',. ighee
locations throughout the enclosure did not experience any damage. - ,e;auﬁ: ot

" In Test 24 unqualified cable (PE/PVC) was placed inside a benchboard ,l "
.- cabinet, The in situ fuel configuration for this test was the same as for - i- @%iF
... PCT-5.0f the Cabinet Effects Tests. As in PCT 5, the ignition source was- e
‘- 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’l rm ch/hr Ignition of the cables occurred at a power of

pai
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. TEST 3. B
EE . g AT R R . !.'. T S
_ ; CABINET STYLE & VENTILATION: . BENCHBOARD CABINET, FRONT VENTILATION = . *
o ,-' : N ' - GRILL AND OPEN BACKDOOR P
. "2t + & INSITUFUEL TYPE & AMOUNT; QUALIFIED CABLE (XPE/XPE),1.55x105kJ - . .. _.
; -,. - ety . ! e me e e e .l . e . .:. (1.‘7 1_105 Btu) : . . -

T . PR

IGNITION TYPE & AMOUNT: POLYETHYLENE BUCKET, BOX KIMWIPES, © ..
. .' . e awm e s me s .....:,:- ——— me e 009461 (1 q‘.) ACETONE ‘ . :- . ' )

.'R.OOM .VENT"'.AT'..O.N. RATE: 1rmch/hr . LT ooy SRR ;

LTI "CONDITIONS AT-TEST START: - TEMPERATURE 13°C, RELATIVE HUMIDITY 43% - -~
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170 w through the circuit used to provide the high -resistance . bui]dup. g
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 on the wails .
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 .. ..
;into the test, 12:10 mih;after ignition. It took approximately 6 tin for. -
_the fire "to .become large enough to register on the instrumentation, -but -
;very shortly. thereafter the HRR peaked, indicating an extremely high rate
:iof ‘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-loss was 50 kg (110 1b). Once the combustlbles had been exhausted
the fire died out as quickly as it had risen. .
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Figure 28. Calculated Heat- Release Rate for Test 24 .
. [

— e . . B

Ce il

Figure 29 s’ 2 p]ot of. temperatures inside Cabinet A durlng Test 24 It. o -
. shows that the cabinet’s interior -essentidlly reached the flame, R
temperature once the fire began to spread. Flames were, in fact, observed . ..
coming out of the cabinet pear the top of-the door. There appeared to be .
-~ combustion ofthe gases in.the top of the cabinet, Figure 30 is a plot of -:%..-
temperatures inside Cabinet B, the adjacent cabihet, during .Test 24. The -7
~ peak- Lémperature in Cabinet B reached only 90°C.at 34 min, but the right .
5 - cabinet wall recorded a temperature of 319 C at 32 30 min (18 40 and 17 102-
PP postiqnition, respective]y) 'i . ) .

: o Figura 31 is a plot. of air temperatures at Sector 2 of the test enCIOSure L
(temperatures at other Tocations were similar to those at.Sector 2).i At 7.
the 5.97-n" (19-ft 7-in) élevation, the peak of 121°C was reached at 2945 _-.:.
minivat 1.83-m-(6 ft) abovée the floor, the highest temperature recorded -
v:was . 75°C at 32:16 min (14:25 and 16:54 postignition, respectively).. .Some .-’
***vertital temperature _stratification is apparent, but’ not as much as in- -
‘Test 23 with qualified cable.' The temperatures seen in Test 24 are below
-damage levels for.most equrpment ‘and cables, with the possib]e exception .
= of integrated. circuits. . Figure 32 indicates the gradual descent-.of ‘the -
" smoke layer as the test progressed Smoke comp]etely obscured the V1ew j'
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from “the front of the enclosure ‘of the 1.8-m (6 ft) level beginning
-approximately at 15 min after {ignitfon. .- This visual observation is-:
. 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 e

smoke was visually observed to obscure vision. o sl ;

T Significant]y more soot was observed to have been deposited on the floor ° _
. and cabinets than had been seen in Test.23. or in any of the Cabinet :;+:.%
Effects Tests. -There are three likely causes, which may have operated’

- “separately or in combination to. produce this result:. (1) the recorded: et
...+ . 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 ~

- fuel; or (3) the low ventilation rate (1 rm ch/hr) compared to the Cabinet
Effects Tests. This discussion is carried further by Jacobus in Reference
7.5 As in Test 23, no damage to cables outside the burning cabinet.-was-
observed . . ;l .

-j;o3;3 Vertical Cabinet Fire Testngest 25)

—

The last test performed was Test 25 in which unqualified ‘cable (PE/PVC)
was burned inside a vertical cabinet "The in situ fuel arrangement’ and ..
. . amount were: approxrmate]y the same as in- PCT 2.[3) Approximate]y
.1.05x106 KJ (1.0x106 Btu) of cable insulation was loaded into the vertical’
cabinet.  The doors to the cabinet were left open throughout- the test.
_Ignition was induced~by simulated electrical high-resistance heat buildup::
. (in PCT 2, the equivalent :test from Part 1 of the test series, a transient
" ignition source was used). Room ventilation was maintained at an exchange ..
. 7~ rate of 8 rm ch/hr (6400 ft3/min) to investigate the effect of high -
 ventilation_rates. The fire propagated in much the same way it did in PCT ’ “z
-rg;z,bfonsuming most of the cabies except. a few near the fioor of the-: 257
‘cabinet- : ' C e .- 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 min after }f
.. {gnition... This s compared to the approximate peak HRR of 995 kW seen at

w12 -min after ignition in PCT 2.- The fire appears to have $pread much more -f
quickly in.this test than it did in Test 24, when peak HRR was not reached
until 12 min .after. electriical ignition. The fire grew very quickly yet"
==tdied 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 -
~‘moré widely dispersed horizontally, and there were- fewer_ verticai cabie
Zruns in the cabinet; thus;:it reached a Tower peak HRR sooner and burned
at a lower rate for'a ionger period. . : e
... -In this test, a smoke detector was mounted on the ceiiing of the cabinet .ﬂ )

directly above the electrital ignition source. A .second -detector was aiso..
... placed on ‘the. ceiling of remote cabinet "F", as shown in Figure 2. The .
S purpose of the smoke detector was to determine when a typica] in- cabinet

. i :"
SR L it~ 38 R T - N
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. TIME (min) -
Figure 35, zHeat-REiease'Rate for Test 25." Based on’
‘8 rm cr/hr and then smoothed &= 7 -

'!
i

-~ —

*“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
.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- .

ithis detector -had been placed in-the optimum location; based on pre- event;
~know1edge of the fire source s Tocation, for detection of the source..;;-

%;Figuie 36 shows temperatures recorded at three different iocations within
-Cabinet 'C (the’ subject. cabinet) during Test 25. . Generally, these

L7 4n the earlier tests (400¢ versus 800°C). "Agaim, the_most probable cause’ -
‘7o 0 . was the great horizontal dispersal of the fuel in the benchboard cabinet. -

-~ detector. wouid “detect ‘smoke. from an electrital ignition source such as. . .- %
that used here. . Smoke was visually observed,¥n.a very small amount,.from - @ 7+
"the electrical {gnition source at 9.5 min after the source was turned on .

after the source was turned on, 10 min after actual ignition. This-.

- experiment showed only that the.in-cabinet detector (source cabinet) could: :*
. detect smoke from the eiectrical ignition source before a fire actually i
. started.::Had the doors. onithe cabinet been closed, the smoke might have .= i
: been’ detected earlier (dueito smoke accumulation in the cabinet).. Also, 7 :: T

.temporatures are substantiaiiy lower than the corresponding temperatures ..

" Figure 37 portrays the air ;temperature at the higl. center location in " -
.Cabinet B (the cabinet nearest the subject cabinet) during Test 25. This‘ T

paraneter'never exceeded 254G, which was reached at 34 min into the test
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grmmman va

fixa min after tgnition) Note from. Figure .2 that there were no cabinet
‘1mmed1ately adJacent to Cabinet C, so there are no -data availab]e on’
temperatures in: adjacent" cabinets. -

.Figure 38 “shows temperature profiles at Sector 2 of the test. enclosure

‘during Test 25 (similar to the profiles:at other locations). @ Peak . =~

.y 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 {gnition). ' 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, pumpirgy 6400 ft3/min of cold air into the enclosure, may have held. : 74 ¥
tempelatures down. - Figure -39 depicts the recorded optical density data = '~ .k
“for.Test 25. -Visua) observations were that smoke did not begin to obscure = :

"7 “.'the .,view at -the 1.83 m :(6 ft) elevation until 30 min (14 min after -

:_“,~ 1gnit|on) the data indicate obscuration at this level _beginning at 23 min:- " .&

(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 = - .
partitionmng 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 densitiés appear to be lower in this S
test, presumably because of the high ventilation rate. el
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g CONCLUSIONS -

..... These ™Hoom Effects Tests" provided validation of the "Cabinet Effects . - |
" Tests™ in showing that, for. similar configurations, .the fires could be .~ .7~
: 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- .
.. double wall-betwéen cabinets) from high temperature either on the adjacent - N S
v, . cabinet wall or {n .the adjacent cabinet—is:small. Typical adjacent = = i

».-'cabinet air temperatures during the fire were 1635 than 120°C.- For_most - .

= equipment, -with the possible exception of integrated circuits, "these"

" " temperatures will probably not result in operational failure.- Some types .
w1707 of ~sensitive control circuits could be expected to experience calibration
ts:° shifts at these ‘temperatures as well.: Adjacent cabinet wall temperatures .- .- . .
..~ <, reached as high as 360°C,! which may cause failure. of cables. and of..7 - "5 .G
! " equipment mounted very near ithis wall. Again, the double-barrier cabinet3;

. wall configuration was most 1ikely 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:
~IEEE~383 . qualified cable (XPE/XPE) could result in a qu1ck1y propagat1ng
‘*intense fire that would burn all the fuel in the cabinet - _

iConc]usions relating to the’ effect of a cabinet fire on a contro] room-
“size en«]osure are as fol]ows : i . ; .

'%sz The " smoke begins to obscure the view 1nside the enc]osure .
. within 6 to 15 min after ignition, even in- tH*_1arge enclosure.
The time to obscuration is slightly longer :at the higher
. . .. ventilation rate, presumably due to enhanced dilution ‘of the -, F
it rlsmoke.. -A-ventilation rate of 8 rm ch/hr was not: high enough to ,s'»i;' S
o Lceffectively purge the smoke from the enclosure. - It appears po f
-~ .. that significantly ‘higher air exchangeirates and a'
»&1 --- reconfiguration of the system with inlets at floor level will ,
"+ be required to purge the smoke from the enclosure‘ This aspect
. Was: not fully 1nvestigated : 5“,
u;f__No ‘true uniform "hot layer, as often indicated by a -
Sﬁ?ysignificant temperature discontinuity, developed in ther
“:’énclosure; rather .thére is significant vertical temperature.-
- .,-'stratification. Peak ‘temperatures (near the enclosure ceiling
. -."outside. the -fire plume) are typically less. than 150°C even ;5-
. given fires .on the;order of 1 MW in; intensity. = This '
. temperature does not.pose a threat from autoighition. . The . °
‘«;3~enclosure temperatures in these tests.were lower than those in -
" the" Cabinet Effects. Tests because of the larger enclosure
jvo1ume, everi though IOWer relative ventilation rates were used.--- ST
These tests did not .investigate the isolation. of -groups of - '
... cabinets . from.the; genera] enclosure, as- is often done for-
# ventilation purposes. ; Such isolation of cabinets could result
.- in.significantly highér ‘local. temperatures, because one is in
o effect créating a small room within the larger enc]osure-m-»-_.a.h. _—

-~



" It should be noted that these tests are very configuration specific. tha ;

- "Toadings, -and ignition- sources, the fires could have burned- quite i

st differently.” The data from these tests should be’ extrapoiated with care. -
. 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--: =

. qualified cable would significantly reduce the potential .intehsity of a ..~

;”~{3 -given_the. proper circumstances, a quite severe fire in qualified cables is i;:uu
oA rea]istic possibiiity. - , .:a'

“No effort was made to determine the capability of a nuc]ear power plant to 'g
- - shut down in the event of a cabinet fire. In addition (although there ave  ::::
~. "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 $ignificant 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-
jdegradatiOn of .visibility conditions, ‘operator,.effectiveness in such- :
. -sftuations would be severely. compromised, probab]y to the point of.
f"essentia]iy no. effectiveness. . el e

Cables that were piaced ‘i adjacent cabinets and throughout the enc]osure\'

- ... )arge deposits of soot) Cables in adjacent Cabinet B-experienced some...:
. mélting of the jacket. (of one cable on the right wall), although there was .. : :
= -no shorting -of the. internal conductors and no sign of potentiai.j;’
" autoignition. - Hhile'adjacent cabinet " temperatures did not pose-an-
autoignition problem; .
particulariy those based on integrated circuits, may experience
. " calibration drifts and/or failures at the observed temperatures.:. This.’ 15N
- question was not directly  investigated.. :This series of tests did nots“ q

.',~thrdugh cables penetrating the cabinet surfaces. Given the intensity of

_,
PP AL
'
1~

The amount of soot deposition from burning cabie fires (which ‘g
. ;“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, .1t 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 e
“solution could result (see Réference 7) i

is, with different cabinet types and configurations, in situ fuels-and.-

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. Thls_,""’
test- clearly demonstrates the; inherent variability of fires, and that, :

showed no ‘sign of .significant damage -externally or internally::(excep

some sensitive items of control equipment;:

address the potential for spread of fire beyond the cabinet of origin-.
—.the obserVed fires this: potentiai cannot be. discounted
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J;4 This report presents the findings of the second part of a two- part series of full-
fale:electrical cabinet fire tests conducted by Sandia National Laboratories for the Lo
.S:7 Nuclear Regulatory Commission. The first part of this test series investigated '
1e‘effects of various cabinet parameters on a cabinet fire. The second part of the ...~
3§E. series, described here, investigated the effects of" such~a fire on a large E
18 3x12 2x6.1-m or 60x40x20-ft) enclosure.

Flve tests involving-a fire ina control cabinet vere conducted under Part 2 of
he test series. These tests investigated the effects of fuel type, cabinet.. - .,
onflguration, and enclosure ventilation rate on the development of the enclosure’

Loy

nvironment.
outside the fire plume itself) were typically less than 150°C, ‘with significant

ertical thermal stratification observed. The most .significant :impact on the. test,~
nclosure environment was that dense smoke, in all cases, resulted ‘n total obscuration
£ ‘the.énclosure within 6<15 min of fire ignition. Enclosure ventilation rates as high -
S B_room air changes per hour were found to be ineffective in purging the smoke from .~

hi f1afge enclosure.

_which utilized-a smaller enclOsure with. ventilation rates.as high as 15 room:

Although fires as large as 1300 kW resulted, enclosure peak temperatures 1.

‘Similar obscuration problems had also been observed in- the. Parta_"
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