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Sensitivity Analysis for Fire Risk Conditions of Fire Area at Nuclear
Power Plant with Performance-based Fire Model (FDS)
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This study is related with the fire risk assessment for fire area at nuclear power plant by use of
FDS (Fire Dynamics Simulator) that is a computational fluid dynamics (CFD) model] of fire-driven
fluid flow. The major purpose of this research is to analyze the sensitivity of the fire modeling when
the heat release rate that is an important input variable is changed as well as when the grid size that
is a critical factor of the fire model is modified. The result is presented at the conclusion with some
comments for CFD model application.

Keywords : FDS, Fire modeling, Heat release rate, CFD model

LM E

=
2, BHIAE, R2AE, A57 2 /8 A9ez 4 HEE A% AL /1RUA DANNRE HgHol
ATk Fe1es 4] 2003197500 SJ3hd ol A of @k AAYT PEFA AAAYYL FES}
e yaxe me Yardos FRAN o A9 & 27 BN AARE A8 FaAe 24
oz AL Guse) ARHE AL WA d8 3 FYsE FA) skl 27 SAAYS B,
Wags 594 B42 2SS YARD. Q49 3 ES S F0M B4 I3 Dhsel AT+ 3
AE AANGE geie) e sl B 3 & WSk 898 542 A9sm s as
RA 2 HANPAL BAG] AYALE B T WYL AU 9@ 23408 AAGe 5
F T WEAGOIA A BAT ASOlE W42 ¥ UE15S AAPSEN YARE LAsH A

AFAY A9 22 Frixol sl F o] AolEo]
ol Tast AAE WH Hdgrt &EHE M
ALE B ¢ Utk webA dde] s s sk

FAE & Je A2 AP A (safe

in-depth) SX2& @Ak Aolth AR <lg =
2 &39 2, Y2 Y7+ AF 715e] SAE

YE-mail: jmhak @kepri.re.kr

98

shutdown) A35& B3}

244 AN N AT AR AEste g}
NGE9 AR sHNEEE FPH ez B
Bl Hrigi). ol HE AA4AE € AFH =TEA



A7t SRS (FDS)E o8 94 WA S 242 e = i 99

LAY A 27)dle AF 84 243 FHrt
& »de] COMPBRNYL II, Mgt A= fdtd A3
A Hrtalz) 98 2del FIVE? So] A=A 3
AR A3 AR &4 viee= FEEH bHA Hrt
(probabilistic risk analysis) Ho] AMEEIAT). HZ 9
A FA98 AE/HES s S AYrtei H
A7)&e] HAFE BEA7|&E 0|43t 94 sAE <
A 2hgA AZHET Aot A5 S0 71E g
of w=w s os Y WA GqM A7t
S A4S s R i A #ARLO]
I Age] BE ¢kHAn|9) 77 e 7ed AT
JPgEE T v Al R, A4, AR, 71t =
5ol wE o=, €54, 39, € 7 47 f% 59
EXo| 34 gEAEZ A AN Y A0S
Rl B )70 RiAE 2%, 44, 39 A
59 9gE B3 Byl Fe 7171, 4|
7% 44 ARE FFHoE P3E Ut ol§
e & Rd T AMNSAGs 2ds o] 83 HF
B 24 Zzago] taFsiA AdEen At Ay
ARG ol M o]e] Fgo] JFHLE F
=3 9ok
A AUy A3} 5 Al s EAHE
o] Z F&e] o ol AFEHE LI Y
whho = thekelA REEZ Uk sATe B4 o
Al AFE o8] HAD 95ty EAm s & F
QA HAUeh 2 A A HA S o kA
A Zre AMAE 22y HeA45 A
old|slHA Y&H-& A3ledof s, YF AR 7
A AFAA ] BFAN S Hoksla 2 fENS 9
Zsfodol gt

B =79 BEFL ARdH L o] &3t sAAE
< H71g u 9 AFHHPA E B & (heat release
rate)st ZzZH(erid) 2718 WAY A$ 4I3A3= &
g W v|He 9L E4sles Aoz A
g3 B4 zzafdef PRsgE ks Aotk F,
Aol oAy FsHoz AR 4 WY& =
239 84 W AR Alo]2E WAAE o
Ln, di4 Fo HelE Hriske Aoz 449 W
3419 A E Ao A 4EFE Ig=
3 Az Hole i3 FLAE A3 AT R
o]t}

4 f 124 JB" l‘lO

=

)

2.2 8

2.1 AFE M ABA| HEAIE

gurd AL HEpE o7 BA AU Hrkel] 9
3 AFE Z2aPe] HE MERTE FEo] Hol o
B obwa)&e] el (verification)S 8T FEA
(validationy2 A3}, €l FEA g A9
£ 71 o= gesiA AREE I gloy B st
A AEE A9 ot B34l A" Fh
Holu} gz Fol A o|x] FHANA FejHoln
FAH wHoez magde] WYHUER RS
}olshe Aotk FHEACIH FAE AMEAL T2
Bg o]gdld Y= BHL AT Yo 2
ol wat Z2aPe §39E AA3R= Aelth

AR FAGEEA FFE Z2adL AN
3 ALt Aok wEA HAFE T2 AR
£ AAAZF AR v wEl AMEhe T2
Z8ta HeAa B4 HE olslsliol gt AME
e T3 gk 9 "9 244 w2 A3
o] MEsle AL BN UAEE Hrlslor &
old] W& AAFH u&3 Edo FIEE
7 wete HESIo} di}

2.2 M sixielE EME 28t FDS® X84

U5y BE7edTa0A Adate] AuklA 4
% FDS¥(version 4.0.7)= AagZtelA dojuvte thef
3 FTF SAPAE ANRAGE mdel oste] 3
Aste zzagoelr. o] T2 7N de
ol9] ALE et A g S BABEL e o]
F2 WE2 5 2o

A, o] Z2IRL ALHow fFahe A
Mol HHolob Fh. F, wskr7h 03 olsid #F
o Agteirh. weky Fi, 3 F S50 ke &
Ao FEedole AdstA Gt A, AT
7131818 e Ao JAste 4 de SHA 0]
ofo} gt} A o] B IAY U A=E e 73
S Az Z718 FAA ehd dAS AR M e &
T eyt sy AZkol AURA AojxH Figo| &
e T 9 A2 7INE S gl AA, 4 =
A7) FrEHelM T2 FFHAY € T2 I
Z229 w2t o] AW AAgd viAe ]

'COMPBRN : computer code for compartment fire modeling at nuclear power plants
FIVE : fire risk evaluation program for “Fire Induced Vulnerability Evaluation” by EPRI in US

3FDS : Fire Dynamics Simulator developed by NIST in US
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Table 1. Fire area input variable and condition

Input variables Reference
Geometry widthX depthX height - real size
- 16X8X4.8 [m]
Vtion natural ventilation at opening |- fire damper
Opening | ™1 708 Y f“]h vall s 15m
. -size: 0.5X0.2 [m .
S8 1 _total area: 02 m? - soffit : 1.7m
wall, floor, ceiling : concrete . .
- specific heat: 1,000 J/KgK ig‘zldmmn‘fss'
Material | - conductivity: 1.75 W/m'K - teferring to
- density: 2,200 Kg/m® NURE
- emissivity: 0.94 G-1758
hydrocarbon transformer oil
- AH..¢: 46,000 KJ/Kg - referring to
- density (p): 760 Kg/m® NUREG-1805
Fuel | -MLR: 0.039 Kg/m*sec and SFPE data
- empirical coefficient (kB): 0.7 |- Q=(m)A
- fuel area (Ag): 1.96 m? Heerr(1-€P)A¢
-HRR (Q): 2,351.5 kW
power cable at cable tray
- combustion heat: 16,000 kJ/Kg|
- radiation factor: 0.3 - referring o
Target | - specific heat: 1,040 JKgK NURE(§-1805
- conductivity: 0.092 W/mK
- density: 1,710 Kg/m3
- emissivity: 0.8
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radiative heat transfer is included in the model via the solution of the radiation transport equation

for a non-scattering gray gas, and in some limited cases using a wide band model
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Fig. 1. Fire modeling for switch gear room.
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Fig. 2. A frame of smokeview for FDS result.
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Table 2. Conditions for fire scenarios

Scenario casel.l casel.2 case2.1 case2.2 case3.1 case3.2
Fuel (liter) 120 240 120 240 120 240
Fuel depth (cm) 6.12 12.24 6.12 12.24 6.12 12.24
Grid size (m) 0.4X0.4X04 | 04X04X0.4 | 0.2X0.2X0.2 | 0.2X0.2X0.2 | 0.1X0.1X0.1 | 0.1X0.1X0.1
Fuel area (m?) 1.96 m? (embanked area of 1.4 mX1.4 m)
HRR (kW) 2,315.5 (by use of SFPE and NUREG-1805 program)
Duration (second) 1,193 2,406 1,193 2,406 1,193 2,406
Dimulation time (sec.) 200 200 200 200 200 200
Radiation distance (m) 4.66 (straight distance from plume center to power cable)
Table 3. Maximum plume temperature and heat flux
Scenario casel.l casel.2 case2.1 case2.2 case3.1 case3.2
Grid size(m) 0.4X0.4X0.4{0.4X0.4X0.4(0.2X0.2X0.2}0.2X0.2X0.2|0.1X0.1X0.1|0.1X0.1X0.1
Max plume temperature (°C) 446 446 694 694 1,373" 1,411°
Max. heat flux (kW/m?) 6.8 6.3 6.7 6.7 7.1° 71"

*For 0.1 m grid size, temperature was saturated at 1,373°C and 1,411°C at 180 seconds (Engineering calculation value

by NUREG-1805 : 688°C).

**For 0.1 m grid size, heat flux was saturated at 7.1 kW/m? at 180 seconds (Engineering calculation value by NUREG-

1805 : 3.08 kKW/m?).
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Table 4. Thermal damage threshold of cable

ltems Qualified cable Unqualified cable
(thermoset cable) | (thermoplastic cable)
Temperature|  330°C (625°F) 205°C (400°F)
Heat fl 11 kW/m 6 kW/m?
cat WX 21 BTU/ME - sec) (0.5BTU/ftsec)
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Fig. 3. Temperature and heat flux trend to Grid sizes.

2.5 QZE A JH He

B drdxe € 288 B A7 3717 HEE A
+ ARy Zie HES FHEYT. € w4E
2 7P 228 A shtolA[T M A9
A2EE, d&4E, BA Aledee 28E o 4F
HAARE BZEYol EXAT. AAAEY B Al
7l mhe A A, Axst ot FA, AFdLE)
A3 s}, A9 Zlole] Hag Fo] Ukl B
H wgeld), HEiAg o] d&d e BAL i, Az
A% FY& zeisteof sy WA FFHY FA 4
2479 mhe ®zlel) 7]Qlgi) gY) A= E %
Q719 Asl T vt &7 Ao §7, @
o AANAG Z2aPd) JYF A T FLl
M 7471 friEE 3719 58 2 da A4
29 #% Al 8L viAe Wrolth 78 g4
e, A9H IANFES A%, 2349 9F
T YD 8450 HFEE 8T AN &4
Z2ae] Az 93¢ nizch

3.d B

L5d FFHE o8 AreL F&3 L}
2 ey g rxrledt A9 7 8 59
Hop AR 3id AAE g8 27 252 U
LA LAl MiAE 71EAEL A7 v 8- Fo
7] A% wEes A3 4 AFAE A 23
U A2 7lgol MEEFE 2 78S olgdhe A
7k gEFolx =gH 7gd 7Nk T A=
2 7)E& g&ofolof 3t} Yol FRE B¢ 2 2
He AAS gRG Aolg ¥A =HY 23 e
o3t glo] AR A9 dAskA] B& A St A
At SiEfE JHAE 4 Ak

B =idMe 449 dA 71 BEA9e HAs
o 7ME sA AdEles s ARG steY
Al FDSE o] &3t} AE7dk £4] Wil sl g
AAGE Frrstch oo} A F2 gHe A &
e 4 AT H499 H2ENY AR 2718
W7std Azl viAle e s st siAl Al
HE 2.8 ol g3l B4 gzt MidE B At
= o 2ol 8% # Qi

D Az 2717 Az HXe 9L e &
Aoz IFHAL. F, Td @ HHEL 2= 34
AP edia AR AR UaR EL AS 27 3
A2 oo vlate st Hexs oF 3] ol 3
7Fest.

J. of Korean Institute of Fire Sci. & Eng., Vol. 21, No. 2, 2007



104 At -

2) AA Z7|17F BE B HRA= €59 F¢e A
2 ke Ao UL F, FAT 2ANA HA
ARL 1642 Y AL 27 3 Avtel oo vjst
o G8EL o 4-13% Ft| ARk

3) 71AEF9 SUhke SR 2 EHS rlAe
Fee A9 gle Aoz BAHJ F, rIAEHFL
AN FAF oY BE AYg L A9 2
kel PiAE FFE A fle AoE E4FU.

4) FDSS] A F3HA ZHYPXE w2k A
ez} F5 BT oF 50%9] Xo]& Bt} ole
AP zAF Z3Ha £ 2 AL 240 Ao)d 2
Fol} iAo 2 oF 5099 HFAAH S Uxsl= A
o2 E4HTh

A71eF e U7 A Astel BEAAGS TS
vl A3E v)FoE o FAFGe] 7)Eey AR,
o BAg, g7 a7, AAEA U] FHRY Z71E A
FHo2 FAE § e 7|F0] FEHF 8, A

StF A2 BFErE] =E A A2l H AT, 2007

opEZ - Y

AgAASEYS Bk B Agsh] dalie B
o AFAYH 477 eAslofok o,

28

it

1. #7135, ZA A2003-19%, “sLALEAIE 9 2 o]
ol g+ 77787(2003.11.29).

2. NRC, 10CFR50 Appendix R, “Fire Protection
Program” (1980) ¥ NRC, 10CFR50.48, Fire
Protection”(1980).

3. NIST, FDS (Fire Dynamics Simulator) User's Guide
(2005).

4. NRC, NUREG-1805, “Fire Dynamics Tools”(2004.
12).

5. SFPE, SFPE Handbook of Fire Protection, 3rd
Edition(2002).

6. NIST, User's Guide for Smokeview(2004).



