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Dae Il KangT - Kilyoo Kim + Seung-Cheol Jang + Seong Yeon Yoo

Korea Atomic Energy Research Institute - *Chungnam National University
(Received May 13, 2014 / Accepted August 5, 2014)

Abstract : In this paper, to systematically assess the abandonment risk of main control room (MCR) fire, fire simulations with Fire
Dynamics Simulator were performed and abandonment probabilities were estimated for the MCR bench-board fire of domestic reference
nuclear power plant. The fire simulation scenarios performed in this study included propagating and non-propagating fires of the MCR
bench-board, and the availability and unavailability of heating, ventilation, and air conditioning system (HVACS). The following results
were obtained. First, temperature was the major abandonment impact factor for the MCR bench-board fire if the HVACS was available
and optical density was that if the HVACS was unavailable. Second, the fire scenario contributing the MCR bench-board fire
abandonment risk was identified to be only the propagating fire. Third, it was confirmed that the abandonment probability of the MCR
bench-board fire for domestic reference nuclear power plant could be reduced by using the fire modeling.
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Fig. 1. Decision tree for evaluating the abandonment risk of main control room fire,
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Table 1. Discretized distribution and seveirty factors of heat
release rates for vertical cabinets with qualified cable, fire in
more than one cable bundle

Bin Heat Release Rate - kW (Btu/s) Severity
Lower Upper Point Value Factor
] 0 (0) 90 (85) 34 (32.7) 0.506
2 90 (85) 179 (170) 130 (123) 0.202
3 179 (170) 269 (255) | 221 (209) 0.113
4 | 269 (255) 359 (340) | 310 294) 0.067
5 359 (340) 448 (425 | 400 (397) 0.041
6 448 (425) 538 (510) | 490 (464) 0.026
7 538 (510) 628 (595) | 579 (549) 0.016
8 628 (595) 717 (680) 669 (634) 0.01
9 717 (680) 807 (765) | 759 (719) 0.006
10 | 807 (765) 897 (850) 848 (304) 0.004
11 897 (850) 986 (935) 938 (889) 0.003
12 | 986 (935 | 1076 (1020) | 1028 974y | 0.002
13 | 1076 (1020) | 1166 (1105) | 1118 (1060) |  0.001
14 | 1166 (1105) | 1255 (1190) | 1208 (1145) | 0.001
15 1255 (1190) Infinity 1462 (1386) 0.001
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Fig. 2. Overview of main control room for domestic reference
NPP,
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Table 2. Description of MCR bench—board for domestic
reference NPP

Name Description

PMO1 bench-board - HVAC system

PMO02 bench-board - CCWS, ESWS, IAS etc.
PMO03 bench-board - Engineered Safety Feature
PM04 bench-board - CVCS

PMO5 bench-board - Reactor coolant system
PMO06 bench-board - RPS

PMO7 bench-board - Main steam system
PMO08 bench-board - Feedwater system

PM09 bench-board - Turbine auxiliaries
PM10 bench-board - Site and aux power
PM11 bench-board - Site and aux power
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Fig. 3. Heat release rate profile for the non—propagating fire
of bench board,
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Fig. 4. Heat release rate profile for the propagating fire of
bench board.
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Table 3. Input parameters relating to the combustion

Parameters Values
Effective Fuel Formula C3Hs5Clos
Heat of Combustion 10,300 kJ/kg
CO Yield 0.082 kg/kg
Soot Yield 0.175 kg/kg
Radiative Fraction 0.53
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Table 4. Fire simulation results for the non—propagating fire of main control room bench—board
Scenarios Criteria BIN-1 | BIN-2 | BIN-3 | BIN-4 | BIN-5 | BIN-6 | BIN-7 | BIN-8 | BIN-9 |BIN-10|BIN-11|BIN-12 |BIN-13 | BIN-14|BIN-15
T>95C N/A | N/A N/A N/A | NA | NJA | NJA | N/A N/A N/A | NA | NJA | N/A | N/A 870
MCB PM02
fire without >1kW/m2 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
HVAC
Opt>3m-1 N/A | 1670 | 1520 | 1460 | 1327 | 1320 | 1255 | 1242 | 1240 | 1145 | 1100 970 910 877 800
T>95C N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1022 850 742
MCB PM03
fire with >1kW/m2 N/A N/A N/A N/A | N/A N/A N/A N/A N/A N/A | N/A N/A N/A N/A N/A
HVAC
Opt.>3m-1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
T>95C N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 732 657
MCB PM06
fire with >1kW/m2 N/A | NJA | N/A N/A N/A | NJA | NA | NA N/A N/A | NA | NJA | N/A | NA N/A
HVAC
Opt.>3m-1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
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Table 5. Fire simulation results for the propagating fire of main control room bench—board

Scenarios Criteria | BIN-1 | BIN-2 | BIN-3 | BIN-4 | BIN-5 | BIN-6 | BIN-7 | BIN-8 | BIN-9 |BIN-10 |BIN-11 [BIN-12 |BIN-13 |BIN-14|BIN-15
Sy
MCB pMoy LT C NA | NA | NNA | NJA | NJA | 1357 | 1282 | 1192 | 1135 | 1072 | 1037 | 997 | 952 | 917 | 827
fire without | >IkW/m2 | N/A | NJ/A | NJA | NJA | NJA | N/A | N/A | 1435 | 1335 | 1255 | 1180 | 1150 | 1100 | 1080 | 960
HVA
¢ Opt>3m-1 | N/A | 1735 | 1505 | 1460 | 1295 | 1212 | 1157 | 1112 | 1040 | 1017 | 982 | 922 | 882 | 852 | 800
05T
MCB pMo3 LT C NA | NA | NJA | NJA | 1402 | 1282 | 1220 | 1112 | 1042 | 987 | 877 | 862 | 822 | 752 | 727
fire with SIkWm2 | N/A | NA | NAA | NA | NA | NA | NA | NJA | NA | NJA | N/A | 1335 | 1265 | 1242 | 1152
HVA
¢ Opt>3m-1 | NA | NA | NA | NA | NA | NAA | NA | NA | NA | NA | NA | NA | NA | 1362 | 1262
05T
MCB pMos |95 C NA | NA | NA | NJA | NJA | 1203 | 1225 | 1127 | 1102 | 1020 | 1015 | 947 | 862 | 722 | 687
fire with >IkWm2 | N/A | NA | NA | NA | NA | NJA | NJA | NJA | NJA | N/A | 1260 | 1235 | 1165 | 1130 | 1060
HVA
¢ Opt>3m-1 | NA | NA | NA | NA | NAA | NAA | NA | NA | NA | NA | NA | NA | NA | NJA | 1682
160 - Table 6. Ratio of the characteristic fire diameters to the sizes
_ — Grid10cm of grid cell
b, Sy °
120 4 My Non-propagating fire grid Propagating fire grid
&) Bin
<. 100 4 Max. Max.
2 N HRR 15em | 20cm | 10cm HRR 15cm | 20cm | 10cm
g 1 34 | 164 | 123 | 246 | 983 | 2.51 | 1.88 | 3.76
60 +
F ; 2 130 | 2.80 | 2.10 | 421 | 3765 | 429 | 3.22 | 6.44
401
ol 3| 221 | 347 | 260 | 520 | 638.6 | 530 | 3.98 | 7.95
. 4 | 310 | 397 | 298 | 595 | 8958 | 6.07 | 455 | 9.10
° 800 10001800 2000 200 8000 5 | 400 | 440 | 330 | 659 |11558| 6.72 | 5.04 | 10.08
Time [sec.]
. . o 4 4, . 15 [ 14159| 72 47 ] 10.
Fig. 5. Temperature profile for the change of grid sizes. 6 %0 77| 358 | 715 39| 729 | 547 | 1093
7 | 579 | 510 | 3.82 | 7.65 |1673.1| 7.79 | 5.84 | 11.69
Az} =27] 15 em AR 0] gfAS Ho)7] 28 HVAC 8 | 669 | 540 | 405 | 8.10 |1933.1| 826 | 6.19 | 12.38
o]4 7153k PM06 AutsiAol] disl, A& 37] 10 cm, 9 | 759 | 5.68 | 426 | 852 |21932| 8.68 | 6.51 |13.02
20 cm Q1 AS- A A|Bo]AL 2aslgic) BA oAy 10 | 848 | 594 | 445 | 891 [24504| 9.08 | 6.81 | 13.61
2 Bin 122 4 #H=50] 1,028 kW 7A-Qolt) AA| AR} 11| 938 | 6.18 | 4.64 | 927 |2710.4| 9.45 | 7.09 | 14.18
Al(cell) == Z+zF A 37] 10 em?Ql 39 1,417,536, 15 12 | 1028 | 641 | 481 | 9.62 [2970.5] 9.80 | 7.35 | 14.70
cm?l 751—‘,3— 408,960, 20 cm@l 79 173,3400]|t}. Fig. 50+ 13 | 1118 | 6.63 | 497 | 9.95 {3230.6| 10.14 | 7.60 | 15.21
AR} F7) 0| wE adeE S Al Eo)Ad A3t U 14 | 1208 | 6.84 | 5.13 | 1026 {3490.6| 10.46 | 7.84 | 15.69
R} 9t} Fig. 59 UeRY 9l%o] Az 37] 10 cmo‘ 15 | 1462 | 7.38 | 554 | 11.07 |4224.6| 11.29 | 846 | 16.93
87k qu11;<4 o= 7P WL 2% WIS YERY L §
th 15 ecmQl 7492} 20 em 9=, ¢F 1,000%=71%] 15 TEA7ES 72% 8 UERgch PMO3 sid &4 gt

cm7b B g2 25F WSS Hottrl 1,002 o] Fofl=
SARE S= WSS Uehya ok SRR LAY
7H= 7153k AA A Q] HE A AFERS HEalFiR|uE H A
SRl B Aella] AbgRt ARt 27)9) A
2l Ao wekEr.
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Table 7. Summary of fire simulation results

) Abandonment
Cases propl;gtion HVAC| Major | Minimum bin | Shortest
factors & HRR time(sec.)
1-PM02 No No Optical 2, 130kW 800
2-PM03 No Yes Temp. 13, 1,118kW 742
3-PM06 No Yes Temp. 14, 1,208kW 657
4-PM02 Yes No Optical 2, 130kW 800
5-PM03 Yes Yes Temp. 5, 400kW 727
6-PM06 Yes Yes Temp. 6, 490kW 687

HVAC®] o871 A 9ol 257} 38 s 9§39l
Ao 31, HVACO] o] §-8%521 4ol Hohuest 74

ahA1ol 79wk At shel A7t A e
o Wy EEARS HVAC ol 87Hs 497 olg
501 Aot FA ek, sk sk 4.7k 3
o7k GIgIEk. ol Sl Hgh mehAlzio] 11E~13%
ol 1, Bhf Ak AJARAIZI0] 1080]7] wjEolek 4 7
s} A2 Z7loll QWEe F7PE ax g,

4.3 m|: gHE "ot

ot 25 Frhs Aupspe] tisfiAlvt 42453t
HAa; Q1 7, Table 40 Ueh Qo] adx
A2 LAY E 10480] AuhA] doldth Fig. 104
SH7F Aupebd A9 AluE] e 4= SRRkl A
3 A9 AEE 1002 A7 wiZoll, 10+:
o]l dojit= Tk Alvte] &k J1Egitt Table 8
2 AupstA o] 7, PM02 3d SpAfjol gk wdeE
37 A3} dojck Table 59 At o|-&sl AL
PMO03, PMO6 #id 3t mydt =& H7} dit=, 7
7} 2.32E-4%} 1.75E-42 UERdT) waba] ohE wix] R
T gjdolxe] s Wy A= s, HARE
AA Zd FEL 347E30.2 ALt WX HE b
dol 11747} Qleng, sid Ui B od &2
3.15E402 FHrhEc) ol 71E T Fxdd a5
of| Al S melES =3ystR] ofal AL s 17HS
B gt SE 8.5E-49 37%o|tl. A om
Aol FAOA s ot FE2 s HdES
&3l oF 63% HAaE Uk

Fig. 1of oJ3t FAojd WX RE o} 2] 37}
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Table 8. Calculation results of abandonment probability for
PMO2 fire

bin | HRR(kW) | SF Abaﬁ?}fﬂfg’m(s) NS (SF*NS)
1 34 0.506 N/A 0.00E+00 0
2 130 0.202 1735 1.00E-03 | 2.02E-04
3 21 0.113 1505 1.00E-03 | 1.13E-04
4 310 0.067 1460 1.00E-03 | 6.70E-05
5 400 0.041 1295 1.00E-03 | 4.10E-05
6 490 0.026 1212 1.27E-03 | 3.31E-05
7 579 0.016 1157 1.72E-03 | 2.76E-05
8 669 0.01 1112 221E-03 | 221E-05
9 759 0.006 1040 3.28E-03 | 1.97E-05
10 848 0.004 1017 3.72E-03 | 1.49E-05
11 938 0.003 982 451E-03 | 1.35E-05
12 1028 | 0.002 922 6.28E-03 | 1.26E-05
13 1118 | 0.001 882 7.82E-03 | 7.82E-06
14 1208 | 0.001 852 9.22E-03 | 9.22E-06
15 1462 | 0.001 800 123602 | 1.23E-05

Total 5.96E-4
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