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Review on the New Fire Protection Standard for Nuclear Power Plants
and

Investigation for Applicability of the Performance-Based Fire Modeling
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Abstract

NFPA-803 has been the Fire Protection Standard for the existing PWR and its major tenet
has required the prescriptive regulation with deterministic methodology. With cumulative efforts
by NRC and Utilities to establish a new standard including a quantitative evaluation
methodology, the performance-based standard, NFPA-805, was issued by the Standards
Council on Jan. 13 and approved as an American National Standard on Feb. 9, 2001.

This paper introduces the simulation result of computer fire model for the fire dynamics and
its applicability. Hence we present our idea that this approach can be available to the design
of fire prevention and protection equipment, an evaluation for the fire suppression systems

with a quantitative analysis for the thermal behaviors within a fire compartment in NPP.

1) National Fire Protection Association-803 : Standard for Fire Protection for Light Water Nuclear

Power Plants
2) Performance-Based Standard for Fire Protection for Light Water Reactor Electric Generating Plants



A wd o] Wkl tidk 71 & A A 2 & GDC(General Design Criteria)-3°]9 kA
#d AF, 7171 B2 FEREe] AAd A&Ho gvh 19759 149, AEC(Atomic Energy
commission)ol] 41 NRC(Nuclear Regulatory Commission)® ¥} vl=re]l x2 ZA -4 7]
#& 1 & 39 Browns Perry ©Hd A 3tAjo A Aol L3 orATIHA 7]7]e] £ o7 <FHA
A71s @A AFLE AEsHA HHA, 71 - diE A TRy B HES
AL ZAFeRaL FHoFgk okl tiste]l AstE AN S FRske] itk

T8 FAXRHES BW, 19763 AAE BTP 9513 ©]e] Appendix A, 19799l +=
Appendix R(1I0CFR50)el o]o] wWalA g a} +4S kst 10CFR50.48¢] A4 ¥low A
3Fo] 10CFR50.12, 10CFR50.59 2 t4=2] Generic Letter 5 A2 A4 Atz &4 39,
71 ARl A Ak AR T5 o83 A9 AABFEAQ W oste] ARl AlE

AR AR W ooleld Aw Tl Agel wate] Aol A7t LAY FHAIY
N afel b mEs % 4% BY) AR A2E G20 AW, AT Y

1992d SECY 92-263¢l 0101 19934 R RG(Regulatory Review Group)-% —TL/“ o7 J)FEY
HAQD qrAlNA s A5 A Wete] EAR R AREHY] AR o] SECY
94-090, SECY 96-1349] drxol o]o] 1996 10€dl+= gdARE &&= AT
Aers 8371 918kl Appendix R A5 & ofgh AAle =4 2 10CFR50.489
MAe ZpalA =len SECY 97-1279] W= Ae7iee] +x285 z2E A% 1AA
ol EAH o= =y =AUt
AAE A7 H L AR o]# 3 w=Hol| 93te] 19973 NEI(Nuclear Energy Institute)
T4l o2 Task Force Teamo] /g% o] €44 Aol A& xAH #4138k EPRIC] €
of JiE WEry, sl ZRad 9@ AIGAe] Fas A dst 7—}%— ‘%}0}3} A& v
of Zstrt. old wet FHE stAAHA 1A B
91+, IPEEE(Individual Plant Examination for External Events) —’F—sﬁ Adte] FAof o]0
stAl 2dy A 5 AE&stE A% Aol xdEAen =rjo] A
717152 NFPA-8057F 2001 1€ A4, 2¢€ F3xX =7 o]=g5t)
A, NRCe Ada A 2 A B =83 o] Foixol A4S 9AR
NFPA-805+= 49 stARSE 7IFow A{A HAAAN vl Axg AA] 74 7] #<]

NRCE ob47H4 #4443

d

A

111 rl
1o

i

N
o
o
2
—ln

off
o
X
o,
o
fol
N
i}
)
B

o [e} BA
HYE FAFD Ak ot AFA AGE /1F BE WEF Qv use] wgAe F
At A1) 94 Aok F& A shtw FRHA, =

o Ho

FAlel @ AA SECY 97-28WelA  uehd Al 3
NFPA-8059] Al gl td WAL §1e Aolw FF 0% FAA FANEoR A8
= oaAel wHsh FEEAL olold Ao A4

3) 1997d 129 NRCE thg9] 5/ 9&E FAHA 71E FAdA ALARE o] &8 AR Asly] A 4F& xHasit : O
Meet current regulations @ Maintain defense-in-depth @ Maintain sufficient safety margin @ Ensure that the increases in risk

do not result in violation of CDF or LERF goals ® Ensure that the performance-based implementation and monitoring process

address uncertainties and include corrective actions



A
2.1 SFARE 7Fol d o] 9=
vl G gigk 224 A xR H <] Appendix R to 10CFR50-> 1930 #14, A 8%
e BAME 2okl oA 9ol tatel Fwe d9H 2T LT
% d9d AFow £85AT o 9 A

[e]

T =]

s ogRE T wnud 278 F4H Bl
B

(

(exemption) 2 F74d ¢ dH(deviation) & digh E&EAF= EF 1,351 o2} o] F
Appendix Re| 8.7 tigt de]xx] AT gFE2 Ao w2 FHdAgA] gHE $
g 21¢l M.Goll afggtek(obel £ 1 3x)
3 Technical Area %91 Exemption 719~
m Specific Requirements -
m. A Water Supplies 1
Im. E Hose Testing 1
m. F Automatic Fire Detection 14
m. G Safe - Shutdown Capability 780
Im. H Fire Brigade 1
m. J Emergency Lighting 39
M. L | Alternative and Dedicated Shutdown Capability 36
m. M Penetration Seals 4
Im. O Reactor Coolant Pump Oil Collection 24
g A A 900

fl‘_
¥ 1. Appendix R 2739 tfst o] X 59 AL

= = H .
g3 AT HT WHEE A AA e FA dALBE oy 7E QA FA)
Wodulel uigh Bl B H1F, Adnle] WA EE oz Qg A 934 4, 7
oA 2 AA A T Ws Aol dis dukd ok distx H83 = Q)

offell = eud A B ARk AAANA EE&HA A= AFEHE )& A BRI
FE FolA vl AFEA FHEFTE7)BINIST)O) oate] A&z el Mia fHE slo]L
FPEtool(V 3.2)7} FAST(V3.16)9] 54 3ets] Ayri o] 2 afls o] §3to] EPRIC
AR AT wyPdn AFAEA AHEE SAANEFe ARA e vl AESIY] AT
A melg)e] A848 glstaal stk

4) EPRI TR-100443, "Methods of Quantitative Fire Hazard Analysis”2] Appendix D



2.3 FPEtool?} FAST Program-‘l] e
FPEtool Al +9& T+ 3709 Zonel

=
ot ArE Aw ol %z%% HAE e dedol Ao ge dgd o
= e

—

= =
F7F A&E el Fom Au AFAL AF Edolu}p Q13 2 ETL dhed A G R
A7159] Gt Ass AETE JrE ¢ o a3l 4 sA47tAE g Ay A
Tl AE 7MeAS FAY 7 v B 2xyFe AEd nE AVFY % R Eo],
b2 we] sl dWESE A f5E& To FAE AOERE ZR1% + vk FPEtool
2 AA 509 Program? Fireform, Makefire, Fire Simulator, Corridor, Third Room¥} Z}

Program®| &}% EE=Z A5 At

FASTE 34 93840 Ag¥ HAZARD 13 FASTLited] & Zzagiozx
Fireform®| +3%% AA ZZadE<Q Z+%E Subprograme ¥3Hstal glow 3lA4 mdol
CFAST®S] H2l #de GUI @gi ?aw §]-;<H A %0 qm of =

¢

=
A% A AE, DAAS FE, L8 Y B WEE A 484 sl
oz A WYFY %
th. FAST®| s &
g3tgom 4U4E 2 FHAAE BAs

24 713 SAA U AR A 2 HAS AP A5 v
7} Case 1 : 71A1871(103] /A1 D)ol o1& A H &3k 3HA(2,0006kW) 4
1) Thermal and Environmental Condition
o Room Size : 183" * 122" * 6.1 [m]
o Fire Location : Center on Floor (Correction Factor = 1.0)
o 27] ZE  A3F 71AA AAET], 103]/4]1%F
o Nominal Fire Heat Release Rate : 2,000kW
o AaMe 2 97]x#A : Steady State(10% d4), 20°C(101.3 KPa)
o A% A% : PM/SNL Test Series(NUREG/CR-4681, CR-5384 *3)
2) EPRI FHA(Fire Hazard Analysis) W 2o o3k &4 9 A= X}EQ}A H] 1
o Confined / Unconfined condition &1
- L/W = 183/122 = 1.5 > 1/2, H/W = 6.1/122 = 05 < 25
- w24, Unconfined condition
o 714 #71% : 3.8m%/sec
o 7k2=8] WAl olg it S|

- V’)expansion = QQMZ = (1= 03;)*2000 1.7 mB/sec
14

= 71A 7)ol 7t AT
- mebA HH kel gigk A 4§
0 ATag = Qne/(0 V' Cp) = 132 K
0 ATpume = 25(Q""/ 2% = 195 K

(o3
b
rlot
N
o
o
B
_\|-J_



_ 0.3 58.5
0 ATeiling jet = 47T ptume 7y = 73

o EPRI FHA W&l o3 A3 (WL @ FM/SNL test)

r/H ATagK) | ATeiing )| T(K) FM/SNL Test (#3)
0 132 19 620
— Peak &%
05 132 93 518
- : 641 K

10 132 59 484 :

15 132 45 470 - Aol 21K

: - AL 203K
20 132 37 462

5 2. 2000kW, 71 AS7) Ao e A
3) FPEtool ¥ FAST?| Z3¥ % vl
o FPEtool#} FAST®S] Zg213 EAL
of o3te] FAFSHA R Hoz ALkAe %?-gau}.
=

A e F ZEay BT 3495 5Q8ne 45gE 599 $4¢ au
o FPEtool Program ZA¥}gk¥ EPRI FHA Z¥ele] nvlw(H]aL : FM/SNL test)
r/H ’I‘ccilingjct(l\’f(f) - FPEtool ’I‘ccilingch(K) : EPRI H] al
0 598K (325C) 620
0.5 509 (236) 518 FM/SNL Test®]
1.0 478 (205) 484 Ho] #k(Serial #3)
1.5 466 (193) 470 D 641K
2.0 458 (185) 462

3£ 3. 2000kW, 7] Algk7] 2=z o] AvpA] v

. Case 2 : AA3k7] =749 dAHAFZH] A (1,0006W) A
1) Thermal and Environmental Condition : o}l & A 9st YmA] 212 CaselZ &<
o 37] BE : AZFE 71AA AARY], & 13]/A3F
o Nominal Fire Heat Release Rate : 1,000kW
2) EPRI FHA Methodologyoll ©]g &4 31 A3 Az ebe] nlu
o Unconfined condition
o 71A #71% 1 0.38m’/sec
0 7k2=9] WA o g i #7]% : 0.85m”/sec
- wetq 2A sy Fxbkoll gk & A (an unventilated space analysis)o] EF33gt
0 ATy = 293 [expl %)—1] - 98 K
- Qnet : 1383 [M]J] (&<&4A4 0.7, A425E& 077 48)
- Qo = 353KJ/m’ * 1,362m” = 480.7 [M]]

0 AToume = 25(Q’2/3/ ZS/S) =123 K
O Achilinm jet = Aszumg 0.3 3= 36. 9

2/3
v va
H )




o EPRI FHA W&l o3 A3 (WL @ FM/SNL test)

r/H ATag(K) | 4 Teeiting jer(K) T(K) FM/SNL Test (#8)
0 97 123 513 o
L
05 97 5 448 Pealc 3=
1.0 97 37 427 o606 K
'r - z}o] : 53K
15 97 28 418 e ok
2.0 97 23 413
¥ 4. 1,000kW, A7)0 2] 2 A
3) FPEtool Program Z3#zt¥ EPRI FHA Z3¢}e] vl w(H]aL @ FM/SNL test)
T/H chilingch(K/DC) : FPEtOOl chi]ingch(K) : EPRI H] al
0 500K (227C) 513
0.5 444 (171) 448 FM/SNL Test9]
10 424 (152) 427 At} 2H(Serial #8)
15 417 (144) 418 : Hh66K
2.0 412 (139) 413
¥ 5. 1,000kW, AAgk7] 402 AFx] vl
. B4 43
1) 7 220 25 4 2
EPRI 34 34 FPEtool/FAST # &2 H] a1
Plume N 203 ~ 203
o = AT ptume =25 H5/3 Toume = Too + 22.2 H5/3 r/H <02
0.3
SR T 4 Tce[l[n =4 T lume” [ 1y 213
Ceiling of pleme (| H) N 23
. o Taiing = Tt 6811 L — | 1/ ) 02
o =75
' H
¥ 6. EPRI ¥ FPEtool/FAST?] # &2
2) Plume ¥ Ceiling Jet &% AAk
i
* (< 1/11=0.2)
’I‘avg
AAEREEE
(A ) r/H
To
(2]7]2%) |<center of the plume
a3 1. A A= =A% 2% BE9 Interface Laver TH#




3) FPEtool A3 #AE % EPRI FHA £4 %, FM/SNL A Zgt¥e] v
O r/H=0.29] H2ldA FPEtoolS ©]&3t Tceiling jet 233k HE
o] ¥+ Ceiling Jet Plume 9 9o]= 2 Tceiling jet¥ Tplumeo] &Y 3slo]of
t}. &3 FPEtool Technical Reference Guide 3.5% ¢ #3FE Program 3}HolA 2.3t
= A (room/ambient) =%, Tl 20CE 2,000kWo oA E 3740 AL 3% 193C
(466K)2] Plume =55 dAEG. o] 2 A 992l r/H=05942] Tceiling jet =%<1
236CHT Yomm 2] 31 AEE Jigd Bl EAg

lr %

2/3

Tk ¢} Plume % Ceiling Jet

O] Oﬂ H‘]'E]' EPRI FHAQ} 2 ‘g'}\] y ATplumc - 25

S AN ERE FEEHE Ted 7] AUW2E7F ofvel shA7F Gk o] % A Mol A
Interface Layer?] H#=%7} Hojof 3}, Tew = To + ATavg® FAHT}E Case 13 29
B o] =& Atetd 2000kWe] A E Ao A= Te = To + dTavg = 20 + 132
152C(425K)E, 1,000kW2] Zejoll 4= Te = To + AdTavg = 20 + 98 = 118 C(391K)=
A=t} oo wel r/H<0.2 9 Gol| A Tceiling jet> ZFzZt 325C(598K) % 227C(520K) & ¢
=

@ EIAAE 2000kWe 71 AZ7] e 2 AUAE 1,0006We| AAZE7] e ol A ]

FPEtool, EPRI FHA % FM/SNL Z3 v+ 29 29F 9 394 HoFa Qi)

EI

oo (K) 641 641

630
610 I
590 s
570 | N
550
530
510 o
490 \% 470

—= == & 462

470 478 =
450 L L L 466 I

@ 620
~

0.0 0.5 1.0 1.5 2.0 /H

| —e—FPEtool  --~-EPRI  — —FM/SNL |

9 2. AAE 20006W 3B 7 A7) AEelA g9l TS V]Fd SEEY

00 (K)

560
540
520
500
480
460
440
420 224 —— " a2
400 : : :

0.0 05 1.0 15 20 MH

—— FPEtool  —®EPRI  — —FAWSNL \




9 3 QUAE 1000KW @ Aesy] el S U EH LERE
& A

271 29I EAATNA v AHEE =5 :

- Plume &%+ FM/SNL®] AS5gko] A o= om EPRI FHAS gk iy
°F 6.3%, FPEtoole] Z¥}x] djd] ¢F 92% AHX ztolE& Ho|A gk o] o}z oA
AEE vpe} o] AZgo] AYUAA =A H7hE A2 FPEtool ¥ EPRI FHA
£ o] &3k o] A AT Aow HulE

- FPEtool?} EPRI FHA®| A3}ghs wlas] B, dxkbso=z FHA W&

ol =AIRE oF 1.3%9] wA&gk xko]E Ko FPEtoole] #-&7do] 14 ¥t

-7 Azl M2 BW FPEtoole] 2842 FHAOA AF8® 23 tha 2ol
7F Aol Eekal A1 AR AdE BHol 1 g ol s Enh

T3k FM/SNL test seriesol] A8 WHE L WAL S go] @oFs 4= it}
- FM/SNL test seriesoll A= ©@stdl sAlRdo] 9@d% 415 9l38te] Fivedl
Basic Screening Methodology & ©] &3t}

- o] ol gk BaAds Felety] fleke] Case (WA E 2000kW 2 7] A 27
dH)el dHAES AT Ur”ixl 215 FYstA 714g el A FPEtool @l
ASHTBXE o]&sto] d2AES Artstddnh. ole] 23, 325C¢] Plume &5%=9
Eeatr] fEiA = Oé—é"e‘ﬁl?:—z 072 714 A9 7463kWe Eo] Hasty 4
EAAFTE 082 7FA A 9942kW e Ho] FaHoof gt} o] &= 2000kWe &
BE JEelA 325T9 Plume 255 9% FM/SNLO 37F By 493 B

A AEgs zte Aog P

of o

4 1= n@

2 dAEeAdLe] 7€ AN E 7152 NFPA-803S Wl A8k NFPA-8057F wl=f
E =9 93] (the Standards Council)ol]l €3te] 2001 1€ 13 F¥¥ 1 20013 2¢¥ 9 HH
Fragh v=ol T2 A T)FEo] HATE ol wet Ae9Fe sA wEvIFEe] FF AdH
ZkE WA o] AAY AsAlEe A8 HIF 2 T8 FAelA e 93 AE T A=A
25 Aow AYdr

g SHolA dxEtALe] AT SANS 7

S Wrtstr] fleke, 73] A =S A8 T
J& EPRIC #4393 FM/SNLe| A5 AAAmef vlastiar 7kt
P e

Qa1 A A t}. o9
o Ay st R olgh B WRleo]l 5 el A% W Adn e HAY 48A %
A4 F7 2 7Y s 9H 54 A% F AFHA 243 @A 0 2IE o83
of J2& MAAE Aed = don Ao FI7EAHA M 2Ada ddd g4 9
= ROE 248 4 dnn 44av v, s 29y PHEs q8d6 ol g
o W] digk AFE= Brh EgAd v el $9 Zz2ad JiE % PRA 5 71
PREde] 45 A48 T FF ASHoR dApsielol ¥ Bolz wpudy



10.

11.
12.

13.
14.

15.
16.

F

kil

M

. NFPA 805, Performance-Based Standard for Fire Protection for Light Water Reactor

Electric Generating Plants. (2001 Edition)

NFPA 803, Standard for Fire Protection for Light Water Nuclear Power Plants. ('93
edition)

NISTIR 5486-1, "Technical Reference Guide for FPEtool Version 3.2”, U.S. Department
of Commerce, Technology Administration, NIST

"A User's Guide for FAST : Engineering Tools for Estimating Fire Growth and
Smoke Transport('20 edition)”, U.S. Department of Commerce, Technology
Administration, NIST

NUREG-1521, “Technical Review of Risk-Informed, Performance-Based Methods for
Nuclear Power Plant Fire Protection Analysis(Draft for Comment)

Regulatory Guide 1.174, “An Approach for Using Probabilistic Risk Assessment in
Risk-Informed Decision on Plant-Specific Changes to the Licensing Basis”

Regulatory Guide 1.189, "Fire Protection for Operating Nuclear Power Plants”, April,
2001

SRP 9.5-1 ; Standard Review Plan(NUREG-0800)

Appendix A to BTP 95-1 ; Branch Technical Position APCSB 9.5-1 "Guidelines for
fire protection for nuclear power plants docketed prior to July 1, 1976”

Appendix R to 10 CFR 50 ; Fire Protection Program for Nuclear Power Facilities
Operating Prior to Jan. 1, 1979

10 CFR 50.48 ; Fire Protection

EPRI TR-108799, “Planning for Risk-Informed and Performance-Based Fire Protection
at Nuclear Power Plant”, Final Report, December, 1997

EPRI TR-105928, “Fire PRA Implementation Guide”, Final Report, December, 1995
EPRI TR-100443, “Methods of Quantitative Fire Hazard Analysis”, Final Report, May,
1992

Fire Protection Handbook(18 edition), NFPA

SFPE Fire Protection Engineering(2nd Edition), SFPE



	분과별 논제 및 발표자

