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ABSTRACT

A walk-down procedure for fire modeling of nuclear power plants, based on deterministic fire protection requirements,
was developed. The walk-down procedure includes checking the locations of safety shutdown equipment and cables that are
not correctly indicated on drawings and identifying the existence and location of combustibles and ignition sources. In order
to verify the performance of the walk-down procedure developed in this study, a sample of important equipment and cables
were selected for hypothetical multiple spurious operation (MSO) scenarios. In addition, the hypothetical fire modeling
scenarios were derived from the selected safe shutdown equipment and cables and an actual walk-down was conducted. The
plant information collected through the walk-down was compared to the information obtained from the drawings, so that
the collected information may be used as input values for the fire modeling.
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walk-down.

1. Identify goal and objective
of fire modeling for

2. Prepare of design
documents.

No

3. Is the required
Information found in the

documents?

Yes

2318 7oz

Mark up the secured
information
in design documents.

Document information to
be collected during
walk-down.

v

‘ 4. Prepare of walk-down.

H

5. Conduct walk-down. ‘

]
6. Is the required No| . . Documentthe
information maﬁ(qed upinthe information that is not
documents verified verified on site.
onsite?
Yes
Document the
Tequired Information found™~_NO | discrepancy between the
n the documents match the design documents and
the site information.

Yes
5

8. Collect site information which
is not verified in the design

documents.

l

9. Document walk-down
information.

Figure 1. Walk-down performance procedure for fire modeling
analysis of nuclear power plant based on deterministic

fire protection requirement.
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Sample MSO Scenario:
RCP tripped with loss of all
RCP seal cooling without
CBO isolation

-

Loss of all RCP sealing
cooling

)

|
CBO isolation

R

RCP seal injection from RCP seal high pressure (HP)
C\VCSs cooling from CCW

CBO containmentisolation

Valves fail to close CBO relief valve fails to close

RCP HP cooling from CCW
“A’ header

RCP HP cooling from CCW
“B” cross-tie

m

CCW cooling water “A” HP cooler isolation valves fail
header available to remain open

CCW containment isolation
valves fail to remain open

Figure 2. Fault tree for assumed sample MSO scenario according to Table G-2 of NEI00-017; Acronyms: Reactor coolant pump (RCP),
Controlled bleed off (CBO), Chemical and volume control system (CVCS), Component cooling water (CCW).
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Location of CVCS-V-01
evaluated in sample
MSO scenario

Location of CCWS-V-01
" |evaluated in sample
MSO scenario

Figure 3. Physical location of the target valves and cable routes
for the assumed sample MSO scenario according to
Table G-2 of NEI00-017.
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N “ é Fan-01 Fan- 02&
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CVCS-C-02A)
Floor

Figure 4. Schematic of fire modeling for the assumed sample
MSO scenario before performmg walk-down, according
to Table G-2 of NEI00-017
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Table 1. An example of Cable Route Information

(a) Cable ID : CVCS-C-01

Raceway ID Sequence Fire area Drawing
CVCS-V-01 0 F001 )
CVCSK-01 1 FO01 F ;g(:)re
CVCS-W-01 999 F001

(b) Cable ID : CVCS-C-02
Raceway 1D Sequence Fire area Drawing
CVCS-W-01 0 F001
CVCS-K-02 1 F001
CVCS-T-01 2 F001 Figure
CVCS-T-02 3 FOO1 5(b)
CVCS-R-01 4 F001
CVCS-R-02 5 F001
CVCS-T-03 6 F001 Figure
CVCS-T-04 7 F001 ()
CVCS-E-01 999 F020
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Figure 6. Verification of cable route through walk-down: Red solid lines are overlapped on cable trays and conduit to indicate the cable

route.

Al

A ANE 7N g AR FFHALE Fsttt. I
HARS FalAl Figure 404 e 1T & gIlE v
A ARE T F STk SARLY Wt 2
HAE W #HE 12 EE 2 Fo| AtojoH, o] XHe
T o]8)(Grating) HF dgo 2 AT =3 Figur

g

W

a
~

of EAE A7) Me] AXE BASG Telm 2]
Fan-02] Q1313 QI Ao Edlol & FIshgit). @4

AL A= Figure 59 o] =0 FAE Aol HARE
webA g FhetE o] 83t 7]7] 2 AlolEe] A
g o]FAHEARE FHSAT =W BAE AolE A
25 AAALIA A dAskE AE Gl ot
224 EWoAE Rl EVFse AolEe AN olF
A 55 A & 5 AAJTh Figure 62> Al w2} %
AAE B3l 3T 33 e Aol E o5 R tigh
AR HojEtt

AL A= Figure 601141 9F o] ERAAE &5
3 SRS ARIAE| AlolE HZE FAFoF gt o]"

=28k A 2183 =8, #3338 A6E, 20193

"

Moz AYshs Wtk WRAANE A S o
o HARDY AR PN FYARE AP

o §2

Al FAG AEE ST B4R oA A RE G
s
THo] FAE AFE EGE AR 717] & Ao]Ee
A "heto] 7HsstH, olo tisk HEek X E SR
g Y oz AREE 4= Atk Figure 6(a)°l A CVCS-C-01
© CVCS-V-01014 Al#Fste] 2] wgFo g gejrtal,
Figure 6(by~(d)o1 4 Z47-& E}a Z7]3-& AH 3t A H
Al apgE o g Rlgste As RISkt Figure 6(e)~(g)
oflx] AlolE oAl Hollx el glolME XI{Ysta,
Figure 6(h)~()°ll A ThA] vlEtH O 2 Yzl Ao & EF o]
E AAAM T8 7I71E AYshes As FRIskAT 44
Al A BIgE AlolE AR T M= vl
AAE fold 2 o)lFstuA sttt olgjs e &
AAANE BIAT 3 7HsEth
Aol A 21 7] -2 vl A5 tEg 3 m =0l
X AReH, Frle] M Fan-019}F Fan-02 Alolol] &



ARHEA AR

Grating ceiling

HRR-Fan-01 2.4# HRR-Tray-01

HRR-Fan-02
@m@*

CCWS-C-01 B ‘
3m| Fan-01 Fan-0 CVCS V-01
b4 | E CVCS-C-01,
CCWS-V-01 CVCS-C- 02
i " 56m | 43m |
Grating floor

Figure 7. Schematic image of fire modeling reconstructed with
collected information trough walk-down and updated

from Figure 4.
b 7FAEo] EAEA] kom T Y] e FEE o]AA
g2 4257 Y= AL FAFYTh T Fan-02 g
o JAHF AolE E

1

o] Tray-012 3lA1e] H&Fe S &

, Fan-029} 7ol & Edo|zt 55 2 52y

001

Lo

a2 =

et @A) 765‘_—— EUZE Figure 49 93]'7‘]]_‘?_%]%
AUl FJRI7E BT Figure 7 SFAALE Sl
TR AEE 7N 2 st 13 sy Alve] e
o] MEEE Yepdth A= sldd 7] Fan-01 =

= Fan-0204 A 7153ty 2z A3 HRR-Fan-01,
HRR-Fan-02 9FZ9] At & ZE(Heat Release Rate, HRR)
< 714 4= o). NUREG/CR-6850= Z7|do] that oy
HRR #& AlFgeh shA] Alve e+ o3 Zo] A3}
2 59

. AMB]E 1 : 124 A3} Fan-01914 34248, HRR-
Fan-01 o] shAl=dg Al 2§

AU L 2 31 3 Fan-02 H AT Tray-01¢]
A] 3}A|2FAY(HRR-Fan-02 2 HRR-Tray-01 3te] FA]ol
s RdE Al H8)

« AU L 3 1 CVCS-C-012F CCWS-C-01 Atole] o]%
Al shA)

AL 294 75, A= Edo] Tray-019]

%‘— NS XM—E T2 Hroll fIx]skar

"“:'01] ﬂ]olt' Ea]olﬂ ATHaL T
(Margin)< 7HA3L o] BFZAQ 2288 55 5 Uth

ZHOHLVM 242 93] BN ARPA F2717)0
A SRR B4 SYT 5 gtk B AT B
YA F271710] el A A RDY 2

818 7oz 3 ARt A B4

wue WA e 51

2o A 8 Aaks AN
P& FalA o] 4L HAEshe Aotk B AT
AANEZA FAYE 948 JHlo g
1:1/\40 ‘I’]b‘]'ﬂzoﬂ?i EEQO}IE}_
< T3 Zo] g

() Z2H2A s 23 F5shs d4ERda

A mee AL s «D ey 232 g}

T AR T 2 BN, Q A Y,
} RuARAg» o2 FAFETY =3k A
E3l" 7} 2o )3l AR &0

Al ru~
r_E OE

>f®

o=
>
>~

¢
it

R

32 by

N @ o
T e

F Axle] AAA A= ) AZ AT 7}
SRR A es dAPskel A Al
SFaailth. @RAAE Fo) =RA B4R
27} Aa) Bzl ofgA AFH Y
Selsha, meol A sferd & gl 14 4t

TA7HA=S] A, FRE9 9A 52

M
>

@

HNoM > o>
e
o oS‘:’

jg

ot

S8l ThotEs 23k ARE wg AeH o]
ﬂ“ AFAAE Bo Qe 33U TR
SARAY Al F-85HA 1 A}ﬁg $ Atk =3 @

B o foot Ot 1o o i gl

mlo o
z&

(©)

O de o

S5} BEAe BN 5 3tk

AT e WA Aol whe WA
A a9 e HBH "o
RE BT FPT 5 U oI YRE E

24 o FAs 2

4)

=)
—o
o,
of
2
L
4%
H
£
==
]-E

2] A 2ol e 2%
171 % Aelel 917 9 A= shete] $4517]

2 asich we Ay
el Aol £ 9

®)

References

1. U.S. NRC, “Guidance for Fire Protection for Nuclear Power
Plants (BTP APCSB 9.5.1)”, United States Nuclear Regulatory
Commission, Washington, D.C. (1976).

2. US. NRC, “Fire Protection Program for Nuclear Power
Facilities Operating prior to January 1, 1979 (10 CFR 50
Appendix R)”, United States Nuclear Regulatory Commission,
Washington, D.C. (1979).

3. US. NRC, “Fire Protection for Operating Nuclear Power
Plants (Regulatory Guide 1.189)”, United States Nuclear
Regulatory Commission, Washington, D.C. (2009).

Fire Sci. Eng., Vol. 33, No. 6, 2019



52

A== §|
=542

. U.S. NRC, “EPRI/NRC-RES Fire PRA Methodology for
Nuclear Power Facilities (NUREG/CR-6850)”, United States
Nuclear Regulatory Commission, Washington, D.C. (2005).

. J. Lee, J. Kim and K. Kim, “How to Use EDISON/SAFE
Codes for MSO Analysis”, Proceedings of 2016 Spring
Annual Conference, Korean Institute of Fire Science &
Engineering, pp. 51-52 (2016).

. J. Lee and J. Kim, “Development of a Virtual Nuclear
Power Plant for Training of Post Fire Safe Shutdown
Analysis including Multiple Spurious Operations”, Fire
Science and Engineering, Vol. 32, No. 1, pp. 57-65 (2018).

. NEI, “Guidance for Post-Fire Safe Shutdown Circuit Analysis”,
NEI 00-01 (Rev.2), Nuclear Energy Institute, Washington,
D.C. (2009).

. J. Lee and T. Kim, “A Study on Technology Trends of Post
Fire Safe Shutdown Analysis Considering Multiple Spurious

=8} A 8HE] =FXA], A33H A6ZE, 2019

10.

11

12.

. o]zﬁi

Operation”, Proceedings of 2015 Fall Annual Conference,
the Korea Society for Energy, No. 11, p. 149 (2015).

. NFPA, “Performance-Based Standard for Fire Protection for

Light Water Reactor Electric Generating Plants”, NFPA
805, National Fire Protection Association, Inc. (2001).
U.S. NRC, “Fire Protection (10 CFR 50.48(c))”, United
States Nuclear Regulatory Commission, Washington, D.C.
(2004).

J. Lee and T. Kim, “Development of Walk-down Guidance
for the Deterministic Fire Modeling of Nuclear Power
Plant”, Proceedings of 2018 Spring Annual Conference,
Korean Institute of Fire Science & Engineering, pp. 85-86
(2018).

U.S. NRC, “Nuclear Power Plant Fire Modeling Analysis
Guidelines”, NUREG-1934, United States Nuclear Regulatory
Commission, Washington, D.C. (2012).



