RREP-2018-1002

|-

REMRRRES

KKPTEATROBEAITSRD D
A - ABR

Safety Research on Fire Protection Measures
for Nuclear Power Plants

MR — SEJRSCHE AREFE NEEHUE M2t

Hajime Kabashima, Fumio Kasahara, Takashi Ishibashi, Takaki Kato, Takaya
Hata

VAT NEERFEE

Division of Research for Reactor System Safety

[RFHFRHIT
REERRNERT L —T
Regulatory Standard and Research Department,
Secretariat of Nuclear Regulation Authority(S/NRA/R)
Rk 304E 11 A
November 2018



RS, RFORBITREEREMERT)L-THToEREMRTOI D FDFTIRNS -
BRZEEDFEDIEENTT,

BR. KRSOABERGEE, HEAH RFEE U TEEOREICTRI DHEICH. BIRRF
DIRHESEZOHENTTONDCEERDET,

AUR—FORBICETDCEMIE. FRICBHNEHESZE,

BFOREIT REER RMEBRIIL-T YT AREHFEER
T106-8450 HREBRINAK 1-9-97"AKRD »—~EI

& 56 :03-5114-2223

TP v D R:03-5114-2233




RREP-2018-1002

KKBGEXROBEIIAR D DA - B

R IRT REE BN v—7
VAT WM

MES— ARFUCCHE AGRE INEROsE 2

E3S]

AKTaYx NOR AR5 KB RERII OB b~ DSk A H A
kﬁ%7—5w—1®%ﬁ\kk%%ﬁ%®ﬁ%@%mg%L#ﬁfé$%®%gm\l
BILFEIITE Y 7 ¥ e 7 MEASOSE AT ST, KIGRRT —F =2 (2O T, Ji)

a?@%éhfméﬁwwwﬁﬁﬁﬁ BRI, FENIREES DT — 2558 i LTz, =
NEDOT—H IR BGHRORET — & L L UEA SN WD, KSSESHl TR
WTIEL KSR =1 — B (FDS) S OSBRSS 71— I (FARSITE) DA MEERZAT O & &
HIT, WAL Z) g1/ 138 8T | AR S ERIR CRAE LT L 5 727 — 7 BeBISER
T D KKEDIESE A 1 = X WOFFIEZATH 72 & LT, KEBERIR OB E % & BANRTE
M9 D FEEZEEL L, SROTEA~ORBRAEE LT, FHCT — 7 EITRINT 5 k5K
[ZOWTIE, KEDAET DT — 7 2 F—D LEVMEDIFEZ I BN Lz, TR
FE KKEDFAERG IR D HEAF (R0 L —7"— 7 4855 OFIHIEIE IS H S,



RREP-2018-1002

Safety Research on Fire Protection Measures

for Nuclear Power Plants

Hajime Kabashima, Fumio Kasahara, Takashi Ishibashi, Takaki Kato,

and Takaya Hata

Division of Research for Reactor System Safety

Regulatory Standard and Research Department,
Secretariat of Nuclear Regulation Authority(S/NRA/R)

Abstract

In this project, with the aim of improving the fire safety regulations on
nuclear facilities, experimental and analytical studies have been performed for
development of a fire test database, improvement of evaluation methods to quantify
the effectiveness of fire protection measures, and participation in the
international projects. For the fire test database, data on heat release rate,
radiant heat, and ignition temperature of flammable materials used in nuclear
facilities were measured and organized. These data have been used as the base
data for fire influence assessment methods. As for the improvement of these
methods, validation activities have been conducted on the fire analysis code (FDS)
and the forest fire analysis code (FARSITE), in addition the mechanism has been
ascertained of the fire that took place after the explosion phenomena caused by
arc discharge of the metal-clad switchgears at Tohoku EPCO’ s Onagawa Nuclear
Power Station (NPS) unit 1. Thus, these activities could be the basis to qualify
the evaluation methods for enhancing the effectiveness of fire protection measures
In particular, regarding the fire caused by arc discharge, a threshold of arc energy
at which fire occurs has been clarified, which has been used as a regulation standard

of fire prevention caused by HEAF (High Energy Arcing Faults).
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Fig.2.1.1-1 Cone calorimeter test
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Fig. 2. 1. 1-2 Representative

instrumentation cables
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Fig.2.1.1-3 Cone calorimeter test results
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2. 1. 1-4 ~2FA hikEa &9
Fig.2.1.1-4 Cable penlight test

IOERED
(2259 k)

TC 4 eo TC5

2.1.1-5 ~F4 Ml T A —Z ORI &9

Fig. 2. 1. 1-5 Measurement of Penlight test parameters
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Fig.2.1.1-6 THIEF model predictions for the breakdown temperature
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2. 1. 3 MHAKHER

FETT 2 N SIVTO D8RRI, BRI, MEHEO AR SR DO—o & L
T, FENGR, HREBOFEEOT — 2 NKSAE, R EOUI NI Th D, FTo,
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B INKSKE DRGNS — 7 AR D 5 A X 75 KRB BT D, AT
=7 NI 2RO X — U iaxgil LT, a—rhn ) —A—43Ek (X2.1.3-1),
Tk SERER (%] 2. 1.3-2) KOVL—Aa—F—k$EER (K2, 1.3-3) % L7~
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Fig.2.1.3-1 Cone calorimeter test

2.1.3-2 F—/LkSEkER &Y
Fig. 2.1.3-2 Pool fire test
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Fig. 2. 1. 3-3 Room corner test
a—r A J— A—FRERTIZASTM E 1354 &9 (26 GRBRA G L, B, B
B IR ORI, BHREAE Lz, 20T — X T KEJROHRE
TR L L TRETHDH, F—LKSGRERTIE, ASTM E 2067 &1 12hEV, KIERIEES
LAEFER (L) 711 1B THUESNAAA N WCRBR A B L. Btz —
EUAMOBRBEMER CREGEEE, BRI, 1R IRAESR) 2HIE L, 2. 131122

=

—rhu ) —RA—EHED, F-F 2. 1. 32 12— LK SERBROfER AR,

#2.1.3-1 a—rhnl—A—ZREREER 9

Table 2.1.3-1 Cone calorimeter test results

Heptane (150-600 s) 0il #32 (600-2400 s) 0il #56 (600-2400 s)
MLR | HRR | HOC | MLR | HRR | HOC | MLR | HRR | HOC
(g/mis) | (KW/m?)| (MJ/kg) | (g/mis) | (kW/mp)| (MI/kg) | (g/ms) | (kWime)| (MI/kg)
Runl| 1288 | 589 | 457 | 488 | 190 | 390 | 450 | 174 | 387
Run2| 1321 | 604 | 457 | 497 | 191 | 384 | 450 | 174 | 386
Run3| 1366 | 616 | 451 | 484 | 186 | 385 | 478 | 185 | 387
Mean| 1325 | 603 | 455 | 490 | 189 | 386 | 460 | 178 | 387

MR : Mass loss rate EEJE=

HRR : Heat release rate FEENHE
HOC : Heat of combustion :BREEEL

BIEAE T 7 — /L K SGABR IR D 7 — VRSO J Ty el DG B H5E
DF—HDGHLNDD, JFFlitiak DRYRNTOIMK ST RO H 5 FAZERCOMDIR
MICERT 2 b D THY | BEROUEHHIRSAL 5729, BlAG ;L 0 HREHEIME T
T D, T—IVKEGRERT — 2 R ) D PAZERI I 1T 2 3B 2 Ml 3 5 72 b Dk
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T —5 L7125, —2ba—F 3 R O IERHEAE L (IS0) 9705 THIE S4L5/1—24
a— 3 BREE (IF 2. AX BYT 3.6 XX 2.4m) OBANEE I 1 U A—&—0HE FIZE
BT 52 EIE D FEEHE ROV IR AR AIE L, F 7R E NI BT 2 B
fHF, IREEZHET S HOT, RN 2 KIGEANEIT L D KRR D
FREZAYET 27200 TH 5,

F2.1.3-2 S —/LkSEABRE R ¢
Table 2.1.3-2 Pool fire test results

Fuel Test # Quantity| Starter | THR,,,,| THR [Combustion
Type (kg) (kg) (MJ) (MJ) | Efficiency
1 7.970 - 363.4 346.3 0.95
Heptane 2 7.901 - 360.3 341.6 0.95
3 7.921 - 361.2 340.9 0.94
Mean | 7.931 - 361.6 342.9 0.95

1 9.938 | 1.853 | 383.6 368.4 0.96
2 9.928 1.867 | 383.2 371.8 0.97

Oil #32
3 9.929 | 1.873 | 3833 380.5 0.99
Mean | 9.932 | 1.864 | 383.4 373.6 0.97
1 9.824 | 1.899 | 380.2 373.2 0.98
. 2 9.897 | 1.870 | 383.0 359.1 0.94
Oil#56 3 9930 | 1.866 | 3843 369.2 0.96
Mean | 9.884 | 1.878 | 382.5 367.1 0.96

Quantity : JHOEE

Starter : ~7'¥ L OE &

THR : (Total Heat Released)max

= HEXEN (FoX)

THR = SR

Combustion efficiency : THR/THR max

LLED & DT, A BRI OFER MO S 2 TR &~ 2 AT T, KIS

BT ST R BB, 1RV ERRAESR WO, BRREE A B L=,
F7o. 2 FREOBREEMERIE, 1R UHERZ R 2 L2 L,
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2. 1. 4 TANZKEEGHEBR

HEPA (High Efficiency Particulate Air Filter) 7 4 /L4 & k4 TR Dk (X2. 1. 4-
1) ZFEhE L7, 3R, BhSas CHYEOfE Gt g FREN SRR 1kg FEE) D7 ¢
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ST, AR g EO—FROEBELAMRGE LT, WD HEPA 7 ¢ /L& TIHEFHSHC
FoTUIT 4 VAR SIVTCW DR, FHEO RIS RE T 2 FTREMED BV | Z4
LORKFH G DD Z LD, FHFAPRIUCIS TR HEPA 7 ¢ L2 ORI & L TOHL
DN DOWTOEEDLETH D,

Under the test

2.1.4-1 7 42 KERER &9
Fig.2.1.4-1 Filter fire test
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Fig. 2. 1. 6-1 Demage of metal-clad switchgears caused by HEAF event
at Tohoku EPCO’ s Onagawa NPS unit 1
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Fig. 2. 1.6-3 HEAF test of metal—clad switchgears
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Fig.2.1.6-4 HEAF test of distribution panel

(3) =&z ha—)Lk &0 HEAF 3Bk 5

REAE DD E—4 2> ba—be 2 2T, BEEE 480V, JHEEFE 63. 5kA
e OHHEIRER] 2. 0 B0 77— 7 JidE s A4t & U CRRE L, (RIS T C 4 [Bl0D HEAF 3Rz
Fhi Uiz, B—H 3 ha—/L& XD HEAF i BRO—F%[X 2. 1. 6-5 1R,

OB, QN7 —72 BERAEOBHE (90,2 1%%) . @IL7—7 iE - &Rt = — 24
SO (90,5 f01%) ROOIEEBMEESORE (K2 %) OFETHD, @TIL
FT—Hary LB X OERMHAEL, KEOSBE 2 —LENEHL TND 2 ER
b, T, REOSBEMEEEN, #Bik/LN Bl 5. 5m X &S 7.0m) OBIIIA
MDoTZ L35,

4 [ERRR A G L72s, 77— KEIT—EE S IAE Lo T, KEDRAE L2072
& LTCE, EROBHRIZ L > TF — 7 it Ak 5 2 L 3Bk o772 (4 [BlE
&7 — 7 EBEOMGIRIL 0.9 LT, 207 —7 VX L DHEBIRIVNE D
STzl ROEROHIRERTN S, A LIZBAT R —DIE & A EDIMHH S
722 LT KEDRAET DIT ENORED G e bighoTo 2 EHENREZ Hivd,

16



2 FT—UOHEREOBERM (5502 &)

@ EREa1—LFOEH (#0.58&) @ EEMEFORE (¥2¥#E)

2.1.6-5 T—X a2 hur—/ILk %O AR iz ©Y

Fig. 2.1.6-5 HEAF test of motor control center

(4) HEAF 305R% DEERHE DA

# 2.1.6-1 12, AR THVZ 3 FEDOESEI OV TORHEM O HEAF 3R8R% DA%
N, AEKEEOPNEAE, EARTRE K OPH CIADMEZOWTIL, MR AT o7,
T — 7 AR AERHTAE LTBENOERITENCOWTE, = a3y hr—krZn
bE<, ROV THEIER, SERREEONRIC /872,

FT—Har b ZE, AR YN KUBCIADEDS “E° ThHoHT-HIC
HENDERRIES )7 3 FHOBSBOT TR bm< ol bD LEXBND, Fiz, BEAD
RNENDENZ LI, EROENS K 07w, BRI L OBHENTD Hi

L, PEVARDS A7 ROB CADIER “t” T 572l IRMOBKIE 3
FREOBRIROT T BRI T=bO L BZ BND, £io, BIKOMEN F” Tho
T b BRI BV,

17



I ERERIE. PERAERDY K7 ROPH CIADMED “HfF” TH D72 ORNES ]
0 3 FRHDEXIROF TR BIEL RolobD B X D, £, EEROMEN “&° T
b HIZDERICRE RETTZRD IR T2,

F2.1.6-1 EBRIROREK OS5 ERZ DML G
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Fig.2.1.6-6 Conditions of arcing fire
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Fig. 2. 1.6-7 Approach and concept of requirement against HEAF
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Fig. 2.2.1-1 Modeling of facilities for FDS
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Fig.2.2.1-2 Air conditioning model of FDS
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Fig. 2.2.1-3 Heat release rate of fire
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Fig. 2. 2. 1-4 Comparison between calculation results and tests
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Fig. 2.2.2-1 Metal-clad switchgears before burned test
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Fig. 2. 2. 2-2 Burned test status of metal-clad switchgears
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Fig.2.2.2-3 Heat release distribution at Ra F=0.6
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Fig. 2.2.2-4 Simulation of the Tohoku EPCO’ s Onagawa NPS unit 1 fire event
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Fig.2.2.3-1 Analysis model around the TEPCO Fukushima—daiichi NPS
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Fig.2.2.3-2 Bird s—eye photo of the analysis result
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