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Abstract

The new regulatory requirements for commercial nuclear power plants require
evaluation of the effectiveness of measures for preventing both severe core damage
and containment failure under postulated severe accidents and those for preventing
fuel damage in a reactor during shutdown. In order to obtain information available
in reviews of the effectiveness evaluation, thermal-hydraulic analyses were
conducted for representative accident sequences among those that must be assumed to
prepare the measures for severe accidents. The light water reactor transient
thermal-hydraulic analysis code, RELAP5/MOD3.3, thermal-hydraulic and
three—dimensional neutron kinetic code, SKETCH-INS/TRACE5.0, and the containment
evaluation code, CONTEMPT-LT, were used in the present analyses.

As a result, understanding of the thermal-hydraulic phenomena involved in the event
progression was promoted and important ones that influence the safety parameters such
as reactor pressure and fuel cladding temperature were identified. In the analyses
for “Loss of ECCS recirculation function” in a PWR, detailed evaluation of the
gas—1liquid phase distribution in the primary system showed earlier core uncovery and
subsequent increase in fuel cladding temperature due to the steam binding in the steam
generator tubes. Through the analyses of “Loss of all AC power” in a BWR, quantitative
information was obtained such as changes in the reactor water level and the
containment vessel pressure and temperature during the sequence, which were relevant
to the effectiveness of the measures for preventing severe core damage. The analyses
of “Loss of high—pressure/low—pressure water injection functions” in a BWR showed

that the highest fuel cladding temperature might not necessarily occur in the hot



channel during the recovery of the reactor water level using the alternative
low-pressure injection system, due to water level increases with a high void ratio
in the hot channel.

In addition, “Multiple steam generator tube rupture” was analyzed as an event that
could be induced by a beyond-design—basis external event in relation to the
improvement of seismic PRA, and information was obtained on the effectiveness of the

measures against severe core damage.
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Fig.2.3-1 System diagram of the Loss all AC power accident
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Fig.2.3-2 Primary system pressure

_ !i}?rb- L
—ED+ T F L
REBEEHBEBRATIL AT
L DFIL~DFE KB ($9505)
0 15 36 45 60 75 96 105 uz'o nés néo :és 180 lés 210
B5fE ()

B 2.3-3. fFLAKAL
Fig.2.3-3 Core water level

) INEFIED (2017) B2



3.
3.1 HRDER

% B RGBT 2 H A a OS] [2 5\ TiE, PR 77 N KUBWR 77
N AR TRAZEE MR I2ER 247 DG 1k 3R K O AN A we iR B 15 3R D A %)
PERHMIC B9~ 28 &N A N IR SN BB FLITONT, BRBfiE T = — NI L v fig
Mz Fhe L7,

PWR 77 v b [IEF AP OH AR (ECCS) HEERISREE R DN Tk, AKR
HEFHBBVE CORAF — LS, 7 4 2 TBIGIZ KD ECCS B SR RI % DF LERINICE D
REE S < 22 0 BB E IREE O EA PN RELS R D WREMNH 5 Z & 2B 53T L7z, BIR
TT v b0 TRZRE)ERERES ] O CIE, 1 TRNTOBRTER, KO T
DV T Ty 7 ARHBIFLEENCREREELZREZT L6, Ttk Tizznso
BFAREREELLSFHMI T2 ENEETHHZ EEHOLNIC L, B - KETKHEEL
FE OfFHT TR, RERBEARIC X DR FFARMEIEREZ, RNA REORKRZ WA Y b
F v RNV THKRIMDREL T2 oTe, THIC KV @BENRAET 2 F v o RVITIFLORTF
], BT A A0 DFERTSRAFIC R E HRAF L, BT L b A v M F v o RV CRRBHOEE
RENRbESRDEIFRE2NW EnbhoTz,

[EREHEMEA 2 2 ANH G BT 2 Bl R o B 12>\ Tk, 3/v—7 PR 7
T v MG BREH LB X D INBFRRICL Y vV F SCTR FRPFAT D L E LTz
fiEHT 2 540 L, 422 SG C SGBEVE MR L 72354 TH |EEARD 1 A/E8Eh 33+
RN LRICED LRFZ T 4 — KTV RT7 U — FEFETDHZ LI L0 BEBIE, AREA
ok oF, FLBEEZEECEXAREEND D Z BTz, £-, AN H 5
BEZ 2D L 2REDNDDEFE~OMAM B EN FRK[ED LIFOFRETHIREND
e, RERBEEAKARE~OEZERFMAEOFRERDOE VLR 2D DD
Mol

EEAE 1 T OFSIZBIT 2 HIEn R OB (2 oW Tk, TEMFEMR IR D
RS 1R R AR I B 1 B IRBHEE D L5 R OB I FEMIC BT 2 AT A R RS
TEEBERERIIONT, TEER LI, SA—7PIR 7T bagL Lz [0

BIRERER | O CIL, LR DE D OWmAEAM HEORRE (R, 24, 5
WEAR) ROARKBERICEET DHEARENERICEELZ 52 2EEZLYHETH D
Tl amER LI,

3.2 HHOZERIKR

(% EMBEE ST 5 BT OB 122\ T, FHEE v it 2 Ehi 325 Z &
T, FOBEES IO A FTMT 2 L CTEEABS, ERERICEEL 52 5
H, FHONGROTOICEE L 72 i, EIREBRIESOREL R L, T OHEFr R
Z NRA RS 202 L LT EDAR LT,



[EREHIEEA B 2 2 AN G BT 2 B o B ROY TEERE (R o o 2 BY
T OHEIRB A ROEAG] 2O\ ThH, FHE@EY B4 J L <, BEEHR, FLHERICE
BrabGz omE, ERONKOZOICEHE L R DK, BREBRESOREELEL
Bl m e & U CHS LT,

3.3 HMRODERF

KRAFFE DT % 380 U TG B AL To FRME R BBV E O HINA A A | Brim I RS <R
FH2%E T R - s 1 2 SRR AT GBI 3 1T 2 0 DR B 1k 5k 3R R OV R 1k AR 2 38 1
2 REHE G ) 156t 3R DB W MEREM O FF A ITIE R LT & 7o, BARAYIZIZ, PWR 4R LIEERS
1k 55K DA BT O AT U T, HEE# O M-RELAP5 |2 B4 2 AN O RSB iAT %
WU TR LN HIRMAEZTEA Lz, £70. BIR OF LRERS (xR O hMERE O 3%
BIZBWTH, Ay bF v RV LB TF v o XNV DET MALEICBT 2 MBI i & @
U b7 Bl 7215 H L7z,

Lt REHAFRTIFRZOEREFLICELBENNH D FHOMHTICONT, L HE
7277 o N ARAIF T O MR & FEli L, 2R tkm Rl 1) 5 B EIc & 7
Do



1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

SEXH—E

il o BAAR CRFSE W ACZE. NP R D REGE R OB R PERHT G D 4y
Hr (PWR) . NTEC-2014-1001, % 26 48 H.
BIFCZEBR N L NE FHRE DM B W AL B R O HREE kx)
RO AN FEZ D547 (BWR) . NTEC-2016-1001, “F-h% 28 4F 3 A.
Information Systems Laboratories, Inc., RELAP5/MOD3. 3 CODE MANUAL, VOLUME I: CODE
STRUCTURE, SYSTEM MODELS, AND SOLUTION METHODS, Rockville, Maryland, Idaho Falls,
Idaho, December 2001.
Information Systems Laboratories, Inc., RELAP5/MOD3.3 CODE MANUAL, VOLUME IT:
USER’ S GUIDE AND INPUT REQUIREMENTS, Rockville, Maryland, Idaho Falls, Idaho,
December 2001.
Information Systems Laboratories, Inc, RELAP5/MOD3.3 CODE MANUAL, VOLUME IIT:
DEVELOPMENTAL ASSESSMENT PROBLEMS, Rockville, Maryland, Idaho Falls, Idaho,
December 2001.
MNATBAEN R 2 g, 77 o P ERRIEEHT = — N RELAP5/MOD3 7 —
58" . 05 fER#-0085, 2004.
WMNIATBUEN R 2 IS, “RELAP5/MOD3 =t — R OFRITERBE8L(” , 06 iR &
#H-0034, 2005
MSTATEOE N R 22 i . “OECD/ROSA 5Bk D fEHT R/ = J7 25 2 TE 315 Al 17
LOCA FRERfEHT =" 08 fifH#-0037, 2007.
MSTATEOEN R N2 SR “RELAP5/MOD3 = — R O RRFEAEHT-Peach Bot tom—2
Z—tr hU v 7T AR |07 fRERHR-0089, 2006.

(i) R F e e AR 3 o7 T o b a2 — I SKETCH-INS/TRAC-BF1 Dk
B, 04 fiEiRa-0012, 2003.

11) TRACE V5. 0 USER’ S MANUAL, Volume 1: Input Specification, Models, Division of Risk

Assessment and Special Projects Office of Nuclear Regulatory Research, U. S.

Nuclear Regulatory Commission.

12) TRACE V5.0 USER’ S MANUAL, Volume 2: Modeling Guidelines, Division of Risk

Assessment and Special Projects Office of Nuclear Regulatory Research, U. S

Nuclear Regulatory Commission.

13) TRACE V5. 0 ASSESSMENT MANUAL, Main Report, Division of Risk Assessment and Special

Projects Office of Nuclear Regulatory Research, U. S. Nuclear Regulatory

Commission.

14) TRACE V5. 0 ASSESSMENT MANUAL, Appendix A: Fundamental Validation Cases, Division

of Risk Assessment and Special Projects Office of Nuclear Regulatory Research,



U. S. Nuclear Regulatory Commission.

15) TRACE V5. 0 ASSESSMENT MANUAL, Appendix B: Separate Effects Tests, Division of Risk
Assessment and Special Projects Office of Nuclear Regulatory Research, U. S.
Nuclear Regulatory Commission.

16) TRACE V5. 0 ASSESSMENT MANUAL, Appendix C: Integral Effects Tests, Division of Risk
Assessment and Special Projects Office of Nuclear Regulatory Research, U. S.
Nuclear Regulatory Commission.

17) Tomasz K. and Thomas J. D.,” PWR MOX/U02 Core Transient Benchmark Final Report” ,
NEA/NSC/DOC (2006) 20, January 2007.

18) (b)) JiF e AR . “TRACE =1 — FIT X D WEEHAY L AT T 15 O B i =42 A& 1R L
KIS —E > b Uy TREBROMHT”, 09 JREHR-0013, 2009.

19) HAJF S-SR, “WREM-J2 - JR Ak el B AR K AP &2 e PERTAl = — RS 27 A7 JAERI-M
9285, 1981.

20) Richardson, L.C. ; Finnegan, L.J. ; Wagner, R.J. ; Waage, J.M. “CONTEMPT: A
COMPUTER PROGRAM FOR PREDICTING THE CONTAINMENT PRESSURE- TEMPERATURE RESPONSE
TO A LOSS-OF-COOLANT ACCIDENT. ” , IDO-17220, Phillips Petroleum Co., Idaho Falls,
Idaho. Atomic Energy Div., January 1967

21) AAREADWIGERT. “F&MNAS e i 1 figtir = — N CONTEMPT O #Et” . JAERI-M-5339,
197347 H.

22) Wheat, L. L.; Wagner, R. J.; Niederauer, G. F.; Obenchain, C. F, “Contempt-Lt:
A Computer Program for Predicting Containment Pressure-Temperature Response to
a Loss—of—Coolant Accident.” ANCR-1219, US Energy Research and Development
Administration, 1975.

23) DON W. HARGROVES LAWRENCE J. METCALFE, “CONTEMPT-LT/028-A COMPUTER PROGRAM FOR.
PREDICTING CONTAINMENT PRESSURE-TEMPERATURE. RESPONSE TO A LOSS-OF—COOLANT
ACCIDENT.” , NUREG/CR-0255. TREE-1279. R4, Idaho National Engineering Laboratory,
March 1979.

24) R 7184 - Rl R IR E L TR, BAR T R ERASEEE R BT T
SRR IEZE R A] (3 5 MO 4 5 TR O¥ERR) (24 2 B RS (A 7V — 7785 17 [[)) |
04— 3 « 4 H A-17-4, AARFEFHREBRASEZEFEEDT R BE L FaFn] 5

(35 KN4 FIRTIAOHER) 126RD 7 0 AT = v 7 fifHT — AR LR EVE IR — |
2009 4 10 A 30 H.

26) /N L B ZRBAL /N FHRE, L ESFEFRORZEMICE T SR, e
7 v MR RE S B2 Rk 28 AR SRR AR A RS, SR 29 4 10 A 5
H.



(LB EEROZEIMICBET 2098 O () BEES

JRFET REERE SdvEg s v—7
VAT DL

BRCOEW BT E

N FHE S S



