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Analyses of Events for the Evaluation of the Effectiveness of Measures

Against Severe Core Damage (BWR)

Regulatory Standard and Research Department,

Secretariat of Nuclear Regulation Authority(S/NRA/R)

Abstract

The new regulatory requirements for the commercial nuclear power plants enforced
in July 2013 require licensees to perform evaluation of the effectiveness of the
measures against both severe core damage and containment failure under postulated
severe accidents. For BWR plants, seven event sequence groups are required to
be evaluated for the severe core damage.

This technical report describes results of thermal-hydraulic and neutronic
analyses of five representative sequence groups, with the light water reactor
transient thermal-hydraulic analysis code, RELAP5/MOD3.3 and the containment
evaluation code, CONTEMPT-LT, for ABWR and BWR5 with Mark— I advanced
containment.

The major objectives are to well understand the thermal-hydraulic progression
of events, and to identify the important phenomena that influence the safety
parameters such as reactor pressure and fuel cladding temperatures

Tn analytical results of ” Loss of all AC power,” teactor core isolation cooling
system actuation keeps reactor water level high. After the AC power recovering,
depressurization by manual opening of safety relief valves and water supply by
alternative low pressure injection system maintain the reactor water level.

In analytical results of “Loss of high—-pressure/low—pressure water injection
functions,” reactor water level takes time to recover due to the small capacity
of alternative low pressure injection system, therefore, the reactor water level
difference at the depressurization operation has an influence on the fuel rod

temperature heat—up.
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Table 4.1 Analytical conditions of ABWR(cont.)
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Table 4.2 Analytical
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conditions (Loss of high—pressure/low-pressure water injection functions : ABWR)
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Table 4.5 Analytical conditions (Loss of all reactor shutdown functions : ABWR)
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Fig. 4.5.11 Neutron flux and surface heat flux (Long term phase: before 40 minutes)
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Fig. 4.5.15 Reactor pressure and Downcomer water level (Long term phase: before 40 minutes)
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Fig. 4.6.8 Void fraction of each node (Average channel)
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# 5.1 BWRS 77 » b OfiftT &4t
Table 5.1 Analytical conditions of BWR5

RIEH HE TSRS e
(GEW JRTIREL ) 2,436 MWt TEF N )
REHES IR 2 A 7 9X9 BREL (ATY) Hi— 2 A 7 OB % i
I KR 3 44.0 kW/m RREF O K
YA AR EE R S L ANS79 ©F v YA 7 VRO
J£7) AR T 6. 93 MPa[gage] TERE R4 T
ik H R 35,600 t/h TERG R (100%)
IKAL SR 4R KL 18 TR KA —
JEFFRAAR (L)L 3) KK GBS TN 5+66 cm JRFHFA T T W& T2 BIRAL
SRR RREERE AR B, A REER P 1
JRFIFARAAR (LL 2) KORGS5 —63 cm BEF DA T LA REB), JRFFRERA 7 ) v
& 72 B KL
L . e e IRESF DA T LA RELE), RS OFEARESE), BB
PRI (e ) AATTRER TR D =35 en | em, JERTTIN BRI & 72 % Al
s KA LFrinE

Hes L g a
(BBREEE (550 )

7.58 MPa[gage] (2 F)
7.65 MPa[gage] (3 1)
7.72 MPa[gage] (3 1)
7.79 MPa[gage] (4 F)

RELFFAIHFEEEOER 22 L THRE

EEFLAT LA R (i) 1,050 m’/h 1. 38 MPal[dif]iZ3W\ T
REFLAT A% (i) 1,050 m*/h 0.78 MPal[dif]icd T
READEAR (i 1,136 m*/h 0.14 MPal[dif]icH T
RERBFTAR (g 200 m’/h 1.00 MPal[dif]iZ&BW\T
IR RREERR S AR (&) 90.8 m’/h 1.04~7.86 MPal[dif]iZ&\\T
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# 5.1 BWRS 7T DR EAE (i)
Table 5.1 Analytical conditions of BWR5 (cont.)
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e S/C DT — Lk ik 2,800 S E T MRS OGE A BB L TRE
KA ZRIT SRS U A i 55 9.8 kg/s DI THREL FEANZSHaIE 77 0. 427 MPalgage] I8 T
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* 5.2 fRNTEM (BIE - ARERKBERERE : BWRG)

Table 5.2 Analytical conditions (Loss of high—pressure/low—pressure water injection functions : BWR5)
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Table 5.3 Analytical conditions (Loss of high-pressure water injection/depressurization functions : BWRS)
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Table 5.5 Analytical conditions (Loss of all reactor shutdown functions : BWR5)
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Table 5.5 Analytical conditions (Loss of all reactor shutdown functions : BWR5) (cont.)
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Fig.5.5.1 Flow chart of Loss of all reactor shutdown functions
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Table 5.6 Analytical conditions (Loss of water injection function during LOCA : BWR5)
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Table 6.1 Analysis results and important phenomena
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Table 6.1 Analysis results and important phenomena (cont.)
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