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Analyses of important phenomena on evaluation of countermeasures

to prevent containment failure (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 to perform the evaluation of the effectiveness
of the measures against both severe core damage and containment failure under
postulated severe accidents. Regarding the evaluation of the effectiveness of
the measures against containment failure, a total of six containment failure
modes are shown as those to be evaluated

This technical report describes accident progression analyses of the two
sequences for ABWR and BWR5 Mark-I Ex., 1) large break LOCA with loss of all
emergency core cooling functions and station black out, and 2) transient followed
by failure of makeup, for three out of six containment failure modes mentioned
above with the integrated severe accident analysis code, MELCOR. Through the
analyses, the characteristics of the accident sequences were well understood,
the important physical and chemical phenomena and their associated uncertainty
factors that influenced the measures to prevent containment failure were
identified, and their degrees of influences were clarified by conducting
sensitivity analyses

In the analysis of the first sequence, the uncertainty factors on the static
loading due to internal pressure and hydrogen combustion were identified, where,
for example, history of water injection into the containment was confirmed to
be important for evaluation of spray operation and activation of venting

In the analysis of the second sequence, those for high pressure melt ejection
/ direct containment heating were identified, where, for example, the activation
timing of depressurization of the reactor pressure vessel (RPV) was confirmed

to be important for evaluation of lower head failure timing and RPV pressure
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Table 2.1 Containment failure modes and assessment items on prevention of containment failure
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Table 3.2 Analysis model of MELCOR code
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Table 3.3 Radionuclides group in MELCOR code

Fil 4 REHILHE T #F o M

1. HAA Xe Xe, Kr, Rn, He, Ne, Ar, H, N

2. TIVH U EEH Cs Cs, Rb, Li, Na, K, Fr, Cu

3. 7T HEAERE Ba Ba, Sr, Be, Mg, Ca, Ra, Es, Fm

4, ~Na oL I I, Br, F, Cl, At

5. haak Te Te, Se, S, 0, Po

6. HaKEtHE Ru Ru, Pb, Rh, Ni, Re, Os, Ir, Pt, Au

7. WIHNER THE Mo Mo, Te, Nb, Fe, Cr, Mn, V, Co, Ta, W

8. VUi Ce Ce, Zr, Th, Np, Ti, Hf, Pa, Pu, C
La, Pm, Sm, Y, Pr, Nd, Al, Sc, Ac,

9. =ffcF La Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu,
Am, Cm, Bk, Cf

10. 77 v U U

11, R THRBE Cd Cd, Hg, Pb, Zn, As, Sb, TI, Bi

12, BRIV TR Sn Sn, Ag, In, Ga, Ge

13. B FEH B B, Si, P

14. /K H,0 H,0

15. =7 U—F — —

16§%77/uct VR AN = CsI (Cs, Rb, Li %) X (I, Br, F %)

ARG TIX Cs—137T OBHEAIZT AL ) EROEEZFHWTE Y, CsI ~OB1T

53 % B D TUNRY,
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Table 3.4 Analysis conditions for ABWR
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Table 3.5 Analysis conditions on specific sequence (ABWR)
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Table 3.6 Analysis conditions for BWRbH
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Table 3.7 Analysis conditions on specific sequence (BWR5)
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Fig. 3.3.1 ABWR system
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Table 4.1 Major events (LBLOCA with Loss of ECCS and SBO)
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Fig. 4.1.1 Collapsed liquid level in RPV and RPV pressure (LBLOCA with Loss
of ECCS and SBO)
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Fig. 4.1.2 Maximum core temperature and steam temperature (LBLOCA with Loss
of ECCS and SBO)

K1 L EsE LCEBEO T TR OEEDOSWEBOIEEZ/R L TnD,



1400 — — T T T T T y T

A B c
1200 - § : g i
1000 E 5 1
800 I- ! | : :

JFDEBTDKRFELEE (kg)

600 4
400 .
200 4
o . . . . . . ! .
2 4 6 8 10

BEfE (h)
ARG, B ARJEREEKBLG, C: AR A7 L A Bt
B 4.1.3 JFOLEBTOKRFERAE (KA LOCA+ECCS #§HE &k V422 it B /) FE R HE 2% )
Fig. 4.1.3 Hydrogen generated in the core(LBLOCA with Loss of ECCS and SBO)
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Table 4.5 Major events (TQUV)
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Fig. 4.2.14 Hydrogen generated in the core (TQUV)
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Fig. 4.2.18 PCV temperature (TQUV)
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Fig. 4.2.19 Oxygen concentration in PCV (TQUV)
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Fig. 4.2.21 Radionuclides release fraction to the environment (TQUV)
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