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Influence Analysis of Seismic Risk due to the Failure Correlation in
Seismic Probabilistic Safety Assessment
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/] ABSTRACT /

The seismic safety of nuclear power plants has always been emphasized by the effects of accidents. In general, the seismic safety
evaluation of nuclear power plants carries out a seismic probabilistic safety assessment. The current probabilistic safety assessment
assumes that damage to the structure, system, and components (SSCs) occurs independently to each other or perfect dependently to
each other. In case of earthquake events, the failure event occurs with the correlation due to the correlation between the seismic response
of the SSCs and the seismic performance of the SSCs. In this study, the EEMS (External Event Mensuration System) code is developed
which can perform the seismic probabilistic safety assessment considering correlation. The developed code is verified by comparing with
the multiplier n, which is for calculating the joint probability of failure, which is proposed by Mankameo. It is analyzed the changes in seismic
fragility curves and seismic risks with correlation. As a result, it was confirmed that the seismic fragility curves and seismic risk change
according to the failure correlation coefficient. This means that it is important to select an appropriate failure correlation coefficient in order
to perform a seismic probabilistic safety assessment. And also, it was confirmed that carrying out the seismic probabilistic safety
assessment in consideration of the seismic correlation provides more realistic results, rather than providing conservative or
non-conservative results comparing with that damage to the SSCs occurs independently.
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Fig. 1. Comparison of n value for failure probability between Mankamo
model and the code results
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Fig. 3. Association seismic fragility curve of A & B corresponding to
the correlation
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Table 1. Parameter of Seismic fragility curve for the Event E and

Event F
Parameter Event E Event F
A, 12 0.8
Br 0.2 0.2
By 0.2 0.2
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correlation
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Table 2. LGS component fragility parameters [7]

No® Component Cause of failure A,.(g) Br By
S1 Offsite power (500/230 kV switchyard) Insulator breakage 0.20 0.20 0.25
S11 440-V bus/SG breakers Power circuit 1.46 0.38 0.44
$12 440-V bus transformer breaker Loss of function 1.49 0.36 0.43
S13 125/250-V DC bus Loss of function 1.49 0.36 0.43
S14 4-kV bus/SG Breaker trip 1.49 0.36 0.43
S15 Diesel generator circuit Loss of function 1.56 0.32 0.41
S16 Diesel generator heat and vent Structural 1.55 0.28 0.43
DGr Diesel generator common mode Random failure 1.25E-3 Mean failure rate (yr'")

@ Component numbering is consistent with that in the LGS SARA[9]
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Fig. 8. Fragility curve of TEUX

Table 4. HCLPF and fractiles of core damage probabilities

Sequence | Calculation Source HCLPF Risk
Ellingwood 0.330¢g 3.4e-6
TEUX PRASSE 0.303g 3.83e-6
EEMS 0.295¢ 3.83e-6
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Table 5. HCLPF and fractiles of core damage probabilities

Case Description HCLPF Risk

Base Independent (base) 0.33g 3.4e-6

Ellingwood | CASE1 Correlated (building) 0.34g 3.0e-6
CASE2 Correlated (plant) 0.32g 2.9e-6
Base Independent (base) | 0.29324 g 3.83e-6
EEMS CASE1 Correlated (building) | 0.29902 g 3.43e-6
CASE2 Correlated (plant) 0.29566 g 3.41e-6
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Table 6. HCLPF and fractiles of core damage probabilities

CASE1 HCLPF mean CASE2 HCLPF mean
p=0 0.2932g | 3.830e-6 p=0 0.2932g | 3.830e-6
p=025 | 0.2932g | 3.755e6 | p=025 | 0.2892g | 3.785e-6
p=050 | 0.2933g | 3.664e6 | p=050 | 0.2898g | 3.701e-6
p=075 | 0.2987g | 3.556e6 | p=075 | 0.2912g | 3.575e-6
p=1.0 | 02990g | 3434e6 | p=1.0 | 029569 | 3.416e-6
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