47171383 =23
A108 A1Z 20143 7€ pp. 5155

nirs FSACITE HIt 7|HE 86t
AR LF A OFMN HI|
e

Probabilistic Safety Assessment of Nuclear Power Plants Using
Alpha Factor Method for Common Cause Failure
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ABSTRACT

Based on the results of Probabilistic Safety Assessment(PSA) for a Nuclear Power Plant (NPP), Common Cause
Failure(CCF) events have been recognized as one of the main contributors to the risk. Also, the CCF data and
estimation method used in domestic PSA models have been pointed out as an issue with respect to the quality. The

existing method of MGL and non-staggered testing even widely used were considered conservative in estimating the
safety and had a limited capability in uncertainty analyses. Therefore, this paper presents the CCF estimation using
a new generic data source and Alpha factor method. The analyses showed that Alpha factor and staggered method
are effective in estimating the CCF contribution and risk insights of reference plant. This method will be a common
bases for the optimization of new design for the construction plants as well as for the updating of safety assessment

on the operating nuclear power plants.
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Table 1 CCF multipliers estimated using Alpha factor

Compo | Failure Test CCF
- nent | Mode | Scheme | Multiplier Alpha 1| Alpha 2
Non-St. | 2.72E-02
Check | ¢ 1o 9.86E-01 | 1.38E-02
Valve Staggered | 1.38E-02
pro |homSt | 4A6E02 | o o1 | 20802
1\(’)1;’“” Staggered | 2.28E-02 | '
CT.
Non-St. | 1.51E-02
Valve | g 9.92E-01 | 7.59E-03
Staggered | 7.59E-03
PR | omSt | $O2E02 | om0 | 2.05E.02
Motor Staggered | 2.05E-02 | |
Driven Non-St. | 6.63E-02
on-St. . -
Pump | prg 9.66E-01 | 3.43E-02
Staggered | 3.43E-02
Non-St. | 6.80E-02
Demand 9.65E-01 | 3.52E-02
General | Failure | Staggered | 3.52E-02
Data ing| Non-St. | 5.41E-02
Running 9.72E-01 | 2.78E-02
Failure | Staggered | 2.78E-02
* FTO : Fail to Open * FTC : Fail to Close
* FTR : Fail to Run * FTS : Fail to Start
Table 2 Comparison of CCF multipliers
Compo-| Failure | CCCG Existing New CCF | Increase
. CCF e
nent | Mode | Size . Multiplier | Rate
Multiplier
Check | oo 2/2 | 1.04E-02 | 2.72E-02 | 61.8%
Valve 4/4 | 8.40E-03 | 5.52E-03 | -52.0%
Motor 2/2 | 735B-02 | 446E-02 | -64.9%
Oper. FTO
Valve 4/4 | 6.93E-02 | 1.04E-02 | -565.0%
Air
Oper. | FTO | 22 | 6.55E-02 | 429E-02 | -52.8%
Valve
AFW | FTR o 3.01E-03 | 7.34E-03 | 59.1%
MDP | FTS 9.17B-02 | 5.50E-02 | -66.7%
General| FTR o 472E-02 | 2.05E-02 | -130.2%
MDP | FTS 1.20E-01 | 3.43E-02 | -249.9%
2/3 | 1.66E-05 | 2.95E-03 | 99.4%
EDG | FTS
3/3 | 5.89E-03 | 2.23E-03 | -164.5%
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Table 3 Importance assessment for CCF events using
the existing PSA model

. Failure FV
No. CCF Basic events rate(CCF) | Importance
3 | CCF of SI MOVs (2/2) 2.94E-04 | 1.42E-01
11 | CCF of AFW TDPs (2/2) | 1.20E-03 | 7.31E-02
26 | CCF of ECW MOVs (4/4) | 2.77E-04 | 3.24E-02
27 | CCF of AFW CVs 1 (4/4) | 1.68E-06 | 3.21E-02
29 | CCF of AFW CVs 2 (4/4) | 1.68E-06 | 3.18E-02
30 | CCF of AFW CVs 3 (4/4) | 1.68E-06 | 3.18E-02
32 | CCF of SI MOVs (4/4) 2.40E-04 | 3.03E-02
37 | CCF of DGs (3/3) 2.84E-03 | 2.69E-02
45 | CCF of Inverters (2/2) 4.80E-05 | 1.78E-02
46 | CCF of CCW MOVs (2/2) | 2.94E-04 | 1.59E-02
47 | CCF of SI MDPs 1 (2/2) | 890E-05 | 1.56E-02
50 | CCF of SI MDPs 2 (2/2) | 8.52E-05 | 1.49E-02

SI : Safety Injection system

AFW : Aux. FeedWater system

ECW : Essential Chilled Water system
CCW : Component Cooling Water system

* % % %

Table 4 Importance assessment for CCF events using the
new PSA model

. Failure FV
No. CCF Basic events rate(CCF) | Importance
2 CCF of SI MOVs (2/2) 1.78E-04 1.35E-01
28 | CCF of AFW CVs 1 (4/4)| 1.10E-06 3.29E-02
29 | CCF of AFW CVs 2 (4/4) | 1.10E-06 3.26E-02
30 | CCF of AFW CVs 3 (4/4) | 1.10E-06 3.26E-02
41 | CCF of SI MDPs (2/2) 7.14E-05 1.95E-02
45 | CCF of CCW MOVs (2/2) | 1.78E-04 1.50E-02
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