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Development of an Evaluation Method for Maintenance Optimization in Long-term Operation
of Nuclear Power Plant with Probabilistic Safety Assessment
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The evaluation method for maintenance optimization in long-term operation of nuclear power plant (NPP) has
been proposed by using Probabilistic Safety Assessment (PSA) in general. Possible troubles in the maintenance
activities of NPP are modeled and simulated by using Fault Tree with failure rates of components estimated by
operating experiences in Japan. The Monte-Carlo simulation has been performed to compare the maintenance
strategies such as cycle extension of periodic inspection and overhaul for components. Through the simulation
results, the effectiveness of the proposed methods has been confirmed by providing the quantitative value of
unavailability as safety indicator, and plant availability as economic indicator according to the different

strategies for maintenance.
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Table 1 Subsystems and number of components in RSS and ESF

RSS : Regular Service System ESF : Emergency Safety Features
MS : Main Steam 12 ADS : Automatic Depressurization System 8
PLR : Primary Loop Recirculation 22 DG : Diesel Generator 9
CRD : Control Rod Driving 24 HPCS : High Pressure Core Spray 16
C-FDW : Condensate and Feeding Water 33 LPCS : Low Pressure Core Spray 12
Turbine : Turbine related 20 RHR-A : Residual Heat Removal (A) 14
RWCU : Reactor Water Cleanup 18 RHR-B&C : Residual Heat Removal (B) & (C) 19
RCW : Reactor Building Cooling Water 22 SGTS : Standby Gas Treatment System 14
Total 151 | Total 92
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Table 2 B Factors
Components j Factors
Pump 0.039
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Diesel Generator 0.021
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Table 3 Unplanned shutdown duration
given by ESF performance

The number of failed Shutdown
subsystems in ESF duration
0 15days
45days
0.5years
lyear

1.5 years
2 years
3 years
4 years
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Table 4 Overhaul cycle for components in periodic inspection

Components which are required
periodic inspections

Other components

Redundancy No

Yes No Yes

Overhaul cycle 1
[1/Periodic inspection]

2 2 3

Table 5 Shutdown time for periodic inspection determined by number of overhauled components

N : Number of overhauled components in the plant Shutdown time [days]
N<25% 45
25%<N<50% 90
50%<N<75% 120
75%=<N 180
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Table 6 Comparison of average availability
for different time steps
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Table 8 Comparison of average availability between

Timestep | Availability g:\i/?;?g?] Error [%] operation data ('70-'01) and simulation result
Operation Simulation 0
0.5days 0.793 0.00208 - data (70-01) |  result | E7Or %]
1day 0.793 0.00210 0.0 Availability 0.763 0.794 +4.1
1week 0.794 0.00207 0.1
Table 7 Comparison of average unavailability for different time steps
Timestep Unavailability (RSS) Unavailability (ESF) Error (RSS) [%] Error (ESF) [%)]
0.5days 5.29x107 2.17x10° - -
1day 5.28x107 2.17x10° -0.2 -0.1
1week 5.15x10 2.15x10° 2.7 -1.0
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Table 9 Variation of plant availability and unavailability
in case of extension of periodic inspection cycle

Planned Availability | Unavailability | Unavailability
outage cycle [%] (RSS)[%] (ESF)[%]
12months - - -
18months +6.9 +36.7 +37.1
24months +11.2 +70.7 +71.6

Table 11 Variation of plant availability and unavailability
in case of extension of overhaul cycle

Overhaul Availability | Unavailability | Unavailability
cycle [%] (RSS)[%] (ESF)[%]
Default - - -
x2 +5.0 -12.0 +11.7
x3 +7.9 -15.9 +27.0

Table 12 Number of periodic inspection and
shutdown duration

Overhaul Number of times
cycle 45 90 120 180 Total
d days | days | days | days
Default 8 4 ) 3 53
x2 17 2 Z > 5
2 20 | 1 3 1 25

Table 13 Frequency of unplanned shutdown
in case of extension of overhaul cycle

Overhaul cycle Freguency [/year]
Default 0.105
x2 0.097
x3 0.094
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Table 10 Period and number of times of periodic inspections and unplanned shutdowns in 30 years operation

Periodic inspection cycle _ Periodic inspections i _ Unplanned shutdOV\{n
Period [h] Number of times Period [h] Number of times [/year]
12months 53280 23 826 0.105
18months 38880 17 837 0.100
24months 29880 13 847 0.097
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