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Evaluation of Mean Time Between Forced Outage for Reactor

Protection System Using RBD and Failure Rate
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Abstract

The design life of nuclear power plants (NPPs) under recent construction is about
fifty to sixty years. However, the duration that equipments of control systems operate
without failures is at most five to ten years. Design for diversity and adequate
maintenance strategy are required for NPP protection system in order to use the control
equipment which has shorter life time than the design life of NPP. Fault Tree Analysis
(FTA) technique, which has been applied to Probabilistic Safety Analysis (PSA), has
been introduced to quantitatively evaluate the reliability of NPP I&C systems. The FTA,
however, cannot properly consider the effect of maintenance. In this work, we have
reviewed quantitative reliability evaluation techniques using the reliability block diagram
and failure rates and applied it to the evaluation of mean time between forced outage

for reactor protection system.
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‘Mean time between forced outage caused by failures of MMIS equipment shall be
greater than fifty reactor operating years over the entire design life of the MMIS
equipment. The meaning of forced outage includes shutdowns that result directly from
the failure, and shutdown the operators must perform to avoid violation of plant

Technical Specifications due to these failures.
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Availability= MTTﬂéﬁYﬁTTR (1.11)
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1. 3%97 4%
. Module | Failure Rate . .
Description Part No. Number | /Module Failure Rate| Unit
(Bistable Logic)
Processor PM645C 2 9.07E-06 | 1.81E-05
Analog Input Al620 2 5.60E-06 | 1.12E-05
Digital Input DI620 1 2.51E-06 | 2.51E-06
Communication Interface CI532 2 2.90E-06 | 5.80E-06
Power Supply SA610 1 3.90E-06 | 3.90E-06
Failure Rate of Single PLC Rack 4.16E-05
Failure Rate of 2-out-of-4 Bistable Logic 1.66E-07
(Local Coincidence Logic)
Processor PM645C 4 9.07E-06 | 3.63E-05
Digital Output DO0620 4 2.51E-06 | 1.00E-05
Communication Interface CI532 2 2.90E-06 | 5.80E-06
Power Supply SA610 1 3.90E-06 | 3.90E-06
Failure Rate of Single PLC Rack 5.60E-05
Failure Rate of Selective 2-out-of-4 LCL 2.01E-07
(PPS)
Total Failure Rate of PPS 3.67E-07
MTBF 2.73E+06 | Hour
311.4 Year
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