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Safety Analysis for Reactor Scram Subsystem Based on
Multiple Methods

Liu Hual, Han Wenxingz, Yang Xiaohua3, Chen Zhiz, Liu Zhaohui’
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Abstract: For the reactor scram subsystem, the failure and fault coverage statistics form for the
instrument control system design phase is deduced by the combined use of three independent basic
analysis methods FMEA, FTA, and STPA. STPA method can effectively make up for the
inadequacy of FMEA and FTA method. At the same time, in the instrument control system design
phase, STPA method is very suitable for finding the fault and safety issues in software, system
interaction and communication for the reactor scram subsystems.

Key words: Multiple method fusion Reactor scram subsystem Safety analysis
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Table 1

1

Failure and Failure Coverage Statistics for Emergency Shutdown Subsystem

FMEA | FTA | STPA
J J J .
PIPS
2
Table 2  Selection of Failure and Failure Basic Items for Emergency Shutdown Subsystem in Design Phase

FMEA | FTA | STPA
PIPS V \/ V .
PIPS V \/ V .
V x V o
V \/ V .
V 3 V .
V x x *
V x V .
v v v A

DCS 4

/O (] ®
— — — —
5 4
O
3
3.1
FMEA FTA STPA
3
1 FMEA
FTA STPA
X
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3.2

FMEA
X1=106

FTA
X2=87

STPA
X3=136

Y1=44

Y2=59

SUM=143

X4=86

44 k

59 e E=103

SUM=143
FMEA

X1/SUM=106/143=74.1%
FTA

X2/SUM=87/143=64.0%
STPA

X3/SUM=136/143=95.1%

X4/SUM=86/143=60.1%

143
143

DCS

[11]

[12]
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3

Table 3 Adaptability of Multi-Method Fusion Security
Analysis to Different Analysis Categories

DCS %
[13] FMEA 80 85 80
FTA 100 65 75
STPA 90 90 100
3.3
FMEA FTA
FMEA
FTA

74.1% 64.0% STPA

FTA
FTA
FTA 95.1%
100% FTA 4
Table 4 Failure Rate Coverage of Security
Analysis Methods
FTA
85%  80% FMEA FTA STPA
FMEA
FMEA y 74.1 64.0 95.1 60.1
106 87 136 86
FMEA 4
60.1%
FMEA FMEA 39.9%
FMEA 3
3
FMEA FTA STPA 3
STPA 143
STPA
FTA

FMEA FTA
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4
FMEA FTA STPA3
100% STPA
FMEA FTA
STPA
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