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Development of the GO-FIOW Reliability Analysis
Methodology for Nuclear Reactor System
by .
Takeshi MATSUOKA and Michiyuki KOBAYASHI

Abstract

Probabilistic Safety Assessment (PSA) is important in the safety analysis of technological systems and
processes, such as, nuclear plants, chemical and petroleum facilities, aerospace systems.

Event trees and fault trees are the basic analytical tools that have been most frequently used for PSAs.
Several system analysis methods can be used in addition to, or in support of, the event- and fault-tree analysis.
The need for more advanced methods of system reliability analysis has grown with the increased complexity of
engineered systems.

The Ship Research Institute has been developing a new reliability analysis methodology, GO-FLOW, which
is a success-oriented system analysis technique, and is capable of evaluating a large system with complex
operational sequences. The research has been supported by the special research fund for Nuclear Technology,
Science and Technology Agency, from 1989 to 1994.

This paper describes the concept of the Probabilistic Safety Assessment (PSA), an overview of various
system analysis techniques, an overview of the GO-FLOW methodology, the GO-FLOW analysis support
system, procedure of treating a phased mission problem, a function of common cause failure analysis, a
function of uncertainty analysis, a function of common cause failure analysis with uncertainty, and printing out
system of the results of GO-FLOW analysis in the form of figure or table. Above functions are explained by
analyzing sample systems, such as PWR AFWS, BWR ECCS.

In the appendices, the structure of the GO-FLOW analysis programs and the meaning of the main
variables defined in the GO-FLOW programs are described. '

The GO-FLOW methodology is a valuable and useful tool for system reliability analysis, and has a wide
range of applications. With the development of the total system of the GO-FLOW, this methodology has
became a powerful tool in a living PSA.
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Operator Main Input Signal Subinput Signal . .

Type Intensity Intensity utput Signal Intensity
21 S @) -——= Rt)=S@®) ‘P
22 S @),S: #) ,...Sn @) - Probability that at least one input signal exists
25 - ——— Probability of a demand or time duration
26 S @) P @) R®)=S® -0®), O@m)=P,

o) =0)+[1.0-0@®)] -P@t) ‘P

27 S ) P ) R#)=S@ -0, O =10-P,

ol)=0@) - [1.0—-P@®) -P]

30 S ) ,8: ®) .8 @)

Probability that all the input signals exist

35 S () .S (tz) ) t) P ) o (tn)

P: (1) ,.,P: () R®) =S®)-exp{— 4 2 gg?i (&) min [1.0, S (&) /S ®]
37 S @) P ) ,:::,P1 ()
P (t) ,..P: (&) R(t)=S(t) -exp [— A 2 étPi (t)]
7 0] P ) B )
P () ,...P: (&) R =S(t) - {l.O—exp [—2 Z é{n (t)]
39 S @) P @) R® =Sk -0(),
oOW=0M+[10-0W] -~ ‘P
» P () R®)=S@® -0, o =0 - [1.0—P: (t) - P]
40 S @) ——= R(t) =10 (t<t)
Rt) =S (1) t=t=t)
R =S (& >t

P,=probability for premature operation
F;=probability for successful operation
#'=time point immediately before the time point t
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P,=probability for valve successfully open
P.=probability for valve successfully close.

O (t) =probability for valve in open state
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1 Ny T — DR
2 A4 v F 1 DORES
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4 REERE
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6 T v T 1B
7 7 1R (RITFOREELEER L RVWEE)
8 571 EAT
9 5 V7 2B
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11 572 BT
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1 25 Ny 7)) —DERESREE R(1)=00, R(2)~R(6)=10
2 25 A4 v F 1 RS RE R(2)=1.0, #D4k=0.0

3 25 24 v F 2 RS RE R(5)=10, £0fl=0.0

4 25 BRI E B A K R(4)=10.0,R(6)=10.0, ZDft=0.0
5 21 Ny T - O¥ERRIEE Pg=0.9

6 26 AA v F 1 OEFEEIERESR Pp=0.1, Pg=0.7

7 21 571 DEITROIEEHESE Pg=0.8

8 35 77 1 DRI OBRERE 2 =0.001/h
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11 35 YT 2DRITROMERE A =0.001/h

12 22 OR%” — } L

FRHZITF—7%RT, aV—% 1 OHHESHEIZ,
FALRAYPIIZBWT00, ¥4L4 - KA P20
F2131.0L 525, chid, BEFF AL - B4 P20
BRI BWTERREBICEAZ L 2BHRL TS, TR —
Y 20OWNEFTIEIAL v F 1 DOBIBST, FL—-%3D
HOEFIEAL v F 2D THE, XL —F 4DH

(280)

NEFEIHREZEEREL, ¥4L - RA b4 L6ICB
WTENENHMEIOODEFEHMNT S, Zhix, ¥4
L RAZPAES AL - RA VP 3IDHI0BEEB, ¥4
Lo RAVIP6IETAL - BA Y FESPHI0BEEHETHS
CEEBEHRLTWS,

F v 7OFmE LTIZI000E 2 REL, AL —% 8



