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REL /= EET—2(1)

& A X FFFELevel 1 PSAF/F

@ Component reliability data by the IAEA

(1) Motor/Air operated valve
»  failure of open/close action 3.6x10-3/D
»  failure during usage 2.0x10-7/hour
» failure during standby 2.0x10-8/hour
(2) Pump
> fails to start 2.7x10-2/D
> failure during operation 1.0x10-6/hour

(3) Turbine
» fails to start 2.7x10-2/D
»  failure during operation 1.0x10-6/hour
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(4) Turbine generator
> fails to start 1x10-4/D
»  failure during operation 1.0x10-6/hour

(5) Condensate water storage tank
»  failure during operation 2.8x10-8/hour

(6) Off site power

» failure during operation 1.0x10-7/hour
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Fig. 2. Topological relation of a BWR plant system.
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Fig. 3. Operating state at phase 1.

STM(t,) = PRP(t.)- OSP(t,)
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x(t,) ={STM (t,) +x(t,)} - OSP(t,)- LCP(t,)- CP(t,)- EMFP(t,)- PRP(t,)

x(t,)=STM (z,)-OSP(t,)- LCP(t,)- CP(t,)- EMFP(t,)- PRP(t,)
= OSP(t,)- LCP(t,)- CP(t,)- EMFP(t,)- PRP(t,)
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power | Oil tank |<—
Fig. 6. Lubrication oil system before operation. Fig. 5. Lubrication oil system.

LOIL(t,) = OI4(t,)

x(t,) ={LOIL(t;) + x(t,)} - OSP(t,) - LOP(t,)- OCS(t,)- OT,.(t,)
={OT(t,)+x(t,)} - OSP(t,)- LOP(t,)- OCS(t,) - OT,(t,)
= 0T, (z,)-OSP(t,)- LOP(t,)-OCS(1,)- OT,(t,) = OSP(t,)- LOP(t,) - OCS(t,)- OT (t,)

HE 1 (FEEAXFE)



T. Maisucka Reliability Engineering and System Safety 233 (2023) 109086

Offsite
power

Component 0 Sea water

cooling
water
Tiikilss 0 Component cocling
e ow pressure water pumps
R condensate
e*at Phase 2 pump at Phase 3
d
Someorsee 1 ol tank
Pressure
Vessel l
at Phase 3 @ Lubricating
| QOil pump
Electric main
Feedwater
pumps
Primary loop
recirculation

pumps @

Fig. 7. Operating state at phase 3.



Electricity

at Phase 4

Generator

Rotation power

Turbine

Steam Generation
System in BWR

Fig. 8. Operating state at phase 4,

y(t4) = {OSP(t4) + y(t4)} . SGS(t4) ' TRB(Q) . GEN(Q)

w(t,) =0SP(z,) - SGS(¢,) - TRB(t,) - GEN(t,)
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Table. 2. Operators of the GO-FLOW methodology

T Sh :
el s .Mam Sub inputs Output
Description mputs
21 .
/| S - R(H=S(1)-P,
Two state operator
22 S, (1), 8, (¢ _ B e
@ b - R(1)=10- TI[1.0-S,1)]
=S (1) i=1
OR gate
23
@ S(1) = R(t)=1.0-S8(1)
NOT gate
R(t)y=10-S8("
- @ S(1) . T
R(1,)=0.0
Difference operator
25
@ = - S(t) or P(t)
Signal generator
26 R(H=8(t)-O(r). O(t)=P,
@ S(r) P(1) ( 40 ¥ e
Claredstate O()=0(")+[1.0-0(t)]- P(¢)- P,
operator
29 R()=8()-0(r), O(1,)=1.0-P,
S(1) P(1) ' .
Open state O(T)=O(f)'[1-U—P(f)-Pg:I
operator

=

%

)
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GCO-FLOVZ N L —% (2 )

28 @ Str) ~ R(t)y=S(t=k). (t=k) -0
: R(H=S8(1). (t—k) <0
Delay operator
30 @ 5,(1),5,(1) -
” B R(t)y=T]S.(1)
...Sn{f) g
AND gate
P . .F’;{fl}.f:;(f:}"'lr'i{f”]: Jrjl(rl)‘a(fl).-'fjl(rn}:‘
(N
35 | St).5) _
. , J7i A e e : S(4)
=S| R(D=8(1)| =—+—=——expi—(A+u)> > P(t, )min| 1.0, ==
Aging work AtH AU [ tet S(r)
operator
37 | (B B(t).B(t,)- B(t,) i ’
; i , ;
\_/ | 80 | BB BE) R(r}=8m[;—+ 2 _expl—(2+4) Y T B(1,)
. i 2t tp | e |
Aging open state 2 =
operator
38 ‘2" R).[(t) - [(1,) _ |
. . L A &
' S(”’ Pz{l'] LP:”:)"'P:(_G) R{”:S{”|:l 0- ﬁ.’-‘ry_/?;-i-‘u exp |_1”L+“"Z§Pi[rk,l
Aging closed
state operator
30 | (B - R(1)=8(1)-0(1). O(1)=P,
e S(1) [‘( ) O =0(t")+[L.O-O("]- B(1)- P,
; > (t
Open/Cloye: aghion * O(1)=0(t')-[L.0-Py(1)-P.]
operator 2
40 R(H=10: (r < t)
' S(r) - R()=8(1). (1, <1 =1)
Phased mission R(H=8(t.): (t.<1)
operator £ ¢
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In this Figure, ‘ .

S(t) = main inputsignal S at time pointt, k = number thlme points delayed, _

P(t) = sub input signal at time pontt, Py = probab‘ll}ty for successful operation,
R(t) = outputsignal at time pointt, P, = PIObab}l}tY for premature operation,
O(t) = probability for valve in open state at time pointt, Po= PrObab}I}tY for valve successtul open,
t’= time point immediately before the time pointt, P.= p‘robablhty for valve successtully close,
t; . t; = start time point and end time pomt of a specific A = failure rate of a component,

phase, u = recovery rate of a component.
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Mission Preparation| Steam Main feed water Turbine operation Electricity generation Electricity generation Electricity generation
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Fig. 11. Reliabilities of essential parts in the BWR plant system.
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Fig. 13. Long-range trends of essential functions of BWR and electricity generation.
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