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Abstract

The Probabilistic Safety Assessment (PSA) is widely used for the safety assessment of nuclear
power plants. The first major application of PSA technique was the Reactor Safety Study, which
demonstrated that a nuclear power plant could be systematically analyzed by the PSA technique.
Since the Reactor Safety Study, the need for more advanced methods of system reliability analysis -
has grown with the increased need for more accurate and detailed analysis.

The present syudy is devoted to develop-and improve system reliability analysis methodologles for.
the PSA. '

In chapter 2, a reliability analysis is given for the ‘emergency decay heat removal system of the
nuclear ship “Mutsu” and the emergency sea water cooling system of nuclear ship “Savannah”, under
ten typical nuclear ship accident conditions. It was pointed out that, for the evaluation of the
effectiveness of safety system .of a nuclear ship, it is necessary to evaluate its reliability under -
various accident condition. ‘ )

In chapter 3, a failure probability model is proposed. In this model, a failure rate is considered
as a conditional failure rate, which is a function of cause for a failure, of severity of cause, of
cause acting duration, and of failure mode. This model was constructed in order to treat the effects
of an extreme environmental condition and the common mode failure on system reliability. Causes
were classified into two types and failure modes in three types. The expressions of failure proba-
bilities were obtained for combinations of these causes and failure mode types. This model was
compared with failure data. The time dependence was well expressed by the « th power of time. The
values of @ were obtained in the range from 0 to 8.

In chapter 4, a computer program “FFTA” (a Fast Fault Tree Analysis program) is developed

- The FFTA can obtain the point probability of the top event and the minimal cut sets for a-fault tree

with-little expenditure of computer time. The algorithm is a bottom-up algorithm. The analyses are
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Performed for six sample fault trees and the results are compared with those obtained by the BAM
and CUT codes. This program has a ten to thousand times faster calculation speed compared with the
BAM and CUT codes.

In’ chapter 5, a new reliability analysis methodology GO-FLOW is presented. The. GO-FLOW is a
success-oriented system analysis technique. The modeling technique produces the GO-FLOW chart, which
is composed of operators and signal lines and represents a function of the system. The analyses
are performed for four systems : the emergency decay heat removal system of nuclear ship “Mutsu”,
the emergency core cooling system of a boiling water reactor, the emergency ecletric power supply
for the emergency core injection system of marine reactor, and the auxially feedwater system of
pressurized water reactor. The GO-FLOW has proved to be a valuable and useful tool for system relia-

bility analysis.
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4) BEEESRAETIC T 3 RRESRERRLE
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IO S, PRIE, LIRME, TREL2ES 3,

(7) EERPRESBRERIZLIBEORENLEDH
NEBERFEEEET 5,

(8) £§Emﬁ?(%ﬁ%ﬁk$%@%iﬁ#%
HET 3,

(9) %@%ﬁm#?lhﬁé@h%%%i%f“
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#2-2(a) HARROMEEE, BIEHEE (V7> 7F)

Xo: Operating Failure Rate ( /ue). Opeiating time =

10 hours

Basic Events Number of |Mission | Failure Rates Failure Probabilies
. Component | Type (Error Factor) (Error Factor)
S1 Diesel Generator Fails to Start 1 Qd 3x10_2 (3 3x10_2( 3)
s2 biesel Generator Fails to Run 1 AO 3x10'-3 (10) 3x10—2(10)
s3 | switch Fails to Operate 1 Q 1x1073 ( 3) 1x1073( 3)
S4 | Breakers Fail to Close 6 Q, 1x1072 ( 3) 6x107°( 3)
S5 Electric Circuit Open 1 Ao 3x10“6 (3) 3x10_5(43)
$6 | Manual Valves V1,VS Fail to Remain Open 2 Q lxlOZ: ¢ 3) 2x19_;( 3)
87 | Motor Operated Valve V3 Fails to Operate 1 Qd 1x10 (3) 1x10 “( 3)
SS‘ Motor Operated Valve V3 Fails to Remain Open 1 Qd 1x10—4 (3) 1x10 4( 3)
S9 Motor Operated Valve V2 Fails to Remain Open 1 Qd 1x10_4 ( 3) 1x10 A( 3)
$10 | Manual Valve V10 Fails to Open 1 Q, 1x10™° ( 3) 1x1072( 3)
511 | Manual Valve V10 Fails to Remain Open 1 Q 1x107% ( 3) 1x1074( 3)
512 Emergency'Coolér Plug 1 Ao lxlo.'9 (30) lx10—8(30)
S13 Emergency Cooler Rupture 1 o 1x1_0'-9 (36) 1x10~8(30)
Si& Emergency Sea Water Pump Fails to Start 1 Qd lxl()_3 ( 3) 1x10_3( 3)
S15 | Emergency Sea Water Pﬁmp Fails to Run 1 Xo ZﬁxlO-5 (10) 3x10~4(10)
S16 | Relief Valve V11 Fails to Open 1 Qd .1)(10"5 { 3) 1x10'5( 3)
S17 Motor Operated Valvé V9 Fails te Remailn Open 1 Qd 1x10—4 { 3) 1&10 4( 3)
S18 | Motor Operated Valve V12 Fails to Remaln Opcn 1 Qd ixiO—A (3) 1x10 4( 3)
S$19 | Manual Valve V8 Fails to Remain Open 1 Q 1:(10_4 (3) ixlo—k(A3)
S20 Manﬁal Valve V14 Fails to Remain Open 1 Qd ix10_4 {3) 1x10_4(>3)
§21 | Failure in Check Valve V13 ; Plug i Qy ixi0_4 (3 1x10_4( 3)
S22 | Pipe (Secondary)nPlug | 5 sections Ao 1x10-10(30) 5x10*9(30)
$23 Piée (Sécopdary) Rupture 5 sectlons AS V#xic“lo(go) _6xlb'7(30)
S24 - éipe (Primary) Plug 5 sections| A . 1x10fll(30) 5x10’L0(30)
525 | Pipe (Primary) Rupture 5 sections As ixio'lltéo) ‘6x10'8(30)
Qd: Demand Failure Probability ( /d) As : Stand-by Failure Rate ( /hr), Stand-by Time Duration = 1200 hours

11



g2-2(b) HAROUIEE, KR ()

Mission

Failure Probabilities

A :
S

Stand-by Failure Rate ( /hr), Stand-by Time Duration = 1200

Basic Events  N9mber of : Failufg Rates L
Camponent | Type (Error Factor) (Error Factor)
. ML :Diesel nge;ator Fa;ls to Start 1 Qd 3x10_f ( 3) 3XI0—2(‘3)
M2 Diesel-Generator Fails to Run 1 A, 3x10:; (10) 3x10:3(10}
M3 Sy;tches Fail to Operate 2 Q, l-xlO“3 ( 3) 2x10_3( 3)
M4 Breakers Féil to Close 2 Qd 1:1:10“6 (3) 42x10_5( 3)
M5 'Electr%c Circuit Open ‘ 1 Ao 3x10-11( 3) 3x10_8( 3)
M6 Pipe (Primary)-Rupturev 2 sections s lx;0—16(30) 2.4x10_7(30)
M7 Emergency Tank Leak or Rupture 1 s lxlO;“3 (30) 1.2x10—3(30)
M8 | Pump Fails to Start 1 Qd 1)‘c10—-5 ( 3) lx10_4( 3)
M9 Pump Fails to Run v 1 Ao 3x10—4 (10) 3le_a(lO)
M10 | Manual Valve V1 Fails to Remain Open 1 Qd 1Xl0_4 ( 3) lle_a( 3)
M1l } Manual Valve V2 Fails to Remain Open 1 Q, 1x10_4 (3) IXIO;A( 3)
M12 | -Manual Valve V3 Fails to Remain Open 1 Q, IXIo_lo( 3) 1*10-7( 3)
- M13 | Pipe (Secondary) Rupture 6 sections AS~ 1x10~i0(30) 7.2x10—é(30)
Ml4 | Pipe (Secondary) Plug 6 sections o lxlO_3 (30) 6x10-3(30)
~ML5 | Air Operated Valve V4 Fails to QOperate 1 Qd 1x10 . (3 1x10-4( 3)
M16 | Air Operated Valve V4 Fails to Remain Open 1 Q 1x10:4 (3) lxlO_&( 3)
M17 | Motor Operated Valve V6 Fails to Remain‘Open 1 Q 1x10;4 (3 1x10;4( 3)
M18 | Motor Qperated Valve VBIFails to Remain Open 1 Q IXIO_s (3) 1x10_5( 3)
M19 | Relief Valve V10 Fails to Open 1 Q 1x10 © ( 3) 1x10 ~( 3)
M20 | Relief Valve V11 Fails to Open 1 Qd lxlO:iO( 3) 1&10:3( 3)
M21 | Pipe (Secondary) Rupture 3 sections As' 13;0_10(30) 3.6x10;9(30)
M22 Pipe (secondary) Plug ’ 3 sections AO 1x10 ) (30) BX10_4(30)
M23 | Manual Valve V12 Fails to Remain Open 1 Q, 1x107 ( 3) 1x10 ( 3)
Q4 Demand Failure Probability ( /d)
AO: Operating Failure Rate ( /hr), Operating Time 10 hours
hours

Al




B, BHEST, BLOWBERGTIC T 37—
FIZFF SR DN B VD, REFTIR, Eeox
BR7— 2 2 BEL L BEEYRAVWEZ L LT 3,

RSSI¥, Ry 7L E—FI2D0WT H£2-3 2R T4
ZERBRESH TP AREROELE LT W3,
ZHIZE B LBERBICEIT 2 RERIZEEL10~
100fEDfE & & 5 T3, ‘

Green & Bourne *V I3 IZE6M & RS TIZH 1T
BMBENELE 2T wD, F2-4 [T HFBFEOMERI
2WT, ZALIZMZSNBA MLV R, WE, BED
EZDIL VBB EOBRIZEIPERL TV, £
2-51%, BEBOB P»NAERMEIZLY, BESAHETOK
BRIZENZTOEH (K, K, K ) RTHUERV
PERLTVS, ZhIZEB EMICHBS N /-8
R 2fEOREEOHEELE X hiFRWwWZ Lk %
%, #rh, Rating & I3MERRIZINZ 5 W3 EHE TL00
HIEMEETH B, F 7= Temperature TR AR I N
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#2-3 'J‘/775‘<U% ¥ DEMEMETIZ ?5‘}.7;

mﬂB&

Basic Events

Failure Rates

Pump Fails to Run

Normal Environment

Extreme, Post Accident
Environments, Inside
Containment

Post Accident, After

Environmental Recovery
Motor Fails to, Run

Normal Environment

Extreme Environment

3x107> /hr (10)

1x1073 /nr (10)

3x10™4 /hr (10)

1x107> /hr (10)
1x1073 /hr (10)

F2-4 BRI L BEPEFEDE GV (Green & Bourne)

Components Failure Rates ( /hr)
TWBRETH B, N5 DEL S HE~1004E5E Circuit Breakers .
EOWHTARIN L VT 52 LD 5 CREIGsm U R nemen
Eiz, RSSUVTH, #7077 4 K4 — L 13 3 ouse
Ik BEEHBOME Y, S SORELE CHE 100Ky Lioxa™s
L, L3X10 D2 BT w3, REFIZEVT, B Ball Bearing -
H Dut: 2.0x10 .
BEROBOREWROMER Z OEELBE L LTH Lignt Dty 101078
EL 7 : . shafts ,
£2-6 1213, TOEIICLTHEL =, REHEMS Lightly Streseed 2.0x1078
BB 2B OREREROE 4 RTo F “*” sripe e
= Heavi tresse .0x
Ep ii, ﬁﬁjﬁ% @i%é@ﬁ&ﬁﬁ% & 'E-‘—-’(“‘?) 52¢ 5: = Lightlly( Stressed 2,0x1077
T 5, HAEXBERIIELFTRLADT, FLVIETRIX Hoses "
7 - . Heavily Stressed 4.0x10
%2_2 é’ %QEE LT% b Wi o Lightly Stressed 4.0x10"%

#22-5 RIEHRFEOHMEZEDENDEE (Green & Bourne)

Overall environment ' : K, Rating K, | Temperature(°C) K
Ideal statie condition 0.1 140 4.0 0 1.0
Vibration free; controlled environment 0.5 120 2.0 2 1.0
General purpose, grand-based 1.0 100 1.0 0 1.3
Ship © 2.0 80 0.6 60 2.0
Road 3.0 60 0.3: 80 4.0
Rail ' 4.0 40 0.2 100 10.0
Air A 10.0 20 0.1 120 30,0
Missile . 100.0 : :
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25 MR I\-‘V‘)—#%"Zk&tﬁék%o)ﬁ?%ik’rk 3%,
F2-3(a)b) iz “&>” DIEFEHAMERBRERRV X2-3 D7 = b V) —DBEIF+SFHETK

“FoSvrT OIEEREBERGEHRIINTE 74— R b)) é%iyfﬂ“b'é% 3,

VY —ERT, THhEDT =N -y =L B [X12-4 (a)(b) @%ﬁhmﬁT BITSELERD

5L REMEORVWEAREZ LRI ML s hk RS ER T, MHME LEITIFIELASmERL

Td—NbVY—Thd, 74—} V=D
RERIT E2-LTCHEALATELARAVWTELTH 3,
[2-3 (b) D “©D" DT+ —L k - ¥ ) —rhiZig,
HMENOEER BT 38 PEE LEwS, Zhi
EEEZANDEFESEIMOES 2 5 DFEIZHB LT
HE-DERSNTVEIERTH 3,

rméo¢%ﬁ,imﬁ,Tmﬁu%ﬂ%h,%rf
DB/A, 7. 7><10-*, 3.5X107", 2.9X107%, “H/
vF DBEAI, 83x10’,&3x1¢*,&3x1m2
amioto
%@@m%ﬁTrﬁiémL$%wﬁ%“ﬁéﬂﬁ
12 SAMPLE 7’02 75 L2k DBE5 N5, FEESHD

B LERBEEERSM S SAMPLE 70 s 5 4 %/
HEEZLEAEZNOLERICLS

Wik ZERIZIE

BIXERE S 5 2%,

X2-5 Ic &R FEEREETIC mmré
tE2OGRE (O), 90%EHEKXM (& %

HAXTEHLT, PhEAAF—5¢T5, 741 To TNTHDOEREMHIIRPIZICRL TH 3,
F#2-6(a) BMAEMEHT CORKNERRERER (H\ /ﬂ‘)
Accident Conditions
gjzizs I::xplosion Fj.re in - Explosion in F:lre io Impdct Flooding
in Containment ;[Emergency Lmergency
Containment Generator Room |Generator Room

1 . x 6x1072( 3) 4x1072( 3) 4x1072¢ 3)| 4x1072( 3)
52 " * 6x1072( 3) 4x107210) | 4x1072(10) | 4x1072(10)
$3 x " 1x1072(10) 3x1073( 3) 3x1077¢ 3| 3x1073( 3y
sh % * 6x1072(10)  [1.8x1072( 3) | 1.8x1072( 3)|1.8x1072( 3)
s5 % % 1x1072(10) 3%1073( 3) * *

s6 2x1073( 3) 2x1073( 3) * Cw * *

s7 1x1072( 3) | 1x207%( 3) * x 3x1073( 3) *

s8 * 1x10 3( 3) * * 3x1o“‘( 3) *

s9 1x1073¢ 3) 1x1073( 3) * * 3x1074( 3) *

$10 1x1072¢ 3) | 1x1073( 3) * * 1x1074¢ 3) *

s11 1x1073¢ 3) | w1073(¢ 3) * * * *

S12 % ’ * * % * *

s13 1.2x107% (30)| 1.2x107° G0) * * 1.2x107° (30) *

S14 1x1072(10) | 1x107%( 3) * * 1x1073 (¢ 3 %

515 3x107°@10) | 1x1072(10) # * 0 *

s16 11073 3) | w1073 3) x % 1x107%( 3) %

s17 x * * x ww (| x
"818 * * * = W™ | w A
S19 * * * * * C %

SZO * * % * * x

521 % * * * * %
8§22 % * * * * *

$23 5x1072(10) | 6x107°(30) x * 6x10"4 (30) *

524 * * * * * *

s25 5x1072(10) | 6x1078(30) * * 6x107% (30 *

L




#2-6(b) BANVKER M T CORFRRAELHEE (TD)

Accident Conditions

Basic Explosion |fire in Explosion in |Fire in I'xplosion in|Fire in Explosion in|Fire in Impact Flooding

Events in Containment |[Emergency Emergency Reactor Room|Reactor Room]Auxiliary Auxiliary .
Containment Generator Room Generator Room | Machine Room|Machine Room

ML * * 6x1072( 3) | 4x1072( 3) * * * * 4x1072( 3) [4x2072( 3)

M2 x * 6x1072( 3y | axio”210) * * % % 4x10”2(10) [4x107% (10)

13 x " 1x1072(10) | 3x1073¢ * * 110720y | 3x1073¢ 3 [6x1073¢ 3) [ex1073( B

" " % 1x1072(10) | 3x1073¢ 3 * * 1x10-20y | 3x1073( 3)]3x1073( 3) [6x1073( 3

M5 | % x 121072 (10) 3x107>( 3) % * 1x107 20y | 3mw03( B  * "
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0 1,2 (1.o;exp(—f(c,s>1,to+tS,M)))(1,d—exp(-xit*)) £(C,8>1, b+ M) A t¥ [ -]
1 ¢} 1.0—exp(—f(C,S=l,ts,M)—f(C,S>l,tc—to,M)) f(c,s=1,r.s,M) + f(C,s>1,cc—to’,M) [ - 1
t ' ‘ t
1 1 1.0-exp(—f6°(f(C,S=1,t+t:s,M)+f(C,S?l,t+tc—to,M))dt) fo°(f(c,s=1,:+cs,m)+f(c,s>1,t+tc-t0,m)dt [ 1/hr ]
’ t + R : £ bt £,
1 2 1.0-exp(-f)° ° £(c,521,¢,M)dt ~Jo £(e,s1,e,m0de) | [ ° P£(C,5<1,¢,mdt + Jote(c, 521, 6,mde [ 1/br ]
t* =t or t_+t ~t,
o o s 1-
#3-2 HMIEMEE L 5.2 3 (BFWRGFELY  0OBs
Cause " Failure Failure Probability Dimension
Type Mode Type of
Function g
C M
1 0 1.0 - exp(-g(C,5=1,M) -t ~g(C,S>1,10) - (et )% (1/h:%*
oy (. 8(C,S=1,M) ol _otly  g(C,8>1,M) o+l . ol a+l
1 1 1.0 ’acP( T ((e g+t ) te ) a1 (g, -t )T)) [1/hc™"7]
' - _ 8(C,8=1,1) o+l _ g(C,S51,M) o+l okl
1 2 ) 1.0 gxp( 1 (t:°+t:s) r 1 tc ) [1/hr ]

¢
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AT LAEEEEFIZ BT, m@iu EEL
THOBIBANIELALTH B 20, HERIZON
TOREMKFEO T — 5 13b TV ELFEL S0, &
7o, BEDERIZOWTIE, BEALEESATWVS
Vg = ' . : STy
ZNE, FEICBW T, PSR OB KR & B
DEFTEBEOF -5 LORBEZITIZEET 3,
B fOBMIKELESE t° LRET 5 & (317) R

DR fH%EE 5 N3,

£(C, S, t, M)=g(C, S, M)x¢e (3.17)
2IT, C=LM=10BAID1T, B—0EED
BEBFETZEL, Fiz, WEEROERT 30E0H

&, %%@@ﬁﬁﬁ#%tmar4at?a&,ih
A PR SR 1

RIEMERER =1.0—exp (— a-|g—1 t‘”‘) (3.19)

Lk B, T I T ¢ TR OEEMLS A 5 OISR T
H3, (319)R L0, ﬁhﬁﬁ%ﬁ¢amtmm®;
J1zKE B,

p(t)dt=gt%exp(—

g a+1 :
FEE )qt (3.20)

ZOFTHIEXTA TUGHE L - T b,
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BT~ 5 & HERRE T L OREIE (3.19) 5,
(3200 Rz ko> T, @ DEZRDZZ L &1 3,
Boesebeck and Homke ?* {3 ZFEEDE DI HRES DOl
PR DRI FE 2 TN, M3-3 102 DR SR
To MFDZRDEFIE, ZhFN166, 764Da
DIEIZXIB L T3, Behmann ©01: ZFEFEOEI o) i
BIZDWTRER ORRRIKTEME % 8T 3, Kieron
U TTL #B I DWW T O REMMEEENE 4Rk T
W3, ZOM, AR Lambert Y O#pE 7 — 4 &
L, #3-3L l_/TTa U)f‘é'#h:b hr,
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o 5 10 5 10%n20
: Operating hours ==

+ Diameter 100-200mm{4 -8 nches}
o Diameter 200~300mm(8-12inches)
4 Diameter > 3m:rm(> 12inches)

H3-3 FEEE DHRFER OB
(Boesebeck & Homke)

#3-3 F—5LUKRD~ aDIE

Experimentor

Component

Boesebeck &
Homke

Behmann

Kieron

Kobayashi

Lambert

Main Steam Fitting
Diameter > 8inches

Diameter < 8inches

Traveling
Wave Tube

- TTL devices

Solder &
Solder Joint-

Solder

Data Type «
Failure Rate 1.66
Failure Rate 7.64
Failure Rate 2.0
Failure Rate 1 1.86
Failure Réce 2.82
Cumulative Failure
Probability 0.01
Cumulative Failure 0 86V
Probability °
Cumulative Failure ~0.06
Probability '
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MR ORFRKTFEIL, - t* O THHEU T &,
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ZRIESND,
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%5,
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Eaa e

ErrcIl

M3-4 77075 L OBAMELS

(2) BEBOHIEAF TR —RADMOBES DIPEL R
TAORMISREERMICEET 3,

(3) RZROEMEMICERLPESL RITTRESS (F
W) DERERITI .

LT, ThbDZHEIIDWTORBET ).
381 BREBEHEHSTICHITIHLESREREED

- EE .

COMEIZE D, BEIBTRL ABEORT A, F
WEMEANTZZ EI2XD, IZIFHABNIIEFTS
3, :
BREHRRES, IR L - TIsMEER 124
YF B, ZOEHRELBERHTEET 2, BES
fid, WEEE, ERORE, BEEOR:GEE (5
), BEROEMAT 2650, 2—#MeLThbhT,
BB DI PETERE 23R 205, MBOBEI WAL
BB as5, KEEROPELI) AN TEHE
T3,

ZORI L THEERIER B 2 S, BHEMMETE
B}V, ZORETIZEIT IR EBOMEERLFE
T3, ZOWMBHEREBNT, 74—V bV R
WraEML, RBEREHTIC I 3TH L ERREH
EARD B N5,

382 ZREIZEDEE

REMBR T ARMBIIRESREL, ZhrEREL
D, ZAOHOBRBORELFRT IBEPELLN
3, Zhid, NBEZORBUETH 3, ROMEIC
&oTIE, ZTOEBMHED - DIZTE FER IR )
KT 30 ¥ AT LOEBEEBN 51758, 0N
DEDBRETHI P EMATHLEN S 3,
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EREANDEELHMAIVNEN D S, ZOMRIL, F
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BESFIINML, 2hARELABEOBEL (K

BEX, 2E, Bir) O#HLIEETERRELTEZRTH
<o ERNERBEMIL te 2V 5,
EIBATNTOIRMNGREHBAL, 2k LT

ELFERREMEANSOBRERET 222 ROFIEIC

&0k 3,

() BLESREUIELSZVERERLTNTY R b
T 97T 3. AB.C.D.E-eee

b) Zh5OHEAERD 2O ENEREDOMEAYE
T, BEBERECIELRVWLEDEYRL T YT
T30 (AD), (A E),

() (Ab)TEAFEZ ALY THHER (1)L L,



ZOREREE P(1,) 2K 3,

d PL)<107" OWIHIER 2 BRI T 5,

(e) LiZA2¥MAERICLVE sBE N ABIESME,
TIH T EEABRREERLHAET S,

(f). LiARE L FIREETD, RIHFWEIREE L & 55/18
CEBEDLT T A= V)= RERT B3, Zhit
DT +—Nb YV )—h5ERI], RUMEEKR

BREBNTB3BIILNVELSNE, ThE T+ -0
Fev)—T&F 3, !

T, DIEEERREHE L KD 5, P(Ty)

E OBEEAET WEER 1, 0RE) 1251
T, DTEEEZREELE L KD 5, P(Ty/1,)
VAR [, AREL 2 2DDE L ERRERER
DEMBEKD 3,

P(L)- (PCT/I)-P(T))

()(@%#%%T«T@Mﬂ$%1lomf
EHEL, FORRLRMAAbYES,
(TRIIRE), = ZP(I) (P(T:/1,)—P(Ty))

) (3. 21)

(8
(h)

(i)

(1)

%K,M%$%L#%$L,%@%§L£D%@
BBROMBEIFE (S,)L, abro, BLERREE
LRELSZVEAE?HVEZ, COBAITIE, 1, &
S; DEA P RADMDMEE SRR ICTHE L RITT,
CORREEETSFIEELUTIIRT,

k) P(Ii)’P(Sj/Ii)

D P(L) - (P(S;/L)—P(Sy))

m) P(T;/1;, S;)—P(Ti;/1s) .

n) (:}ﬁﬂﬁﬁl%)z=’§ P(Ii)'(P(Si/Ii)"‘

X {P(Tij/Iiy Si)—P(Tij/Ii)}

P(S)))
(3.22)

¢ ULl

‘F{??’ULZ SEE

" sTM
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Btk 2 FIREHR VL, HMEITIE TR BIIK

DEHIZH B,

:K%%%=§K;K%%%h " (3.23)

383 ROEFMCEALBEFRIFTBELGD
B&E
CREBRM A (WEER, BT OEAEEIIL0E
BT b, FEDBIESRMFIZNT 3ELBEZREEED
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NIEBRUBEROE—ERIEBTE S, 20, X
ELHILEZEREMERLEE 2 2 BBELRES YR b -
Ty 7T REROAIITH B,
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M ICRIFTEE NS WY, BRIEOER R
ERALZBEIRE G HEL RIETTRES S5, #
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(MBERERE, HBr) 2, FitheofHs»482E215
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384 QTS LIER
$7m77Asz5%ﬁ%%®mwl&l36
IR Te H3-7TI2H TN —F EOMZE2RT,
WIF, &% 70W--F > 0% 5 2 3,

MAIN CETUTS L, 7n77AAméﬁ@?
3,
CPVAL 7uaw s -7F—% - - %7705 L, 4

IR EETER 7 — & ko

. 3 = e
CONDI  : FEHMSMHT— st HR_ B,
TREE LT AN V) —DFEET — YR AR
Bo
l Basic Events } Lféilure Data
Environmental
Condition
Effects of Basic Event System
Component Probability Reliability
Failure /, under
Various
Operating Conditions
Time; To Fault Tree Secondary
: R effects
Time; T, / . \

Survey of
the Causes

X3-6 7v 735 LD FIE

Fault Tree
Structure

~CPVAL
- CONDI
- TREE
TOP
MAIN—-——-EVENT-——CAL——-—[COPR
- CAL TOP COPR
COPR
CALSEL: COCAN
BECO
REDT
TOP TOP
—SECO [CALSEC COPR
COCAN
~CAL1 BECO
- CAL2 REDT
- CAL3 TOP
AUTO— 1 :
- ORD1
~ORD2
~ORD3
-ORD4

X3-7 BT T 0S5 L DR

EVENT 74—}t V) - DEAERLTHT
3, ‘ ‘

COPR TEBZALONARBAFII T AHAESRR
ERERLHE,

TOP DT A=W E V) —DIE FERRERER
FHE, REOSE 7+ — NV b- V) -
7075280 BREATNS,

CAL EALNABEEHIIST ATHEESR
LHEFEEFE, COPR, TOP D%l 7o
7T L, .

SECO CIREVDRDEE, MBHEORITTE

BIUIDOWTDF— Y 5ARB
CALSECO © ZREVZH R D E EHe,

COCAN [ THIBEZREIIESHZVWEAEZLRE-S

, T3,

BECO B2 10% {i-AMERUEIR-§ SRR aW-¥:-1- - 0d
RRET 3,

REDT THARR L ABELEBAN T — L
by — %R

AUTO D BEREOER,

CMJ~4:%4§®&%E®K%L,@L$%%
HREELEE
ORD 1~4 @ Fit#tE# %%”%@f@.—wﬂﬁt bRy

Mz 5, %ﬂ&#t-TE LDER,
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HERBTHE 1

g HA B B 2

WoOOB = 3

H + F = 4

® W = 5

W E B 6

B B 5 5 7

A4y T 8

HEENRY 7 9
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Brp, ERIEEERROES T, 20&4 DERITE
ELEBED fOMEL, BROBE (1~5) 125>
T, BBEE 256N T3, HEEER A S DI
HEL2VEASIZIE, O, TXT00HXE
ATV, THhEOHIEE, S_ETELAKE
FEEDME & ZAZ TERHBT I &N 5 2 7,
TA—Nb VY~ ORAIEE I £3-7 IIFRT
FIZERTS (7 - 7O 5L EVENT IBWTE
) ERMOBEHN, 7+—=NVbF -V —hilHiFs
BAEZNESTH 3, ZFHOHFIZ, WEOMELE
NEET, TOFBICED, RITERL 2HBOHME
E—FEBETIZEDTES, ZFIHOHFIE, &
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DATA BE(3),KD(3)/'DIESEL ENGINE FAIL TO START'

DATA ((CP(3,I,J),J
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FAILURE TYPE NUMBER
MODE

COMMON LINK(16)
NO.
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COMMON LINK(18

COMMON LINK(19

NUMBER OF THE LOCATIONS
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3,)
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HEERDOBEDENERTH 3, EEAREZORE
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COREE, B0 (EREFTICETATEE

| BRREMROHE) LADETEBTIIL LT

B, BHEDER IR L L AROBE " REHEIZ &

PHLEZREMEDOHMEIZ10~20%F2ETH -
FATs , .

FEZORREORBERRDERIL, 770754
AUTO RUMBOH 77075 212k 0EFsh 3,
%%&Té?—yu,MJ%TﬁNt?-7fH?
B<, AUTO #7705 5 LBIAIE4 12 & 0 BHF & 58
BT 5o MRERIE (MBEERE, A7) OMAAEC
wy AELERREBEDNMES-EELLTES A
3. ZOBAE, BROBEIX “BLL VAR, &
EOTeRERIE, EEEREE (1,=10030) LRESh
Twa, ‘

#3-10 ITE—HEERTAS 2 HEXRIFTLO
&, BROKEVIEIZENEBFERERT. 20Y
Z Mk, IEAC3,8,6,7,80 (BEE, BT
OB EREIFZAZT R (53), (1,3), (7.3), (1,1),
(7,1) Thad, Thbit, 2hzh, WEEAEK,

#3-8 MIFFHSRHFDORBRFE

CONDITION = EXPLOSION IN REACTOR ROOM -

CAUSE LOCATION
1 4 5
1 7 5

CONDITION = FIRE IN REACTOR ROOM

SEVERITY CAUSE TYPE

TIME DURATION OF THE CAUSE
0 ' 10.0
0 : . 10.0

CAUSE LOCATION SEVERITY CAUSE TYPE TIME DURATION OF THE CAUSE
7 4 5 1 ’ "10.0
7 7 5 1 . 10.0

CONDITION = EXPLOSION IN AUX., ROOM

CAUSE LOCATION
1 3 5
1 7 5
1 8 5

CONDITION = FIRE IN AUX. ROOM

SEVERITY CAUSE TYPE

TIME DURATION OF THE CAUSE
10.0
10.0
10.0

[oNoNe]

CAUSE LOCATION SEVERITY CAUSE TYPE TIME DURATION OF THE CAUSE
7 3 5 1 10.0
7 7 5 1 10.0
7 8 5 1 10,0

CONDITION = IMPACT TO WHOLE SHIP

CAUSE LOCATION
1 1 3
1 T2 3
1 3 3
1 4 3
1 5 3

CONDITION = FLOODING IN AUX. ROOM
SEVERITY CAUSE TYPE

CAUSE = LOCATION
5 1 5
5 2 4
5 9 3

SEVERITY CAUSE. TYPE

TIME DURATION OF THE CAUSE
10.
10.
10.
10.
10.

[=XeoNoNoNe]
[=NeNeNoNo]

TIME DURATION OF THE CAUSE
1 10.0
1 10.0
1 10.0 .



