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A New Method for Assessing Dynamic Reliability
for the Mid-loop Operation

M b
Moo-Sung Jae - Goon—Cherl Park

ABSTRACT

This paper presents a new approach for assessing the dynamic reliability in a complex system such as
a nuclear power plant. The method is applied to a dynamic analysis of the potential accident sequences
which may occur during mid-loop operation. Mid-loop operation is defined as an operation to make
RCS water level below the top of the flow area of the hot legs at the junction with the reactor vessel for
repairs and maintenance of steam generators and reactor coolant pumps for a specific time. The idea
behind this approach consists of both the use of the concept of the performance achievement/requirement
correlation and of a dynamic event tree generation method. The assessment of the system reliability
depends on the determination of both the required performance distribution and the achieved performance
distribution. The quantified correlation between requirement and achievement represents a comparison
between two competing variables. It is demonstrated that this method is easily applicable and flexible in
that it can be applied to any kind of dynamic reliability problem.

1. M 2 A oL A7 99 24 7543 (Probability )& 8
7hte Aeolrh ol 1 v 2 AT 1o
AR T3E T du] L Al 5ol g AF 2 A& g gt At Insights 7HAA
% B7HRisk Assessment)d] 71EAQA HR & &) oz AAMNA A AMe 714 &
A, dojd F dE e 5T AuREAE gk oopugl S A S 213 dH FANE §8E
(Complete Set of Scenarios) & #etsta, 4 1 t}.
Atz 74219 A A H(Consequences) & w2431, LAY Ry AELE Ao upeh Feidss

o)

+ SHITHELT AriotXBetnt
++ NBOSIE HXIZoLD}

52 Joumal of KIS Vol. 11, No. 2, June '%



{(Process Varable) 2 1 A%< AF=rt W
o 28y 824 AP EE(PRAsS) 9
2k WASH-1400Ve1 4 AP =g 7}l Agez
ArEEd o AHAFE(Event Trees)d 135S
(Fault Trees)-& @A A% 14 49 =g dA
ol &3t A B AMHATE FAsa gon A

Zsliﬂ NARE 2FF WS NDH AR
& HristA 23te @Alde) A

2 dT7e A% A ASE anHez 2
A 5 dE FAANATE YHES o83 AR
& A EH AFm H7h PEE 7H%%}9i‘4
o] o] A AW £ FA 2 AEH P
& Fsted 72 =7EMY 8871s4E E}

Astazt Ak o] wWE-e 4% 2 F(Performan-
ce Requirement)®t 3573 # (Performance Achie-
vement)9] F@aA S} BE AHEF AlnA 9
E =&3te HATE PHEd 7zEn 3
on B oA IEAAYZY AH 1
o2 e A& R g Fristed) o] Wy

tio
2
ol
2 b
J

FEZFEHT F7pEA7 e 932 ¥y
3= TE At Y4A #4
E 123 (Hot Leg)—l Zl’ F-27HA] v Al A A
FAE AT ¢ FAAIE g E T
ok oluf w4l AE L HAAAAES Bt
AAE FHAAAZEY &AL Y4AE A=
2 YZA AF nadoA F4std FAA
HE, dudrg§ ANS gz Y4459 4L
HCold Leg)e ThA] Hulo] &#A7]lE &4
oltf,

2. WgE

NGFEY AFASEL 19759 WASH-14009
A ¥ B o0 ALgd ojgdlg XF7t
2} NUREG-11502 %£3&3ld 71& PRA(Probabi—
listic Risk Assessment) F=3jfl A}&-531 Ut} 1
FrEL AEndg dodld 3= -r%FJJJ
FHADH T (Mimal Cut Sets)E =&ste=d A
Hi, AMAFEL x7)AHo] HAEHAS o 1
2712 9] R3S dstAl e Yad dHAS
T &Y HAAo uhE gg-g =edeg F
et o Alagle) AA A EF Hrlehen A

ﬂ'.m m

s UYorNstE|X] M H2S ' 63

HHel REEFRY s X NI

oo
i
i)

4
4

9‘ HE A (Top Event)e] dojue
GAZ(MCS)eg2 AdEEsd 7E
%—ff"‘]g} AHEE EAo] o] HAaYA
Bz ge ddo] At I AMAFE
AZA LS o] &5t AgHA whaleAgt
AL B ALaLe) AIZEeEH P&o] HAH
YA derh wEA 71EY 1FFED
"Vd—r—.«] UHEL AT AztEH 59
22 ¢ el 4=(Process Variable) 759 #4
sHAl7F Ak
B AFE it AAE Nz HHESY 54
& A &gl A7HYEA Parameterdl BE8TE

¥ (Performance Requirement Distribution)st 45

fo

1 o oX

>
2o R
Wo&k:lm

ox L

of
_(‘)1_1‘
=

_dr;‘_iz
41

A # # ¥ (Performance Achievement Distribution)
£ ZAst A"l Mg Brkste Ao

QTSRS ETL QAN TAUSFEELE " 13}
g W49 gro] ohE 3 wig 9] ghg 23sie
94 8} (Fraction) 2 A 289] 23 z7t a7
Ao+ 2 A5AFY 7ig 2 HEo] F1
FA290) FAB NS AT

s FEE(Performance Requirement
Distribution) & 2@ 3gtet HollA] 713 /AL
AFE9] ARA-E FEs= 58 Ay A4

_f;_zﬁ

W (Dynamic Event Tree Generation
Methodology)* 9l = A7l % (Simulation
Technique)°] &&=t &3 A3 2o
73 e 4 (Process Variable) 7t} #HAE BASHE
g AH82 5 e, W el AFe 714
A AFERE ZAE F Ut 98 2R
FAEE AT BdL Aol wEg Feiws
HE A3 RE Ve AALRAE =53
dick, v F3EsiA g Al E B
FH de Aol E7Msstnz BE Alni Y9

= 4% olstolw AmABE B

1 37— *Hi% AR YHE

=8 Hrkstadoh, 433
FrEAE dFFHEL A% AP ANLE
¢F RHR System™ CCW System& ©]-&3} 48

53



ZHEAAH HEZ(RHR Pump)yt #F9z g=
(CCW Pump)7} 71A1& &£4oz AASHE 24
FEAA7IFe] FEEEE B2 wHELE oY)
3HA Eof. REZFEH0] AFEE AERH 9
ole] Ajdel HE7F AXHT AEAA E5o
Adste] Wzbrt Z7] Al Fste AdEged o
A Eoth ol BFEEF A AHozRE =4
£el o]l2 = AZMAAE Aa"e e

2 AB9sah

s

{m

e B9, 3 AFAANFE T
slstol QW AILARIG BT AR
9l =&o] Fasirt gutyoz REY ANIEE

to ty ta

RHR Pump Fail{Demand)

AlZbol Aol whel HAsEg 2714 24y
£ AR FLQJA el A R A 7F’"‘1’“(Braﬂch
Point)o] A" wl X A2 =(Reliability) &
(t))=Ry=w(7}F&A )7l ct. S8 7}7‘];‘4
(Branch Point)%= AtAlZE 3o A=W, R3
Rt Rlp)=R,=Rwe] #AAozRE t,71 3
AECH old oz J4309) Yo AT =
zF 2 atvbth AA RS AT 7R e] A S-S
AEEH o2 3 o] 7[R o] HEAHEA Y
Asty 1 o] M EE FojxE EXg A
g

1) B2} AR Safed 39, 19 85 D P(1),
2) =7} 1<t ol A Safedtd, t=toA A

mr

o

t3 ty treee

STOP

RHR Pump Fail(Random)

STOP

No Fail{Demand) I

No Fail{Random) {

CCWP Fail{Random!
— 5

[ No Fail(Random)

TOP

RHR Pump Fail{Random) STOP

CCWP Fail{Random)
| No Fail(Random) [~ STOP

No Fail{Random)

Fig. 1 Dynamic possible event sequences leading to TOP event

Full Power Operation Shut Down

Mid-loop Operation

Pumps Fadure
Core Uncovery

N

/
4

I

i —f—1,.

) 7 {Requirement

—————-*——————-"> T.(Achievement )

T, : operating time before the reactor shut down[sec],
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* time of the occurrence of the RHR system failure [sec],

T, : transition time from the reactor shut down to mid~loop

operation [sec].

Fig. 2 The timings of shut down, the initiation of the mid-loop operation, pump failures, and core uncovery
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