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Risk-Informed Evaluation of Allowed Outage Times
for PHWR Shutdown System No.1
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Abstract

The purpose of technical specifications in nuclear power plant is to obtain plant safety. And
in this respect, the necessity was raised to revise limiting condition for operation related to
PHWR shutdown system No.l. In current technical specifications, actions are taken in cases
only that three or more shutoff rods are inoperable, however in Improved Standard Technical
Specifications, actions are suggested to be taken in cases that one or two shutoff rods are
inoperable with the allowed outage times(AOT) of 31 days and 48 hours respectively. In the
results of evaluation on the newly suggested AQOTs using risk-informed regulation
approaches, the AOTs show to meet the acceptable criteria in USNRC Regulatory Guide 1.174

& 1.177 and the reliability goals regarding special safety systems in Canadian regulatory
document.

LA E
A WAL 27 EAPA BE Bl wet FFE FFLINEATA ARH D 9



PR gAT ®EARIS RE TR T OH
3 B 0 = = —
R wEE e wi 22X ma=xPag
. — ~, X X fite) \Mﬂ X_!_/
%ﬁ%mﬁﬁk Moy B Ty w S 4 %ﬂ1aﬂ%
I < Jo X H = = o = olp T N X
BelTge xBZTe IT "Hwe *Lofre
[ M X < ERK o W -~ 5 X M N o & e
BHEp R _gdTIT S W R i o
SR FEEREITRE g TH Cow M g BT
e T E® R g TR g o 5 ™ o o g
) i) et T T A do o
= % i & | %0 =P TR
T o MKW ST oo B W o ~ = LA 1/ IS
1§ﬁ]L|LJ|LA§PD].J < 17_A| ]:i‘lx oﬂiﬂxbﬂlnme
MoEN%VZ]%Mol\MUFC to o Xox X ZEOT_H.__.
zq_olaﬁAow_7wix1PnymW _ w X o et} "
S ® o = 5 = o T _m e R g
: ﬂ1AﬂrM§4%1% XM GRS I RGN
m S XN mpMNT S =g XAR F < i o
¥ TePa<TAERE R JLw TrTTag
XNjo ~ 53 ~ = _
M P gl e T R
o, T REREL ETT N S O
ﬂooT%ﬂaEiszGaﬁR O T5 W N g Hofﬂo%ﬂ
BT R 9 o,y TR e A
B =NM® N = i w = °H do
\Ul o ‘._f OT X = oF T (eI pariy ~ ~ _&.E < :i = ™~
o5 T R A I moaeET o A RER
o = = op S H olo = L K omo o o ~ o\
N oo o oF % w DNu - Nlo g < N < N ﬁm o ﬂc = <
j— P 0 —_ ~ 0 r
#%A%%w@www%ﬁ%d T < %%w{7 Mo R r
N _ =~ oy = X — ﬂ.”] o<
™ N 3 N lald T N N o) ® o= e
H@otog%”ﬂuc#ﬂwﬂ,ﬁ_zgi T X l%ioﬁoﬂu %otm_mq%
P o i m R E M S M e Q= o E o
= 2 7LxxOJ|%EF#o — 7 T oo &% M N
Xo%o e = Jo - wr ) o 0 A o
oy RO oh R NACHL = s N KAk w2
" — ] o O = by _ o up o) — o
g OB LTy TSy I® TI®H, =° 54K
% =N ~ ™ 8O o < o oo o =
A R il TR LI - R G
T P opm g w Ry Kb Zat wH K
ﬂuio%&ﬁuogamoﬂu@wﬂruﬂo,mﬂ_ily %&Mrimﬂ %aﬂn&%z
—~ ! o 1 -~ ) M
%ﬂ&ﬂ%ﬂ%%%@ﬁ%%iﬂ CETI G )
o | — — — feo%
BT LR ® g~ B L o g T WIHER
ok O N ~ = 2o o He ol ™~ o & oF &
(I A "o o~ X wp Jo M 2 -
rE NI N Eus® P ooy =T =g’
2R T Vet L EET T oW AN S
e ~ ,UI D E <) ~ ox Et vAO X <) o X XL b3 ~~
T 2w B B = K= o - o Ko o S &
dp o) X omm oo Pl O = o ® T - =% L A %o op & oo N
R NEE R ETGE S S LI
MR NRTT O mBNRI T TH o N U T ® R R

PEEIREE L

A} 2 1 5 A (Reactor Protection

R

[e]

-

2

T

3 Fol Xl 48A1%te] B &AA AT

3

9

Al

=

=

7}

2

I

.

Z1A ol o &

AL

bl 75 91nt.

)

714z 8] ghstell o] 85

b g F7t

ko)
«

A W3
&/71717F ¢

b AT A A

pul

7}

Skt

4
H 7l

k)

[

x|

1—7]
[e]

o

A
AAANIE 75 e Biets ATCRA, AT R

A
b



(th P AE/7171] @25l ojwl /)AL fEatEs)?
AGAAES SAFS ARZE BA JAN7E A%E sl o2 s 593 §24
= zre gl

(&) g Als/71719F #-dste] ofH backup Al'Eo] 7F&$71?
HAAATLZA 5 1 AFl &ate AIZAATE backup BAATLEZA F 2 AF

ot AAAASS 7HA U

- SDS1.KFT : A1AAAE w45

- SDSI2KFT : 49 F5EH =87} 5ol de AAAS 135

ANMAAAE AA & 7144 EE A7 ngdde o dus 47 23559 JAA A
“TOP-SDS170l] mdlgjs]o] glom 2870 AA& F 370 o]do] &+ A HslatA] @¥od Al
AAAES] 75 Aillsts Aoz o Q)

S et dig APE FE Y8 AGAAT A AN 1, A9,
gu) T 37kA dlel 9& o] 1708l AAEo] Auo

e
N
NS
olr
=
pasy
o
fru
N
NS
ol
ol
2
£
]
N
=

I ol &E7bsd A F71

sttt 2e 674 B

£l

231 271448 W=
ALZAAE AAe] ol g5olt 2B R oda fusE e gong oA i

T WAE Favt gl

B geE NS ASE F AT SpRA AR
¥ gL BEGOR s YF/1Fe MAHE Aol ohBE IS

233 A% 1Z4E 29

444 234%7] PSA EHAA AIAAAT HA &S “accessible failure”$} “inaccessible
failure”7} Ti-¥ o] A o] rh “accessible failure”= &+ T B7F 7Med o,
“inaccessible failure”= A*| % HT7F 7Fedt 14 gt 28y 52 289714
AMAE o]8 FEREA Foruz A% 1A+ E waS A5

w7 EAAAANA A H AR(PM)O] A5 27 ool FAEol tiste] sAlel FaEkA|
A= Ho] oy uAAR(CM)E A9-dl= 4847 St FA Ay S F&st Qdrh. wakA



a¥ 33 2o RddoA] 7153 cutset2 the 2t

- al*bl*ad : 371/287l ©]“+ Random Failure(RF)

- al*b3*ad + bl=*a3+ad : (178/2870 CM) = (27§/277] )%+ RF)

— a2+blxad : (171/287] PM) = (271/277] ©]’¢ RF)

- a2*%b3*a4 : (170/287) CM) * (170/2778 PM) = (170/267) ©]’¢ RF)
- a3*b3*ad : (271 CM) = (171/267] ©]’ RF)

2707k s Aol A AulQl A= 1h7F 319 9] S & AA Ao R o] &ETtE

o BT = glomr yUwA 27705 1/H7F 48A17F &9 g H]Ql o] &85 =E AFE ST
AA e 17 SRAEFsE o 2AREAEGEESIHICCDP) ALtS 918 1345 9

3ol Bo o] &Eskd Ts ddd Aol sfdHERE 7H53 cutset> th53 24 €t

- al*ad : 270/277) °]’¢ Random Failure
- a2+ad : (178/277 PM) = (17§/267§ ©]*+ RF)
- ad*ad : (170/277) 48413 &<k CM) = (1/26 ©]’¢ RF)

AAE 2717 187 W 9 394 A, Be o]&ETE 1S 93 Ao sidsn
2 7153 cutsetS tS3 A HAr

- a4 : 171/267] ]’ Random Failure

2.3.4 717] A% dolH
44 234%7] PSA EHd A AIAAAES MNE AHAES  “accessible failure rate”T
247E-2/yr, “inaccessible failure rate”= 1.26E-2/yr7} A& =t 28y 52 EE&9 714
HAAM A= o5 TEHA Fon=z Y AA e IFEZA v 2ol F 7HA 1 ES] T
< A&
accessible failure rate + inaccessible failure rate = 3.73E-2/yr

o2 wgste] FAE N BAS 0BT HHS F 1o At

=5

1. T2 ISTS weh 48 7| ZA

) EAZ A
8200SF->3_28---F 3 OR MORE SOR'S (28 SOR'S) FAILURE
8200SF->2_27---F 2 OR MORE SOR'S (27 SOR'S) FAILURE
8200SF->1_26---F 1 OR MORE SOR'’S (26 SOR’'S) FAILURE

Mo

%10 WAE )RR ol §REE @ T 20 AU ¥ 29 WA F SRR &

ole) Aol olate] 74ks et



- A B ol gEHTE
Q= %AT: %(3.?319— 2 /yr)(1yr/365day)(28day) = 1.43F—3
o} 7ol A T = 289 (A2 ANPF7] 289& H&3)

- 28709 A8 F 37 ool £ABINGE FE
1—-{(1-Q)®+28Q(1— Q)"+ 378Q*(1 — Q)*°} = 9.34F—6

- 2109 BAE F 24 ool LHEINGE FE
1—{(1-Q)7+27Q(1—Q)®} = 7.02E—4

(1)

(2)

(3)

- 26719 AAE S 1l oo £HdEVIs S FE
1-(1—Q)*% =365E—2 (4)
& 2. TR ISTS wet 49 7| ZEA o] &EFE
NBAA o 7 ﬁlol%%—aE %76‘ —bF °]%%%E -
(accessible failure) (accessible + inaccessible failure)
8200SF->3_28---F 2. 7T6E-06 9.34E-06
8200SF->2_27---F 3.12E-04 7.02E-04
8200SF->1_26---F 2.44E-02 3.65E-02
235 Ag 9 Au=Z A3 o] & EFTE
O EAA AT FFEoto] vk ® ACDF/ALERF AlAHS e, AlS ndrdE nd F Ay o
Au] o] 8B SE ghol tigk Ao At RO o5 MHAuYS ¥ 3o APt
3. ACDF/ALERF A4t $18t Als 2455 54 228 35
7182214 A
1/28 SOR UNAVAILABLE DUE TO
8200-5F-1_23 M MAINTENANCE
1/27 SOR UNAVAILABLE DUE TO
8200-SF-1.27 M MAINTENANCE (48 HRS)
90005F2>1 26— | L OR MORE SOR'S (26 SOR'S) FAIL WITHIN 48
HRS
¥ 304 2709 AAFo] EHAETFI A=, 12 AAEo] AEIFeR AAFHI F9
23148 & gA 7|7 F7F A ETFSE A Eo] Hul 48417 5 EAlctE AoE Ed
HotAdh, 283 slE 48A1FF ool YA 26719 AHAE F 170 01 o] “Random Failure” =
B Aoz RAYSATE ZF V| EBEAIAY o] & ETE 2 1 49 AHelH o] low, of
g Ao oste] ALkE A
- M G52 AGulol] o3t o] fEFTE ¢
Q=\T= (3.73E—2/yr)(1yr/365day)(31day) = 3.17E—3 (5)

of7lel T = 314 (4
- 28709 AAE

< 17H7F Anjel ol s

s

Ao FERAA 31D L A

X% ].-— )

=

83

.

~

o

=
o .
=4 I &



28Q(1— Q) = 8.14E—2

(6)

- 7 AA]Eo] 48417 ool EAEISE FE
Q.= T = (3.73E—2/yr)(1yr/365day)(2day) = 2.04F — 4 (7)
- 27702 AR F 1/M7F 481 7F Fok Au R Q8] SHEMsee g&E
27Q.(1 — Q.)*° = 5.49E—3 (8)
- 26709 AAE F 17] o]4to] 48A17F o Ue] LAEIISE T
1-(1-Q.)*=530E-3 (9)
¥ 4. ACDF/ALERF A2FS 913 A% 234+ 5 &4 AFg
71 EA A F A A g
8200-SF-1_28---M ol EETE oz “SI4E-02"S 9
8200-SF-1_27-—-M o] g BT E o R “5A9E-03"S I
8200SF2>1_26---F olgE L Fto® “S30E-03"S &9
T3k ICCDP/ICLERP AXHe {8 Als 285y Zdo) oish 4o Hadh S ¥ 5 4
3E 70 A s
- S EAAAIZE 31Y HIFA|
¥ 5. ICCDP/ICLERP AXte $13 Als 2445 &4 22 35
AlOlE W/7] B AL 3 A g

8200SF->3_28---F

3 OR MORE SOR'S (28 SOR'S) FAILURE

82008F->2_27---F

2 OR MORE SOR'’S (27 SOR'S) FAILURE

8200SF--1_28UDTST TEST

1/28 SOR UNAVAILABLE DUE TO PARTIAL DROP

8200SF-1_28DTTST

1/28 SOR FAILS TO WITHDRAW AFTER TEST

8200-SORF->2---F SOR’S UNAVAILABLE

>=2 SOR’S UNAVAILABLE / 1 UD TEST AND >=1

8200-SF-1_28-—-M

1/28 SOR UNAVAILABLE DUE TO MAINTENANCE

504 ICCDP/ICLERP A4k 174 €]
< 27) ool &4

fL

gFetalof kot

W5 HEe

oft

3

hul

Z+o

]

7450l
A

B2,y 2778 A
7] Aol E/ 7| BALAS WA



% 6. ICCDP/ICLERP A4S $18 A% 1455 54 A

pul

LR | w7 5 T A A F
o] AF _‘%;‘(_1:1 7 _1:3_‘:1, @'_e
S00SF->3.28—F | 82008F >2. 27— F | Z2UN eld wddvbew S8
2 WA
ol A EI}ST ﬁ]_‘,a
S00SF->2.27—F | Q00SF >1.26—F | /207 ol EAdwsbew fE
2 ¥4

S0 oa oq%
8200SF--1 28UDTST | 8200SF--1 27upTsT | Y277W7E AlRel e 2ada7h

5% FEZ W

73
5 &
8200SF-1 28DTTST | 82005F-1 27p1sT | L2717 418 5

§ exustse e WA
CSORF->2-—- /2670 ol o] 4847k ot &7l
8200-SORF->2---F 8200SF2>1_26---F 2a S W7

)
off
r [

12778 e] BA o] 484
8200-SF-1_28-—-M 8200-SF-1_27--—-M SAEI = BEE WA

- HE AR 4847 BIA

¥ 7. ICCDP/ICLERP Al4FS 93 A% 2445 &4 29 g5
2

A& 4

3 OR MORE SOR'S (>2/28) FAIL TO DROP
8200-SORIT-M&E (MECHANIC. & ELECTRIC.)

¥ 7914 ICCDP/ICLERP A4k 2712 A=A g0l £AET 3 Ag-olm=z yux 26719 A
A% F 17 o]Ao]l 48X Bt LHEIEE FEL folA 13 gyt 2k F 79 Alo]Ed
A A FAA eSS 3 8l AElekitt

¥ 8 ICCDP/ICLERP A4S $13 A% n455 54 Al

Aol E 7 R
&+ AClES s =EE AAlsta VEAb e R WA
BE00"SORI-MER g &, o8B TE gho® “530E-03" ¥

2.4.1 Baseline CDF
944 23457] PSA REdUS o] &3] Baseline CDFE A#sleld  2508E-5/Ry S & A



1L.OE-4/Ry ®|vro 2 R =3t

2.4.2 ACDF
CDF(3] &£ A AA 7 F=er vkad) AXE s AE Ak
JNAA = A7H 14 .
.

71EAA Y] o] g ET

td
e,
=2
>
2
—
o
B
X,
offt
ol
>
ol
lo

ACDF = CDF(3 &3 A A7 FF9 ¥4)) - Baseline CDF (10)
= 2516E-5/Ry - 2.508E-5/Ry = 8.000E-8/Ry

Al Axp A7)9F o] ACDFE 8.000E-8/Ry & Al4bE o] 1.0E-6/Ry W|wFo 2 HA1 =9},

A

2.4.3 ALERF

LERF(3 €A A A7+ &

ZIAA e A7H 1Y
s

7] ARG ol =T

Zdo A AR AT GA &2
2 2 3 49 e} = 67
o5 2ok

ALERF = LERF(3]&AH A AIZF F5<F ¥+9)) - Baseline LERF (11)
3.247E-7/Ry - 3.246E-7/Ry = 1.000E-10/Ry

A AR A7)ek 2ol ALERF+= 1.000E-10/Ry® A4t o] 1.0E-7/Ry mIRFo &2 A ¥ At

2.4.4 ICCDP
215 CDFEE 71717F o] &5
S ¥ 69 X 8 vt = vkt o] 4% & ICCDPE A #etst Ay v 2ok

ICCDP = (3% 71717} o] &&5<l ZHelA el =715 CDF - Nominal

Baseline CDF) x @ 3 &4 # A1t (12)
(2525E-5/Ry - 2.516E-5/Ry) x 3lday = 7.643E-9 (AOT=31¢)
(5.275E-5/Ry - 2.516E-5/Ry) x 2day = 1.511E-7 (AOT=48*17}h)

A A3 Av)9F o] ICCDPE 5.0E-7 HlRto 2 FXMFQlt)

2.4.5 ICLERP
ZA%5 LERFGEITE 71717} o] &850 AedAe ZHHE LERF) Axte 918 A% n4d5&
2AS ¥ 6% FE 8l yet = wket 2ol =43 & ICLERPE A &stst dxe= vhay 2ok

ICLERP = (&% 7]717}F o] &E5<20 AejolA ¢ x5 LERF - Nominal

Baseline LERF) x @< & &4 % A 2+ (13)
(3.250E-7/Ry - 3.247E-7/Ry) x 3lday = 2.547E-11 (AOT=31%)

= (4.397E-7/Ry - 3.247E-7/Ry) x 2day = 6.301E-10 (AOT=48A]%})

Mo
1
i)
*
o
N
i
m
-
O
—
to
=
)
rr
al
o
&
co
=)
2
o
ftl
Mo
1
n
3

T



2.4.6 A1RAAE

o)

2 A =t vy

<

AsE 3t

o] gtk 370¢] A D, E, Foll thaf x

Sehel 2 4

A AA3 AND Aol

N

A RFE TR

2= =
T ©

=, 1074 2]

iz

il

(7}) 71=(baseline) ©]
A 178 A Al

=
[€)

1

71E olEE

zr

o,

BR
file)

o

viel

]

T 94 234%7] PSA EEoA

o

AAZAAE] 71E ol

tol Aersta ot

S

of

CER
of vrebh glom, "aksh]l A% mdrel ds] Adigts 74

E

!
ﬁo

ol

A

fu
R

S5472E-42 4 o]

o

R

(b 1 E4ANT &

BE5%

Ho

ojp

5.633E-4&2 A o] &

o

R

olw o] & EFTE I
.ol e JFE o] EESE(5472E-4) tiH] 2.9%7}

THlE AR E4 5300

[e)

=

9l ttEbL Sl

-
it

R
.

7}
91 Eel s Hdik

2

7k Fholth

No

1.146E-4

1.555E-4
2.758E-4
5.633E-4
5.633E-4
4.851E-4

1.105E-4

9.320E-5

23t

b
A

9.850E-5

1.394E-4
2.597E-4
5472E-4
5.472E-4
4.690E-4

9.441E-5

7.709E-5

CON1

CON2
CON3
CON4
CON5
CONG6

CON7

CONB

9. AMAAAES o] gESE &

3T
ar

i
|

T
_ZT.c
™

i
—_
el

Nfo

B AFS EY

77l A E

==

[e)

™

o}
5

x
4r
!

o
|
ol
=
1o
T

X
B

PDC-1

5.131E-4
1.675E-4

4.970E-4
1.514E-4

CON9




3.4 8
TTE AT AAANAE ALGAAT AAE] 1 = 27 SAENEE AL,
7}z 319 B 48A17ke] BB AAATLS 2 E St ZA7F AAEHAAT Y8 E HRE o] &35k
Az AAE S eAAANNS H7he A3 % 1009 Uebd vkel 2Fo] USNRC Reg. Guide 1.174
2117794 AAF FEF, adan SFEAAATA HE v NHE 7FAE EE
T3 2 FHEAAAG ez A8 Ao H dHdofEe FEEE 29U Jdon, A
A wldo] WA E A gk wEbd ZEEGVENHAAMANA AR A" ALGAAS FE
AAANZ BFEHS BF FEAAATGOZA A £ Q= AoF EAFT
F 10, HEAAAT mE:etel Wid AP = Hrk Ay
] 2k3sl Ay ] 2k3sl Ay
Ay A A8NE | G5 | ot
Baseline CDF < 1.0E-4/Ry 2.508E-5/Ry 2.508E-5/Ry
ACDF < 1.0E-6/Ry 8.000E-8/Ry 8.000E-8/Ry
ALERF < 1.0E-7/Ry 1.000E-10/Ry 1.000E-10/Ry
ICCDP < 5.0E-7 7.643E-9 1511E-7
ICLERP < 5.0E-8 2.547E-11 6.301E-10
EFE AOT7E vk < 10E-3 A gk = ol gk
ANMAAAE ol &ETE 5.633E-4 5.633E-4
2 EF
1. “94 257 £J71=AFA", sag2 22 72 5] AL, 2001.
2. 48737 9, ‘TR FAATEA 9 $ARE A7 TROONE21.C2002.168, [ =A<, 2002.
3.7kt TR A 2vA FEEH kA "7, TROINJ10.97.67-2, AH A+, 1997.
4. AL AT AN AABARLAE, ‘T2 1EY W A HAGERD #H AEQ
STI/AOTe®| digt 913 %= 71, eh=r b= shs] 2003 +=A8tswdis] =3, 45, 2003.

5. WCAP-15622, “Risk-Informed Evaluation of Extensions to AC Electrical Power System
Completion Times”, Westinghouse Electric Co., 2001.

6. Regulatory Guide 1.174, “An Approach for Using PRA in Risk-Informed Decision on Plant
Specific Changes to the Licensing Basis”, USNRC, 1998.

7. Regulatory Guide 1.177, “An Approach for Plant-Specific, Risk-Informed Decisionmaking
Technical Specifications”, USNRC, 1998.

8. Proposed Regulatory Guide, “Reliability of Systems Important to Safety for Nuclear Reactor
Facilities”, C-98, Rev. 1(E), AECB, 1998.



3/41.2

A% 914

A1 AAAE (SDS 1) BA %

£ A 27
3121 287091 Al 1 AAAE (SDS D AA% SN Axw 26 A7t 24 7Hs
shelok k.
4 & +HRE 1,2 3 4
EE 7 37el Aol eAEE Ao, QARE 308 olule] FAAQ
Wom FANA neqA FUE S, the 647 ool YA
R FTh T F 30A%E ol el REFA FeEE Frh
G470 ol AARel $ARE Ao, ANRE WA A 44
AA 1eAA FHE S, e 647 ool WEHA ez G,
29 L AAAAE BE @Y gAARED
31 HWSE MOHS
311 A1 ZRAS HxE
SHHSEA 3.1.1 2870e] A 1 A% (SDS 1) AA %L BT SHIMss
oF g},
Ng 2HEE1,2, 3,4
BHEE 5 - 4] 2 4445 2HEIS A
EBEA =X
S A =X 2T HIBtAIZH
1. 17He) A% 2HE| 1.1 AL SHISE U= 27w | 319
e
2. 270 AA %ol 2HE| 21 279 o %] FARL SHIMST Y| 847
s ) 2 B,
ag|x
2.2 e AASS IS dH=E 597 31Y
sk,
a9 2 AAAAE #a B5F SAA @R




3/28 0l &t
SOR F

Q

2 Jf & If
A
()
| | |
RF Test CM RF
(a) ()

a9 3 AAAAE

BAE 7ls A9 d=

CM




	분과별 논제 및 발표자

